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EXECUTIVE SUMMARY

Overview

Cardno has prepared this Coastal Zone Management Plan (CZMP) for the Parramatta River estuary for
Parramatta City Council (PCC) and the Office of Environment and Heritage (OEH) on behalf of the Parramatta
River Catchment Group (PRCG). A CZMP is the legislated name for a plan to manage an estuary in NSW.
Preparation of this Plan has been overseen by the Parramatta River Estuary Management Committee (the
Committee), whose membership includes representatives of Local and State Government, non-Governmental
organisations, natural resource managers, community members and other key stakeholders.

For the purposes of this Plan, the study area comprises the whole of the Parramatta River estuary, including
the waterway, bays, foreshores and adjacent lands of the Parramatta River and its tidal tributaries, extending
from the tidal limit at the Charles Street weir at Parramatta to Clarkes Point, Balmain in the east, Woolwich, in
the south and Yurulbin Point, Birchgrove, in the north (Figure 1.1).

One of the key requirements for the Parramatta River Estuary CZMP articulated by the Committee was that it
be realistic, feasible and achievable.

Management Context

The Parramatta River estuary is the main tributary of Sydney Harbour. Itis tidal up to the Charles Street weir,
a distance of 19km upstream of the commencement of the River at Balmain. The Parramatta River estuary
has a catchment of 252.4km? (OEH, 2011).

The catchment has been subject to a long history of urban development, and the lower catchment in particular
has been heavily urbanised for industrial, commercial and residential land uses. Many parts of the estuary
have been subject to land reclamation, and in many cases these reclaimed lands have been filled with rubbish
or other waste materials. In addition, historical industrial activity has left a legacy of contamination at a number
of foreshore sites, and a number of the tributaries have been channelised.

Whilst a large amount of estuarine habitats have been lost due to the development of the foreshores,
significant stands of mangroves remain along the river west of Henley (along the northern shoreline) and
Mortlake (along the southern shoreline). In addition, significant wetlands occur in Bicentennial Park and
Newington Nature Reserve Wetland, both of which are nationally significant.

The Parramatta River estuary is an important recreational waterway, particularly for the western suburbs of
Sydney. It has a long historical association with sailing and rowing, as evidenced by the large number of boat
sheds and club houses along the river. There is also a regular ferry (RiverCat) service between Parramatta
and Circular Quay that catered for 1.78 million journeys in the 2011-12 financial year to make it the third most
popular service in Sydney Harbour, although the number of ‘passengers per service hour’ was the lowest at
68 (Sydney Ferries, 2012). The foreshore parks are heavily utilised by both visitors and locals for a range of
recreational activities. There is an increasing demand for high quality, high amenity recreational facilities
supported by commercial developments such as marinas or cafes.

In recent years there has been a shift from industrial land use to residential land use. There are a number of
large residential developments either in progress or proposed for the river foreshore.
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There is a need for coordinated strategic planning along the entire Parramatta River estuary to manage the
diverse range of sometime conflicting issues present, but the process is complicated by the presence of a
large number of stakeholders, with a total of eight local councils having foreshore frontage to the river, and
numerous other State Government agencies and non-governmental organisations also playing a role in
management of aspects of the estuary.

A Coastal Hazard Assessment was also undertaken by Cardno to assess the potential impacts of SLR on the
Parramatta River estuary, in accordance with the Coastal Risk Management Guide (DECCW, 2010d) and
the NSW Government’s Sea Level Rise Planning Benchmarks (DECCW, 2009) and is provided in Appendix
C.

The Management Plan

A series of management aims and objectives were developed that articulated the Committee’s vision for the
management of the Parramatta River estuary. This draft Plan includes an implementation strategy to address
these aims and objectives, which consist of 67 prioritised actions proposed for execution within 10 years of
adoption of the Plan (Section 5). These actions will be implemented by either the Committee as a whole, or
by each of the respective management authorities, for which a series of individual Actions Plans have been
developed (Section 5).

The estimated capital cost of implementation of the Plan is $19.4 million, with annually recurrent costs
(assuming a 10 year period of implementation) of $1.6 million. The management actions within the
implementation strategy have been prioritised to assist in allocating resources when carrying out the Plan,
however, it is acknowledged that the resources required to progress the Plan are significant and that a flexible
approach to undertaking works should be adopted. For example, there may be grants or other funding
opportunities that arise that will allow the Committee to select certain types of management actions for
implementation before other, higher priority actions.

In addition to the 67 prioritised actions a further 16 management actions were identified as generic actions of
significant benefit or high priority that may be implemented by any council or authority in the event the
necessary resources become available. These generic actions have been provided as a stand-alone list.

In order to measure the success of implementation of the Plan, a monitoring and evaluation strategy is also
included (Section 6), that provides for regular assessment against a range of Key Performance Indicators, as
well as more regular monitoring of estuarine health. The Parramatta River Estuary CZMP should be regarded
as a ‘living document’ that is reviewed and updated over time in accordance with the principles of adaptive
management. The monitoring and evaluation strategy will be a key input into this process.

Successful implementation of the Plan will require the continued cooperation of the many stakeholders under
the guidance of the Parramatta River Estuary Management Committee.
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GLOSSARY AND ABBREVIATIONS

AHD Australian Height Datum.
The long-term average number of years between the occurrence of an inundation event as big as
Average . . .
Recurence | O larger than the selected event. For example, the 20 year ARI mgndgnon event will occur, on
Interval (ARI) average, once every 20 years. ARl is another way of expressing the likelihood of occurrence of an
inundation event.
AUSRIVAS The Australian Rivers Assessment System; a rapid prediction approach to assessing riverine
health.
Avifauna The bird population of a particular area.
Building Sustainability Index; developed by the NSW Government as an online tool to be used to
BASIX progress certification of a property as meeting agreed sustainability targets through the design
process (e.g. in relation to energy efficiency and water savings measures).
E::cg?/eég(t;a Survey of ocean or river beds using depth soundings (SONAR).
A standard by which something can be measured or judged. For example, predicted amounts of
Benchmarks . . . ) . .
sea level rise to incorporate into planning considerations.
Information in map or digital form showing the extent and usage of land, including streets, lot
Cadastre .
boundaries, water courses etc.
CAMBA China-Australia Migratory Bird Agreement.
CAP Catchment Action Plan.
Catchment An area of land that drains to a common point, or watercourse.
CBD Central Business District.
CHA Coastal Hazard Assessment.
CMA Catchment Management Authority.
Coastal The set of mechanisms that affect the land-water interface. These processes incorporate sediment
processes transport and are governed by factors such as tide, wave and wind energy.
Crest level The height of the top of a feature (e.g. a seawall).
CSE Chief Scientist and Engineer of NSW
DCP Development Control Plan.
DEM Digital Elevation Model.
DPI NSW Department of Primary Industries.
DP&i NSW Department of Planning and Infrastructure.
EC Electrical Conductivity; a means of measuring the salinity of water.
EEC Endangered Ecological Community, listed in Part 3 of Schedule 1 of the Threatened Species
Conservation Act 1995.
EIA Environmental Impact Assessment.
EPBC Act Commonwealth Environment Protection and Biodiversity Conservation Act 1999.
Estuary The lower portion of a river or creek that is subject to tidal exchange (either permanently or
intermittently) with the open ocean.
FC Faecal coliforms.
Foreshore The area of land at the land-water interface that is likely to be affected by coastal and catchment
processes.
FTE Full Time Equivalent; a measure of full time employees.
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Geographical

Information | A system of hardware, software, data, and procedures designed to support the management,

System manipulation, analysis and display of spatially referenced data by trained personnel.

(GIS)

GPT Gross Pollutant Trap (a type of SQID).

ha Hectares.

Harbour REP | Sydney Regional Environment Plan (Sydney Harbour Catchment) 2005.

Hazard A situation that poses a threat to life, health, property, or the environment.

HNCMA Hawkesbury Nepean Catchment Management Authority.
Flooding, by the rise and spread of water, of a land surface that is not normally submerged. The
key types of inundation referred to in this document are:
Coastal inundation: A natural process whereby elevated ocean water levels combined with wave

. run-up along beaches result in seawater overtopping estuarine foreshores during storm events.

Inundation . . o . L o
This process is generally rare and episodic, occurring principally around the peak of a high tide,
creating a hazard particularly in areas below about 5m AHD.
Tidal inundation: The submergence of land by seawater due mainly to the action of very high tides.
This process is predominantly a hazard for low-lying estuarine foreshores.

IPCC Intergovernmental Panel on Climate Change

JAMBA Japan-Australia Migratory Bird Agreement.

KP| Key Performance Indicator; the KPIs define a set of targets against which the Committee can
measure the success of implementation of the Plan.

LALC Local Aboriginal Land Council.

LEP Local Environment Plan.

LGA Local Government Area.
Management actions fall under the general management options. They provide more specific

Management . o . .

Actions detall.on how, where and lby whom an activity will be !mplemented in order to progress the
associated management option. See also Management Options.

Management | Management aims are high level statements that provide overall context and describe what the

Aims Plan is trying to achieve. See also Management Objectives.

Management | Management objectives fall under the broad management aims. Objectives are more specific,

Objectives measurable statements that describe what the Plan hopes to deliver. See also Management Aims.

Management | These are the general types of activities proposed to achieve the management objectives. See also

Options Management Actions.

MER Monitoring, Evaluation and Reporting; after the NSW MER Strategy (DECCW, 2010c)

MHWM Mean High Water Mark.

MHWS Megn High Water Springs is the highest level which spring tides reach on the average over a
period of time (usually several years).

ML Megalitres.

Mollusc A large phylum of invertebrate animals with external shell and muscular foot; includes limpets,
oysters, and mussels.
MSL is a measure of the average height of the ocean's surface such as the halfway point between

Mean Sea o . . . .

Level (MSL) the mean high tide and the mean low tide. At present, mean sea level is approximately equivalent
to Om AHD.

Nekton The aggregate of aquatic organisms that are free floating or swimming in the water column.

NPWS National Parks and Wildlife Service; part of OEH.

NRM Natural Resource Management.
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NSW
NTU
OEH
PAH
PCC
pH
ppt
RARC
REP

Risk

ROKAMBA
Seawall

SEPP
SEWPAC

SIGNAL

SLR
SOPA
SQIDs

Still Water
Level (SWL)

Storm surge

New South Wales.

Nephelometric Turbidity Unit; a measure of turbidity of water.

NSW Office and Environment and Heritage.

Polycyclic aromatic hydrocarbons; produced during combustion.

Parramatta City Council.

A measure of the acidity or basicity of an aqueous solution.

Parts per thousand, a unit of measurement.

Rapid Appraisal of Riparian Condition.

Regional Environment Plan.

Chance of something happening that will have an impact. It is measured in terms of consequences
and likelihood. For this study, it is the likelihood of consequences arising from the interaction of
inundation, communities and the environment.

Republic of Korea-Australia Migratory Bird Agreement.

Wall or revetment structure built parallel to the shoreline to assist in protecting the shoreline from
erosion and/or inundation.

State Environmental Planning Policy.

Commonwealth Department of Sustainability, Environment, Water, Population and Communities.
Stream Invertebrate Grade No. — Average Level; a measure of invertebrate biodiversity used as an
indicator of water quality.

Sea Level Rise.

Sydney Olympic Park Authority.

A general term applied to Stormwater Quality Improvement Devices.

Average water-surface elevation at any instant including the effects of tides and storm surge, but
excluding local variation due to waves and wave set-up.

The increase in coastal water level caused by the effects of storms. Storm surge consists of two
components: the increase in water level caused by the reduction in barometric pressure
(barometric set-up) and the increase in water level caused by the action of wind blowing over the
sea surface (wind set-up).

Storm tide is different from storm surge in that it includes all the elements of storm surge (IBE,

Storm tide wave set-up and wind set-up) as well as the astronomical tidal level.

Astronomical | The regular rise and fall of the sea level in response to the gravitational attraction between the sun,

Tides moon and Earth.

N Total Nitrogen.

TP Total Phosphorous.

WRL Water Research Laboratory.

WSUD Water Sensitive Urban Design; integration of water cycle management into urban planning and
design.
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1 INTRODUCTION

The Parramatta River Estuary Coastal Zone Management Plan (CZMP) has been prepared by Cardno on behalf
of Parramatta City Council (PCC) and the NSW Office of Environment and Heritage (OEH). Its preparation has
been overseen by the Parramatta River Estuary Management Committee (referred to hereafter as ‘the
Committee’), whose membership includes representatives of a Local and State Government, non-Governmental
organisations, natural resource managers, community members and other key stakeholders.

1.1  AreaCovered by the Plan

For the purposes of this Plan, the study area comprises the whole of the Parramatta River estuary, including the
waterway, bays, foreshores and adjacent lands of the Parramatta River and its tidal tributaries, extending from
the tidal limit at the Charles Street weir at Parramatta, to Balmain in the east, to Clarkes Point, Woolwich, in the
south and Yurulbin Point, Birchgrove, in the north (Figure 1.1).

12  Coastal / Estuary Management Process

The NSW Coastal Protection Act 1979 provides for the ‘protection of the coastal environment of the State for the
benefit of present and future generations’. The objects of the Act relate to such matters as:

= The protection and rehabilitation of coastal environments,
= The ecologically sustainable development and use of the State’s coastal resources,
= The promotion of amenity and public access to the coast,

= Ensuring the co-ordination of the policies and activities of the Government and public authorities in
order to facilitate the proper integration of their management activities in the coastal zone, and

= To encourage the development of adaptation strategies in response to coastal climate change impacts
such as sea level rise.

Under Part 4A of the Act, coastal zone management plans can be prepared by local Government with the
support of OEH. The plans are required to consider the management of threats to estuary health, as well as the
potential impacts of climate change, and must be prepared in consultation with the key stakeholders and the
community.

There is also reference in the Coastal Protection Act 1979 to guidelines for preparing coastal zone management
plans. In 1992 the NSW Government developed an Estuary Management Manual which outlined an eight stage
process working up to the development of an Estuary Management Plan (Table 1.1) and provided guidance on
working through the process. The Committee’s scope of works for the Parramatta River Estuary CZMP was to
undertake Stages 4 to 6 (in bold italics) in accordance with the Manual (NSW Government, 1992).

Table 1.1: Estuary Management Process (NSW Government, 1992)

Stage: Status for the Parramatta River Estuary:

Completed with the establishment of the Parramatta River Estuary
Management Committee.

2. Assemble, compile and interpret existing Completed with the preparation of the Parramatta River Estuary
data. Data Compilation and Review Study (Cardno, 2008)*.

1. Form an Estuary Management Committee.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 1
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Stage: Status for the Parramatta River Estuary:
Completed with the preparation of the Parramatta River Estuary
3. Undertake an Estuary Processes Study. Processes Study (AECOM, 2010)".
Carry out Estuary Management Study. This document (now a CZMP).

Prepare a draft Estuary Management Plan. = This document (now a CZMP).
Completed after public exhibiton and review of the draft

6. Review of the Estuary Management Plan. Parramatta River Estuary CZMP.

7. Adopt and implement the Estuary

To be completed.
Management Plan.

8. Monitor and review the management

r0CeSS Ongoing pending implementation (Stage 7).

*These documents can be viewed at: www.parramattaestuary.com.au.

Subsequent to the commencement of this project, the NSW Government released new Guidelines for Preparing
Coastal Zone Management Plans (DECCW, 2010b), which supersede the NSW Government (1992) Estuary
Management Manual. An effort has been made to incorporate the requirements of both guideline documents in
the Parramatta River Estuary CZMP in consultation with PCC and OEH.

The NSW CZMP guidelines (DECCW, 2010b) identify a series of Coastal Management Principles that were
developed to inform strategic coastal zone management. Table 1.2 outlines each of the Coastal Management
Principles that have been addressed in this CZMP and provides cross references to the relevant report section.
This report endeavours to address these principles to the fullest extent possible within the scope of works for the
project, acknowledging that the principles were released after commencement of this project.

Table 1.2: Coastal Management Principles Addressed by the Parramatta River Estuary CZMP

Coastal Management Principle  Addressed by Parramatta River Estuary CZMP Report Section
Principle 1 The aims and objectives developed for management of | Sections 1.2 & 3
Consider the objectives of the the Parramatta River estuary are consistent with the Act,

Coastal Protection Act 1979 and the NSW Coastal Policy 1997 and the NSW Sea Level

the goals, objectives and principles | Rise Policy Statement (DECCW, 2009).

of the NSW Coastal Policy 1997 .
and the NSW Sea Level Rise The SLR benchmarks were used to assess coastal —Sections 2.5&5.2

Policy Statement (DECCW, 2009).  hazards in the study area, and the actions in the Plan Appendix C

provide for ongoing monitoring and management of the
estuary in relation to the NSW Government SLR
projections.  Although the Sea Level Rise Policy
Statement (DECCW, 2009) has subsequently been
repealed, it is noted that the NSW Chief Scientist and
Engineer continues to endorse the benchmarks adopted
in the Policy as being the best available information
based on the available scientific information.

Principle 2 The aims and objectives have sought to facilitate = Sections 3 & 4.2
Optimise links between plans consistency between other plans of management and the
relating to the management of the Parramatta River Estuary CZMP, and this is supported by
coastal zone. a number of specific management actions within the
Plan.
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Coastal Management Principle

Principle 3

Involve the community in decision-
making and make coastal
information publicly available.

Principle 4

Base decisions on the best
available information and
reasonable practise; acknowledge
the inter-relationship between
catchment, estuarine and coastal
processes; adopt a continuous
improvement management
approach.

Principle 5

The priority for public expenditure

is public benefit; public expenditure
should cost effectively achieve the
best practical long-term outcomes.

Principle 6

Adopt a risk management
approach to managing risks to
public safety and assets; adopt a
risk management hierarchy
involving avoiding risk where
feasible and mitigation where risks
cannot be reasonably avoided;
adopt interim actions to manage
high risks while long-term options
are implemented.

Principle 7

Adopt an adaptive risk
management approach if risks are
expected to increase over time, or
to accommodate uncertainty in risk
predictions.

Principle 8

Maintain the condition of high value
coastal ecosystems; rehabilitate
priority degraded coastal
ecosystems.

Principle 9

Maintain and improve safe public
access to beaches and headlands
consistent with the goals of the
Coastal Policy.

Addressed by Parramatta River Estuary CZMP

Stakeholder and community consultation has been
undertaken to prepare this draft Plan.

The management framework and implementation
strategy outlined in this Plan have been developed based
upon the scientific information contained in the Data
Compilation and Review Study (Cardno, 2008) and the
Estuary Processes Study (AECOM, 2010).

The need to monitor the effectiveness of implementation
of the Plan is acknowledged, as is the need to update the
Plan in accordance with the principles of adaptive
management.

The assessment and prioritisation of management
options and actions was undertaken utilising a triple-
bottom line cost:benefit assessment. This framework
recognised the public benefit as a priority for
management options and actions.

Risk to public safety, assets, and ecological health have
been assessed in a largely qualitative fashion, through
the consideration of estuary processes and management
issues.

A quantitative assessment of coastal hazards has also
been undertaken to define the risk from elevated
estuarine water levels in the present and under SLR
conditions.

In the first instance, the options assessment criteria have
sought to consider the potential for climate change to
impact on the sustainability of each management option.

Additionally, a monitoring and evaluation framework has
been developed that seeks to assess changes in levels
of risk and trigger an adaptive management response as
required.

In addition to developing a specific management aim and
objective relating to estuarine ecology, the options
assessment included a criterion that considered the
potential positive or negative impacts of the option on
estuarine ecology.

In addition to developing a specific management aim and
objective relating to recreation and public access, the
options assessment included a criterion that considered
the potential positive or negative impacts of the option on
public access. The Plan also seeks to promote improved
coordination between the initiatives of various agencies
in providing improved public access in the study area.

Report Section

Appendix B

Sections 2, 3,4 &5

Section 6

Sections 4.1.28&4.2.2

Section 2

Section 2.5 &
Appendix C

Appendix E

Section 6

Sections 3.1 & 4.1.2
Appendix E

Sections 3.1 & 4.1.2
Appendix E
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Coastal Management Principle  Addressed by Parramatta River Estuary CZMP Report Section

It is noted that there are no beaches or headlands within
the study area, and that this principle has therefore been
applied in relation to access to and along the estuary
foreshores and waterway.

Principle 10 In addition to developing a specific management aim and | Sections 3.1 & 4.1.2
Support recreational activities objective relating to recreation and public access, the = Appendix E
consistent with the goals of the options assessment included a criterion that considered

NSW Coastal Policy. the potential positive or negative impacts of the option on

recreational amenity.

The Plan also seeks to promote improved coordination
between the initiatives of various agencies in providing
for recreational amenity in the study area.

It should be acknowledged that the NSW Government announced its Stage One Coastal Management Reforms
on 8 September 2012. As part of these reforms, the NSW Government no longer recommends state-wide sea
level rise (SLR) benchmarks for use by local councils, with councils having the flexibility to consider local
conditions when determining local future hazards.

Accordingly councils should consider information on historical and projected future SLR that is widely accepted
by competent scientific opinion. This may include information in the NSW Chief Scientist and Engineer's Report
entitled Assessment of the Science behind the NSW Government's Sea Level Rise Planning Benchmarks (CSE,
2012).

The NSW Chief Scientist and Engineer’s Report noted the evolving nature of the science, which will provide a
clearer picture of the changing sea levels into the future. The report identified that:

= The science behind SLR benchmarks from the NSW Sea Level Rise Policy Statement (DECCW, 2009)
was adequate;

= Historically, sea levels have been rising since the early 1880s;
= There is considerable variability in the projections for future SLR;
= The science behind future SLR projections is continually evolving and improving.

As the majority of the tasks associated with this current CZMP were completed prior to the announcement of the
NSW Government's Coastal Management Reforms in September 2012, the potential impacts of estuarine water
levels have been based on SLR projections from the 2009 NSW Sea Level Rise Policy Statement. Given that
the Chief Scientist and Engineer's Report identifies the science behind these SLR projections is adequate, the
Committee is satisfied that the potential impacts of SLR for the Parramatta River estuary have been based on the
best available information at the time of preparation of this report.

1.3 Management Context and Need for the Plan

Management Context

The Parramatta River estuary is the main tributary of Sydney Harbour. It is tidal up until the Charles Street weir,
a distance of 19km upstream of the commencement of the River at Balmain. The Parramatta River estuary has a
catchment of 252.4km? (OEH, 2011).

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 4
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

The Parramatta River estuary is one of Australia’s most iconic waterways. The catchment has been subject to a
long history of urban development, and the lower catchment in particular has been heavily urbanised for
industrial, commercial and residential land uses. Up until the 1970’s the Parramatta River estuary was subject to
significant impacts from industrial pollution, and consequently there is a legacy of contamination in the estuarine
sediments and foreshores. Industrial development has impacted on the southern side of the estuary more
substantially than the northern side due to the presence of well-established infrastructure prior to the opening on
the Sydney Harbour Bridge in 1932. Contamination in the estuary has resulted in a complete commercial fishing
ban in Sydney Harbour, including the Parramatta River estuary.

Many parts of the estuary have been subject to land reclamation, and in many cases these reclaimed lands have
been filled with rubbish or other waste materials. Several foreshore playing fields, including George Kendall
Reserve and Meadowbank Park are located on former landfill sites. A number of the tributaries have also been
channelised.

Whilst large areas of estuarine habitats have been lost due to the development of the foreshores, significant
stands of mangroves are still present along the Parramatta River west of Henley (along the northern shoreline)
and Mortlake (along the southern shoreline). In addition, significant wetlands occur in Bicentennial Park and
Newington Nature Reserve Wetland, both of which are nationally significant.

The Parramatta River estuary is an important recreational waterway, particularly for the western suburbs of
Sydney. It has a long historical association with sailing and rowing, as evidenced by the large number of boat
sheds and club houses along the river. There is also a regular ferry (RiverCat) service between Parramatta and
Circular Quay used by over 1.78 million people per year, based on data for the Parramatta River service area
from the 2011-2012 financial year (Sydney Ferries, 2012). The foreshore parks are heavily utilised by both
visitors and locals for a range of recreational activities.

In recent years there has been a shift from industrial land use to residential land use, and this has resulted in
increased pressure to remediate contaminated areas and to provide additional recreational amenity. Foreshore
and waterway linkages between existing commercial and recreational areas will also need to be improved to
support these activities. There are a number of large residential developments either in progress or proposed for
the river foreshore, and there is an increasing demand for high quality, high amenity recreational facilities
supported by commercial developments such as marinas or cafes. Figure 2.2 shows the major areas of
redevelopment through land use change since 1943.

There is a need for coordinated strategic planning along the entire Parramatta River estuary to manage these
issues; however, it is noted that the process is complicated by the presence of a large number of stakeholders,
with a total of eight local councils having foreshore frontage to the river (see below).

Institutional Framework and Key Stakeholders

Care and control of different aspects of management for the Parramatta River estuary is undertaken by a large
number of local and State Government authorities. There are also a number of other organisations that control
lands along the river foreshore, or have some involvement in management of the river. Several of these key
stakeholders are represented on the Parramatta River Estuary Management Committee, which is a sub-
committee of the PRCG.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 5
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This arrangement results in a complex institutional and regulatory environment, and it is the intention of the
CZMP to consider the Parramatta River estuary as a whole, and suggest a balanced approach to the sustainable
management of the estuary that considers the needs of all users.

Table 1.3 provides a summary of the key stakeholders involved in management of the Parramatta River estuary
and some brief details on their roles and responsibilities. Those organisations that are represented on the
Parramatta River Estuary Management Committee are identified with an asterix (*).

There are a number of other Government agencies that have some role in relation to regulation or management
of activities in the study area. An overview of the key relevant legislation, policies and plans is provided in

Appendix A. Figure 1.2 shows the boundaries for LGAs and some of the other management authorities.

Table 1.3: Key Stakeholder Roles and Responsibilities

Stakeholder
Ashfield Municipal Council*
Auburn Council*

City of Canada Bay*
City of Ryde*
Hunters Hill Council*

Leichhardt Municipal Council*

Parramatta City Council*
Strathfield City Council*
Bankstown, The Hills Shire,

Blacktown,  Burwood  and
Holroyd Councils

Hawkesbury Nepean
Catchment Management
Authority (HNCMA)*

NSW Office of Environment

Roles and Responsibilities

These councils have foreshore frontage on the river and also have a role on the
Committee. They are responsible for a range of activities, including:
= Land use zoning and strategic planning.
= Assessment and determination of development applications.
= Compliance monitoring and auditing on a range of issues from parking
infringements to contaminated land.
= Asset management (e.g. local roads, parks and reserves, and some
seawalls).
= Natural resource management and planning for a range of issues such as
biodiversity, flooding, catchments, estuaries, creeks and waterways.
= Environmental monitoring and reporting (e.g. State of the Environment
reporting).

These councils are all located in the catchment and do not have foreshore frontage.
They perform the same functions as those identified as foreshore councils, although
their key roles in relation to this Plan are in land use zoning and general catchment
management.
The HNCMA is a State Government agency responsible for natural resource
management at the catchment level. HNCMA plays a role in community engagement
and education on natural resource management. They have an overarching role in
facilitating the coordination of initiatives by a range of agencies in management of
waterways. This translates into supporting local Government in developing CZMPs.
The HNCMA and the Sydney Catchment Management Authority were recently
amalgamated into a single CMA, referred to in this document as the HNCMA.
There are a number of groups within OEH who have some role in estuary
management. The key groups are the:
= Climate Change, Policy and Programs Group — direct role in funding CZMPs
and providing technical assistance. A representative of this group sits on the
Committee.

Herit EH)* .
and Heritage (OEH) = Environment Protection and Regulation Group — management of waste,
pollution and contaminated lands.
=  Parks and Wildlife Group — management and protection of threatened
species, and National Parks and Nature Reserves.
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Stakeholder Roles and Responsibilities

= Country, Culture and Heritage Division — Aboriginal affairs and the protection
of Aboriginal cultural heritage.
The Office of Water has a range of functions including water policy and planning,
licensing and compliance, management, and environmental evaluation.
There are a number of groups within DPI with relevance to estuary management. The
first is DPI (Fisheries), which has a role in:
= Aquatic ecological research, monitoring, evaluation and reporting.
= Management and protection of marine vegetation and aquatic (freshwater,
estuarine and marine) fauna, including threatened and protected species.
= Fisheries and aquaculture research, policy, planning and regulation.

NSW Office of Water

Commercial fishing is currently banned in Sydney Harbour (including the Parramatta
River) due to contamination. The NSW Food Authority (also part of DPI) and DPI
(Fisheries) have also implemented recommended restrictions on the consumption of

NSW Department of Pri
S epartment o Fimary fish caught by recreational fishers west of the Harbour Bridge.

Industries (DPI)*
Also within DPI is the Crown Lands Division, which plays an important role in estuary
management:
= Land owner of Crown lands, which includes many foreshore reserves and
wetlands. This excludes land below the MHWM, which in this case is
managed by NSW Roads and Maritime Services (RMS) (Maritime).
= Management of Crown reserves through reserve Trusts and/or with local
councils.
= Administration of the NSW Crown Lands Act 1989.
= |ssue and management of leases and licences for Crown land.
RMS (Maritime) is the landowner of the bed of Sydney Harbour and some foreshore
lands. RMS (Maritime) plays a role in the regulation, planning and approval of
development in Sydney Harbour, including the Parramatta River. Their roles and
responsibilities also include:
= Management and regulation of waterway safety and boating.
NSW' Roads and Maritime = Funding and management of public and private boating infrastructure and
Services (RMS) (Maritime)* associated facilities (e.g. moorings, wharves and boat ramps). They

administer leases for commercial, domestic and community purposes.

RMS (Maritime) currently enforces a ban on boating west of the Silverwater Bridge
(except for RiverCats and other authorised vessels). In addition, they conduct a
program of clearing gross pollutants from the waterway.

Shell has a refinery located in Clyde at the confluence of the Parramatta and Duck
Rivers. As a major landholder, the refinery is represented on the Committee. Note that

Shell Refining (Australia) Pty Shell plan to cease refining operations at the Clyde refinery and convert it and their

L Gore Bay Terminal (10ha of land at Greenwich) into a fuel import facility before mid-
2013.
The Sydney Ferries Corporation operates the ferry services on Sydney Harbour,
Sydney Ferries Corporation* including the RiverCat service between Parramatta and Circular Quay. Sydney Ferries

Corporation now operates as Harbour City Ferries.
The Harbour Trust was set up to provide for the ongoing management of former
Sydney Harbour Federation = defence sites located on Sydney Harbour, and therefore has a role in:
Trust* = Improving public access to their sites.
= Heritage preservation.
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Stakeholder Roles and Responsibilities

Harbour Trust sites located within the study area include Cockatoo Island, Woolwich
Dock and Parklands, and Snapper Island.

Sydney Metropolitan The SMCMA was a State Government agency responsible for natural resource
Catchment Management management at the catchment level. The SMCMA has now been has been merged
Authority (SMCMA)* with the HNCMA as part of the changes to the regional service delivery model.

SOPA is a statutory authority with responsibility for promoting, coordinating and
managing the orderly use and economic development of Sydney Olympic Park,
including the provision and management of $1.8 billion of infrastructure. The 640ha of
land is managed by SOPA,; this includes parts of the Parramatta River foreshore, and
the lower ends of Powells Creek, Haslams Creek and Boundary Creek. SOPA has
comprehensive programs for management and rehabilitation of the natural resources
within the Park, including biodiversity conservation and remediated landfil
management. SOPA also conducts and facilitates scientific research and education
programs.

Sydney Water is responsible for the delivery of water supply, wastewater and/or some
Sydney Water* stormwater services for all of the study area. They therefore have an important role in

relation to management of water quality in the estuary.

Sydney Olympic Park Authority
(SOPAY*

Darug  Tribal  Aboriginal
Corporation* and Deerubbin
Local Aboriginal Land Council
(LALC)*

These two entities represent the interests of Aboriginal people, and seek to preserve
and promote Aboriginal cultural heritage. The Deerubbin LALC is also a landholder of
some large areas of land in the north-western part of the catchment.

The community also play an active role in environmental management and
rehabilitation through a range of volunteer programs such as Bushcare, for which there
are a number of active groups within the study area. Other important community

Community groups* groups are those representing sailors, rowers and canoeists. Community and
conservation organisations represented on the Committee include Friends of Duck
River, the Ryde Hunters Hill Flora and Fauna Preservation Society, and Concord and
Ryde Sailing Club.

*Represented on the Parramatta River Estuary Management Committee.

Need for the CZMP

It is apparent that there a range of different aspects of estuary management that are undertaken by a number of
different organisations, and that in many cases there are overlapping jurisdictional boundaries, which requires
significant coordination and cooperation. Within the context of the existing management framework and
management issues currently affecting the Parramatta River estuary, there is a demonstrated need for a holistic
plan for management of the estuary as a single system, and in a sustainable and equitable fashion.

The Parramatta River Estuary CZMP seeks to consider the estuary as a whole, identify priority issues, and set
out a management strategy for implementation by the key stakeholders.
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1.4 Study Approach

One of the key requirements for the Parramatta River Estuary CZMP articulated by the Committee was that it be
realistic, feasible and achievable. In recognition of the large number of management issues associated with the
estuary, and the complex institutional framework which exists, a hierarchical approach was developed in order to
focus the CZMP (Figure 1.3). This approach also recognises that, in accordance with the requirements of the
Coastal Zone Management guidelines (DECCW, 2010b) the Plan should be subject to review and update (as
required) every 5 to 10 years.

A collaborative approach has been adopted in the development of this Plan. A range of different consultation
activities have been conducted in order to seek input on the direction of the Plan. In addition, regular review of
components of the Plan has been undertaken by the Committee.

One of the key exercises undertaken was a critical analysis of the management issues, and identification of key
issues that should be the focus for management. The list of key issues is provided in Section 2.8 and has been
based on our understanding of how the estuary functions, and how it is used by the community (Section 2).
Once the key issues were identified, the Committee worked with the Cardno project team to establish the
framework for the Plan, the aims, objectives and management options. These aspects were workshopped with
the Committee during the following activities:

= Foreshore estuary tour by the Cardno study team in the company of Committee members — 8 February
2011,

= Committee Workshop 1: Key management issues, aims and objectives — 2 March 2011,
= Committee Workshop 2: Management options — 18 May 2011, and
= Committee Workshop 3: Management actions — 9 June 2011.

A series of management actions were developed for implementation by either the Committee as a whole, or by
each of the respective management authorities. The management actions was considered by each relevant
authority and prepared in consultation with the study team. These activities are discussed in more detail in
Sections 3, 4 and 5.

A Coastal Hazard Assessment was also undertaken by Cardno and is provided in Appendix C. The purpose of
the Coastal Hazard Assessment was to assess the potential impacts of extreme water levels and SLR on the
Parramatta River estuary, in accordance with the Coastal Risk Management Guide (DECCW, 2010d).
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N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

+What issues or problems have been observed on or around the
Parramatta River estuary waterway and its foreshores?

Key Management Issues -Based on our critical analysis of the issues, what are the key
management issues?
*What then are our priorities for management?

- With respect to those key management issues, what broad
cutcomes are we aiming to achieve?

Management Aims +What key features, values or uses of the estuary do we want to
maintain or improve?

«What is our overarching vision for the Parramatta River estuary?

*When considering each of the management aims, what are the
more specific outcomes we are aiming for?

+Canthese desired outcomes, or objectives. be used to assess or
measure the effectiveness of the Management Plan?

* Are some of these objectives a higher priority for management in
the short term?

Managemenl Objeclives

- What are the broad types of options that we could use to addiess
the mangement issues?

+How well do each of these options address one or more of the
management objectives?

«Which management eptions should be the focus of management
in the short term?

Management Options

+ Now that we have identified the priority management options,
what are the specific actions required to implement the

Management Actions management options?

*How, where and by whom would the management action be
implemented?

Figure 1.3: Approach to the Parramatta River Estuary CZMP
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Opportunity was also provided to the community to provide input to the Parramatta River Estuary CZMP via a
series of consultation activities conducted during the course of this project:

= Establishment of a project email (parramatta.estuary@cardno.com.au) and website
(www.parramattaestuary.com.au) — 23 February 2011;

= Media release issued announcing the commencement of the project — February 2011;
= Community Information Sessions — 21 July 2011 and 12 March 2013;

= A community survey made available on the internet and handed out to RiverCat passengers in the
Parramatta River service area — 29 June to 26 August 2011;

= Public exhibition of the Draft CZMP — 19 February to 29 March 2013.

These consultation activities are discussed where relevant in the text of this report. A consultation summary is
also provided in Appendix B.

Finally, the outcomes of the consultation program fed into the development of the implementation strategy that
forms the Plan.

The Draft Parramatta River Estuary CZMP was placed on public exhibition as outlined above. Submissions
received during the public exhibition period were reviewed prior to finalisation of the Plan, and amendments
made as required.

This Final CZMP will be formally adopted by the eight foreshore Councils prior to commencement of
implementation of management actions identified herein. Depending on the outcomes of the Stage 2 coastal
reforms, the plan may be submitted to the Minister for certification, allowing the plan to be gazetted in the future.
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2 OVERVIEW OF KEY ESTUARY PROCESSES AND MANAGEMENT ISSUES

This overview of key estuary processes operating within the Parramatta River estuary presents the key findings
of the Data Compilation and Review Study (Cardno, 2008) and Estuary Processes Study (AECOM, 2010). At the
time of preparing this Plan these studies were available online at http:/parramattariver.org.au. Table 2.1 lists
some of the key parameters for the estuary.

Table 2.1: Key Parameters for the Parramatta River Estuary (Source: Cardno, 2008)

Key Parameters

Classification

Condition

Estuary length
Entrance conditions
Waterway area
Estuary volume
Average depth

Total tidal length of foreshore

Length of tidal foreshore
protected by seawalls

Length of tidal foreshore
canalised (canals)

Length of natural shoreline

Total catchment area

Main sub-catchments

Estuary Characteristics

Estuary group: Tide dominated estuary
Estuary type: Drowned river valley
Evolution stage: Intermediate
Extensively modified and highly urbanised
Approximately 19km
Permanently open
13.7km?
69,700ML
5.1m AHD
Approximately 135km, including all tidal areas of the estuary’s
tributaries and canals
Total of 36km surveyed as part of the Estuary Processes
Study:
= City of Canada Bay - 16.2km
= Parramatta LGA - 5.0km
= Auburn LGA - 3.2km
= Leichhardt LGA - 3.2km
= City of Ryde - 3km
= Hunters Hill LGA - 2.2km
= Sydney Olympic Park - 2.2km
= Ashfield LGA - 1.0km.
Total of 21km surveyed as part of the Estuary Processes
Study.

Total of 74km surveyed as part of the Estuary Processes
Study.

Assumed that remaining length is non-natural (seawalls, canals
and infrastructure): 61 km.

Catchment Characteristics

252.4km2

= Upper Parramatta River estuary catchment (108.4km2);
= Duck River (45.3km2);

= Homebush Bay (29.9km2);

= Iron Cove Bay (18.1km2)

= Hen and Chicken Bay (8.5km?)

= The Ponds/Subiaco Creek system (8.5km2);

= Vineyard Creek (4.1km2).

26 in total, with the 14 below directly entering the estuary:

Source

OEH, 2011
Cardno, 2008
Cardno, 2008

OEH, 2011

OEH, 2011

OEH, 2011
OEH, 2011

AECOM, 2010

AECOM, 2010

AECOM, 2010

AECOM, 2010

OEH, 2011

AECOM, 2010

Major tributaries = Saltwater Creek Cardno, 2008
= Powells Creek
24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 14
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Key Parameters Source

=  Boundary Creek

= Haslams Creek

= Duck River

= Clay Cliff Creek

= Vineyard Creek

= The Ponds/Subiaco Creek
= Archer Creek

= Charity Creek

=  Smalls and Tarban Creeks
= Hawthorne Canal

= Iron Cove Creek (Dobroyd Canal).
= Residential - 60.7%

Cardno
= Parkland - 16.8% (calculated from a
Main catchment land uses = Industrial - 6.4% GIS layer
= Commercial - 5.8% sourced from
= Education - 3.5%. ABS)

Total area 638.5ha:
= Auburn (incl. Sydney Olympic Park) - 419.6ha
= City of Ryde - 54.6ha
Waterfront reserves = City of Canada Bay - 53.5ha AECOM, 2010
= Parramatta - 46.9ha
= Hunters Hill - 40.7ha
= Leichhardt - 23.2ha.

Estuarine Vegetation
= Mangroves — 149ha AECOM. 2010:
Area of aquatic macrophytes =  Saltmarsh — 23ha West & V\’liIIiamé,
= Seagrass - 10ha approx. 2008

Total area 71ha:

= Swamp-oak Floodplain Forest

=  Coastal Sandstone Gully Forest AECOM, 2010
= Coastal Sandstone Ridgetop Woodland

= Sydney Turpentine-lronbark Forest.

Riparian vegetation
communities

2.1  Catchment Processes

2.1.1 Land Use and Land Tenure

Land use and land tenure are important aspects of estuary management as the land uses determines the type
and extent of developments across the catchment, which are the primary stressor on the natural estuarine
environment. There is also a strong correlation between land use, sedimentation and water quality in estuaries
as pollutants are washed into waterways in stormwater runoff. This is particularly relevant for the Parramatta
River estuary as the catchment and its foreshores are highly urbanised.

Land tenure can have implications for management, particularly when responsibility for a contiguous reach of
land, such as the estuary foreshore and creek lines, is divided across a number of landowners and governing
authorities. In such situations a coordinated management approach is important for ensuring provision of
recreational access and amenity, and for biodiversity conservation.
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Historical Land Use

The estuary and its catchment have been exposed to persistent stress over the last two centuries due to
historical and current anthropogenic impacts. Up until the 1970’s the Parramatta River estuary was treated as an
open drain for industry in Sydney, and consequently the estuary’s embankments and sediments are
contaminated with a range of heavy metals and other chemicals. Various industrial developments were situated
along the estuary foreshores, some of which continue to be active today, while others have been converted for
alternative uses (Figure 2.1). Historically, industrial development has impacted upon the southern side of the
estuary substantially more than the northern side (see Figures 2.2 and 2.3).

a) Heavy industry behind mangroves, Silverwater (source: b) Industrial site with rail line, Silverwater (source: M.
D. Wiecek, date unknown). Campanelli, date unknown).

Figure 2.1: Industrial Development along the Parramatta River

There has been a large amount of land reclamation over the years, as analysed by AECOM (2010) based on a
comparison of aerial photography from 1943 and the present day. The majority of land reclamation in the study
area occurred prior to 1943, primarily within Homebush Bay, Iron Cove Bay, Hen and Chicken Bay, and the
Auburn LGA (Figure 2.2, after AECOM, 2010). It is estimated that around 292ha of land was reclaimed in total
and approximately 1km of foreshore lost as a result.

The amount of land use change between 1943 and 2009 is shown on Figure 2.3 (after AECOM, 2010). The
greatest changes since 1943 have occurred mostly in the western areas of the catchment, where large areas of
agricultural land have been subdivided for residential development. Some historical industrial areas, particularly
along the foreshore, have been redeveloped since 1943 for residential and open space uses; however a legacy
of industrial contamination of these areas is still a concern.

Historically, Auburn LGA encompassed large areas of industrial land use, and also contains large areas of
reclaimed land. Therefore, parts of the estuary and foreshores more likely to be contaminated with industrial
pollutants and leachates from reclaimed land are located in Parramatta and Auburn LGAs in the Parramatta
River, Duck River and Homebush Bay. Other known areas of potential concern include several bays in the City of
Canada Bay where land reclamation has also occurred, including Iron Cove Bay and Hen and Chicken Bay.

Contemporary and Future Land Use

Strategic land use planning and land zoning is governed by each of the individual councils through their Local
Environment Plans (LEPS). In the present day, the major land use in the Parramatta River estuary catchment is
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residential (60.7%), followed by parkland (understood to include all reserves and open space areas, 16.8%), with
industrial and commercial land uses making up around 6% each.

All foreshore LGAs within the catchment are primarily residential land use, with open space and recreational land
use areas often adjacent to the local waterways or along the estuary foreshore. Much of the residential
development within the lower catchment consists of old building stock. Parramatta and Auburn LGAs contain the
greatest areas of contemporary industrial land use.

In the future it is likely that parts of the catchment will be re-developed. The Metropolitan Plan for Sydney 2036
(NSW Government, 2010) identifies the need to accommodate a large number of new dwellings in Sydney
primarily within walking distance of centres that are well serviced by public transport. It also identifies Parramatta
as Sydney’s second Central Business District (CBD). Hence, it is likely there will be significant changes in land
use, with an increase in development intensities in some parts of the catchment as brownfields sites are re-
developed. Along the estuary foreshores some former industrial sites may be redeveloped for residential use, as
has been the case at Rhodes in the City of Canada Bay.

Intensification of development within the catchment, including brownfields (redevelopment) and greenfields
development, primarily for residential or commercial purposes has potential to result in increasing pressure on
the estuary, which is a key issue for the estuary. However, it also presents an opportunity to ensure measures
such as Water Sensitive Urban Design (WSUD) and riparian buffers are incorporated in new developments, as
well as enhancing public access to the foreshore. Key areas of concern for land use planning identified by the
Committee and the community include:

= Water cycle management;

= Biological connectivity/corridors and sustainable management of the environment;

= Connectivity along the foreshore and the availability of alternative forms of public transport;
= Equity of public access and recreational amenity along the estuary foreshores; and

= Management of coastal hazards, particularly under climate change conditions.

The current fragmented approach to management of the estuary, whereby a number of authorities regulate land
use planning and development represents a challenge to efficient integrated management. Planning reforms
currently being implemented by the DP&I include the preparation of standard instrument LEPs and DCPs by all
local councils. There is opportunity through this process for the member councils of the Committee to work
together to integrate some of their strategic planning activities with the objective of improving management and
environmental outcomes for the estuary. Coordinating land use planning and development across all governing
bodies involved in management of the estuary is the key mechanism to achieving this objective.

Land Tenure

Land tenure describes who owns a particular parcel of land or an asset (e.g. a stormwater channel). Land tenure
is important from the perspective of implementation of the CZMP as consent must be obtained from the land
owner prior to undertaking any works on their land, or works that affect their asset(s). Permits or approvals
required to undertake works may also be dependent on the tenure status of the land in question.

The ownership and control of estuarine foreshore and submerged lands ranges across a spectrum of private
landholders, local councils, trustees, the Crown and other NSW Government authorities. Public land tenure has
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been mapped for the study area in Figure 2.4 based on available GIS layers (assumed to be of sufficient
accuracy and resolution for the purposes of preparing this CZMP), including:

= Crown land — CrownLand.shp (source: Crown Lands);
= Crown land held under tenure — CrownTenure.shp (source: OEH);
= National Parks - NPWS Estate.shp (source: OEH); and

= RMS (Maritime) land/properties — nsw_maritime_title_boundary.shp and premises.shp (source: RMS
(Maritime)).

Land below the Mean High Water Mark (MWHM), including the bed of the Parramatta River estuary, is held
under title by RMS (Maritime). RMS (Maritime) also has some foreshore land holdings (Figure 2.4), and is
responsible for the management of moorings, wharves and jetties. The Crown Lands Division within the DPI is
responsible for the management of Crown lands, which can be held under tenure (lease or licence). There are
also some National Parks Estate lands within the study area, which are under the care and control of the
National Parks and Wildlife Service (NPWS) within OEH.

The NSW Government has a documented policy in relation to access to the harbour and river foreshores,
including public access to intertidal lands where landowners have absolute waterfronts but where the waterfront
is exposed at low tide. The process of redevelopment of foreshore land may present opportunities to transfer
private land holdings into public ownership, thereby increasing the extent of open space, and improving linkages
between existing open space areas.
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2.1.2 Stormwater Runoff

Stormwater Pollutants

Water and sediment quality within the estuary is generally poor, a key issue for the estuary, and this is largely
due to polluted stormwater runoff. The community strongly agreed that this is a key issue, ranking the
management of pollution and sedimentation associated with creeks and stormwater outlets in order to protect the
natural environment as the number one priority in the community survey (Appendix B).

The urbanisation of the catchment has resulted in a significant increase in hard surfaces as roads, buildings and
the like have been constructed in place of vegetated areas. This results in reduced green open space areas for
the absorption and filtration of stormwater, and as such a larger volume of stormwater reaches the estuary more
quickly than would previously have been the case prior to development of the catchment. These higher velocity
flows can cause erosion and sedimentation, although it is noted that some of the larger catchment tributaries are
channelised, and therefore there is low potential for erosion from the lower catchment. Land use change has
also resulted in a change in the amount and type of pollutants that become entrained in stormwater flows.

There are a large number of different sources of pollutants from urban areas in the Parramatta River estuary
catchment, such as:

= Nutrients, e.g. from fertilisers and cleaning products;

= Heavy metals, e.g. from some industrial sites and roads;

= Organochlorine (such as DDT) and organophosphate pesticides;

= Polycyclic aromatic hydrocarbons (PAHs) associated with heavy industry/combustion;
= Phenols used in industrial chemical synthesis; and

= Sewage from sewer overflows.

Some of these pollutants are associated with point sources, that is, they enter the waterbody at a specific
location. Types of point sources include sewer overflow points or specific sites (e.g. industrial sites along the
foreshore). There are a number of historically contaminated sites located in the catchment and along the estuary
foreshores that have potential to act as significant point sources of pollution (Figure 2.5). lllegal dumping and
spills can also act as point sources of pollution.

Alternatively, pollutants may originate from diffuse sources and enter the estuary, which are generally more
difficult to manage. Diffuse source water pollution is caused when pollutants from a range of dispersed land use
activities contaminate waterways. Many activities that people engage in contribute to diffuse pollution, such as
littering, fertilising gardens within the catchment or disposal of cleaning products down the drain. Another diffuse
source of pollution is atmospheric fallout, whereby dust that contains pollutants (such as heavy metals) falls out
of the air and onto the ground where it can be washed into the estuary. The prevalence of old residential areas in
the catchment may also act as a diffuse source of pollution due to the use of materials such as lead paint that
are harmful to the environment. Education of the community and industry to provide improved awareness of
stormwater issues would go some way to addressing diffuse and point sources of pollution.
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Fate and Management of Stormwater

As summarised in Table 2.1, there are a number of tributary creeks that drain to the Parramatta River estuary.
These convey some of the stormwater flow; however, a significant portion of stormwater flows make their way
into the estuary via the stormwater drainage network (Figure 2.6). The larger volumes of stormwater runoff that
are generated from the urban catchment are managed via the provision of pipe networks, overland flow paths
and open channels discharging to the estuary. Controls on the pollutant loadings take the form of Gross
Pollutant Traps (GPTs) and other Stormwater Quality Improvement Devices (SQIDs) that provide pre-treatment
of stormwater before it is discharged to the estuary (Figure 2.6 provides the location of many GPTs throughout
the catchment, Figure 2.7 provides photographic examples of GPTs and SQIDs present). The type and amount
of pollutants removed will depend upon the type of device used, and during very heavy rainfall events, flows may
bypass the devices.

Figure 2.6 (after AECOM, 2010) shows the main sub-catchments and the extent of the stormwater drainage
network within the study area. Stormwater and stormwater infrastructure can have significant impacts on the
estuarine environment, such as:

= Scour around the stormwater outlet due to the discharge of high velocity flows (Figure 2.8);
= Erosion and sedimentation;
= Sedimentary contamination, where pollutants such as heavy metals are bound to sediment particles;

= Water contamination, especially as dissolved pollutants that remain in the water column (do not settle
out) can be transported throughout the estuary by tidal flushing;

= Stimulation of primary productivity by increased nutrient loads;
= Blockages to the passage of fish and other aquatic organisms; and
= Smothering of aquatic macrophytes and fauna by sediments discharged from stormwater outlets.

This is a particular issue where stormwater impacts on sensitive estuarine habitats, such as seagrass areas as
documented in AECOM (2010).

It is the responsibility of councils within the study area to manage gross pollutants, and there are a number of
GPTs in place that attempt to capture material from stormwater (Figure 2.6, after AECOM, 2010). However, a
large amount of gross pollutants still make their way into the estuary, bypassing GPTs, by blowing onto the
waterway, or direct littering. RMS (Maritime) collects gross pollutants directly off the waterway, with a total of
more than 3,500m3 of rubbish collected from the Parramatta and Lane Cove Rivers every year.

In recent years WSUD has been actively implemented within the Parramatta River estuary catchment as a
measure to control stormwater issues (see Figure 2.9 for some examples in the catchment). The PRCG recently
implemented the Working to Sustain the Parramatta River Project over three years from 2007-2010 under grant
funding of $1.9 million. The aim of the project was to implement widespread changes in the way that stormwater
is managed within the Parramatta River estuary catchment, through a practical, hands-on approach using WSUD
principles and new technology in the collection, treatment and reuse of stormwater runoff. The project involved
seven of the eight foreshore local councils in the Parramatta River estuary catchment, involving on-ground
demonstration projects and training opportunities for each council involved, such that they had the opportunity to
build WSUD skills and capabilities and make changes to their internal policies and practices to manage
stormwater (Cardno, 2010).
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However, an insufficient number of devices, poor maintenance of these features due to lack of resources and
their inconsistent spatial distribution across the catchment means significant volumes of stormwater carrying
heavy pollutant loads still enter the estuary. Effective stormwater management can be difficult to achieve as it
needs to be managed on a site by site basis, which is difficult to coordinate across such a large catchment area.
Changes to internal policies and practices within councils in the catchment to incorporate WSUD into new
developments (or redeveloped areas) will assist in coordinating the site by site approach across the catchment
and should primarily be focused on pollutant hotspots.

One of the main challenges is that the stormwater network and associated stormwater treatment devices are
owned and managed by a number of different stakeholders. Management of stormwater is typically the
responsibility of local councils, although ownership of the physical infrastructure is more complicated. Some
stormwater infrastructure is owned by Sydney Water, including sections of pipes, pits and some stormwater
canals (e.g. Hawthorne and Dobroyd Canals). GPTs and other SQIDs are also typically managed by local
councils, but may be placed on land that is subject to a different management regime.  Therefore, any
stormwater management works proposed within the study area need to confirm the owner and manager of the
subject infrastructure, and require significant liaison and coordination between authorities. This is a particular
issue where stormwater management is targeting a particular pollution hot spot, such as Iron Cove Bay, where
the local drainage catchment includes land falling within five different LGAs and includes significant stormwater
infrastructure that is owned and managed by Sydney Water (i.e. Hawthorne and Dobroyd Canals).

The HNCMA is currently leading another project, the Sydney Harbour Catchment Water Quality Improvement
Plan that aims to develop a catchment scale approach for improving water quality in Sydney Harbour, including
the Parramatta River estuary. It involves development of a Catchment Pollutant Export Model and Ecological
Response Model to quantify pollutant sources from the catchment and identify the potential waterway response.
This project will lead to the identification of additional opportunities for managing stormwater that will improve the
quality of discharges to the Parramatta River estuary.
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Litter boom, Hawthorne Canal.

a)

b)

Figure 2.7: Example SQIDs / GPTs

Organic matter and rubbish captured in a GPT,
Meadowbank Park.

a)

;

syt s

Sedimentation, scour and organic matter around outlet,

Kissing Point Bay (source: AECOM, 2010).

Figure 2.8: Examples of Stormwater Impacts on the Parramatta River Estuary

a) Pervious pavers and rain garden, Guildford Lane,

Guildford.

}.'

€

b) Rain garden, Meadowbank Park.

Figure 2.9: Examples of Water Sensitive Urban Design (WSUD) Features
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Sedimentation

Progressive infilling of estuaries with catchment-derived sediments is a natural process, due to ongoing erosion
and sedimentation associated with rainfall events, as well as the mobilisation of larger quantities of sediments
from either the banks or the estuary bed during flood events. However, much higher sediment loads are currently
entering the Parramatta River estuary compared with pre-European times, exacerbated by urban development,
causing significant sedimentation within the estuary. The Data Compilation and Review Study (Cardno, 2008)
found that there was limited information on rates of sedimentation in the estuary. Investigation of this issue is
also complicated by the history of dredging and reclamation works that have been conducted in the estuary.
Historical accounts suggest very high rates of sedimentation during the early development of the catchment (e.g.
McLoughlin, 2000), but more recent analysis of sediment cores suggests a rate of sedimentation of between 1.5-
3.5mml/yr over the last 150-200 years, which is generally en par with other similar estuaries types of a less
disturbed nature, in NSW (Geoscience Australia, 2012).

With respect to sedimentation, it is likely that some locations in the estuary were significantly affected by
sedimentation due to catchment development or flooding in the past. In more recent years erosion and
sedimentation is subject to tight control at development sites and a range of measures have been implemented
to reduce sediment inputs (e.g. SQIDs). In addition, the construction of canals, weirs and similar features has
probably reduced the amount of sediment that can reach the estuary from the lower catchment. However,
erosion and sedimentation may continue to occur from the upper catchment or from natural creek lines. As
previously discussed, sediments introduced to the waterway can impact negatively on local water quality and
estuarine habitats (e.g. seagrass).

2.2 Physical and Water Quality Processes

2.2.1  Water and Sediments

Hydrodynamic Processes

Key hydrodynamic processes in the Parramatta River estuary include ocean tides (tidal flushing), freshwater
inflows, and wind and wave driven flows. These hydrodynamic processes are also influenced by the system
bathymetry (bed form of the estuary). The Parramatta River estuary is constantly open to the ocean and as such
the water level within the estuary is primarily driven by the ocean water level and the tidal prism. During large
catchment inflow events water levels within the estuary would temporarily be elevated (Cardno, 2008).

The tidal limit currently extends to the Charles Street Weir in Parramatta (Figure 2.10), which restricts further
tidal influence upstream. Prior to construction of the weir the tidal limit extended further upstream to near
Marsden Street at Parramatta. Alterations to and channelisation of previously natural creek lines in the
catchment (Figure 2.11) have also changed the tidal limit in other locations. For example, in Duck River and
Duck Creek, the tidal range has been limited by weirs at the Clyde Railway Bridge and Martha Street,
respectively.
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a) Looking upstream towards the weir. b) Looking downstream from the weir.

Figure 2.10: Charles Street Weir

a) Powells Creek near Mason Park. b) Tarban Creek, Riverglade Reserve.

Figure 2.11: Channelised Creek Lines

Tidal flushing is a vital mechanism for maintaining water quality within the estuary, particularly as the estuary
receives high volumes of stormwater runoff which has potential to contain a range of pollutants. Extensive
alteration of the estuary foreshore and its tributaries (reclamation, etc.) has limited tidal flushing in some areas,
which can lead to significant impacts on local water quality and the ecological characteristics of the estuary. As
the tidal waters of the estuary rise and fall, intertidal vegetation and fauna becomes alternately submerged and
exposed with high and low tides. Maintenance of tidal inundation is an important factor in the function of these
intertidal habitats and their associated flora and fauna.

Estuarine water levels may also become elevated beyond the typical tidal range due to factors such as king
tides, storm surge and freshwater flood flows. At such times the elevated estuarine water levels can present a
hazard to human users and assets along the foreshore. A number of foreshore parks are inundated during
spring high tides, such as Kissing Point Park and Riverglade Reserve. Some coastal hazards will be exacerbated
by climate change, particularly extreme estuarine water levels, which will result in an increase in risk for
foreshore users and assets over time (see Section 2.5).

It should be noted that catchment flood hazard is managed under the Floodplain Management Process, and is
not subject to management under this Plan. Foreshore inundation due to elevated estuarine water levels would
be managed under the coastal and estuary management program.
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Sedimentary Contamination

Sediment quality in and around the Parramatta River estuary has a major influence on the overall water quality
and aquatic biodiversity. A review of the available literature presented in Cardno (2008) highlighted that the
sediments of the Parramatta River estuary are significantly contaminated. Birch and Taylor (2004) provide a
summary of the analytical methods and extent of contamination in the Parramatta River estuary, and have
prioritised Duck River, the eastern shore of Homebush Bay, Fairmile Cove and the upper reaches of Hen and
Chicken Bay, Five Dock Bay and Iron Cove Bay for remediation (Figure 2.5). Sources of these contaminants
include reclaimed lands (which were commonly filled with contaminated or waste materials), contaminated lands,
industrial activities, and traffic and roadways. Contaminants associated with sediments typically make their way
to the estuary either attached to sedimentary particles or via groundwater leachates.

Benthic sediments of the Parramatta River estuary also contain stores of nutrients (Nitrogen, Phosphorous and
Organic Carbon) which may be available for mobilisation to the water column, although the mechanisms that
control the uptake and release of nutrients are not well understood (Birch et al., 1999). These nutrients are likely
derived from stormwater inputs from residential areas, green waste and leaf litter. Sewage overflows can also
introduce significant amounts of nutrients into the estuary.

Hydrodynamic and biogeochemically mediated processes are important for regulating the mobilisation of these
contaminants/nutrients between the sediments and the water column. Factors such as bioturbation, changes in
water chemistry (e.g. pH and/or DO concentrations), uptake and release by organisms, and physical disturbance
can contribute to the flux of pollutants between the water column and sediments.

Contaminants in the water column or surficial sediments can have a significant impact on estuarine biota. In their
synthesis of the literature relating to possible biological effects of sedimentary contamination Birch and Taylor
(2004) state that the spatial extent of the study area within which adverse effects on biota may be anticipated are
highly variable dependent upon the contaminant in question, however, almost all of the Parramatta River estuary
sediments exceed the ISQG-L (Interim Sediment Quality Guidelines — Low) values for at least one heavy metal,
representing the level above which effects on biota may occur. There have been a number of ecotoxicology and
bioaccumulation studies in the Parramatta River estuary (see Cardno, 2008), however, the full effects on
estuarine ecology are not well understood. Dioxin levels in fish species are elevated to the point where a
commercial fishing ban was placed on Sydney Harbour and its tributaries, including the Parramatta River in
2006, and it is prohibited to consume fish caught west of the Harbour Bridge.

Catchment management, particularly for stormwater and contaminated sites, are the primary mechanisms used
to regulate the introduction of these pollutants into the estuary. There is, however, a legacy of contaminated
sediments from historical activities that may only be addressed by remediation (Figure 2.12), capping or removal
of the affected sediments from the estuary. These activities can in themselves have significant impacts on the
environment and may increase the risk of mobilisation of contaminants to the water column. Contaminated sites,
including those in the estuary, are regulated by the Environment Protection and Regulation Division of OEH.
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a) Contaminated site rehabilitation, Rhodes (source: D. |b) Remediation works, Homebush Bay (source: M.
Wiecek, OEH, date unknown). Campanelli, NSW Maritime, date unknown).

Figure 2.12: Remediation Works

Water Quality

In-estuary water quality processes are complex and involve biological, physical and chemical processes. These
processes mediate the way water moves around the estuary, the exchange between estuarine waters and
sediments, and estuarine waters and the atmosphere. In general, in-estuary processes are strongly influenced
by climatic and hydrodynamic processes and can significantly impact on local water and sediment quality issues.

Poor water and sediment quality can impact on ecological processes and human recreation. Key water quality
parameters of concern for management are:

= Dissolved oxygen (DO);

n pH,

= Turbidity or Total Suspended Solids (TSS);

= Nutrient concentrations (Nitrogen and Phosphorous);

= Algal concentrations; and

= Pathogens (faecal coliforms (FC) and Enterococci).
Heavy metals and other pollutants are discussed previously in relation to sedimentary contamination.
With regards to human recreation, poor water quality has impacted on recreational usage of the estuary for
activities such as swimming and fishing. Based on data collected under OEH'’s Harbourwatch program, water
quality in the estuary is often unsuitable for primary contact recreation due to high FC counts (Cardno, 2008).
This is believed to result from FCs entering the estuary in stormwater runoff from the catchment or sewer
overflows, which can result in water quality issues in certain bays where rates of tidal flushing are low. Overall

there are only limited areas of the Parramatta River estuary that are considered suitable for primary and
secondary contact recreational activities (Cardno, 2008).

A review of the available information on water quality in the Parramatta River estuary can be found in Cardno
(2008) and WRL (2011). Water quality data collected by Sydney Water from the Parramatta River estuary
includes monitoring of the following parameters:
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= DO;

" pH;

= Nitrogen (TN and biological available forms: ammonia, nitrates/nitrites);

= Phosphorous (TP and biologically available Filterable Reactive Phosphorous);
= Chlorophyll a; and

= FC and Enterococci.

As discussed in WRL (2011), an analysis of the data indicates that average concentrations of these water quality
parameters are in excess of the ANZECC (2000) aquatic ecosystem health guidelines for south-east Australian
estuaries. The exception is for pH, for which the average values are in the acceptable range. Particular
hotspots include Duck River and the Silverwater Bridge area. Based on a review of the data presented in WRL
(2011), it is considered likely that these locations are impacted by sewer overflows, due to the high
concentrations of nutrients, FC and Enterococci, along with the low DO values. The high levels of nutrients at all
sampling sites indicate that stormwater quality is a key issue for estuary management and there is potential for
algal blooms.

2.2.2  Bank Condition

According to AECOM (2010) the study area contains approximately 135km of foreshore, including all tidal areas
of the estuary’s tributaries and canals. AECOM (2010) inspected approximately 36km of seawalls and 21km of
canals along the shoreline, with foreshore and marine facilities and structures also located along the foreshore
for human usage and recreation. Approximately 45% of the foreshore is no longer natural (AECOM, 2010). The
current condition of natural shoreline and seawalls reaches was also recently assessed by AECOM (2010) (see
Figure 2.13).

Several of the submissions received during the public exhibition of the Draft CZMP considered that the findings
of AECOM (2010) were either not entirely accurate for specific locations, or that conditions had changed since
the field survey was conducted. This may be the case, noting that three or four years has passed since the
AECOM (2010) survey was conducted, and conditions may have changed since that time.

The section of shoreline between Wharf Road in Ryde and Kissing Point was identified in a submission as
experiencing erosion issues. This generally concurs with the findings of AECOM (2010), which found several
sections of natural shoreline in poor condition through this area (Figure 2.13), and a number of sections of
seawall in poor or failed condition. These issues are thought to be due to boat wake and the submission
expressed concern about the RiverCat specifically, and more generally the exceedences of boat speed limits in
that section of the river.
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Natural Shoreline

Natural foreshore areas within the study area (74km or 55% of the total shoreline surveyed by AECOM (2010))
typically comprise beaches, rock platforms, vegetated and non-vegetated natural shoreline (e.g. mudflats)
(Figure 2.14). Natural shoreline occurs predominantly west of the Silverwater Bridge, where significant areas of
erosion occur (Figure 2.13, after AECOM, 2010). East of Concord Road there are some isolated sections of
natural shoreline in Meadowbank, Putney, Yaralla and Majors Bays, and Iron Cove Bay.

Hen and Chicken Bay, City of Canada Bay b) Iron Cove Bay, City of Canada Bay.

Figure 2.14: Natural Shoreline

Areas of natural foreshore may be vulnerable to short duration or episodic erosion events (severe storms, vessel
wash, flooding, high tides and informal public access), or longer term recession or accretion (caused by changes
to mean sea level, sediment availability, and changes in river hydrodynamics due to foreshore and channel
realignment and dredging). AECOM (2010) located 44 areas of foreshore erosion in the study area, which
equates to approximately 13km of shoreline (18% of the total natural shoreline) (Figure 2.13).

Approximately 70% (9.2km) of natural shoreline exhibiting erosion is located upstream of Silverwater Bridge in
the Auburn and Parramatta LGAs, with the most extensive foreshore erosion occurring in the Parramatta LGA
(approximately 8.6km). This section of the river is characterised by a narrow channel, shallow water depths,
banks vegetated with mangroves, and is subject to long period waves from RiverCat movements. RiverCat wash
is thought to be the primary source of erosion in this area, causing bank slumping and loss of mangrove
vegetation, and must be managed as a priority prior to expenditure of significant funds to rehabilitate these
sections of natural foreshore and seawalls. This issue is apparent to the community, and whilst they support the
provision of alternative forms of public transport, they have expressed a high level of concern about the impact
the RiverCat service is having on the estuary (Appendix B). There were 28,000 individual trips to and from
Parramatta, in 2011-12 financial year (Sydney Ferries, 2012), which will inevitably result in a level of damage to
the natural foreshore. A key management issue for these upper areas of eroding natural shoreline is instigating
modifications to or replacement of the RiverCat with another vessel that generates less wash to reduce further
erosion caused by its wash, and subsequently to allocate funding towards remediation of these foreshore areas.

Foreshore erosion can have negative impacts on estuarine water quality as sediments are mobilised and washed
into the waterway. This can release nutrients and contaminants into the water column and acts to destabilise
foreshore vegetation, leaving it vulnerable to further erosion and subsidence. Nearby seagrass beds can also
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become smothered by sedimentation as a result of foreshore erosion. The presence and maintenance of riparian
and estuarine foreshore vegetation is very important for the stabilisation of soils to minimise erosion potential.

Seawalls

Seawalls have been constructed extensively along the study area’s shoreline to protect foreshore assets, guard
against inundation and support reclaimed parklands. The poor condition of many seawalls in the study area was
raised by community members in the Community Information Session (Appendix B) as a prominent issue in
their locality (particularly the City of Canada Bay). In the community survey the issue of protecting public and
private property from coastal hazards was highly ranked by 75% of respondents, which suggests support for the
maintenance of seawalls.

The most common functions of seawalls in the study area are the provision of support for other foreshore
structures and reclaimed land. Failure of seawalls that structurally support other foreshore facilities (e.g.
pathways, jetties) may result in replacement costs of more than just the seawall, and also impact on aesthetics
and public amenity, access and safety. Where seawalls protect reclaimed land, seawall failure may result in the
liberation of potentially contaminated landfill into the waterway. Furthermore, the potential for loss of land to the
estuary may result where unconsolidated landfill is no longer supported (AECOM, 2010).

The majority of seawalls in the study area were inspected and assessed by AECOM as part of the Estuary
Processes Study (2010), which covered approximately 36km of seawall and 21km of canals. The seawalls have
a mixture of public and private ownership, in addition to which some of the canals are owned and maintained by
Sydney Water. Types of seawalls in the study area typically include solid concrete, sandstone blocks and loose
rubble revetments.

The City of Canada Bay has the greatest extent of seawalls, followed by Auburn and Parramatta LGAs (Table
2.1). A total of 84 seawall sections were either categorised as in ‘poor’ or ‘failed’ condition by AECOM (2010),
requiring replacement or upgrading due to visual signs of degradation (e.g. cracking, landward subsidence,
collapse), which equates to approximately 17.7km of seawalls in total or about half the seawalls in the study
area. See Figures 2.15 and 2.16 for examples of failing and failed seawalls.

-

a) Iron Cove Bay, City of Canada Bay. b) Waste materials used to stabilise the shoreline,
Silverwater (source: M. Campanelli, date unknown).

Figure 2.15: Examples of Failing Seawalls
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Failed seawall, Leichardt (source: D. Wiecek, OEH, déte unknown).
Figure 2.16: Example of Failed Seawalls

The key constraints on upgrading/replacing certain seawalls include:

= Heritage status, if the seawall is heritage listed under local or state heritage registers, such as the
historic seawall at Queens Wharf Reserve in the Parramatta LGA,;

= Ongoing erosion potential, particularly in areas where the current RiverCat wash would continue to act
to erode or undercut the new seawall; and

= Funding, replacing or upgrading seawall sections can be very costly.

These seawalls and other marine structures provide surfaces for colonisation by benthic organisms and have the
potential to supplement natural habitat by supporting natural species assemblages. More recently there has
been a move to reintroduce intertidal habitat to urbanised estuaries and the Estuary Processes Study lists the 20
highest priority seawall sections which are considered the most appropriate locations for habitat creation in the
Parramatta River estuary (AECOM, 2010).

Wherever seawalls need to be rehabilitated or replaced in the study area this should be undertaken in
accordance with the Environmentally Friendly Seawalls Guidelines (DECC and SMCMA, 2009). The guidelines
advocate the incorporation of estuarine habitats into seawall and other marine support structures wherever
possible, which will provide habitat and help support biodiversity and species abundance at the same time as
providing structural support (see Figure 2.17 for examples). Incorporating estuarine habitat into these structures
will provide improved ecological value through the upgrading of seawalls.
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a) Seawall with low sill and saltmarsh, Ermington (source: D. |c) Artificial intertidal habitat within a seawall, McMahons Point
Wiecek, OEH, date unknown). (source: http://cristinabump.wordpress.com/).

Figure 2.17: Examples of Environmentally Friendly Seawalls
2.3 Ecological Processes

Although much of the native habitat along the foreshores of the Parramatta River estuary has been removed for
development purposes or has been subject to degradation, the estuary foreshore and its tributaries still support a
range of native flora and fauna, including a number of threatened species that are important on a state and
national level. The remaining natural vegetation in the catchment is generally associated with creek lines
(Cardno, 2008).

The community recognises the need to maintain the ecological health of the estuary, with some of the key
threatening processes, such as managing stormwater pollution, ranking very high in importance in the community
survey (Appendix B).

Key ongoing management issues regarding ecology include:

= Habitat loss, degradation and fragmentation;

= Poor ecological connectivity along the foreshores;

= Introduced species;

=  Stormwater impacts and sewer overflows;

= Changes to natural patterns of tidal inundation;

= Channelisation of natural waterways;

= Loss of foreshore vegetation via mowing or deliberate vandalism; and

= Damage from recreational activities (e.g. from swing moorings, dingy storage or trampling).

2.3.1  Estuarine Vegetation

Estuarine vegetation is vegetation found in the sub-tidal zone and intertidal zones of an estuary. Also of
importance for ecological processes is riparian vegetation contiguous with these zones. A high proportion of
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vegetation within the riparian zone or supra-tidal zone has tolerance to salinity from sea spray but not from tidal
inundation. Estuarine vegetation communities present in the study area include seagrasses, saltmarsh and
mangroves (Figure 2.18). Each one of these communities can tolerate a particular range of salinities and
regular or permanent inundation. Riparian vegetation communities in the study area include Swamp-oak
Floodplain Forest, Sydney Turpentine-ironbark Forest, Coastal Sandstone Gully Forest and Coastal Sandstone
Ridgetop Woodland (AECOM, 2010). Swamp-oak Floodplain Forest and Sydney Turpentine-ironbark Forest are
considered significant riparian vegetation as they are both Endangered Ecological Communities (EECs). Table
2.2 summarises available information on the condition and extent of significant riparian and estuarine vegetation
in the study area.

Table 2.2: Extent and Condition of Significant Riparian and Estuarine Vegetation (After: AECOM, 2010)

Estimated
Total
Extent

Extent Threats Trends in Extent & Condition

Seagrasses (Figure 2.19)

Confirmed areas (based on field
verification, AECOM, 2010) total

) ] Poor water quality, smothering
9.26ha, including:

by sediments, erosion of beds

10.3ha

= 8.58ha within waterways
adjacent to the City of
Canada Bay,

= (.62ha adjacent to
Leichhardt LGA, and

= 0.06ha adjacent to the City
of Ryde.

Saltmarsh (EEC) (Figure 2.21)

= Thelargestareaisin
Homebush Bay (18.6ha in
Sydney Olympic Park);

= 1.32ha in Mason Park
Wetlands in Strathfield

through changed water
movements and damage from
water-based recreational
activities (i.e. boat propellers
and moorings).

Inter-specific competition (e.g.
with mangroves), poor water
quality, changes to the

Seagrass cover has declined since
mapping was first produced in the
1970’s (West et al., 1985; West et al.,
2004; West and Williams, 2008).

There has been both a historical and a

23ha LGA: hydrological regime, weed contempgrary loss of saltmarsh habitat
. . . recorded in the study area.
= 1.31ha in Duck River and infestations and trampling at
Wentworth Point Homebush =~ more locations.
Bay; and
= 0.89ha in Parramatta LGA.
Mangroves (Figure 2.22)
lllegal clearing by residents and = Mangroves are believed to be more
= 63.8ha in Homebush Bay g g pyresic angroves .
o . - for development activities, bank | widely distributed and abundant in
and its tributaries (within the , , , ,
149ha Sydney Olympic Park). subsidence in locations affected = comparison to pre-European
. ’ by RiverCat wash, informal settlement along the Parramatta River
*  40.0hain the Parramatta dinghy storage and trampling at | (McLoughlin, 2000).
LGA, some locations. Mangroves previously would have
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Estimated
Total Extent Threats Trends in Extent & Condition
Extent
= 19.8ha in the City of formed a ring around the river and
Canada Bay; bays. Sedimentation that has occurred

since European settlement has
assisted mangroves to grow on the
sedimentation deltas. However,
connectivity of mangrove habitats in
the catchment still needs to be

= 13.2ha in the Auburn LGA;
and

= 10.2ha in the City of Ryde.

improved.
Riparian Vegetation
Swamp-oak Floodplain Forest 30ha): Historically these EECs have been
= 18.2ha in Sydney Olympic Park: . . clegred Qr reclaimed for industrial,
. Infestations of introduced residential or open space
= 5.5hain Parramatta LGA; and . . .
species and trampling at some | requirements. Subsequently remnant
= 4.1hain the City of Canada Bay. locations, which is exacerbated | communities are highly fragmented
Sydney Turpentine-Ironbark Forest (22 ha): by their degraded and highly and restricted to narrow bands of
«  15.8ha in Sydney Olympic Park: fragmented condition. growth fringing the intertidal zone
, ity of _ within the highly urbanised
= 1.6hain the City of Ryde; and environment.

4.5ha in the City of Canada Bay.

Seagrasses, saltmarshes and mangroves are highly productive and support a wide range of estuarine fauna,
including fish, avifauna, and macroinvertebrates such as crabs and snails. Estuarine vegetation is used as a
shelter, food source, breeding ground and/or nursery ground by many animals, including commercially and
recreationally important species. Other ecosystem functions performed by estuarine vegetation may include:

= Buffering water quality;

= Stabilising sediments and buffering wave action;

= Sediment trapping;

= Nutrient cycling;

= Regulating hydrological flows;

= Acting as an indicator for environmental change; and
= Acting as sinks of organic carbon.

Non-vegetated habitats such as mudflats and rock platforms are also important habitats. It is likely that
significant areas of these two habitats have been lost due to reclamation, dredging and the construction of
seawalls.
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Water and sediment quality can also have significant impacts on estuarine vegetation. Poor water and sediment
quality can impact saltmarsh and mangrove communities mainly through growth inhibition. High velocity
stormwater entering the estuary also erodes these areas of vegetation, with a significant amount of fine material
being lost from between Mangrove pneumatophores due to stormwater scour and also vessel wash.

Seagrass is the estuarine community most acutely affected by poor water quality. Seagrass beds in the study
area are particularly affected by excessive quantities of gross pollutants (organic materials) smothering seagrass
beds and reducing light penetration, which inhibits seagrass growth. Excessive nutrients and sediments leading
to algal blooms and high turbidity levels in the water column can also reduce light penetration to seagrass beds,
as does shading from jetties and wharves. Other impacts on seagrass beds include damage by boat propellers,
anchors, moorings (see Figure 2.20) and launching of watercraft. These issues are particularly evident in the
southern end of embayments, including Iron Cove Bay, Hen and Chicken Bay and Five Dock Bay (AECOM,
2010).

Saltmarsh and mangroves in the study area are commonly impacted by trampling as people create informal
access routes along the foreshore, and in some locations store their non-motorised watercraft (e.g. dinghies)
informally on vegetated areas. Saltmarsh is often also impacted by mowing of residential and public open space
areas, when saltmarsh itself is mowed (either purposefully or inadvertently).

lllegal clearing of mangroves is a particular issue where they front private residences, as many councils have
noted residents deliberately lop off tree limbs or poison the mangroves where such growth is impinging on their
views of the waterway (Figure 2.23). Stormwater impacts, including pollution and changes to the hydrological
regime (both freshwater inflows and tidal inundation) have also resulted in degradation and loss of these
communities.

o T

! *.',\f' J4

a) Seagrass bed of Zostera and Halophila. b) Healthy, dense bed of Zostera.

Figure 2.19: Estuarine Vegetation - Seagrass
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RS
Scouring by swing mooring.
Figure 2.20: Observed Impacts on Seagrass

Bty F oy

i

a) Saltmarsh (low groundcover), Iron Cove Bay. b) Sarcocornia quinqueflora.
Figure 2.21: Estuarine Vegetation - Saltmarsh

M i Lt et S .'.Mdr.
a) Mangroves lining the upper Parramatta River estuary. b) Mangrove forest, Bicentennial Park.

Figure 2.22: Estuarine Vegetation — Mangroves
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a)

—

Mangroves subsidence due to bank erosion (source: D. | b) Evidence of illegal mangrove clearing, Five Dock Bay

Wiecek, OEH). (source: D. Wiecek, OEH).

Figure 2.23: Observed Impacts on Intertidal Estuarine Vegetation
2.3.2  Conservation Significant Communities, Flora and Fauna

Seagrasses, saltmarsh, mangroves and macroalgae are protected under the Fisheries Management Act 1994.
Coastal Saltmarsh, Swamp-oak Floodplain Forest and Sydney Turpentine-ironbark Forest which is also present
in the study area, are listed as EECs under the Threatened Species Conservation Act 1995. Sydney Turpentine-
ironbark Forest is one of the communities that form the nationally significant Turpentine-ironbark Forest, which is
listed as a critically endangered ecological community under the EPBC Act. Hence the ecological communities
present in the study are significant on both a local, NSW state-wide and national scale as indicated by the
legislation.

Habitat restoration and/or enhancement works will be a valuable exercise for enhancing existing vegetation and
re-establishing areas of habitat that have been lost (Figure 2.24). This is a particular challenge for diminished
intertidal communities, such as rock platforms and mudflats and channelised drainage lines. Consideration
should be given to naturalising these concreted drainage lines and shorelines when the structures come to the
end of their design life, to improve the ecological value of the estuary and extend biodiversity corridors.
Protecting areas consisting of EECs and threatened flora and fauna species should be considered a priority.
Management actions should also focus on creating biodiversity corridors throughout the catchment and along
foreshore areas, to connect existing fragmented areas of vegetation.

The study area contains nine nationally significant wetlands which together form an extensive wetland system
bordering the Parramatta River estuary, including Brays Bay, Ermington Bay, Haslams Creek, Homebush Bay,
Lower Duck River, Majors Bay, Mason Park, Meadowbank Park Foreshore and Yaralla Bay Wetlands and
Silverwater Saltmarsh. In particular, the mangroves lining the Parramatta River represent a significant proportion
of those remaining in the Sydney region and those in the Lower Duck River represent the oldest known stand of
mangroves in NSW. The Silverwater Saltmarsh complex incorporates highly significant saltmarsh species that
do not commonly occur in the Sydney region. This saltmarsh complex is in excellent health and comprises a
small intact ecosystem that is representative of pre-European vegetation that can no longer be found in the study
area. The Bicentennial Park and Newington Nature Reserve Wetland are also listed as nationally significant
wetland sites, and support a wide range of fauna.
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a) Mangrove planting, Homebush Bay (source: D. |b) Riparian revegetation behind a seawall (source: D.
Wiecek, OEH). Wiecek, OEH).
Figure 2.24: Examples of Habitat Restoration Works

The Parramatta River estuary provides habitat to a variety of shorebirds, waterbirds, wader birds and forest birds.
The estuary is on the route of the East Asian-Australasian Flyway which is used by shorebirds to move between
Australia / New Zealand, East Asia and the Arctic region of the northern hemisphere. Key habitat areas of
mangroves and saltmarsh in the estuary such as Sydney Olympic Parklands and the Mason Park Wetlands
provide important and vital stopover areas for these migratory birds to rest and feed. Australia is party to
international conventions and agreements to protect many migratory species, such as the China-Australia
Migratory Bird Agreement (CAMBA), Japan-Australia Migratory Bird Agreement (JAMBA) and Republic of Korea-
Australia Migratory Bird Agreement (ROKAMBA).

a) Ibis (Threskiornis molucca) in the mangroves in | b) Pied Stilt (Himantopus himantopus), Homebush (source: D.
Bicentennial Park. Wiecek, OER).

Figure 2.25: Wading Birds
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2.3.3  Impacts on Estuarine Ecology

The study area also contains locally and regionally significant fauna species (Figure 2.25). For example, a
number of regionally rare bird species, including the White-fronted Chat, Red-rumped Parrot, Osprey, White-
bellied Sea Eagle, Marsh Harrier and Peregrine Falcon have been found in Homebush Bay. Human-induced
threats to avifauna in the study area include significant loss of habitat through vegetation removal and predation
by domestic animals, with off-leash dog walking being an issue in certain areas of the foreshore. It is understood
that there are also concerns about bioaccumulation of toxins affecting the health of birds living around the
estuary.

In 1972, a survey failed to catch a single fish upstream of Silverwater Bridge (Paxton and Collett, 1975).
However, more recent data would suggest that fish populations have been making a recovery in recent decades
due to improvements in water quality associated with improved catchment management practices, better
regulation of industry and a decrease in the intensity of industrial activity along the estuary foreshores. A review
of the available literature on fish populations in the estuary presented in Cardno (2008) suggests that the estuary
currently supports a diverse fish fauna, despite evidence of poor water quality and pollution impacting on fish.

Nonetheless, the bioaccumulation of toxins from contaminated sediments remains an issue, and the true impact
on estuarine ecology is unknown. Recreational fishing is still allowed in the Parramatta River estuary, although
limited consumption of fish caught in the estuary is recommended due to elevated dioxin levels in fish (Figure
2.26). In addition, weirs and other structures that change flow regimes or prohibit fish passage have also
impacted fish populations.

RECREATIONAL FISHING

nmians s

a) Recreational fishing dietary advice signage in the | b) Signage indicating total fishing ban in Duck Creek
catchment (source: P. Hackney, PCC). (source: P. Hackney, PCC).
Figure 2.26: Recreational Fishing Restrictions

Estuarine ecology in the study area has been seriously degraded and fragmented over time due to extensive
clearing of foreshore and catchment vegetation for residential, industrial, commercial and open space
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development purposes since European settiement. This has resulted in a loss of biodiversity and fragmentation
of the remaining habitat, leaving the ecology vulnerable to natural and human induced stressors, such as
infestations by introduced species, inter-specific competition and climate change. Nevertheless, biodiversity in
Sydney, the Parramatta River estuary catchment included, is still high compared to many other parts of Australia
and the world and hence biodiversity conservation is a key management issue. Estuarine hydrodynamic
processes, in particular tidal inundation, are vital to the maintenance and functioning of estuarine ecosystems.
Alteration to natural flow regimes of waterways, and their floodplains and wetlands, is recognised as a major
factor contributing to the loss of biological diversity and ecological function in aquatic ecosystems.

A significant long term threat to the ecology of the study area is climate change and SLR in particular. As mean
sea levels rise, this will reduce light penetration to seagrass beds in deeper areas of the estuary, potentially
resulting in their loss, although it is noted that there may also be gains elsewhere. Intertidal vegetation such as
mangroves and saltmarsh may have potential to migrate landward to higher elevations, provided infrastructure
and other land uses are not currently occupying suitable areas for colonisation. In order to facilitate landward
migration in priority areas management interventions may be required, such as vegetation management and/or
the relocation/decommissioning of infrastructure. AECOM (2010) identified priority areas where vegetation
enhancement efforts should be focused by quantifying the potential for landward migration of intertidal vegetation
with SLR in the catchment as follows:

= An estimated 65% of existing saltmarsh communities have some potential for landward migration, of
which a large proportion is located within Newington Nature Reserve Wetland (Sydney Olympic Park);
and

* An estimated 22% of existing mangrove communities have some potential for landward migration,
based on the presence of obvious impediments to landward migration for the remaining 78%. Of further
concern, is that areas in which mangroves have some potential to migrate landwards are presently
occupied by EECs such as saltmarsh and Swamp-oak Floodplain Forest, thereby forcing competition
between and loss within these communities.

24 Human Usage and Recreation

24.1 Recreation

Public access along the foreshore, via cycle paths and walking tracks, was identified by the community as being
the second most important issue in the community survey undertaken in the preparation of this CZMP (Appendix
B). The availability of recreational facilities and infrastructure, including BBQ areas, seating, public toilets, jetties
and boat ramps along the foreshore was also raised by the community as a high priority management issue, with
64% of the community surveyed ranking this of high importance. A key issue for the estuary is the inconsistency
of accessibility to the foreshore as well as the availability and suitability of recreational facilities throughout the
catchment.

As the study area has developed and moved away from its industrial past, the foreshore has been increasingly
reclaimed for recreational uses with considerable investment at both the state and local government levels.
However, a large proportion of the foreshore is still in the hands of industry and individuals as private residences.
As part of the Parramatta River Foreshores Improvement Program an audit of the estuary foreshore was
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undertaken. This audit reported that approximately 46.6km of foreshore in the study area is publicly owned, while
24.9km is privately owned, not including tidal tributaries (Cardno, 2008).

Over the last decade significant works have been undertaken around the Parramatta River estuary foreshore to
improve public access to the waterway, as part of DIPNR'’s (2003) Sharing Sydney Harbour Regional Action
Plan. Significant funding for the Parramatta River estuary was also provided in 2007 under the Sharing Sydney
Harbour Access Program, a NSW government initiative to improve public access to and enhance the recreational
enjoyment of Sydney Harbour and its tributaries. Many projects across the eight foreshore LGAs have been
undertaken to date under this program, providing access and recreational improvements (Cardno, 2008). In
2007 the NSW Government also announced the provision of additional funding to extend its support for public
walking and cycling tracks, and recreational boating facilities around Sydney Harbour to at least 2013 (Cardno,
2008). However, certain cycleway/walkway facilities, such as the Parramatta Valley Cycleway Shared Path, are
discontinuous in sections and still require further work to complete and improve connectivity throughout the study
area and across LGAs (Figure 2.27).

a) Shared cycleway/walkway in the catchment. b) Dedicated bike lanes along the estuary foreshore.

o

Figure 2.27: Examples of Public Access

The open space areas and recreational infrastructure are mapped in Figure 2.31. There are six major foreshore
parks in the study area that primarily provide for passive recreation opportunities:

= Sydney Olympic Park (Auburn LGA);

= George Kendall Riverside Park (Parramatta LGA);
= Meadowbank Park (City of Ryde);

= Kissing Point Park (City of Ryde);

= Putney Park (City of Ryde); and

= Cabarita Park (City of Canada Bay).

These major foreshore parks and other reserves have significant recreational value as they service the passive
recreational needs of the approximately 561,200 people living in the foreshore LGAs (according to ABS statistics
from the 2011 census), as well as visitors to the area (Cardno, 2008). The largest areas of foreshore parks and
reserves are found in Auburn LGA, followed by the Cities of Ryde and Canada Bay. Foreshore recreational
activities include walking, jogging, fishing, family gatherings and picnics undertaken in foreshore parks.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 47
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3




Parramatta River Estuary Coastal Zone Management Plan
Prepared for Parramatta River Estuary Management Committee

A number of capital works projects have been funded under the Parramatta River Foreshores Improvement and
Metropolitan Greenspace Programs, including foreshore parks, cycle and pedestrian paths and foreshore access
points; however, further works are still required in order to provide adequate facilities to service demand,
particularly in foreshore sites that are proposed for medium to high density residential development.

The Parramatta River estuary is an important recreational waterway, particularly for the western suburbs of
Sydney. Water-based recreational activities in designated areas of the estuary include power boating, sailing,
sail-boarding and rowing, as evidenced by a number of active, long-term sailing and yachting clubs in the study
area. The estuary has a long historical association with sailing and in particular with rowing, as evidenced by the
large number of boat sheds and club houses along the river. Several local schools and universities also row
along the Parramatta River for sport. In September 2007 the Parramatta River estuary hosted the World Dragon
Boat Racing Championships (Cardno, 2008). RMS (Maritime) produced a boating guide that identifies rules and
regulations (e.g. speed zones) and shows the location of boating infrastructure.

Many planning policies, such as the Sydney Regional Environment Plan (Sydney Harbour Catchment) 2005 are
in place that cover the Parramatta River estuary and aim to establish a balance between maintaining a healthy
and ecologically sustainable estuary, and promoting recreational access to the foreshore and waterways.

The Parramatta River estuary is used as a public transport link by ferries and the RiverCat (Figure 2.28), linking
Sydney and Parramatta. Many commercial businesses, such as marinas, restaurants, cafes, slipway services,
and activities are also located along the foreshore, servicing the local and wider community and also visitors to
the area i.e. the tourism industry. Issues caused by the RiverCat's wash have been discussed previously in
Section 2.2.2.

a) RiverCatin the estuary, Parramatta. b) RiverCatin the estuary, Fsarramatta.
Figure 2.28: RiverCat

Associated with the development of the estuary foreshore has been the construction of waterway recreational
assets along the foreshore, including boat ramps, wharves, jetties, landings, informal and formal dinghy storage
areas and temporary mooring facilities. There may also be opportunities to improve connectivity between the
waterway and the foreshore, and to better service the boating community. However, there are concerns
amongst the community that this would lead to overcrowding of the waterway and increased conflicts between
users (Appendix B). There is also potential for impacts on estuarine ecology and water quality if not properly
managed. Some of the ongoing impacts of human activities have been identified in previous sections (Sections
2.1,2.2and 2.3).
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One of the most prominent issues associated with waterway recreation facilities is the lack of formal dinghy
storage facilities. Dinghies are scattered along the foreshore (Figure 2.29), leaning against walls, rock shelves
and trees and such informal access and informal storage at these locations is resulting in the degradation of
foreshore vegetation, primarily by trampling (AECOM, 2010).

hﬁ =

a) Private jetties accessing the estuary waterway. b) Informal dinghy storage along the estuary foreshores.

Figure 2.29: Boating Infrastructure

There may be opportunities to improve recreational amenity/facilities through the process of re-development of
foreshore lands. However, in some cases it may be more appropriate to de-commission infrastructure and/or
relocate it to a more suitable location where impacts on the environment can be minimised.

Waterway recreational facilities are prone to deterioration over time due to the physical and chemical stresses
they are under, including exposure to saline waters, waves and changes in water levels (e.g. for structures with a
connection to the foreshore). A total of 84 facilities were inspected by ACEOM (2010) and their locations are
mapped in Figure 2.31. The highest concentration was in the City of Canada Bay (28), followed by the City of
Ryde (17) and Hunters Hill LGA (16). The condition assessment found that there were a number of facilities in
poor condition or subject to failure (AECOM, 2010), which represents a risk to public safety and the environment
(Figure 2.30).

Climate change and the projected increases in estuarine water levels are also of concern for management of
recreation and public access across the estuary. Foreshore assets, particularly those located on the waterway
but with a fixed connection to the foreshore, may require modification and/or relocation with rising sea levels, as
some locations are already subject to inundation during king tides.

Management actions proposed to address the recreational needs of the estuary users must aim to achieve a
harmony between the competing demands of meeting the community’s needs for recreational access and
amenity, and providing for conservation and enhancement of estuarine ecosystems. Achieving this balance was
raised as one of the most important issues for the Parramatta River estuary in the community survey undertaken
for this Study (Appendix B).
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a) Failing pylons in the estuary. b) Failing wall along the estuary foreshores (source: P.
Hackney, PCC).

Figure 2.30: Failing Foreshore Infrastructure

24.2  Cultural Heritage

With regards to Non-Aboriginal cultural heritage, the Parramatta River estuary is considered to be culturally the
most significant waterway in Sydney and has been critical in the development of Sydney from the first settlement.
The River acted as a crucial communication and transport link between Sydney and Parramatta. |Initially
settlement followed the river and then spread into the surrounding districts. Hence, the Parramatta River estuary
foreshores contain some of Australia’s earliest Non-Aboriginal historical monuments and features (Cardno,
2008).

There are a significant number of commonwealth, state and local heritage listed items located within the eight
foreshore LGAs, and there is also a sizeable volume of literature relating to the heritage and cultural values of
the Parramatta River estuary and its foreshores (Cardno, 2008).

Cockatoo Island represents a highly significant heritage site located within the Lower Parramatta River estuary,
relating to its maritime heritage and history, and it also contributes to the visual character of the estuary. Both
Cockatoo Island itself and a number of features located on the Island are protected under the EPBC Act as
Commonwealth Heritage Listed sites. Cockatoo Island also has enormous cultural heritage significance as a
shipbuilding facility, operating for 134 years until 1991 as the nation’s primary shipbuilding facility (Cardno, 2008).

The Parramatta River estuary lies within some of the most developed and urbanised areas of Australia. As such,
the Aboriginal cultural heritage of the area has been under severe pressure since the settlement and subsequent
development of the area by Non-Aboriginals. Aboriginal groups in the study area today include the Darug Tribal
Aboriginal Corporation and the Deerubbin LALC (Cardno, 2008).

A number of Aboriginal heritage sites and places of significance are located within the estuary and foreshore
areas, which highlights both the size of the study area and also the importance of the study area for Aboriginal
people. Itis also recognised that there is significant potential for previously unrecorded Aboriginal heritage items
to occur in the study area.

One of the most culturally significant sites in the study area is the Parklands at Sydney Olympic Park, which
covers 432ha. The Parklands contain stands of remnant woodlands, rare saltmarshes and mangroves alongside
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constructed places of historical significance. The Parklands are also a place of Aboriginal significance and are of
historic naval importance.

The community survey results indicated that cultural and heritage values associated with the estuary and its
foreshores were ranked as being of high importance to 64% of respondents and of medium importance to 33% of
respondents (Appendix B). Hence, the community largely recognises the need to protect and promote the
cultural values and significance associated with the Parramatta River estuary.
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25  Climate Change

25.1  Climate Change Science and Policy

Itis generally accepted amongst the scientific community that global warming of the Earth’s atmosphere will lead
to a rise in mean sea level due to the Greenhouse effect. The most recent climate change projections indicate
increased temperature and evaporation rates for coastal NSW, along with changes to seasonal rainfall patterns,
runoff and therefore subsequent impacts on bushfire regimes, biodiversity, soils, erosion and flooding (DoP,
2010). It is predicted that current weather patterns will be altered; leading to more frequent extreme weather
events (i.e. floods, droughts, tropical cyclones, etc.). SLR projections of 0.4 m by 2050 and 0.9 m by 2100 were
previously adopted by the NSW Government for planning purposes (DECCW, 2009), and although the formal
endorsement by the government has now been repealed, it is noted that these values are still considered to
represent the best available science (CSE, 2012) and have been adopted in this study.

Coastal communities and environments are particularly vulnerable to climate change due to the potential for
permanent coastal inundation and increasing coastal hazards associated with changing weather patterns and
extreme weather events. Costal hazards include risks from coastal erosion, tidal inundation and coastal flooding,
including the impacts of SLR.

Water level analyses have been conducted on tide gauge water level data collected over a 122 year period at
Fort Denison, Sydney Harbour (You et al., 2009). An analysis of the full data set from 1886 to 2007 identified a
rate of rise in water levels in Sydney Harbour of 0.63+£1.4 mm/yr. However, where the analysis was limited to the
more reliable data collected from 1950 to 2007, the rate of rise was determined as 0.58+0.38 mm/yr (You et al.,
2009).

25.2  Potential Impacts of Climate Change on Estuary Processes

A brief overview of the key potential implications of climate change on estuary processes is outlined below, as
identified by Cardno (2008) and AECOM (2010):

= Increased water levels: SLR would lead to higher estuarine water levels and may also result in
changes to the tidal prism. This would have the effect of increasing tidal penetration of tributary creeks
and canals, provided that the tidal flows are not impeded by physical infrastructure;

= More frequent or permanent inundation of foreshore areas: Some facilities and foreshore areas
along the Parramatta River estuary may be inundated more frequently or permanently as the elevated
water level events of today will become more common in the future. Seawalls have been used
extensively in the study area to support the foreshore and reclaimed lands; however, where these
seawalls are not high enough to combat rising sea levels, they may be overtopped and the assets they
protect may become inundated. Frequent overtopping or permanent inundation would compromise the
function of these seawalls or other affected infrastructure, potentially leading to economic damage of
public and private assets and further water quality issues, such as leachate from contaminated
reclaimed lands may be released into the estuary;

» Changes to rainfall patterns: Extreme weather events, in particular more frequent flood and drought
periods, may impact on catchment processes and there is potential for a wider range of water quality
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conditions to occur in the estuary. Changes in rainfall patterns could change the water balance of the
estuary tributaries;

= Erosion of unconsolidated foreshores: Increased water levels could contribute to the erosion of
unconsolidated shorelines. Where there is sufficient fetch, changes in wind patterns could result in
increased erosion of affected shorelines by wind waves;

* Impacts on estuarine ecology: The impacts of climate change on estuarine ecology will be complex
and are difficult to predict. Changes to the intertidal zone due to SLR will significantly limit the present
extent of intertidal estuarine vegetation in many locations, as potential areas for landward migration are
limited by existing infrastructure. For example, AECOM (2010) estimated that 78% of existing
mangrove communities will potentially be impacted upon by SLR based on impediments to landward
migration. This will also impact on other intertidal habitats, such as mudflats and rock platforms, which
have already been significantly reduced in extent. A rise in mean sea level would also result in a
gradual shift in the locations where seagrasses could survive.

2.5.3  Coastal Hazard Assessment

A Coastal Hazard Assessment (CHA) was recently undertaken by Cardno to assess the potential impacts of
elevated estuarine water levels in both the present day and under SLR conditions in the Parramatta River. The
assessment was conducted in accordance with the Coastal Risk Management Guide (DECCW, 2010d) and
adopting SLR projections of 0.4m by 2050 and 0.9m by 2100. The CHA report is provided in Appendix C.

The CHA provides a series of maps to depict the projected impacts of SLR on ocean still water levels in the
estuary, for higher water level events due to storm surge (1-year and 100-years ARI). Three scenarios were
investigated (existing, 0.4m SLR and 0.9m SLR), and the results indicate that, as anticipated, the effects of
inundation on the estuary foreshores will increase under SLR conditions. Based on the mapping, several key
areas have been identified as being subject to risk from coastal hazards in the future and a discussion of these
areas has been provided for each scenario (Appendix C). A range of land uses are likely to be affected including
residential, commercial/industrial, road infrastructure and open space/parkland.

Protecting public and private property in relation to wave inundation, flooding, erosion and/or SLR (e.g. via
seawalls or flood control works) was ranked as an issue of high importance by 75% of the community surveyed
(Appendix B). The Parramatta River estuary foreshore is subject to a number of coastal hazards, including tidal
and wave inundation, flooding, shoreline erosion and SLR. The co-occurrence of a number of these factors at the
same time significantly increases hazard. As discussed above, coastal hazards such as inundation due to storm
surge represent a potential threat to public and private assets and human users of the foreshore and will be
exacerbated with climate change and SLR.

In the long term, permanent tidal inundation due to SLR will become a significant challenge. There are limited
locations around the foreshore where increased tidal inundation can be accommodated without risk to public and
private assets, and the management authorities will need to consider an appropriate management response.
Under climate change conditions, rising groundwater levels, salinisation of groundwater and soils, and changes
in rainfall intensities will also impact on the functioning and maintenance regimes of the stormwater network as
well as other services and utilities. Alternatives involve relocation of assets out of the impacted area, or
increasing levels of protection. In many instances this may involve raising the crest height of seawalls to combat
future SLR as seawalls require repair and/or replacement. It may be desirable to seek opportunities to build
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resilience or adapt to these impacts during the course of regular capital works (e.g. by increasing the hydraulic
capacity of stormwater pipes). Planning for coastal hazards should consider both current and future levels of risk.
The most effective means of managing risk from coastal hazards is via strategic land use planning.

It is anticipated that the results of the CHA can be utilised in various strategic land use planning and
management frameworks for the estuary. Action 39_COM21 of the Parramatta River Estuary CZMP specifies
the consideration of the implications of the CHA when updating the CZMP in the future.

2.6  Estuarine Health, Monitoring and Community Awareness

Monitoring of estuarine health is necessary to track positive and/or negative trends and locations or issues that
require active management. Development of an estuarine monitoring program consistent with the NSW MER
Strategy (DECCW, 2010c) is a requirement of CZMPs. Further discussion on proposed future monitoring is
provided in Section 6.2.

A large number of existing studies have been conducted in the study area to investigate key issues such as
water and sediment quality, and the extent, condition and composition of estuarine flora and fauna. However,
many of these are limited in spatio-temporal scale. Generally these studies have had a variety of aims (often for
development approvals, as opposed to estuarine health assessments), have used a variety of methodologies
and techniques, and have occurred in an ad hoc manner across the study area. As such these studies are very
limited in their ability to provide accurate baseline information on estuary health. AECOM (2010) also highlighted
data deficiencies and inconsistent approaches to data collection and reporting in relation to stormwater
management activities/devices, which makes comparison of data across the catchment difficult. Further review of
available monitoring data has been undertaken in relation to development of an estuarine health monitoring
program (Section 6.2 and Appendix I).

Commensurate with monitoring, the community and the Committee have also identified that communication with
the community and raising awareness on estuarine management is a high priority. As previously indicated, there
is potential for improved catchment management and compliance with regulations as a result of community
education. Lot-based water cycle management (e.g. through the use of rainwater tanks, water conservation and
re-use), weed management by ‘looking after your own lot', littering and inappropriate disposal of waste products
represent opportunities for individuals to reduce their impacts on the estuarine environment, provided they have
support from local authorities. Raising awareness, particularly amongst the community in the study area, about
the importance of estuary management and why the estuary needs to be conserved will be an important part of
this process. The community has a high level of awareness and concern about environmental degradation and
pollution of the Parramatta River estuary, and it would be beneficial to communicate to them trends in estuarine
health. It is recommended that the Committee seek means to address this issue by improving direct
communication with the community, and involving them in the implementation of the Plan.

2.7 Summary of Estuary Values and Significance

Sections 2.1 to 2.6 have discussed the significance of the Parramatta River estuary based on the key findings of
the Data Compilation and Review Study (Cardno, 2008) and the Estuary Processes Study (AECOM, 2010).

Feedback on estuary values was obtained and complied as part of the community survey to establish the current
view on which attributes of the estuary are most valued (Appendix B).
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A summary of the local, regional, national and international significance of the Parramatta River estuary and
values identified by the community are detailed in Table 2.3.

Table 2.3: Values and Significance of the Parramatta River Estuary
Scale Significance of the Parramatta River Estuary

= Significant for the local Aboriginal people and traditional owners, with over 250 known
Aboriginal places or objects recorded in or near the study area.

=  Extensive usage of the estuary and foreshores by local people on a regular basis for passive
recreation.

Local =  Provides a place for activities for various water-based clubs and organisations. In particular,
the estuary is, and has been, used by local sailing and rowing recreation clubs.
= Native habitat in the study area supports local biodiversity including fish, birds and invertebrate
fauna.
= Most culturally significant waterway in Sydney, critical in the development of Sydney from the
first settlement.
= High State heritage significance with over 130 listings under the NSW Heritage Act 1977 within
the eight foreshore LGAs.
Regional = The study area contains regionally significant fauna species, in particular regionally rare bird

species in Homebush Bay.
= Interms of NSW state significance, the study area contains seagrasses and mangroves, which
are protected under the Fisheries Management Act 1994 and Coastal Saltmarsh, Swamp-oak
Floodplain Forest and Sydney Turpentine-ironbark Forest, which are listed as EECs under the
TSC Act.
= High national heritage significance with over 500 listings on the Register of the National Estate
and Commonwealth Heritage List within the eight foreshore LGAs.
National = The study area contains a number of nationally significant wetlands listed on the Directory of
Important Wetlands in Australia, and Turpentine-ironbark Forest, which is listed as a critically
Endangered Ecological Community under the EPBC Act.
= Migratory birds listed under bilateral and multilateral agreements (e.g. JAMBA, CAMBA and
ROKAMBA) use the wetlands in the study area as important stopover areas.
Important international sporting competitions have been held in the study area, the most
prominent being the Sydney Olympics in 2000. The World Dragon Boat Regatta was also held
in the study area.

International

Values Identified by the Community

= Public access to and along the foreshore.

= Connectivity between the waterway, foreshore and surrounding areas.

= Being able to enjoy the public open space areas.

= Being able to engage in a range of passive and active recreational activities.
= Water quality suitable for recreational usage.

= Harmony between different recreational user groups.

= The presence of native animals and vegetation.

= Enjoyment of the natural environment.

= The promotion of environmental education.

= The recognition of Aboriginal and European cultural heritage.

= Sustainable approaches to managing the estuary.

=  Opportunities to understand how the estuary functions and hear about trends in estuarine health.
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2.8  Summary of Key Estuary Issues

Through the estuary management process the Data Compilation and Review Study (Cardno, 2008) and Estuary
Processes Study (AECOM, 2010) identified a comprehensive list of 107 management issues associated with the
Parramatta River estuary, many of which have been discussed in Sections 2.1 to 2.6. The issues identified in
these studies were collated and consolidated to 70 issues for discussion and review with the Committee during
Committee Workshop 1 (see Table D.1 in Appendix D).

One of the aims of Committee Workshop 1 (held on 2 March 2011) was to identify the top 10 key management
issues to guide the management framework in the CZMP. These top 10 management issues have been
identified as follows:

1. Increased pressure is being put on the estuary due to large foreshore developments and land use
changes as industrial areas are re-developed;

2. Water and sediment quality within the estuary is generally poor;
3. Much higher sediment loads are entering the estuary than in pre-European times;

4. There have been historic and ongoing declines in ecological values due to a range of threatening
processes;

5. Erosion is impacting on bank stability and estuarine and riparian vegetation in a number of locations;

6. Seawalls line a substantial proportion of the Parramatta River estuary and have led to a significant loss
of foreshore habitat. Much of this infrastructure is dated and the need for maintenance and repair is
likely to further increase with SLR;

7. Accessibility of the foreshore, as well as the availability and suitability of recreational facilities is not
consistent across the estuary, particularly in the context of residential development of former industrial
sites along the foreshores;

8. There is currently no baseline information on estuary health, or any coordinated monitoring programs
within the Parramatta River estuary;

9. There is a need for improved education of the community and other stakeholders in relation to estuary
processes and their linkages to catchment processes. There is also a need to improve communication
and reporting on estuary management initiatives; and

10. The Parramatta River estuary foreshore is subject to coastal hazards such as storm surge that will
increase with climate change and have the potential to negatively impact on public and private assets.

Detailed discussion of the management issues facing the Parramatta River estuary (including the 10 key issues
listed above) has been provided in Sections 2.1 to 2.6.
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3 MANAGEMENT AIMS AND OBJECTIVES

In order to guide the development and implementation of the Parramatta River Estuary CZMP, the Committee
developed a series of management aims and objectives. In accordance with the Guidelines for Preparing
Coastal Zone Management Plans (DECCW, 2010b), the aims and objectives were formulated with a focus on
estuarine health, and the sustainable use and enjoyment of the estuary by the community. Human uses of the
estuary waterway and foreshore are considered primarily with respect to how they impact on estuarine health.

These management aims and objectives constitute the framework of the Plan. Any options or actions considered
as part of the Plan are required to work towards the attainment of these aims and objectives. The process of
developing the management aims and objectives is, therefore, important in focussing the direction of the Plan.

3.1 Determining Management Aims and Objectives

Two workshops were held with the Committee to develop the management aims and objectives (see Section
1.4). The approach adopted was to develop a single broad aim for each of the ten key management issues
identified in Section 2.8. For each of the ten aims, a series of more specific management objectives were then
developed.

Prior to the first Committee Workshop, draft aims and objectives were developed by the Cardno study team
based on the Data Compilation and Review Study (Cardno, 2008) and Estuary Processes Study (AECOM, 2010)
for discussion with the Committee members. The Committee broke into two groups and engaged in discussion
on priorities for management and how the aims and objectives should be phrased. The original intention was
that the management objectives would be fairly specific and directly measurable. However, the Committee
considered that it would be beneficial to find a balance between outlining more specific outcomes within the
objective wording, while at the same keeping them sufficiently flexible to enable the development of a wide range
of management options. The outcome of this discussion was a final list of management aims and objectives.
After the workshop, the comments on the aims and objectives were compiled and collated by the study team.

At the second Committee Workshop the Committee members confirmed the final management aims and
objectives (Table 3.1). The Committee members were also asked to provide input on the objectives prioritisation.
This involved each Committee member allocating a “high”, “medium” or “low” priority against each objective. The
results were then averaged by the Cardno study team, and are presented in the final column of Table 3.1. The
prioritisations reflect the relative importance of the different management objectives in the first period of
implementation. For example, water quality was viewed by all Committee members as being a key management
issue that requires immediate attention, and as a result, four of the six objectives relating to water quality were
consistently rated as having a high priority by the Committee members. The prioritisation of the objectives was
also used to rank the management options (see Section 4.1.3).
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Table 3.1: Management Aims and Objectives

developed.

. Objective o Objective
Key Management Issues Management Aim D Management Objective(s) Prioritisation
Land Use Planning and Development
Increased pressure is being put on the estuary = Foreshore development and land use Ensure integration of the Parramatta River Estuary CZMP aims and
due to large foreshore developments and land | planning incorporates the principles 1A objectives into other strategic planning and natural resource High
use changes as industrial areas are re- | of ecologically sustainable management activities, instruments and policies (e.g. regional strategies,
development. and council DCPs and LEPs).
Water and Sediments
2A Minimise incidences of illegal dumping of waste into the estuary. Medium
Reduce the level of contaminated sediment and other pollutant loads .
2B . High
entering the estuary from catchment runoff.
. - Reduce the incidence of sewer overflows affecting the estuary and
To improve water quality in the : . . ; . 2 . .
Water and sediment quality within the estuarv ~ estuary such that it is suitable for a 2C improve compliance with recreational water quality guidelines for all sites High
. quallty vy y . ) monitored under the Harbourwatch program.
is generally poor. range of environmental functions and P P .
recreational Uses Limit the mobilisation of pollutants from contaminated foreshore areas
' 2D and bed sediments into the water column through minimising their Medium
disturbance.
Ensure all new developments do not have a negative impact on .
2E . . High
estuarine water quality.
Much higher sediment loads are entering the | To reduce the environmental damage 3A Reduce sediments entering the estuary, particularly where sedimentation High
estuary than in pre-European times. caused by sedimentation. affects vulnerable ecological communities such as seagrass. g
Estuarine Ecology
Protect and enhance estuarine habitats (both aquatic and foreshore
4A habitats), with a focus on providing ecological connectivity between core High
habitats.
There have been historic and ongoing declines | To maintain and enhance the 4B Naturalise existing concrete lined and highly modified creeks as Medium
in ecological values due to a range of @ ecological values associated with the opportunities arise.
threatening processes. estuary, both aquatic and terrestrial. 4C Reduce the occurrence of weeds and pests in aquatic and terrestrial Medium
habitats in and around the estuary.
Incorporate additional aquatic habitat opportunities into existing areas of
4D L . Low
limited habitat.
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of locations.

particularly

foreshores.

. Objective o Objective
Key Management Issues Management Aim D Management Objective(s) Prioritisation
Bank Condition
L . . . . Actively encourage the replacement of the current RiverCat with another
Erosmp 1S |mp.act|.ng on baf"‘ §tab|I|ty and 'V'a’.‘age bank erosion to reduce its 5A vessel that has a lower environmental impact (i.e. particularly with Medium
estuarine and riparian vegetation in a number | environmental impacts and improve t to bank .
the social amenity of the estuary. respect 10 ban ero§|o_n). . . . .
5B Rehabilitate high priority sections (AECOM, 2010) of eroding shorelines. High
Seawalls line a substantial proportion of the 6A Remove seawalls where feasible and restore a natural intertidal zone. Medium
P.arr.a.matta River estuary and hgve led to a The foreshore is managed to protect All seawalls, including those that are to be retained and new seawalls
significant loss of foreshore habitat. Much of I . I S e
> . existing assets while maximising that are proposed, should where feasible, incorporate the principals of .
this infrastructure s dated and the need for environmental values 68 environmentally friendly design features (after DECC and SMCMA Medium
maintenance and repair is likely to further ' y y g ’
. ) 2009).
increase with SLR.
Human Usage and Recreation
Accessibility of the foreshore, as well as the 7A Maintain and improve public access along the estuary foreshores and Hiah
availability and suitability of recreational | Enhance access to the estuary and waterway, without compromising estuarine health. g
facilities is not consistent across the estuary, | its foreshores for a wide range of user Ensure that recreational facilities continue to be provided for a range of .
. A . . 7B . . . High
in the context of residential groups, while ensuring estuary health different user groups at strategic locations.
development of former industrial sites along the | is not compromised. 7C Achieve recognition of the iconic status of the Parramatta River and Hiah
capitalise on foreshore and waterway linkages. g
Monitoring, Evaluation and Reporting
Ar(i)oritams ?g?r?rzgatggrramgfanItgm% Implement a coordinated estuary health monitoring program in line with
There is currently no baseline information on zstt?ar that provide information on the NSW MER Srategy. This program should incorporate elements that
y . o y P . assist in assessing the effectiveness of implementation of the Plan in .
estuary health, or any coordinated monitoring | estuarine health and also monitor the 8A hieving the stated ai 4 obiecti T hould al High
rograms within the Parramatta River estuary effectiveness of implementation of the achieving the stated aims and ODJEciIves. © program should aiso
P ’ ) . . . incorporate a reporting function to provide information to the community
Plan in working to continually improve
and key stakeholders.
the management of the estuary.
There is a need for improved education of the 9A Promote public awareness of cultural heritage in and around the estuary. Low
community and other stakeholders in relation to
estuary processes and their linkages to To increase community awareness Provide information to the community on the potential impacts of climate
catchment processes. There is also a need to | about the Parramatta River estuary. 9B X y P P Low
. o . change on the Parramatta River.
improve communication and reporting on
estuary management initiatives.
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. Objective o Objective
Key Management Issues Management Aim D Management Objective(s) Prioritisation

Coastal Hazards
The Parramatta River estuary foreshore is
subject to coastal hazards such as storm surge | Risks from coastal hazards affecting Plan for and mitigate (or increase the capacity to adapt to) the impacts of
that will increase with climate change and have | the estuary are appropriately = 10A climate change and SLR on foreshore-based public infrastructure and Medium
the potential to negatively impact on public and | managed. ecological communities.
private assets.
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3.2 Integration with Existing Plans

There are currently in place two pre-existing Plans with which the aims and objectives of the Parramatta River
Estuary CZMP are required to be consistent:

= The Sydney Metropolitan Catchment Action Plan (SMCMA, 2009); and
= The Parramatta River Foreshore Plan 2009-2016 (PCC, 2009).

The Catchment Action Plan (SMCMA, 2009) is discussed briefly in Appendix A. The CAP includes
Catchment Targets that correspond to aims for management which take as their focus ecological
conservation, waterway health, strategic land use management, improved community awareness and
involvement in natural resource management, and monitoring and evaluation. Itis noted that, over the last 12
months, the SMCMA has been reviewing the CAP and it has been exhibited as the Draft Catchment Action
Plan 2012 A Plan for Sydney's Liveability (SMCMA, 2012b). As the SMCMA and HNCMA have now been
amalgamated, the status of the current CAP and draft CAP is not clear.

The Parramatta River Foreshore Plan (PCC, 2009) articulates a series of management principles under the
categories of habitat, water management, landscape, visual quality and future urban form, access, recreation,
and cultural heritage.

A review of the aims and objectives presented in Table 3.1 indicates that they are wholly consistent with those
presented in the CAP (SMCMA, 2009), draft CAP (SMCMA, 2012b) and the Foreshore Plan (PCC, 2009).
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4 MANAGEMENT OPTIONS AND ACTIONS

The aims and objectives established in Section 3 describe what the Committee and community members
would like to achieve through implementation of the Parramatta River Estuary CZMP. The management
options and actions articulate how the Committee intends to go about this process. For the purposes of this
study, the management options describe the general activities to be undertaken under the Plan, whereas the
actions detail the specific activities that are to be undertaken to progress that management option.

As previously discussed, early on in the project it was identified that there was a need to focus the Parramatta
River Estuary CZMP. This desire to focus the Plan stems from:

= The need to target key management issues affecting the whole estuary where the Committee can do
something to improve the current situation;

= The need to target those key management issues that are currently impacting on estuarine health
(Section 2.8);

= The need to ensure all the actions and options are reasonable, feasible and achievable;

= Recognition that there are finite resources for implementation of any actions identified in the Plan,
and that these should be directed to the highest priority areas; and

= An understanding that the Plan is required to be updated every 5 to 10 years in accordance with the
Guidelines (DECCW, 2010b).

For these reasons, the Committee agreed to develop an implementation strategy (Section 5) that targets
priority activities within the first phase of implementation. When the Plan is updated in 5 to 10 years’ time the
actions listed within the implementation strategy may be updated to address any emerging issues or to
include additional activities to replace those actions that have been completed in the preceding
implementation phase. This is considered appropriate within the context of adaptive management.

Therefore, there was a need to prioritise the management options and actions in order to identify those
activities that would provide the greatest net benefit for the first phase of implementation. The process of
developing and prioritising management options is discussed in Section 4.1 and management actions are
discussed in Section 4.2. Section 5 details the implementation strategy and provides the Action Plans.

4.1  Developing and Prioritising Management Options

4.1.1  Options Development Process

A total of 40 management options were developed, each of which addresses one or more of the management
objectives listed in Table 3.1. The process by which the options were developed is outlined below:

= Preliminary Options List: Once the management aims and objectives had been identified, Cardno
prepared a preliminary list of 49 management options for discussion with the Committee.

= Committee Workshop 2: The preliminary options list was then presented to the Committee for
discussion on 18 May 2011. The Committee broke into two groups, each of which discussed a
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subset of the full list of preliminary options. As a result of these discussions, the options list was
revised to a list of 63 options.

= Post Workshop Feedback: Committee members were also provided with an opportunity after the
workshop to provide comment on the revised list of 63 management options, and any further
amendments to the list of options were made as required based on any further feedback received
after the workshop. This resulted in further revision of the management options to a list of 50
management options, resulting from:

— Two or more overlapping options being combined into a single option,
— Duplicate options being deleted, and

— The removal from the list of options that are already being implemented by a local or State
authority.
At this stage, the list of management options were assessed and prioritised in accordance with the
methodology outlined in Section 4.1.2.

= Committee Workshop 3: Each of the 50 management options was also discussed with the
Committee at the third and final workshop on 9 June 2011. At this time, each individual management
option was discussed and the Committee agreed on the final option wording and prioritisation. A
number of options were re-worded, and in some instances options were combined such that the list
was further reduced. At the conclusion of the workshop, the Committee had reached a consensus
on a final list of 40 management options, of which 23 were identified as having a high priority.

General feedback provided by the attendees at the Community Information Session on 21 July 2011 was that
the options developed addressed what were perceived to be the main issues in the estuary (Appendix B).

4.1.2  Options Assessment and Prioritisation

The goal of the options assessment and prioritisation process was to identify which options would provide the
greatest net benefit for the first 5 to 10 year phase of implementation. Once the priority options were
identified, more specific management actions were developed (Section 4.2), and these form the
implementation strategy in the Plan (Section 5).

The options assessment process included consideration of how the proposed option would impact on the
estuary values and how well it would achieve the management objectives and the priority objectives in
particular. The assessment criteria against which the management options were assessed included:

=  Public access; 3

= Recreational amenity; . S
| Socio-economic criteria

= Cultural heritage;

= Economics;

= Water and sediments;

= Estuarine ecology; and -
= Climate change. )
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Each management option was scored to assess how well it performed against each of the assessment criteria
in accordance with the methodology described in Table E.1 of Appendix E. These scores were then summed
to calculate a preliminary benefit index with possible values between -27 and +27. The preliminary benefit
index was adjusted to account for the objective prioritisations shown in Table 3.1, by summing the preliminary
benefit index and the objective prioritisation score to give an adjusted benefit index (to enable this a numerical
value was assigned to the objective prioritisation, with High scoring 3, Medium scoring 2 and Low scoring 1).
The adjusted benefit index was used to rank the options. The results are presented in Section 4.1.3.

This approach effectively provides a triple-bottom line assessment of the options through the inclusion of
environmental, social and economic criteria. It also considers how well each option addresses the
management objectives, and whether it addresses a high priority objective.

Further assessment was undertaken of the management actions falling under each option, as outlined in
Section 4.2.2, with a view to prioritising the works proposed by each management authority.

4.1.3  Options Assessment Outcomes

Table 4.1 presents the final list of 40 management options, and identifies the 23 high priority options. Tables
E.3 and E .4 of Appendix E include the full details of the assessment for each management option, including:

= The option ID number;

= A description of what the option entails;

= The primary management objective addressed by the option;
= Any other management objectives also addressed;

= A score corresponding to the objective prioritisation value allocated to the primary management
objective (Table 3.1);

= Scores against the seven assessment criteria (see Section 4.1.2);

= Preliminary benefit index, representing the unadjusted sum of the scores;

= Comments on the potential impacts of not implementing the option (i.e. business as usual);
= Comments on the key advantages of implementation;

= An adjusted benefit index; and

= The resultant overall ranking of the management option.

Some brief notes are also provided in Tables E.3 and E.4 of Appendix E for each option in relation to the
main advantages/disadvantages of implementation, and the potential consequences of not implementing the
option (i.e. ‘business as usual approach’).
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Table 4.1: Ranked Management Options

Op:gon Option Description

Land Use Planning and Development

New and revised Plans of Management should
be compatible and consistent with the
recommendations of the Parramatta River
Estuary CZMP.

When undertaking reviews of planning
instruments or engaging in strategic land use
planning, seek consistency with the

2 Parramatta River Estuary CZMP and, where
possible, update the relevant instrument as
required.

Work with relevant Aboriginal community

3 groups along the Parramatta River to

determine management options for identified
Aboriginal heritage sites.

Develop provisions under Development
Control Plans that provide for the incorporation

4 of best practice WSUD and ecological
connectivity along the estuary foreshores for
sites subject to redevelopment.

Water and Sediments

Promote the reporting and enforcement of
5 penalties for illegal dumping on the estuary
foreshores and waterway.

Primary
Objective
Addressed

1A

1A

1A

2E

2A

. Option Ranking
C°”esf’°”|‘ig'fe'(\i?nagemem (Blue = HIGH
PRIORITY)

Increased pressure is being put
on the estuary due to large
foreshore developments and land
use changes as industrial areas
are re-developed.

Water and sediment quality within
the estuary is generally poor.

Water and sediment quality within
the estuary is generally poor. 36

Additional Comments
(High Priority Options Only)

Promotes good governance and coordinated and holistic
management, which will assist in addressing the currently
disjointed management approach across the large
catchment area.

Specific planning controls that promote estuarine health
can be incorporated into revised planning instruments. For
example, WSUD policies can be updated and/or
generated by councils to enforce the application of WSUD
principles into planning for all new developments or
redevelopments in their LGA.

Provides an avenue to develop biodiversity corridors
throughout the estuary, improving connectivity and
biodiversity values of the estuary. Similarly for WSUD
which will address stormwater management within the
catchment. Considering large areas of the foreshore could
be subject to redevelopment from industrial to residential
land use in the future (similar to Rhodes in the City of
Canada Bay), this could improve conditions for a large
proportion of the estuary. See Figure 2.3 for current
industrial land use locations along the foreshore and
historical land use change patterns throughout the
estuary.
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Option . - Pr!ma.ry Corresponding Management Option Ranking Additional Comments
D Option Description Objective Issue(s) (Blue =HIGH (High Priority Options Only)
Addressed PRIORITY) g P y
Ensure the prompt removal of waste materials Much higher sediment loads are
6 dumped in the estuary or along its foreshores A entering the estuary than in pre- 35
for disposal at itably licensed wast European times. ’
posal at a suitably licensed waste uropean times
management facility.
Retrofit appropriate WSUD features in existing Provides an opportunity to promote good catchment
urban areas of the catchment targeting management and to reduce the magnitude of stormwater
7 locations upstream from where stormwater 3A impacts on the estuary and its tributaries, targeting high
runoff and associated pollutants are impacting priority sensitive estuary locations in the first instance.
sensitive estuary locations. Examples of WSUD features are shown in Figure 2.9.
Modify, upgrade or repair existing SQIDs,
stormwater infrastructure and management Has the potential to improve water quality in the estuary
practices as required to maintain or improve and its tributaries and to reduce stormwater impacts on
8 their effectiveness.  This should include 2B bank condition, or where stormwater is causing erosion
development of maintenance schedules for (e.g. Figure 2.8). Photos of existing SQIDs within the
existing infrastructure where they are not catchment are shown in Figure 2.7.
currently in place.
Work with Sydney Water to prioritise
maintenance and upgrade of the sewerage
network within the catchment on an ongoing
9 basis to reduce sewage overflows. This 2C 24 -
activity should include investigations into the
incidence of illegal private connections to the
sewerage and / or stormwater network.
Would reduce the risk of erosion occurring from the banks
10 Reduce sediment inputs through bank 2B of the estuary and its tributaries, and consequently reduce
stabilisation works in estuary tributaries. the level of threat to estuarine water quality and ecology
due to sedimentation.
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Option
ID

Option Description

Estuarine Ecology

1

12

13

14

15

16

Develop and implement a strategy for the
coordinated management of estuarine and
riparian  biodiversity across administrative
boundaries for the estuary as a whole. The
strategy should incorporate  biodiversity
corridors and SLR consideration, to ensure the
ongoing provision of habitat and connectivity
between habitat areas.

Minimise impacts of moorings and boating on
seagrass.

Manage public access at environmentally
sensitive foreshore locations. Priority areas
may include key habitat and vegetation
communities located in areas that are
frequented by the public.

Reduce the unauthorised clearing of riparian
and estuarine vegetation.

Work with private landholders and bush care
groups to encourage and assist in the re-
vegetation of foreshore areas, and the
management and conservation of existing
vegetation. As a priority, target landholders
with ecologically significant vegetation present
on their land.

Undertake  improvements to  foreshore
infrastructure, where possible, to reduce their
impacts on aquatic habitats. Consider the
need, where feasible, to relocate or
decommission infrastructure where it is
impacting on environmentally  sensitive
locations.

Primary
Objective
Addressed

4A

4A

4A

4A

4A

4A

Corresponding Management
Issue(s)

There have been historic and
ongoing declines in ecological
values due to a range of
threatening processes.

Option Ranking
(Blue = HIGH
PRIORITY)

24

Additional Comments
(High Priority Options Only)

Provides opportunity to undertake strategic planning as an
investment in both current and future biodiversity. The
option also provides an improved capacity for ecological
adaptation throughout the estuary by considering areas
where landward migration of vegetation/habitat is viable
(see Section 2.3).

This would reduce the risk of impacts on foreshore
ecology, with added benefits where public access is also
compromising bank condition or causing erosion and
sedimentation.

Provides an opportunity to strategically manage
recreational infrastructure throughout the catchment, while
at the same time improving the condition of the natural
environment. Failing foreshore infrastructure should be
targeted as a priority (e.g. Figure 2.30), especially where
this infrastructure currently presents a risk to public safety.
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Option . _—
F:D Option Description
Undertake works to provide for the ongoing
preservation of estuarine and riparian habitats
under climate change conditions. This should
17 include the enhancement of existing habitats

where there is possibility of retreat, or

establishing additional habitat areas as

required, to maximise habitat under SLR

conditions.

Manage identified public foreshore areas
18 where they are required for the refreat of
estuarine vegetation in response to SLR.
Undertake creek naturalisation works of
existing channelised creeks, focusing as a
priority on channels coming to the end of their
design life.

Undertake ~ ongoing ~ monitoring  and
management of aquatic and terrestrial weeds
(incl. noxious weeds) and introduced species
(both flora and fauna).

19

20

Improve the environmental value of existing
21 seawalls through the addition of habitat, where
feasible.

Bank Condition

Formally negotiate with Harbour City Ferries
22 for a change in vessel (from the RiverCat) that
would have less wake impacts.

Encourage bank and foreshore erosion control
23 techniques that maximise the use of riparian
and estuarine vegetation.

Primary
Objective
Addressed

4A

4A

4B

4c

4D

5A

5B

Corresponding Management
Issue(s)

Erosion is impacting on bank
stability and riparian vegetation in
a number of locations.

Option Ranking
(Blue = HIGH
PRIORITY)

Additional Comments
(High Priority Options Only)

These options provide a long term benefit in maintaining
and potentially improving the extent of estuarine
vegetation. Provides for maintenance of estuarine
biodiversity and ecosystem services into the future by
considering the potential for landward migration, as
discussed in Section 2.3. Examples of habitat restoration
works are shown in Figure 2.24.

Provides an opportunity to provide improved ecological
value within estuary creeks and to potentially incorporate
WSUD features into creek naturalisation works.

This would reduce the risk to estuarine biodiversity
throughout the catchment by reducing the threats
associated with introduced species. Also has the potential
to increase the extent and condition of existing habitat
areas.

This option has the potential to increase the extent of
estuarine habitat by incorporating the principles of the
Environmentally Friendly Seawalls Guidelines (DECC and
SMCMA, 2009) when retrofitting and/or replacing seawalls
(e.g. Figure 2.17).

This option would assist in reducing the extent/magnitude
of bank erosion caused by the RiverCat wake, resulting in
improved bank condition. It would also reduce the rate of
loss/damage to intertidal vegetation and seawalls caused
by the RiverCat wake.

Provides the potential to improve the condition and
increase the extent of estuarine vegetation, improving
ecological connectivity throughout the catchment.
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Option . - Pr!ma.ry Corresponding Management Option Ranking Additional Comments
D Option Description Objective Issue(s) (Blue =HIGH (High Priority Options Only)
Addressed PRIORITY) y
Seawalls line a substantial
All management authorities involved in the proportion of the Parramatta
building, design and approval of new seawalls, River estuary and have led to a Potential to increase the extent of estuarine habitat, or at
or major upgrades of existing seawalls, should significant loss of foreshore least reduce the rate of loss of intertidal habitat, through
24 promote  their  compliance  with  the 6B habitat. Much of this incorporation of the principles of Environmentally Friendly
Environmentally Friendly Seawalls Guidelines infrastructure is dated and the Seawalls Guidelines (DECC and SMCMA, 2009) when
(DECC and SMCMA, 2009) within legislative need for maintenance and repair retrofitting and/or replacing seawalls (e.g. Figure 2.17).
constraints. is likely to further increase with
SLR.
Human Usage and Recreation
Maintain and improve existing public access The primary benefit is in providing improved connectivity,
(i.e. bike and walking paths) for the Parramatta public access and recreational amenity throughout the
25 River estuary to provide transport linkages 7A estuary. Value added benefits include reduced vehicle
throughout the LGAs, giving consideration to emissions and improved public health within the
sensitive environmental locations. catchment.
Repair or upgrade existing foreshore facilities
% identified as failing or as being in poor 7B 31 i
condition in the Estuary Processes Study
(AECOM, 2010) as funding opportunities allow. Accessibility of the foreshore, as
Continue to conduct surveillance and well as the availability and
27 compliance monitoring with a view of removing 7B suitability of recreational facilities 4 i
or regulating unauthorised foreshore structures is not consistent across the
/ uses. estuary, particularly in the context
Strategically provide foreshore infrastructure to of residential development of
28 support boating in the Parramatta River 7B former industrial sites along the 24 )
estuary, with due consideration of any potential foreshores.
impacts on the estuary.
Develop and implement an integrated Provides the potential to improve recreational amenity
29 approach to the provision of recreational 7B throughout the estuary, while also reducing any negative
amenity for the estuary as a whole. impacts on the environment.
Provide viewing points and interpretive
30 signage at appropriate locations to promote an 7B o4 i
appreciation of the estuary and enhance the
visitor experience.
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Option . - Pr!ma.ry Corresponding Management Option Ranking Additional Comments
D Option Description Objective Issue(s) (Blue =HIGH (High Priority Options Only)
Addressed PRIORITY) y
Work with the key stakeholders to develop and
implement a vision for the Parramatta River
estuary that delivers world-class facilities for
31 both residents and visitors. The vision should 7C 31 -
recognise the regional, State and Federal
significance of the Parramatta River as an
iconic waterway.
Work together to develop and implement a
program for industry and the community to
raise awareness of issues relating to estuary
management and estuarine health.  Key
elements of the program could include:
- Good catchment management practices;
- The heritage significance of the estuary Provides opportunity to raise community awareness and
and its foreshores; Water and sediment quality within promote good catchment management practices to
32 - The types of activities that are permitted, 2B the estuary is aenerall o)ér reverse the decline in ecological values of the estuary due
or are not permitted, in different parts of Suaryis g y poor. to human activities. Also provides the potential to improve
the foreshore or waterway; overall estuarine health with a whole-of-community effort.
- The use of vegetation for bank and
foreshore protection works;
- The potential impacts of climate change
on the estuary; and
- How individuals can reduce their impact
on the estuary.
Monitoring, Evaluation and Reporting
Develop and implement a communication Provides the opportunity to promote estuary management,
33 strategy for the implementation stage of the 8A educate the community about estuary issues, and attract
Parramatta River Estuary CZMP. There is currently no baseline people to the estuary.
Develop and implement a holistic and rigorous information on estuary health, nor Provides the opportunity to establish standardised
monitoring program that coordinates the efforts are there coordinated monitoring baseline information and track trends in estuarine health.
4 of the various stakeholders responsible for 8A programs within the Parramatta This may also enable comparison against similar
management of the Parramatta River estuary River estuary. estuaries in NSW. This option promotes halistic and
and includes monitoring of climate change coordinated adaptive management, addressing the
impacts. currently disjointed management approach.
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Option . - Prllma.ry Corresponding Management Option Ranking Additional Comments
D Option Description Objective Issue(s) (Blue =HIGH (High Priority Options Only)
Addressed PRIORITY) y
Encourage DPI (Fisheries) to periodically map
the distribution of estuarine vegetation
35 8A 34 -
(seagrass, saltmarsh and mangroves) for the
estuary.
Coastal Hazards
Within the regular program of upgrades,
provide additional capacity in the stormwater
36 network to account for changes in rainfall 10A 36 -
patterns and elevated estuary water levels
under climate change conditions. The Parramatta River estuary
Restrict new foreshore developments in areas foreshore is subject to coastal
37 where tidal inundation hazards under current 10A hazards such as storm surge that 36 -
and future SLR scenarios are quantified. will increase with climate change
Manage foreshore infrastructure with likely and have the potential to
38 tidal inundation risk in such a way as to allow 10A negatively impact on public and 36 -
adaptation to SLR. private assets.
Provides information to assist strategic, long term
39 Assess the potential impacts of SLR on the 10A planning of the estuary foreshores and waterway as
estuary foreshores. existing risks due to coastal hazards may increase under
climate change conditions.
There is a need for improved
Identify cultural heritage sites that are currently education of the community and
affected by coastal hazards or that may be other stakeholders in relation to
40 affected by coastal hazards under climate 9A estuary processes and their 4 i
change conditions, and develop appropriate linkages to catchment processes.
management responses to address these There is also a need to improve
issues. communication and reporting on
estuary management initiatives.
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4.2  Detailed Management Actions

The options assessment process identified which options would provide the greatest net benefit for the first
phase of implementation of the Parramatta River Estuary CZMP. The Committee then developed a series of
more detailed management actions that addressed the high priority management options, representing the
individual activities that are undertaken by the various Committee members to implement that option. These
actions form the implementation strategy in the Plan (Section 5).

4.2.1  Actions Development Process

A preliminary list of management actions was developed by the Cardno study team to stimulate discussion at the
third Committee workshop held on 9 June 2011. Initially the study team and the Committee discussed the
following key points for consideration when developing actions:

= Does the action address one (or more) of the high priority management options?

= |s the proposed action realistic, technically feasible and achievable? Is it likely that there are sufficient
resources available for commencement within the first period of implementation (next 5 to 10 years)?

= How does the proposed action fit in with existing plans, strategic documents or other initiatives being
undertaken by the Committee members?

= What specific actions proposed within the Estuary Processes Study (AECOM, 2010) would be
appropriate for inclusion in the Plan?

= Who should be responsible for implementation of the action? Where a single authority is taking primary
responsibility, is any support or information required from other Committee members?

= |s the action location specific?

= s there a need for any ground-truthing or other investigations required to develop the action?
Alternatively, does this need to be noted for further consideration at the implementation stage?

The Committee then worked through those preliminary draft management actions proposed by Cardno that were
identified for implementation by the Committee as a whole, and suggested any amendments required. A number
of new actions for the Committee were also proposed. This was a useful discussion for the purpose of
identifying related initiatives being conducted by the various attendees. After the conclusion of the workshop,
Cardno circulated the list of actions for implementation by the Committee for further comment by the members
and amendment as required.

At the workshop the attendees were also encouraged to develop a list of up to five management actions for their
own agency or authority. This was considered to be a reasonable and realistic number of activities for the first
period of implementation. It was suggested that the various local councils and other authorities refer in the first
instance to the actions proposed within the Parramatta River Estuary Processes Study (AECOM, 2010). After
the workshop, Cardno supported the Committee members in developing suitable management actions for
implementation by their organisation. This involved a number of emails, telephone conversations and, in some
cases, a meeting with the organisation.

Most authorities included within their list of management actions some of those suggested in the Estuary
Processes Study (AECOM, 2010), and where necessary built on these by including additional management
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actions that either aligned well with other initiatives being conducted by their organisation or that they otherwise
considered a priority. In other cases, a management action was developed to assist in implementation of the
Plan or to address a knowledge gap. There were also a number of instances in which the action was developed
to ensure the aims and objectives of the Plan are communicated through their organisation, or are progressed
via initiatives undertaken by other organisations.

Technical feasibility was considered in a qualitative fashion at the actions development stage. Based on the
information provided, it was considered that none of the management actions developed were technically
infeasible, noting that in some instances more detailed, quantitative investigations would be required to confirm
that this is the case.

The community was provided with opportunity to comment on the draft management actions proposed for their
local area at the information session held on 21 July 2011. The feedback received indicated that they were
supportive of the proposed actions and felt that they addressed the key management issues they had observed
in their local areas.

4.2.2  Action Descriptions and Prioritisation

Actions Description

A total of 67 management actions were developed, including 21 actions for implementation by the Committee as
a whole. Appendix F contains the full list of unranked management actions grouped under their relevant options.
The following information is provided for each management action in Appendix F (Tables F.1 and F.2) and
Section 5:

= A unique identification number;

= Adescription of the action;

= Primary responsibility for implementation and supporting organisations (where relevant);
= Location for implementation (where relevant);

= Management category (see below);

= Notes on implementation and decommissioning (as required);

= A brief summary of the key anticipated environmental and social impacts (both positive and negative) of
the actions;

= Scores against the three action assessment criteria (see Table E.2 in Appendix E);

= Relevant management options score;

= Benefit index, representing the unadjusted sum of the scores and the management option score;
= |ndicative cost of implementation (capital and ongoing costs);

= Net present value for each action;

= Cost:benefit ratio for each action; and

= The resultant overall ranking of the management action (from 1 to 67).
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In addition to these 67 prioritised actions a further 16 management actions were identified as generic actions of
significant benefit or high priority that may be implemented by any council or authority in the event the necessary
resources become available. These generic actions have been provided as a stand-alone list as they cannot be
costed or prioritised along with the other actions in the strategy.

Management Categories

As indicated above, each action was also assigned a management category corresponding roughly to the
general organisational structure found within local councils and those other organisations responsible for
implementation. They include:

= Planning - These actions provide for development of a planning instrument, regulation, policy or
guideline, plan of management, or similar;

= |nvestigations - Actions falling under this category relate to further studies, surveys or investigations.
This includes actions that may then lead on to specific works or other activities;

= Works - These actions involve maintenance or actual on the grounds works (e.g. construction of a
footpath or WSUD feature). This includes actions that may be phrased as investigations, but that are
likely to be implemented or for which sufficient detail was available to cost construction;

= Monitoring - Actions falling within this category provide for some type of monitoring activity; and

= Communications/Education — Relevant actions relate to information dissemination or awareness
raising on estuary management issues, activities or the results of monitoring. This category may also
include actions that relate to liaison with other authorities to progress specific programs or activities.

Indicative Cost of Implementation

Preliminary indicative costs of implementation were also developed for each management action, including a
capital cost and annually recurrent costs (e.g. for maintenance or ongoing implementation). A Net Present Value
is then calculated based on these costings, representing a cost of implementation over the first period of
implementation. The Net Present Value has assumed a 10 year period of implementation and has adopted a
discount rate of 7%.

The costings were calculated based on experience on similar projects and/or information provided by the
Committee members. Where possible, brief notes have been provided as to the factors considered in
developing the costings (Section 5.1). It is noted that these costings are indicative only and further detailed
costings should be prepared prior to implementation of an action. Further information may become available
over time that would change the costings significantly.

Actions Prioritisation

The options assessment and prioritisation process (Section 4.1) considered how well each management option
addressed the management objectives (Section 3) based on consideration of the potential environmental and
socio-economic impacts of the option. This allowed the Committee to objectively prioritise the management
options, and identify areas on which to focus management initiatives in the first period of implementation that
would provide the greatest net benefit to estuarine condition/health.

However, the management actions provide a higher level of detail, and it was considered that it would be useful
to further consider the specific constraints and opportunities associated with each action in order to assist the
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implementation process. Furthermore, it was recommended that the management actions be prioritised to assist
the Committee members in allocating resources for implementation.

The actions prioritisation was based on a cost:benefit index calculated based on a function of the cost of
implementation (represented by the Net Present Value) and the benefit index. The benefit index is based on the
sum of scores provided in relation to:

= The likely compatibility of the management action with the statutory and non-statutory framework;

= The potential for the land tenure status of the subject site (where known) to necessitate landowner
consent or require additional consultation;

= The likely community acceptance, which has been assessed by the study team based on the feedback
provided by the community during the course of the project; and

= The ranking of the corresponding management option under which the action falls (see Tables F1 and
F2 in Appendix F for full details).

The scores applied to each of these criteria and data sources used to inform the scoring are identified in Table
E.2 in Appendix E.

The cost:benefit index was then used to prioritise the management actions for each responsible group/authority;
the higher the cost:benefit index, the higher the priority. The outcomes of this process are presented as an
implementation strategy in Section 5.
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5 IMPLEMENTATION STRATEGY AND ACTION PLANS

51 Implementation Strategy

The full list of prioritised management actions has been developed into an implementation strategy that forms the
basis of the Parramatta River Estuary CZMP. There are a total of 67 management actions in the strategy, of
which 21 are to be progressed by the Committee as a whole. The remaining 46 management actions are the
responsibility of individual authorities. It should be noted that implementation of these actions are dependent on
suitable funding and internal resources being available within the individual organisations. In addition, a further
16 management actions were identified as generic actions of significant benefit or high priority that may be
implemented by any council or authority in the event the necessary resources become available. These generic
actions have been provided as a stand-alone list as they cannot be coasted or prioritised along with the other
actions in the strategy.

Where possible, the management actions have also been mapped and the corresponding GIS (Geographic
Information System) file provided to the relevant authority responsible for implementation.  The locations of
management actions have been mapped using GIS layers prepared for the Estuary Processes Study (AECOM,
2010) where relevant, and also GIS layers created by Cardno.

51.1 Cost of Implementation

The estimated capital cost of implementation of the Plan is $19.4 million, with an estimated $1.6 million in
annually recurrent costs over an assumed ten year period of implementation (corresponding to the first period of
implementation). The cost of implementation has been broken down for the different authorities in Table 5.1.

For some actions, the capital cost relates to preparation of a plan, an investigation or time for a staff member to
progress an activity (project management). In other cases, the capital cost involves on the ground works, which
is highly variable depending upon the specific project. The annually recurrent costs may relate to ongoing
project management, maintenance or an annual budget for implementation of a staged strategy.

Table 5.1: Preliminary Indicative Cost of Implementation of the Implementation Strategy

Authority Estimated Capital Cost Estimated Annually Recurrent Cost
Ashfield Council $ 300,000 $ 4,000
Auburn City Council $ 78750 $ 10,525
City of Canada Bay $ 4,193,375 $ 20,900
City of Ryde $ 1,312,918 $ 15,686
Hunters Hill Council $ 395,000 $ 416,125
Leichhardt Municipal Council $ 2,218,150 $ 45700
Parramatta City Council $ 575,000 $ 97,000
Strathfield Council $ 5,237,250 $ 125,876
RMS (Maritime) $ 290,000 $ 7,000
SOPA $ 10,000 $ 134,500
Sydney Water $ 2,289,275 $ 163,063
Committee $ 2,473,000 $ 516,500
TOTAL $19,372,838 $1,556,875
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As of 11 April 2013, the OEH website states that projects which can be subsidised under the coastal and estuary
management programs include:

= Preparation (or updating) of CZMPs and associated technical studies (including coastal hazard
assessments);

= Action to manage the risks from coastal hazards;

= Action to implement environmental repairs, including habitat restoration and conservation projects;
= Pre-construction activities for projects that are eligible and are likely to proceed to construction; and
= Development of management tools (such as education projects).

Funding of up to 50% of a project’s costs may be provided to successful grant applicants.
Other sources of grant funding include:

= NSW Government Environment Trust and Heritage Grants Program;

= NSW DP&l's Metropolitan Greenspace Program, Planning Reform Fund, and Sharing Sydney Harbour
Access Program;

= NSW DPI Habitat Action Grants;
= RMS (Maritime)’s Better Boating Program; and

= Australian Government’s Caring for Our Country Program and Stormwater Harvesting and Reuse
grants.

Organisations like the HNCMA also play a role in working with local councils and community groups to undertake
natural resource management projects.

51.2 Sub-Plans

In order to support the implementation strategy and identify where activities are proposed, a series of sub-plans
have been developed, including Action Plans and ‘Process’ Sub-Plans. The Action Plans developed are
discussed further and provided in Section 5.2.

A series of A3 ‘Process’ Sub-Plans (provided in Appendix G) have been developed to map those management
actions for each of the processes listed below. These Sub-Plans are useful for showing in a more holistic
fashion the spatial distribution of different types of activities across the study area:

= Land Use Planning and Development (Figures F.1A and B),
= Water and Sediments (Figures F.2A to D),

= Estuarine Ecology (Figures F.3A to C),

= Bank Condition (Figures F.4A and B), and

= Human Usage and Recreation (Figures F.5A and B).
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5.2  Action Plans

In order to support the implementation strategy and identify where activities are proposed, a series of Action
Plans have been developed as sub-plans.

An Action Plan has been prepared for each authority consisting of a table listing the actions for implementation
and capital and annually recurrent costs. Where possible, an A3 sized plan has also been provided that maps
any location specific actions. The Action Plans can be easily separated out from the main report and used to
progress implementation of each authority’s management actions. One Action Plan has been developed for each
of the 11 authorities as well as the Committee:

= Ashfield Municipal Council (2 actions);
= Auburn Council (2 actions);

= City of Canada Bay (5 actions);

= City of Ryde (5 actions);

= Hunters Hill Council (5 actions);

= Leichhardt Municipal Council (5 actions);
= Parramatta City Council (5 actions);

= Strathfield Council (5 actions);

= RMS (Maritime) (4 actions);

= SOPA (4 actions);

= Sydney Water (4 actions); and

= Committee (21 actions).

Action Plan tables for the above-listed authorities are provided in Tables 5.2 to 5.13, respectively, while Action
Plan maps are provided in Figures 5.1 to 5.10, with the exception of RMS (Maritime) and the Committee where
no map has been prepared due to a lack of site-specific actions.

Note that the Committee has an overarching responsibility to progress the Plan and support its members in
implementing actions for which they are responsible.

In addition a further 16 management actions were identified as generic actions. As previously discussed, these
generic actions have been provided as a stand-alone list. The Action Plans for the additional 16 General Actions
are provided in Table 5.14.
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Table 5.2: Ashfield Municipal Council Action Plan

. Preliminary
Primary Preliminary Indicative 5 =
. . i Responsibili . Management Notes on Implementation an N ital Cost Annuall ? o S 2
Action ID Action Description P I. ity Location(s) g ; -p. entatio ?d Indicative Capital Cos Annually vaty £ = @ % S
Supporting Category Decommissioning (as required) . Comments Recurrent Cost o I FE R =
o Capital Cost Recurrent o 3 -
Organisation Comments = [5)
Cost
Utilise data collected for all seawalls, including referenced site Design, EIA, tender, Annual
photographs, as a benchmark for ongoing monitoring and in For purposes of costing, assume project management, .
particular continue to monitor the seawall identified in AECOM Ashfield Monitoring replacement seawalls identified as being site establishment maintenance of
21_ASH2 , . ) Haberfield . Y , 260, 4, lls, pl 288,094 37 1
- (2010) as ASH_S03 for any decrease in structural stability. Include Council aberie and Works | in poor condition in AECOM (2010) in $260,000 Develop monitoring $4,000 seawalls, plus $288,09 03
- . e . . o o regular
intertidal habitat, such as artificial reefs, in the eventual repair and / addition to monitoring. framework & monitorin
or replacement of seawalls. systems. g
In conjunction with Leichhardt Municipal Council, City of Canada
Bay and Sydney Water, undertake a critical review of existing
stormwater management practices to determine: Ashfield
- The efficacy of maintenance regimes of existing GPTs, and Council
- Identify locations where additional gross pollutant trapping is Leichhardt Iron Cove
8_ASH1 | required. Municipal Investigation $40,000 $- $40,000 0.87 2
. . o 0 Catchment
Include a review of current street sweeping activities in catchment = Council, City of
areas draining to Iron Cove Bay, given that the dominant gross = Canada Bay,
pollutant evident is leaf litter. Reference should be made to = Sydney Water
AECOM (2010) for further discussion of the issues relevant to this
action.
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for ongoing monitoring and in particular
continue to monitor the seawall identified in

AECOM (2010) as ASH_S03 for any decrease

in structural stability. Include intertidal habitat,
such as artificial reefs,in the eventual repair
and / or replacement of seawalls.
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| Action 8_ASH1

Undertake a critical review of existing stormwater management
practices to determine:

- The efficacy of maintenance regimes of existing GPTs, and

- Locations where additional gross pollutant trapping is required.
Include a review of current street sweeping activities in
catchment areas draining to Iron Cove Bay, given that the
dominant gross pollutant evident is leaf litter.

Undertake in conjunction with Leichhardt Municipal Council,

City of Canada Bay and Sydney Water.
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Table 5.3: Auburn Council Action Plan

Primary Prelimina Preliminary Annuall S “%
. . _ Responsibility . Management  Notes on Implementation and . .ry . Indicative y § 2 So £
Action ID Action Description ) Location(s) L . Indicative Capital Cost Comments Recurrent 2= mE o
Supporting Category Decommissioning (as required) . Annually a £ S =
L Capital Cost Cost s 3 E
Organisation Recurrent Cost = O
Comments
Design, EIA, tender, project
t, sit
Undertake bank stabilisation works with natural managemen,sw
. o . establishment. Install sandstone
materials and vegetation in Duck River, along Auburn Cit bank protection (200mm high
10_AUB2 | approximately a 20-30m reach adjacent to the Auburn - Duck River Works $26,250 P L an. $525 $29,937 | 089 @ 1
. . Council 50m long retaining wall)
Botanic Gardens and approximately a 50m reach . . .
. including footings, and
adjacent to Mona Park. . .
restoration as required to
surrounding area.
Feasibility, design, EIA, tender,
For purposes of including a project management, site
Investigate the installation of a GPT or WSUD feature Auburn Cit realist?c lfu dastary estimate V\?ithin establishment. Supply and Annual
7_AUB1 | within Mona Park, Auburn, to treat stormwater -y Auburn Works g i $52,500 install GPT, including connection $10,000 maintenance of = $122,736 | 0.79 | 2
, o , Council the Plan, this has been costed - .
discharging into Duck River. o . to existing drainage, and GPT.
assuming installation of a GPT. . . ,
discharge erosion protection as
required.
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Table 5.4: City of Canada Bay Action Plan
Preliminary
Notes on Implementation and Preliminary Indicative
Decommissioning (as Indicative Capital Cost Comments Annually
required) Capital Cost Recurrent
Cost

Primary
Responsibility
Supporting
Organisation

Management
Category

Annually
Recurrent Cost
Comments

Action ID Action Description Location(s)

Net Present
Value
Cost:Benefit
Ratio
Priority

Annual budget for
Undertake enhancement of estuarine vegetation as a vegetation
stabilisation method in areas of erosion, and to protect management
existing seawalls from further erosion. Locations as identified | City of Canada City of Works . $2.500 (noting that the
in the Estuary Processes Study (AECOM, 2010) include: Hen Bay Canada Bay ’ effort will decrease
and Chicken Bay, Sisters Bay, Half Moon Bay, Five Dock over time as the
Bay and Iron Cove Bay. vegetation becomes
established).
Liaise with the NSW Government to progress the remediation City of Canada Assumes 0.05 FTE
2_CAN1 | of Kendall Bay and others and seek appropriate rezoning to Bay Kendall Bay Comms $- $400 hours per week for $2,809 116 2
W?2 - Environmental Protection Zone. 6 months.

17_CAN3 $17,559 118 1

Opportunities  to reduce
vulnerability of the stormwater
drainage system to climate
change impacts may be
City of Canada City of Planning achieved more cost effectively
Bay Canada Bay in a progressive fashion,
although some activities may be
more suitable for
implementation once a trigger
has been reached.

Develop and commence a staged implementation program
from the City of Canada Bay Stormwater Drainage Asset

8 CAN2* | Management Plan. The implementation program should
incorporate activities that aim to reduce the potential impacts
of climate change and SLR on stormwater drainage.

$50,000 $ - $50,000  1.06 3

Develop and commence a staged implementation program
from the City of Canada Bay Estuary Foreshore Management
Strategy to include environmentally friendly seawalls as key
options for seawall and foreshore management, where
reasonable and feasible. Continue to monitor the condition of | . . Planning, For purposes of costing,
L City of Canada City of
21_CAN4 | seawall sections identified in the Estuary Processes Study Bay Canada Bay Works and | assumes replacement the two $3,265,875
(AECOM, 2010) and prioritise in accordance with the City of Monitoring | seawall sections identified.
Canada Bay Asset Management Plan (2010) to ensure
structural integrity. As a priority, repair and/or upgrade
existing seawall sections along Abbotsford Bay (CAN_S28)
and Five Dock Bay (CAN_S23).
Repair and/or upgrade sections of seawall, natural shoreline
and adjacent affected infrastructure around Iron Cove,
including the following sections identified in the Estuary
Processes Study (AECOM, 2010), avoiding the use of
23_CAN5 | artificial ~structures where reasonable and feasible:
CAN_S03, CAN_S04, CAN_S06, CAN_NS01 and
CAN_NS02. Seawall upgrades should, where possible, be
designed in accordance with the DECC and SMCMA (2009)
Guidelines for Environmentally Friendly Seawalls.

Design, EIA, tender, project

t, sit A 0.2 FTE
managemen, site $16000 | o-me $3,378252 046 4
establishment. Upgrade hours.

seawalls.

Design, EIA, tender, project
City of Canada | Iron Cove management, site
Bay Bay Works $877,500 establishment. Upgrade

seawalls.

$2,000 $891,547 067 5
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Action 8_CAN2

Develop and commence a staged implementation
program from the City of Canada Bay Stormwater
Drainage Asset Management Plan. The implementation

program should incorporate activities that aim to
reduce the potential impacts of climate change and

sea level rise on stormwater drainage. : _ - : : .. 2 ; . W ) & e \ 7 : P T _, Action Plan City Of
| ' YDECRT X . > Canada Bay Council

PARRAMATTA RIVER ESTUARY
COASTAL ZONE MANAGEMENT PLAN

Action 17_CAN3 p BN ¥ ; LONGUEVILLE| Legend

Undertake enhancement of estuarine vegetation as a AN5 |
stabilisation method in areas of erosion, and to protect [ . . D Canada Bay LGA
existing seawalls from further erosion. Locations as Repair and/or upgrade sections of seawall, natural ] | LGA Boundaries

T |
identified by AECOM (2010) include: Hen and Chicken shoreline and adjacent affected infrastructure around B
Bay, Sisters Bay, Half Moon Bay, Five Dock Bay and Iron Cove, including those sections identified by AECOM Waterway

Iron Cove Bay. (2010) CAN_S03, CAN_S04, CAN_S06, CAN_NSO01

and CAN_NSO02), avoiding the use of artificial structures
where reasonable and feasible. Seawall upgrades should,
where possible, be designed in accordance with the DECC | |
(2009) Guidelines for Environmentally Friendly Seawalls.

~

Note: Inaccuracies may be present in data
provided by third parties. It is assumed that all GIS
data provided by third party suppliers is sufficient
and accurate for the purpose of this map.
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Table 5.5: City of Ryde Action Plan

. Preliminary
Primary Preliminary Indicative 5 =
. . _ Responsibility . Management  Notes on Implementation and o . Annually § ) =) §‘
Action ID Action Description ) Location(s) L . Indicative Capital Cost Comments Annually 2 = m & o
Supporting Category Decommissioning (as required) . Recurrent Cost o S oo =
L Capital Cost Recurrent o 3 -
Organisation Comments = O
Cost
. . . . Works would be subject to Design, EIA, tender, project
7 Ryps  nvestigate the potential for instaling & SQID &t co e Meadowbank  Works  avallable funding.  Potentil  $220.000  management site §3000  nnual $241071 | 111 1
Meadowbank Lane, Meadowbank. , , maintenance
treatment area of 40,000m2, establishment, construction.
Investigate the potential for installing irrigation and Works would be subject to Feasibility, design, EIA, tender, Annual
7 RYD2 b|ore.ten.t|on systems at Peel Park in Gladeswlle.to City of Ryde Gladesville Works feaS|.b|I|ty studies and avallat?le $114,375 pro;ec.t management, site $4 575 maintenance of $146508 | 097 2
provide improved treatment of stormwater flows entering funding. Peel Park has a potential establishment, construct
; . . features.
the estuary from the site. treatment area of 150m2, bioretention treatment area.
Rehabilitate the following two sections of eroding
foreshore identified as being of a high priority and in poor Design, EIA, tender, project
condition in the Estuary Processes Study (AECOM, . . management, site
23_RYD City of Ryd ty of Ryd Work 12 1,1 2,872 .
3_RYDS 2010), subject to available funding: "y ofRyde City of Ryde ores $65,125 establishment. Rehabilitate $1,103 $628 0831 3
- RYD-NSQ7 (Kissing Point Park, Putney), and foreshore.
- RYD-NS13 (Meadowbank, adjacent to rail bridge).
Works would be subject to
feasibility studies and available
funding. Anzac Park has a Feasibility, design, EIA, tender,
Investigate the potential for installing irrigation and potential  bioretention  system project management, site Annual
. . . ) . .
7 RYD1 blore.ten.t|on systems at Anzac Park in West Ryde.to City of Ryde West Ryde Works catchment area of 3,100m an.d $83.438 e§tabl|shment, construction $3.008 maintenance of $104565 080 4
provide improved treatment of stormwater flows entering treatment area of 67m2. There is bioretention treatment area,
. . features.
the estuary from the site. also a potential underground tank excavate and construct below
catchment area of 14,000m2 and ground tank.
treatment area of 20m2 for
irrigation purposes.
Upgrade and / or repair the following four sections of
seawall identified as being in poor condition and of a high
priority in the.Estuary Proces§§s Study (AECOM, ?019) For purposes of cosfing, assumes Design, EIA, ter.1der, project Annual
and seek to incorporate additional vegetated habitat in Works and reolacement the two  seawall management, site maintenance of
21_RYD4 | the design, subject to available funding: RYD-S06, RYD- |  City of Ryde City of Ryde L P , N $840,000 establishment, upgrade $4,000 $868,094 | 034 5
Monitoring sections identified, as well as o seawalls, plus
S11, RYDS03 & RYD-S23. monitorin seawalls. Develop monitoring reqular monitorin
Continue to monitor the condition of other seawall g framework and systems. g g
sections identified in the Estuary Processes Study
(AECOM, 2010) for any decrease in structural stability.
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O Action 7_RYD3

Investigate the potential for installing a SQID at
Meadowbank Lane, Meadowbank.

i & -.'..' e it .
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N

] Action 7_RYD1

Investigate the potential for installing irrigation and
bioretention systems at Anzac Park in West Ryde to
provide improved treatment of stormwater flows
entering the estuary from the site.

Action 21_RYD4
Upgrade or repair the four sections of seawall (RYD-S06,
RYD-S11, RYDS03 and RYD-S23) identified as being in

|
|
1
|
I
|
1
|
|
1
|

@m» Action 23_RYD5

Rehabilitate the following two sections of eroding
foreshore identified as being of a high priority and
in poor condition in the Estuary Processes Study
(AECOM, 2010), subject to available funding:

- RYD-NSO07 (Kissing Point Park, Putney), and

- RYD-NS13 (Meadowbank, adjacent to rail bridge).

. R

poor condition and of a high priority in the Estuary
Processes Study (AECOM, 2010). Seek to incorporate
additional vegetated habitat in the design, subject to
available funding. Continue to monitor the condition of
other seawall sections identified in the Estuary
Processes Study for any decrease in structural stability.
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- [] Action 7_RYD2

/. Investigate the potential for installing irrigation and
bioretention systems at Peel Park, Gladesville to

. provide improved treatment of stormwater flows

entering the estuary from the site.
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Table 5.6: Hunters Hill Council Action Plan

Prlma.ry_ . Notes on Implementation ~ Preliminary Prell_mlr?ary = © >
. . _ Responsibility . Management . . : Indicative 2] S o 2
Action ID Action Description . Location(s) and Decommissioning (as Indicative Capital Cost Comments Annually Recurrent 2 = m & o
Supporting Category required) Capital Cost Annually Cost Comments % > 2% &
Organisation q P Recurrent Cost = 8
Implement the Stormwater Management Action Plan
currently being prepared for Council consistent with the Budget for implementation
CZMP and review the maintenance regimes for will depend on the
stormwater infrastructure to ensure existing infrastructure Hunters Hill Hunters Hill | Planning and Relies on completion of the For review of existin strategy defined in the
1_HUN1 | is maintained regularly and adequately. This Action Plan . g Action Plan for $50,000 . . g $250,000 Action Plan. Current $1,805,895  0.80 | 1
A . . Council LGA Works , , maintenance regimes. . .
will identify sites for stormwater infrastructure implementation. costings provide an
improvements / upgrades, additional GPTs and/or other indicative annual budget
stormwater quality controls in various locations, including for implementation.
Tarban Creek.
Disseminate the Guidelines for Environmentally Friendly
Seawalls (DECC and SMCMA, 2009) to council staff,
particularly those involved in the assessment of DAs, to .
. o . Hunters Hill
encourage the promotion of the guidelines. This should Council Hunters Hil Costing assumes internal Assume one week of staff
24 HUNS | be undertaken on a regular basis so as to ensure new Comms g L $- $1,500 members time for liaison $10,535 075 | 2
g o LGA communication only. L
staff are familiar with the guidelines. OEH with interal staff.
Make sure the planned repairs to the following seawalls
comply with the guidelines wherever possible: HUN_S01,
HUN_S04 & HUN_SO07.
May require assessment of Assumed annual budget
Undertake management of estuarine vegetation within Gladesville y .q . for implementation of
Gladesville Reserve and Riverglade Reserve to enhance Hunters Hill Reserve potential SLR impacts on activities identified in the
17_HUN3 ) ) g . . ' Works the Reserves. Reference is $- $50,000 $351179 | 0.72 | 3
saltmarsh habitats in these areas and allow for future Council Riverglade , , relevant Estuary
landward migration with SLR Reserve made to linked actions Vegetation Rehabilitation
g | 34 COM22 & 39_COM?23. g
& Management Plans.
Continue bush regeneration in all reserves of the
Parramatta River estuary catchment located within
Hunters Hill LGA, including undertaking the following
recommendations made in the Estuary Processes Study
(AECOM, 2010):
. . Assumes annual salary
- Targeted vine control and removal of young Phoenix
alms, Coral trees and Green Cestrum within the upper Hunters Hill Hunters Hill for 0.4 FTE hours for
20_HUN4 | P2MS: PP . Works $- $50,000  Bushcare coordinator & = $351,179 | 072 3
tidal reach of Tarban Creek; Council LGA )
. L budget for materials as
- Control of emerging mangrove saplings in saltmarsh required
located within Gladesville Reserve; q '
- Ongoing monitoring and management of Alligator Weed
in Betts Park and Gladesville Reserve; and
- Gradual removal of large Camphor Laurels in Betts
Park and replacement with native species.
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Action ID Action Description

Provide for the ongoing monitoring, conservation and
management of estuarine vegetation and adequately
address stormwater / sewage issues in Tarban Creek (in
Riverglade Reserve).

17_HUN2

Primary
Responsibility
Supporting
Organisation

Hunters Hill
Council

Location(s)

Tarban
Creek

Notes on Implementation ~ Preliminary
and Decommissioning (as Indicative
required) Capital Cost

Management
Category

Reference is made to
AECOM (2010) for a
Monitoring | discussion on issues
and Works | currently impacting Tarban
Creek & management
recommendations.

$345,000

Capital Cost Comments

Design, EIA, tender, project
management, site
establishment. Install leaf traps
& GPTs, provide erosion
protection. Bank rehabilitation
upstream of pedestrian bridge.
Remediation of weir controlling
flows to the wetland.

Preliminary
Indicative
Annually

Recurrent Cost

$64,625

Annually Recurrent
Cost Comments

Includes 0.05 FTE hours
for one staff member &
annual maintenance

/monitoring / works costs.

Net Present
Value
Cost:Benefit
Ratio
Priority

$798,899 068 4

24 June 2013
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Action 17_HUN2

Implement the Stormwater Management Action Plan
currently being prepared for Hunter's Hill Council
consistent with the Parramatta River Estuary CZMP
and review the maintenance regimes for stormwater
infrastructure to ensure existing infrastructure is
maintained regularly. This Action Plan will identify sites
for stormwater infrastructure improvements / upgrades,
additional GPTs and/or other stormwater quality
controls in various locations, including Tarban Creek.

Action Plan -
Hunters Hill Council

PARRAMATTA RIVER ESTUARY
COASTAL ZONE MANAGEMENT PLAN

/,
[
\
|
i\

\

Action 20_HUN4 Legend
Continue bush regeneration in theHunters Hill LGA, including _JHunters Hill LGA
(AECOM, 2010): | |LGA Boundari
- Targeted vine control and removal of young Phoenix palms, L ounaaries
Coral trees and Green Cestrum within the upper tidal reach of Waterway

Tarban Creek;

- Control of emerging mangrove saplings in saltmarsh located
within Gladesville Reserve;

- Ongoing monitoring and management of Alligator Weed in
Betts Park and Gladesville Reserve; and

- Gradual removal of large Camphor Laurels in Betts Park and
replacement with native species.

" Action 17_HUN2

Provide for the ongoing monitoring, conservation
and management of estuarine vegetation and
adequately address stormwater / sewage
issues in Tarban Creek (in Riverglade Reserve).

W T T AR —

Note: Inaccuracies may be present in data
provided by third parties. It is assumed that all GIS
data provided by third party suppliers is sufficient
and accurate for the purpose of this map.
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Undertake management of estuarine vegetation
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Table 5.7: Leichhardt Municipal Council Action Plan

Prima Preliminal Preliminary =
Res onsirgili Management Notes on Implementation n dicativgy Indicative § ° ‘g‘a o 2
Action ID Action Description P . vy Location(s) g and Decommissioning (as . Capital Cost Comments Annually Annually Recurrent £ = D E 5
Supporting Category . Capital o S 2o =
o required) Recurrent Cost Comments s 3 o
Organisation Cost =2 [5)
Cost
May include the incorporation
17_LEI3 g PROFINIES P . Municipal | CallanPark  Comms ' Prop $- $4,000  forastaffmemberforfive = $28004 | 112 1
development of Callan Park, including provision for potential . upgrading, as well as other
. . Council - . years.
impacts of climate change. activities relating to
management of open space.
Leichhardt
Provide information to Council staff on the DECC and SMCMA Municipal Leichhardt Assume one week of staff
24 LEI5 | (2009) Guidelines for Environmentally Friendly Seawalls to Council Comms $- $1,500 members time for liaison $10,535 099 | 2
. s LGA "
promote their usage within the LGA. with intemal staff.
OEH, HNCMA
. Works locat RMS Land.
Improve the quality of stormwater flows by converting a stormwater Leichhardt Leichhardt A orr:v:IC:nZdl\/(I)(gUs e u?rr:a g Detailed desian and
7_LEI2  detention basin collecting runoff from the City West Link into a Municipal Works PP L q ' $283,150 . g $10,000 Annual maintenance $353,386 | 0.72 | 3
. LGA RMS have provided in construction.
constructed wetland system at Blackmore Park. Council o
principle support.
Based on an averade broiect Investigation into options,
Improve the quality of stormwater flows by providing GPTs or other Leichhardt Leichhardt cost as reported forgthz ) design, EIA, tender, project Annual maintenance of
7_LE1 | WSUD features as part of stormwater harvesting schemes, to Municipal Works S 1eP $705,000 | management, site $28,200 $903,065 | 0.67 | 4
. . ) . . LGA Sustaining the Parramatta , , features.
include the installation of a GPT at Birchgrove Oval. Council , , establishment, implement
River project. ,
water quality system.
Upgrade and/or repair the sections of seawall identified as being
poor condition and of high priority in the Estuary Process Study
(AECOM, 2010). Continue to monitor the condition of other seawall For purposes of costing, . .
o . Design, EIA, tender, project
sections identified in the Estuary Process Study (AECOM, 2010) Leichhardt Leichhardt assume replacement manacement. site
21_LEI4 | for any decrease in structural stability. Incorporate potential habitat Municipal LGA Works seawalls identified as beingin | $1,230,000 establ?shmen7t Uarade $2,000 $1,244047 033 5
opportunities into seawall designs and/or upgrades. This will Council poor condition or failing in seawalls - ~Pd
include the advancement of knowledge through: AECOM (2010). '
- Contributing research into seawall habitat and
- Carrying out further research into retrofitting habitat to seawalls.
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I Action 7_LEN

Improve the quality of stormwater flows by providing
GPTs or other WSUD features as part of stormwater

harvesting schemes, to include the installation of a , 5N ACtion Plan -
GPT at Birchgrove Oval. oL : : . -
Leichhardt Municipal
Council

PARRAMATTA RIVER ESTUARY
COASTAL ZONE MANAGEMENT PLAN

[ Action 17_LEI3

Liaise with the State Government to identify st Nk W o PN PR oe -- _ Legend
potential rehabilitation and habitat management P IRE A vy RN i i i Y . ' DLeichhardt LGA
opportunities for incorporation in the re-development 38 bt Tl 3 AN - ’ % = ud = .
. ; .. . _ . s . - A : : | __jLGA Boundaries
of Callan Park, including provision for potential S -
Waterway

impacts of climate change.

PG e ; : . e 7Y b ' iy Note: Inaccuracies may be present in data

1 14 = A Y =<5 o . EE N provided by third parties. It is assumed that all GIS
’ ' ' : . ) ; . data provided by third party suppliers is sufficient
and accurate for the purpose of this map.
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identified as being poor condition and of high s
priority in the Estuary Process Study
(AECOM, 2010). Continue to monitor the
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seawall designs and/or upgrades. This will
include the advancement of knowledge through:
- Contributing research into seawall habitat, and
- Carrying out further research into retrofitting
habitat to seawalls.

Improve the quality of stormwater flows by converting
a stormwater detention basin collecting runoff from the
City West Link into a constructed wetland system at
Blackmore Park.
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Table 5.8: Parramatta City Council Action Plan

: . Preliminal
Primary Preliminary el_ I. y = A=
Responsibili Management =~ Notes on Implementation and Indicative Indicative ? o 2o &
Action ID Action Description P . Rl Location(s) g I p. . . Capital Cost Comments  Annually Annually Recurrent L= 2 E &
Supporting Category Decommissioning (as required) Capital o S oo =
o Recurrent Cost Comments s 3 E
Organisation Cost = (&)
Cost
This action is likely to require the
. . - . , collation of data and potentially
Investigate the efficacy of existing water quality controls and review Parramatta Parramatta the acauisition of additional data
8_PAR1 | maintenance regimes for stormwater infrastructure across the . . Investigation . q ' $75,000 $- $75,000 1.03 | 1
City Council LGA It is recommended that the
Parramatta LGA. . . .
analysis and reporting be linked
to mapping in GIS.
Will likely involve both internal Assume 0.1 FTE hours.
Facilitate the incorporation of public access into new and existing Parramatta Parramatta communications & adoption of a Note: Cost to be born
25_PAR5 | developments with due consideration of sensitive estuarine . . Planning collaborative approach with $- $8,000 as part of normal $56,189 063 2
. : City Council LGA .
environments and ecological values. developers through the operations under
DA/master planning process. existing council budget.
. Potential for migration should be
If possible, purchase land upslope of the Baludarri Wetlands and Parramatta Parramatta confirmed riorgio implementation
18_PAR2 | Eric Primrose Reserve, to allow for landward migration of the _ _ Planning , priortoimp $400,000 $- $400,000 054 3
. . City Council LGA via ground-truthing and supported
ecosystems at this location caused by the long term effects of SLR. .
by SLR mapping.
Improve public access along the foreshore by investigating the
feasibility of Shared Paths. A shared pedestrian and cycle bridge Parramatta Parramatta For investiaations &
25_PAR4 | connecting Morton St and Alfred St, Parramatta, and a Shared City Council LGA Works $100,000 desi nwor?( $39,000 $373,920 036 4
Path from Pike St to South St have been previously identified as g '
being high priority.
As seawalls in the Parramatta LGA need to be repaired or
upgraded this should be done in compliance with the DECC and
SMCMA (2009) Guidelines for Environmentally Friendly Seawalls For purposes of costing, assume
and should incorporate habitat creation opportunities wherever Parramatta Parramatta replacement seawalls identified
. . o Y - , 1,17 ) 4
21_PARS possible. Note: at the time of writing of this report all Parramatta = City Council LGA Works as being in poor condition in $ $50,000 $351,179 036
Council owned seawalls have been repaired to "good" standard. AECOM (2010).
However, some funds will be required annually to inspect and
repair these seawalls into the future.
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Action 18_PAR2

If possible, purchase land upslope of the Baludarri
Wetlands and Eric Primrose Reserve, to allow for
landward migration of the ecosystems at this location

[HIIl-IL e ' i 52 caused by the long term effects of sea level rise.
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S WENTWORMHVIEEESSS S v oo ¥ Ry R : y &
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3

Action 8_PAR1
Investigate the efficacy of existing water quality
controls and review maintenance regimes for e = e .
stormwater infrastructure across the Parramatta LGA. ; .' sl iy ¢ W e GBI 25
(LGA-wide, not mapped). 2 : ~ Improve public access along the foreshore by
e : - : : ! : investigating the feasibility of Shared Paths.
Action 21_PAR3 A shared pedestrian and cycle bridge connecting
- ] . : ; e = Morton St and Alfred St, Parramatta,and a Shared
As seawalls in the Parramatta LGA need to be repaired = : ¥ 2is . ; ’ g .
or upgraded this should be done in compliance with the T sy SRt Zatht.fgo(rjn P'I;)e .St tﬁ.sﬁ Uth S: have been previously
DECC (2009) Guidelines for Environmentally Friendly SO e Sl AR LI IdONUITIed as being nigh priorty.
Seawalls and should incorporate habitat creation
opportunities wherever possible. Note: at the time of | T s R
writing of this report all Parramatta Council owned GUIIDEORDIAE
* seawalls have been repaired to "good" standard. NEE P e m it . : . o
However, some funds will be required annually to e SR, T : SIS = R NS S R / . _ :
. inspect and repair these seawalls into the future. i TN A - i 4 Wy 087 e ok T e e I e SR g WEST. w+ .
(LGA-wide, not mapped). - SR g By ) T S R L L o i R '

i

Action 25_PARS5

Facilitate the incorporation of public access into _ N ; S
new and existing developments with due o 4 - Xty S P s T Faris TR e
consideration of sensitive estuarine environments FH e /0¥ '; v, 7R M e \ % _
and ecological values. (LGA-wide, not mapped). R e oo B ¢ ) T T .
Note: The cost of implementation is provided for Tt i e O Y WGE L TR x . i
under Councils existing budget. & ILLAV 2 e Nae e il il : N ' _
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Action Plan -

Parramatta City

Council

PARRAMATTA RIVER ESTUARY
COASTAL ZONE MANAGEMENT PLAN

Legend

Parramatta LGA
LGA Boundaries

Waterway

Note: Inaccuracies may be present in

data provided by third parties. It is assumed
that all GIS data provided by third party
suppliers is sufficient and accurate for the
purpose of this map.

FIGURE 5.7

N

1:44,000 Scale at A3

Kilometres
1

Map Produced by Cardno NSW/ACT Pty Ltd (2812)
Date: 2013-06-05
Coordinate System: GDA 1994 MGA Zone 56
Project: LJ2929
Map: G5007_ActionsParramatta 03.mxd 02
Data Source: LPMA (LGAs, suburbs, waterways)
Imagery supplied by Bing and associated third party suppliers.




Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Table 5.9: Strathfield Council Action Plan

. - Prelimin
Primary Preliminary el_ |.ary = A=
Responsibility Management Notes on Implementation and Indicative Indicative 2 o 2o 2
Action ID Action Description P . Location(s) g . -p. . . Capital Cost Comments Annually Annually Recurrent L= 2 E &
Supporting Category Decommissioning (as required) Capital o S oo =
o Recurrent Cost Comments s 3 E
Organisation Cost = o
Cost
Outcomes of implementation will be
dependent on ongoing commitment
Review and update the Plans of Management for Mason ) ) over a longer period of t|m§. Those Assumes GIS ba§ed
. . . . Strathfield Strathfield , elements of the Plans relating to analysis of potential
1_STR1 | and Bressington Park to incorporate consideration of the . Planning . $26,000 | . . . $ - $26,000 | 091 1
, , Council LGA accommodating SLR should inundation extents & review
impacts of SLR on vegetation. . . . .
provide some capacity to adapt to of action plans / lists.
changes in SLR
projections/observations.
It has been assumed that this Assumed annual budget
Provide for the ongoing monitoring, conservation and action provides for strategic support based on allowance for
management of saltmarsh, swamp oak floodplain forest & management planning to support control of weeds &
d ities in the M Park wetl t Strathfield the existi k . [
17 STR3 and mangrove gommun! ies |.n e Mason Park wetlands to |_ Mason Park Planning e existing works program . $50.000 mangroye seed mgs, 351179 090 2
enhance estuarine habitats in these areas and allow for Council Reference should be made to monitoring vegetation
their future landward migration with SLR (e.g. weed AECOM (2010) for a discussion on extents, propagation &
control). vegetation management relating to transplantation of
Mason Park. saltmarsh species.
ktoi I link t long th
Seek to improve public access. inkages to and aong e implementation should consider the .
estuary foreshores by preparing a draft pedestrian / need to link in with existin For purposes of costing
cycleway plan that takes ino consideration existing and Strathfield Strathfield Planning and | transport services &otherg athways incl. development of a Cycleway maintenance
25 STR5 | proposed infrastructure in the Strathfield LGA. As a priority . g port ETPAWAYS | 63 820,000  strategy and construction of | $50,000 | Yo onaY ' $4171179 030 3
o Council LGA Works both within the Strathfield LGA & review plan regularly.
activity under the CZMP, undertake works along Powells . up to 5km cycleway across
. . ) . beyond. Reference is made to the .
Creek to improve cycleway connectivity with public 5 sites.
Powells Creek Masterplan.
transport.
Design, EIA, tender,
project management, site
establishment.
Undertake naturalisation of approximately 150m of the Detailed design should consider Naturalisation of creek incl.
western wall of Boundary Creek, south from the end of Strathfield Homebush potential flood impacts. Ongoing removal of existing channel
19_STR4 . Work , , o 101,2 . ) 37 124, . 4
95 Mandemar Avenue, Homebush West, if investigations Council West ores maintenance will be critical to the $101,250 if required, weed control, $3,375 $124955 059
indicate this is feasible. long term success of these projects. preparation or soil for
planting, planting &
establishment of selected
species.
Design, EIA, tender,
project management, site
. . establishment. Construct
Manage public access and/or off-leash dog walking near L . -
the Mason Park wetlands. Managing public access ma Strathfield Consultation with the community path, renstating
13.STR2 . " - vianaging pubt y . Mason Park Works | may be required as to selectionofa | $1,290,000  surrounding disturbed area | $22,501 §1448,038 | 049 5
involve formalising a walking trail, prohibiting access or Council . . .
. o . . s preferred option. as required. Install fencing
installing signage to indicate appropriate activities. .
as required around
sensitive areas to prevent
access. Provide signage.
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I Action 25_STR5
Seek to improve public access linkages to and :
Legend

— \ along the estuary foreshores by preparing a
Action 1_STR1 : L SREAN g draft pedestrian / cycleway plan that takes into Dstrathfie|d LGA
L= < A% & consideration existing and proposed infrastructure g " ILGA Boundaries
= o inthe Strathfield LGA. As a priority activity under the & St
U Waterways

Review and update the Plans of Management : S v
1917 ¥ ESRINENE) BESElnelion [ FEn o [EE TRl CZMP, undertake works along Powells Creek to
improve cycleway connectivity with public transport.

consideration of the impacts of sea level rise on '
vegetation.

Note: Inaccuracies may be present in data
provided by third parties. It is assumed that all GIS
dataprovided by third party suppliers is sufficient
and accurate for the purpose of this map.

Action 13_STR2

Manage public access and/or off-leash

dog walking near the Mason Park wetlands.

Managing public access may involve formalising a

walking trail, prohibiting access or installing
signage to indicate appropriate activities. '
ey o SR A e i FIGURE 5.8

Provide for the ongoing monitoring, conservation and
management of saltmarsh, swamp oak floodplain forest
and mangrove communities in the Mason Park wetlands
to enhance estuarine habitats in these areas and allow
for their future landward migration with sea level rise

(e.g. weed control).
1:15,000 Scale at A3

I Action 19_STR4

Undertake naturalisation of approximately 150m
of the western wall of Boundary Creek, south from
the end of Mandemar Avenue, Homebush West,

if investigations indicate this is feasible.

Map Produced by Cardno NSW/ACT Pty Ltd (COE)
Date: 2013-06-05
Coordinate System: GDA 1994 MGA Zone 56
Project: LJ2929
Map: G5008_ActionsStrathfield 03.mxd 02
Data source: NSW Land and Property Information (LPI)
Aerial imagery supplied by Sydney Metropolitan Catchment
Management Authority and associated third party suppliers




Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Table 5.10: RMS (Maritime) Action Plan

. - Preliminal
Primary Preliminary el_ I. y = A=
Responsibili Management Notes on Implementation and Indicative Indicative 2 o 2o 2
Action ID Action Description P . Rl Location(s) g . -p. . . Capital Cost Comments Annually Annually Recurrent = AHAE B
Supporting Category Decommissioning (as required) Capital o & S =
o Recurrent Cost Comments s 3 E
Organisation Cost = (&)
Cost
Assumes total of one
Endorse the use of environmentally friendly moorings in the Waterwa This action will fikely require some week of a staff members
16_MAR2 . y y g RMS (Maritime) rway Comms internal communications/education $5,000 Develop a guidance note. $1,500 | time over a year to $15535 095 1
Parramatta River estuary. wide . \ . .
activities to ensure implementation. promote seagrass friendly
moorings.
Continue to encourage infrastructure improvements for Waterwa This action should also consider
29_MAR4 | recreational boating facilities through the Better Boating | RMS (Maritime) wide Y Planning environmentally friendly features or $- $4,000 Assume 0.05 FTE hours. $28,094 045 2
Program. approaches to providing facilities.
Identification, project
Subject to further investigation, consider the p. )
reconfiguration of moorings where they are impacting on This action may be undertaken management, site
12_MAR1 g . g y pacing . " Waterway- L y , establishment, relocate
. (or have the potential to impact on) seagrass beds. This = RMS (Maritime) . Works opportunistically or in a targeted =~ $285,000 . 0 $- $285,000  0.73 | 3
, , wide , moorings. Assumes 5% of
action should be informed by the Estuary Processes Study fashion. 1.764 moorinas require
(AECOM, 2010). /2% MOOTINgS req
relocation.
Liaise  withthe Department of Planning and
Infrastructure to include reference to the Guidelines for | RMS (Maritime) Waterwa
24_MAR3 | Environmentally Friendly Seawalls (DECC and SMCMA, wide Y Planning $ - $1,500 $10,535 124 4
2009) as part of the Sydney Regional Environmental Plan OEH
(Sydney Harbour Catchment) 2005 review.
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Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Table 5.11: Sydney Olympic Park Authority Action Plan

. - Prelimin
Primary Preliminary el_ |_ary = A=
Responsibility Management Notes on Implementation and Indicative Indicative ? o 2o &
Action ID Action Description ponst Location(s) g " 'mpit ) . Capital Cost Comments  Annually Annually Recurrent = AHAE B
Supporting Category Decommissioning (as required) Capital o & S =
o Recurrent Cost Comments s 3 o
Organisation Cost = o
Cost
Provide support to the relevant asset owner(s) in
prioritising stormwater maintenance and upgrade works, Svdne Assumes total of two
8_SOP1 | including gross pollutants and sediment control measures, SOPA o ni/ c gark Comms $- $ 3,000 weeks of a staff member's | $21,071 | 1.16 | 1
so as to reduce impacts on sensitive habitats within ymp time over a year.
Sydney Olympic Park.
Undertake management of swamp oak floodplain forest It has been assumed that this
and mangroves within Sydney Olympic Park to enhance Sydne action provides for strategic support Assume 1.0 FTE staif
17_SOP4 NGroves within Sycney Jympic - SOPA yeney Planning P gic SUpp $- $130,000  member & operational $913,066 084 2
respective habitats, including saltmarsh habitats, and allow Olympic Park and management planning to

dget of a.
for their future landward migration with SLR. support the existing works program. budget of $50,000 pa

Feasibility investigations should

Seek external funding for priority works to restore tidal Prepare funding

i i t tchment
16_SOP3  exchange and stormwater flows within Sydney Olympic =~ SOPA Sydney Works ~ consider impacts on catchment oo 0y o jcations, liaison with $ - $10,000 100 3
. Olympic Park flooding and potential future SLR o

Park sections of Haslams Creek and Powells Creek. impacts relevant organisations.

Provide support to Sydney Water in prioritising works to SOPA Bicentennial Assumes total of one
9_SOP2 | address sewer overflows affecting estuarine wetlands Comms $ - $1,500 week of a staff member's $10535 | 124 4

Lo . Wetlands ,

within Bicentennial Park. Sydney Water time over a year.
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RYDAIMERE,

Seek external funding for priority works to
restore tidal exchange and stormwater flows
within Sydney Olympic Park sections of
Haslams Creek and Powells Creek.
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Action 8_SOP1

Provide support to the relevant asset owner(s)
in prioritising stormwater maintenance and
upgrade works, including gross pollutants and
sediment control measures, so as to reduce
impacts on sensitive habitats within Sydney
Olympic Park.

/

Action 17_SOP4

Undertake management of swamp oak
floodplain forest and mangroves within
Sydney Olympic Park to enhance
respective habitats, including saltmarsh
habitats, and allow for their future landward
migration with sea level rise.

@® Action 16_SOP3
Provide support to Sydney Water in prioritising
works to address sewer overflows affecting
estuarine wetlands within Bicentennial Park.
Priority should be given to the outlet at the
end of Oulton Avenue.
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Action Plan - Sydney
Olympic Park Authority

PARRAMATTA RIVER ESTUARY
COASTAL ZONE MANAGEMENT PLAN

Legend

DSOPA Boundary
| _ILGA Boundaries
Waterway

Note: Inaccuracies may be present in data
provided by third parties. It is assumed that all GIS
data provided by third party suppliers is sufficient
and accurate for the purpose of this map.

FIGURE 5.9
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Map Produced by Cardno NSW/ACT Pty Ltd (COE)
Date: 2013-06-05
Coordinate System: GDA 1994 MGA Zone 56
Project: LJ2929
Map: G5009_ActionsSOPA 03.mxd 02
Data source: NSW Land and Property Information (LPI)
Aerial Imagery supplied by Sydney Metropolitan Catchment
Management Authority and associated third party suppliers.




Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Table 5.12: Sydney Water Action Plan

. - Prelimi
Primary Preliminary re |_m|r?ary = A=
Responsibility Management Notes on Implementation and Indicative Indicative 3 o 2o 2
Action ID Action Description P . Location(s) g . -p. . . Capital Cost Comments Annually Annually Recurrent e 2 D E 5
Supporting Category Decommissioning (as required) Capital o g oo =
L Recurrent Cost Comments s 3 E
Organisation Cost = o
Cost
Investigate the potential for channel naturalisation of Design, EIA,  tender,
the following five channels as they require asset project management, site
renewal and/or replacement: . . . establishment. Removal of
Detailed design should consider L : .
- SWC 50 Powells Creek , , , existing channel if required,
SWC 18 Brickfield Creek Catchment potential flood impacts. -Ongoing removal of foreign species
19_SYD3 Sydney Water , Works maintenance will be critical to the | $1,426,875 , g p ’ $47,563 $1,760,938 064 @1
- SWC 53 Dobroyd wide ona term  success of these preparation or soil for
- SWC 90 St Lukes Park rogects planting,  planting  of
- SWC 95 Whites Creek. Projects. selected species, & upkeep
Any future channel naturalisation projects would be & protection during
subject to feasibility studies and landowner consent. establishment.
Ensure that new stormwater infrastructure is designed Catchment ::rI:e ?:tt:aor:alwclzltl)mlrlrt(jlrzcaﬁ)qnuslre/ Develo an internal ::SVL';V‘; ZO;eeizsffn:
16_SYD2 | to appropriately mitigate the impacts of scour on Sydney Water , Comms . $5,000 . P $3,000 o $26,071 113 | 2
. . wide education activities to ensure guidance note. staff member's time per
estuarine habitats. . .
implementation. year.
Investigate the potential for installing additional
stormwater quality improvement devices (SQIDs) to
provide improved treatment of stormwater flows
entering the estuary at the 11 locations indicated,
within the following stormwater channels: Investiaation into options
- SWC 92 Tarban Creek The installation of any future designg EIA. tender Erojec;
7 syp1 |~ SWC S5 Johnsons Creek Sydney Water | Catciment Works SQIDs would ‘be subject 10| ¢\ 5 onagement, st $110,000  Annual maintenance of g o3 004 02 3
- SWC 62 Hawthorne Canal wide feasibility studies and landowner ; . structure.
establishment, buy & install
- SWC 53 Dobroyd consent. SQID, site restoration
- SWC 50 Powells Creek ’ '
- SWC 13 Haslams Creek
- SWC 86 Sefton Park
- SWC 27 Clay Ciliff Creek
- SWC 42 Finalysons Creek.
In consultation with Strathfield Council and the City of . .
. o . Design, EIA, tender, project
Canada Bay, consider the addition of tide gates along Qe o .
. . Feasibility investigations should management, site
Powells Creek to increase the flushing of the Mason Sydney Water consider imoacts on_ catchment establishment  installation
19_SYD4 = Park wetlands, subject to feasibility studies. If Powells | Strathfield Council, Mason Park Works . P . $ 400,000 . ' $2,500 $417559 | 053 4
. . flooding and potential future SLR of a tide gate. See also
Creek stormwater channel (SWC 50) is to be | City of Canada Bay . . .
. . impacts. cost as listed in Mason Park
naturalised these works should occur concurrently, if Pol
possible and subject to feasibility studies. '
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Investigate the potential for channel naturalisation
of the following five channels as they require asset
renewal and/or replacement:

- SWC 50 Powells Creek
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Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Table 5.13; Committee Action Plan

Primary Preliminary Prell_mlr?ary = A=
. . _ Responsibility . Management Notes on Implementation and Indicative . Indicative 3 o So &
Action ID Action Description ) Location(s) L . . Capital Cost Comments Annually Annually Recurrent e = 2 E &
Supporting Category Decommissioning (as required) Capital o g Lo =
o Recurrent Cost Comments s 3 E
Organisation Cost = o
Cost
Liaise with RMS (Maritime) to encourage the ongoing Waterway- Assumes total of one
8_COMO04 | collection of gross pollutants from the estuary Committee wide Comms $- $1,500 week of a staff $10,535 149 | 1
waterway. member's time per year.
Consult with the NSW Department of Planning and
Infrastructure to develop a model LEP clause for
inclusion into the statutory planning framework that Catchment. Assumes 0.05 FTE
2_COMO02 | provides for consideration of issues such as foreshore Committee wide Planning $- $1,200 hours / week over 3 $8,428 127 | 2
building lines, riparian setbacks and public access. years.
Encourage inclusion by Councils into their standard
instrument LEPs.
In consultation with the NSW Department of Planning
and Infrastructure, develop model DCP clauses for
more specific aspects of estuarine management, such
as:
- Environmentally friendly seawalls; .
- Site-based W S}l/JD' y Committee Catchment. Assumes 0.05 FTE
4_COMO03 J , , Planning $- $ 1,200 hours / week over 3 $8,428 127 | 3
- Stormwater retention, harvesting and re-use; OEH. HNCMA wide years
- Foreshore inundation/flooding (including from SLR); ’ '
- Biodiversity corridors and habitat conservation;
- Public access; and
- Riparian setbacks.
Encourage inclusion by local Councils in their DCPs.
In order to mitigate the impacts of the RiverCat on
seawalls, bank condition and fringing vegetation along
22_COMO08 | large sections of the shoreline, open the dialogue and Committee Watgrway- Comms Refer to linked action 22_COMO09. $- $1,600 Assume 0.1 FTE staff $11,238 123 | 4
. . . . wide member over 2 years.
formally negotiate with Harbour City Ferries for a
change in vessel that has lower vessel wake impacts.
Develop and implement a communication strategy
utilising the PRCG website for the implementation
stage of the Parramatta River Estuary CZMP to update
the general public each time an action is being Assume 2 week of a
33 COM16 progr(?ssgd or is complgted. Engourage all Committee N/A Comms Refer to Section69fthe CZMP $ 5,000 Develop strategy. $10.000 staff members time per $75.236 123 5
organisations on the Committee to provide links on on KPIs and reporting. year, plus graphic
their web pages and in regular publications (i.e. design as required.
newsletters) to the PRCG website, with a view to
promoting the estuary and disseminating information
about the progress of the CZMP.
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. - Prelimi
Primary Preliminary I:]Zlir:;;\?;y = =
. . . Responsibili . Management Notes on Implementation an Indicati . 3 o S o £
Action ID Action Description P ', ity Location(s) g ) _p. I . d dlcé Ve Capital Cost Comments Annually Annually Recurrent L= o8 &
Supporting Category Decommissioning (as required) Capital o S Lo =
o Recurrent Cost Comments s 3 &L
Organisation Cost = o
Cost
Work with local Councils and other land managers that
are responsible for developing and implementing Plans
of Management to ensure that they provide for the The Committee's role in
landward retreat (where feasible) of all significant Catchment implementation will likely involve Assumes 0.05 FTE
17_COMO7 | saltmarsh, swamp oak floodplain forest and mangrove Committee wide Planning technical advice and review, and $- $4,000 hours for staff member $28,094 112 1 6
communities. Issues to be addressed in the Plans of should be supported by HNCMA per year
Management include the protection and enhancement and OEH.
of the communities, and provision for areas for
landward retreat.
Undertake annual reporting to the PRCG and the
community on trends in estuarine health for the
Parramatta River estuary. Estuarine health report Committee Annual reporting,
ds should b d quarterly and published includi th
34_comg | SordS Snould Be prepared quarterly and publisned on N/A Monitoring  Refer to Section 6 of the CZMP. $- §50,000  mcluding both an $351179 108 7
the PRCG website. Reporting on trends in estuarine OEH annual report &
health should be undertaken in accordance with the quarterly report cards.
recommendations made with respect to monitoring and
evaluation within the Parramatta River Estuary CZMP.
Develop and implement an education strategy targeting
key groups, such as school groups and foreshore
landowners. Where possible use existing educational
meaterials, stich as the: Printing and distribution
- PRCG's program Growers for Greenspace, which Catchment It is recommended that this action Develop strateav. collate of brocghures &Sliaison?
32_COM14 | aims to promote the protection and enhancement of Committee . Comms target these key groups in the first $15,000 - P . 9, $6,000 ’ $57,141 105 8
o . wide ) existing materials. assume 0.05 FTE hours
biodiversity corridors; or the instance. or vear
- Environmentally friendly seawalls guideline (DECC per year.
and SMCMA, 2009), which could be provided to
foreshore landowners submitting applications for new
seawalls or seawall upgrades.
Support the PRCG Biodiversity Sub-Committee to . .
o . This action will require
develop a biodiversity corridors strategy for the o
. , consultation with the NSW
Parramatta River catchment area. Work with State Department of Planning and
agencies and other stakeholders for this Strategy to be Catchment Infrr;structure on develg ment of Assume 0.1 FTE hours
11_COMO6 | recognised  within  planning and development Committee ) Planning P $- $8,000 for staff member per $56,189 105 9
. , wide standard clauses for LEPs and
frameworks including LEPs and DCPs, DA year.
DCPs. Reference should be
assessments and Plans of Management. Encourage . ,
I L made to linked actions 2_COMO02
on-ground rehabilitation works undertaken within these
e . and 4_COMO04.
areas to support the biodiversity corridors concept.
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. - Prelimi
Primary Preliminary I:]Zlir:;;xy = =
: : - R ibili . M t  Not Implementati Indicati : P o 5 2
Action ID Action Description esponqb ity Location(s) anagemen Otes op ”.”p gmen aton gnd ndlcg Ve Capital Cost Comments Annually Annually Recurrent 8 2 @ % S
Supporting Category Decommissioning (as required) Capital o S Lo =
o Recurrent Cost Comments s 3 &L
Organisation Cost = o
Cost
This is an important activity for
improving our understanding of
how tidal and flood flows impact
on estuarine hydrodynamics, and . .
. . L D , EIA, tender, t
Liaise with OEH about opportunities for installation and Committee Waterwa also in terms of monitoring for the m::;gr:ement :i:e 1, Projec
34_COM20 | operation of permanent automatic water level gauges , y Monitoring potential impacts of climate $60,000 g ’ $4,500 $91,606 1.01 | 10
. wide . establishment. Install 3
on the Parramatta River estuary. OEH change. With respect to the aUdES
latter, a long term data set would gauges.
be required, and therefore it is
recommended that the gauges be
installed as a priority activity.
Liaise with Harbour City Ferries and the RMS to
encourage them to incorporate environmentally friendly
features into their designs for new (or upgraded) ferry - - Assume one week of
wharf access ways and bike paths (respectively). As Catchment Existing guideline documents and staff members time per
25_COM11 Y © pams (1especively). Committee , Comms | other supporting materials should $- $1,500 rioers fime p $10535 099 11
part of the design and site selection process, due wide be used where possible year for liaison with
consideration should be given to the protection and P ' internal staff.
enhancement of riparian zones, biodiversity corridors
and estuarine vegetation.
Encourage the development or review of Plans of
Management for all fresh water and saltwater wetlands
in the PRCG area, focusing initially on high and
medium priority wetlands identified in the HNCMA
Wetlands Prioritisation process in the PRCG area, . .
specifically Committee Encourage councils to
' Catchment- dertake/update PoM
1.COMO1 | - Newington Nature Reserve Wetland (Plan of . aiehmen Planning $88,000 ga0p  nderakelupdate PoMs oo hor 099 12
. SOPA, Auburn City wide for wetlands in the
Management for Newington Nature Reserve, 2003), .
. . Council PRCG area.
- Bicentennial Park (Plan of Management for The
Parklands at Sydney Olympic Park, 2010), and
- Upper Duck River 1 and 2 (Upper Duck River
Riparian and Wetland Plan of Management - funded by
HNCMA and to be completed 2012).
Implement an estuarine health monitoring program for
the Parramatta River estuary in accordance with the . Based on cost of
. . Refer to the recommendations on . .
recommendations of the CZMP, and the requirements ) o o . , implementation of the
of the NSW MER Strategy, that coordinates the Commitiee Catchment monitoring and evaluation in Detailed design of Georges River
34_COM17 L - 9, . . Monitoring Section 6 of the CZMP. $50,000 | monitoring program, $200,000 .g , $1,454,716 | 097 13
monitoring  activities undertaken by the various wide . o . monitoring program,
. . OEH Linked actions include establish frameworks. . .
stakeholders, including the Sydney Harbour Catchment relies on substantial
. . 32_COM16 and 34_COM20.
Water Quality Improvement Plan data coordinated by volunteer support.
the HNCMA.
Undertake a review of the Parramatta River Estuary . . Refer to Sections 6 and 7 of the
4_COM1 C tt N/A Pl - 245,82 . 14
34_COM19 CZMP every 5 to 10 years. ommittee / anning CZMP. $ $35,000 $245,825 | 0.93
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- Prelimin
Primary Preliminary Inijlica:tisgy = =
. . - Responsibili _ Management  Notes on Implementationand  Indicative : B @ S o £
Action ID Action Description eSpO Sl.b ity Location(s) anageme 0 eso_ _pg entatio ? I . V Capital Cost Comments Annually Annually Recurrent L= o8 &
Supporting Category Decommissioning (as required) Capital o S Lo =
o Recurrent Cost Comments s 3 &L
Organisation Cost = o
Cost
Assume 0.1 FTE hours
Liaise with Harbour City Ferries on opportunities to Waterwav- for a staff member &
22_COMO09 | mitigate the impact of RiverCat wash on the foreshore Committee wide Y Comms Refer to linked action 22_COMO08. $- $38,000 $30,000 for $266,896 | 092 @ 15
and, where feasible, rehabilitate impacted areas. rehabilitation costs per
year.
Continue to coordinate the provision and maintenance . . Replacement or
of educational and prohibited activities signage at Catchment Graphic design, tender & installation of up to 5
32_COM15 , nd p gnag Committee , Comms $75,000  install 8 new signs in first $40,000 P $355043 090 16
appropriate locations around the estuary by the local wide ear signs per year, plus
councils. year. maintenance.
Coordinate the efforts of the relevant local Councils Committee
(Parramatta, City of Ryde and Hunters Hill) to extend Parramatta City
tchment- A 0.05 FTE
25_COM12 | the Parramatta Valley Cycleway Shared Path to the Council, City of Ca :\,ig;en Comms $- $4,000 hsj:smeer oar $28,004 | 090 17
end of the Parramatta River estuary (near Cockatoo = Ryde, Hunters Hill peryear.
Island). Council
Collate and distribute guidelines to .Councns and Printing and distribution
foreshore landowners on best practice bank and Catchment- Collate and update as of brochures & liaison;
23_COM10 | foreshore erosion control and rehabilitation techniques Committee , Comms $5,000 ) . p . $6,000 ’ $47 141 0.86 | 18
.y . wide required existing materials. assume 0.05 FTE hours
that promote the use of riparian and estuarine
. per year.
vegetation.
Address recreational needs across the catchment in a
two-step process as follows:
1) Conduct a recreational needs analysis that
incorporates the DP&I's Accessing Sydney Harbour
Policy and RMS (Maritime)'s Better Boating Policy, and
2) Develop and implement a strategy for the integrated
t of tional it . tchment- , rtak lysi
29 COMI3 manggemeh 0 recreallona amenity across Committee Ca c.men Planning $150.000 Undertake needs analysis . $150000 077 19
administrative boundaries for the estuary as a whole, wide and prepare strategy.
giving consideration to:
- The need to maintain and improve access and
address safety issues (e.g. installation of safety
barriers where appropriate);
- Liaison between local Councils; and
- |dentification of priorities for management.
When updating the CZMP, consider the implications of Catchment Refer to Section 2.5 & Appendix Review and refinements to
39_COM21 | the coastal hazard assessment (Section 25 & Committee wide Planning C of the CZMP, which contains $25,000 | the CHA incorporating new $- $25,000 0.68 | 20
Appendix C) for management. the CHA report. data obtained.
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Preliminary
Indicative
Capital Cost Comments Annually Annually Recurrent
Recurrent Cost Comments
Cost

Primary Preliminary
Responsibility e Management Notes on Implementation and Indicative
Supporting Category Decommissioning (as required) Capital

Organisation Cost

Action ID Action Description

Net Present
Value
Cost:Benefit
Ratio
Priority

Councils and the Committee should liaise with the

HNCMA to prioritise and implement bank stabilisation

works, focusing on upper catchment areas, based on

the findings of the HNCMA's Waterways Health

Strategy ~ (EarthTech, 2007). The following

recommendations from the Strategy are based on a

desktop study only and must be ground-truthed prior to

implementation:

1) Revegetate riparian zone, particularly focusing on

riverbank stabilisation through revegetation for the Catchment- Feasibility investigations,
10_COMO05 | Parramatta River main channel left hand bank between Committee , Works including ground-truthing required | $2,000,000

, , wide . . .

the confluence with Duck River downstream to the prior to implementation.

eastern extent of George Kendall Riverside Park,

2) Revegetate riverbanks and riparian zone on both

banks of the Girraween Creek (between Great Western

Highway and the western Railway line),

3) Revegetate riverbanks and riparian zone on both

banks of the Lalor Creek (between M7 to confluence

with Blacktown Creek), and

4) Revegetate riverbanks and riparian zone along the

whole creek length of Archer Creek.

Investigation into options
(feasibility studies), design,
EIA, tender, project
management, site
establishment, & revegetate
sites.

Maintenance
requirements will
$100,000 reduce over time as $2,702,358 | 0.62 @ 21
plants become
established.
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Table 5.14: Generic Action Plan

Management
Category

Generic

Action ID* Action Description

Land Use Planning and Development: When undertaking reviews of planning instruments or engaging in strategic land use
planning, seek consistency with the Parramatta River Estuary CZMP and, where possible, update the relevant instrument as
required.

Primary Objective Addressed: 1A

Consult with the NSW Department of Planning and Infrastructure to develop a model LEP
clause for inclusion into the statutory planning framework that provides for consideration of
issues such as foreshore building lines, riparian setbacks and public access. Councils to
incorporate into their standard instrument LEPs.

2_GENO1 Planning

Land Use Planning and Development: Develop provisions under Development Control Plans that provide for the
incorporation of best practice WSUD and ecological connectivity along the estuary foreshores for sites subject to re-
development.

Primary Objective Addressed: 2E

In consultation with the NSW Department of Planning and Infrastructure, develop model
DCP clauses for more specific aspects of estuarine management, such as:

- Environmentally friendly seawalls;

- Site-based WSUD;

- Stormwater retention, harvesting and re-use;

- Foreshore inundation/flooding (including from sea level rise);

- Biodiversity corridors and habitat conservation;

- Public access; and

- Riparian setbacks.

Councils to incorporate into DCP.

4_GEN02 Planning

Water and Sediments: Retrofit appropriate WSUD features in existing urban areas of the catchment targeting locations
upstream from where stormwater runoff and associated pollutants are impacting sensitive estuary locations.
Primary Objective Addressed: 3A

Improve the quality of stormwater flows by providing GPTs or other WSUD features as part Works

7_GENO3 of stormwater harvesting schemes.

Water and Sediments: Modify, upgrade or repair existing SQIDs, stormwater infrastructure and management practices as
required to maintain or improve their effectiveness. This should include development of maintenance schedules for existing
infrastructure where they are not currently in place.

Primary Objective Addressed: 2B

Investigate the efficacy of existing water quality controls and review maintenance regimes

8 GENO4 for stormwater infrastructure across the LGA. Investigation
Conduct a critical review of existing stormwater management practices to determine:
- The efficacy of maintenance regimes of existing GPTs, and

8 GENO5 |- Identify locations where additional gross pollutant trapping is required. Investigation

Include a review of current street sweeping activities in catchment areas. Reference
should be made to AECOM (2010) for further discussion of the issues relevant to this
action.

Water and Sediments: Work with Sydney Water to prioritise maintenance and upgrade of the sewerage network within the
catchment on an ongoing basis to reduce sewage overflows. This activity should include investigations into the incidence of
illegal private connections to the sewerage and / or stormwater network.

Primary Objective Addressed: 2C

Provide support to Sydney Water in prioritising works to address sewer overflows affecting

Communications
the estuary.

9_GENO06
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EReere Action Description LB Elial
Action ID* P Category

Estuarine Ecology: Develop and implement a strategy for the coordinated management of estuarine and riparian biodiversity
across administrative boundaries for the estuary as a whole. The strategy should incorporate biodiversity corridors and SLR
consideration, to ensure the ongoing provision of habitat and connectivity between habitat areas.

Primary Objective Addressed: 4A

Support the PRCG Biodiversity Sub-Committee to develop a biodiversity corridors strategy
for the Parramatta River catchment area. Work with State agencies and other stakeholders
for this Strategy to be recognised within planning and development frameworks including
LEPs and DCPs, DA assessments and Plans of Management. Encourage on-ground
rehabilitation works undertaken within these areas to support the biodiversity corridors
concept.

11_GENO7 Planning

Estuarine Ecology: Undertake improvements to foreshore infrastructure where possible to reduce their impacts on aquatic
habitats. ~ Consider the need, where feasible, to relocate or decommission infrastructure where it is impacting on
environmentally sensitive locations.
Primary Objective Addressed: 4A

Ensure that new stormwater infrastructure is designed to appropriately mitigate the

. . . Communications
impacts of scour on estuarine habitats.

16_GENO08

Estuarine Ecology: Undertake works to provide for the ongoing preservation of estuarine and riparian habitats under climate
change conditions. This should include the enhancement of existing habitats where there is possibility of retreat, or
establishing additional habitat areas as required, to maximise habitat under SLR conditions.

Primary Objective Addressed: 4A

Within Plans of Management, ensure provision for the landward retreat (where feasible) of
17 GEN09 all significant saltmarsh, swamp oak floodplain forest and mangrove communities. Issues

- to be addressed in Plans of Management include the protection and enhancement of the
communities, and provision for areas for landward retreat.

Planning

Undertake enhancement of estuarine vegetation as a stabilisation method in areas of
17_GEN10 | erosion, and to protect existing seawalls from further erosion, for locations as identified in Works
the Estuary Processes Study (AECOM, 2010).

Estuarine Ecology: Undertake ongoing monitoring and management of aquatic and terrestrial weeds (incl. noxious weeds)
and introduced species (both flora and fauna).
Primary Objective Addressed: 4C

Continue bush regeneration in all reserves of the Parramatta River estuary catchment,
20_GEN11 | including undertaking the recommendations made in the Estuary Processes Study Works
(AECOM, 2010).

Estuarine Ecology: Improve the environmental value of existing seawalls through the addition of habitat, where feasible.
Primary Objective Addressed: 4D

Incorporate potential habitat opportunities into seawall designs and / or upgrades. This will
include the advancement of knowledge through:

- Contributing research into seawall habitat, and

- Carrying out further research into retrofitting habitat to seawalls.

21_GEN12 Works

Periodically monitor the condition of seawalls along that portion of the Parramatta River
21_GEN13 | within the LGA. If seawalls require attention incorporate the principles of the DECC and Monitoring
SMCMA (2009) Environmentally Friendly Seawalls guideline.

Bank Condition: All management authorities involved in the building, design and approval of new seawalls, or major
upgrades of existing seawalls, should promote their compliance with the Environmentally Friendly Seawalls guideline (DECC
and SMCMA, 2009) within legislative constraints.

Primary Objective Addressed: 6B

24 GEN14 Provide information to Council staff on the DECC and SMCMA (2009) Environmentally Communications
- Friendly Seawalls guideline to promote their usage within the LGA.
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Generic
Action ID*

Action Description

Management
Category

Human Usage and Recreation: Maintain and improve existing public access (i.e. bike and walking paths) for the Parramatta
River estuary to provide transport linkages throughout the LGAs, giving consideration to sensitive environmental locations.
Primary Objective Addressed: 7A

Facilitate the incorporation of public access into new and existing developments with due .

25 GEN15 consideration of sensitive estuarine environments and ecological values. Planning
Incorporate environmentally friendly features into the designs for new (or upgraded)

25 GEN16 foreshore infrastructure.  As part of the design and site selection process, due Works

- consideration should be given to the protection and enhancement of riparian zones,

biodiversity corridors and estuarine vegetation.

*The first number in the generic action ID is the relevant option number.
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6 MONITORING AND EVALUATION STRATEGY

Monitoring and evaluation is a key component of any CZMP for two purposes:

= To monitor, evaluate and report on the health of the Parramatta River estuary; and
= To determine if implementation of the Plan has been successful in meeting the management objectives.

Monitoring and evaluation permits adaptive management, whereby the adopted management approach can be
modified in response to any changes in circumstances, or to provide improved management outcomes.

Section 6.1 provides an overview of how the implementation of the Plan will be measured against the
management objectives, and Sections 6.2 and 6.3 provide further discussion on estuarine health monitoring
requirements and coordination of the program. Section 6.4 contains the Parramatta River Estuary Health
Monitoring Program.

6.1 Key Performance Indicators

To assist the Committee in measuring the success of implementation of the Plan, Key Performance Indicators
(KPIs) have been developed for the Parramatta River estuary. The development of KPIs should ideally consider
the SMART criteria, which means the measures should ideally be:

= Specific;

=  Measurable (where possible);

= Achievable;

= Relevant; and

= Time phased, in this case the first period (5 to 10 years) of implementation of the Plan.

A series of KPIs have been developed to allow the Committee to measure whether the actions implemented
under the Plan have been successful in working towards achievement of the management objectives (Table
6.1). Some more general KPIs have also been developed to assess the more procedural aspects of
implementation of the Plan. Some KPIs would be informed by the estuarine health monitoring program, whereas
others are either qualitative, or rely on other sources of information.

These KPIs should be assessed after a period of no more than five years, and a decision made by the
Committee as to whether it is necessary to update the Plan. It may be beneficial to review the General KPIs
listed at the bottom of Table 6.1 more regularly (e.g. annually). This process will assist the Committee in
determining whether the actions list needs to be updated and additional actions incorporated for the forthcoming
implementation period. This process should also be informed by the findings of the estuarine health monitoring
program, particularly with respect to any emerging issues.
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Table 6.1: Key Performance Indicators for Management Plan Objectives

Management Objective(s)

Land Use Planning and Development

1A

Ensure integration of the Parramatta River Estuary CZMP aims and
objectives into other strategic planning and natural resource management
activities, instruments and policies.

Water and Sediments

Key Performance Indicator

Relevant Plans of Management and statutory and non-statutory instruments that have been
updated since adoption of the CZMP make reference to the Plan.

The reported incidences of illegal dumping as recorded by the Committee members are
reduced.

The quality of stormwater runoff from the catchment is improved.

The incidence of reported sewer overflows as recorded by Sydney Water is reduced.

There is increased compliance with the ANZECC (2000) guidelines for primary and secondary
contact recreation at sites within the study area monitored under the Harbourwatch program.
Estuarine water quality shows improved compliance with the ANZECC (2000) and OEH (2013)
guidelines for aquatic ecosystem health. It may be necessary to validate the guideline values
against baseline conditions for the estuary.

Reference conditions for chlorophyll-a concentrations are established for the estuary in
accordance with the requirements of the NSW MER Strategy (DECCW, 2010c).

The net extent and percentage cover of estuarine aquatic and intertidal vegetation is maintained
or improved.

Net extent and percentage cover of riparian vegetation is maintained or improved.

The characteristic suite of vegetation types found in and around the estuary, and along the
riparian zones of the major tributaries, is maintained into the future.

2A | Minimise incidences of illegal dumping of waste into the estuary.

o8 Reduce the level of contaminated sediment and other pollutant loads
entering the estuary from catchment runoff.
Reduce the incidence of sewer overflows affecting the estuary and improve

2C | compliance with recreational water quality guidelines for all sites monitored
under the Harbourwatch program.

2D Limit the mobilisation of pollutants from contaminated foreshore areas and
bed sediments into the water column through minimising their disturbance.

oF Ensure all new developments do not have a negative impact on estuarine
water quality.

3A Reduce sedimentation in the estuary, particularly where it affects vulnerable
ecological communities such as seagrass.

Ecology
Protect and enhance estuarine habitats (both aquatic and foreshore

4A | habitats), with a focus on providing ecological connectivity between core
habitats.

4B Naturalise existing concrete lined and highly modified creeks as
opportunities arise.
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Obj. o

IDJ Management Objective(s)

e Reduce the occurrence of weeds and pests in aquatic and terrestrial habitats
in and around the estuary.
Incorporate additional aquatic habitat opportunities into existing areas of
limited habitat.

Bank Condition
Actively encourage the replacement of the current RiverCat with another

5A | vessel that has a lower environmental impact (i.e. particularly with respect to
bank erosion).

BB | Rehabilitate high priority sections of eroding shorelines.

6A | Remove seawalls where feasible and restore a natural intertidal zone.
All seawalls, including those that are to be retained and new seawalls that

6B | are proposed, should where feasible incorporate the principals of

environmentally friendly design features (after DECC and SMCMA, 2009).

Human Usage and Recreation

7A

7B

7C

Maintain and improve public access along the estuary foreshores and
waterway.

Ensure that recreational faciliies continue to be provided for a range of
different user groups at strategic locations.

Achieve recognition of the iconic status of the Parramatta River and
capitalise on foreshore and waterway linkages.

Key Performance Indicator

Ecological connectivity is improved via the linking of discrete patches of core habitat.

Reported incidences of vegetation vandalism are reduced.

Environmental flows/tidal exchange is improved or restored (where possible) so as to permit fish
passage.

There is a decrease in the extent (linear length) of concrete lined channels/creeks.

Occurrences of introduced animal species are reduced.

Weed coverage in foreshore and riparian vegetation is reduced.

Occurrences of aquatic pest species in the estuary and its tributaries are reduced.

Increase in the extent (linear length) of environmentally friendly seawalls.

Reduction in the extent (linear length) of artificial structures along the estuary foreshores.
Reduction in the extent (linear length) of eroding natural shoreline.

Increase in the extent of shoreline protected by natural vegetation (e.g. mangroves).

The Committee enters into correspondence with Harbour City Ferries and initiates a dialogue on
the RiverCat.

Opportunities to improve public access to the foreshore are realised through the planning and
development process.

The extent (linear length) of pathways for pedestrians and cyclists is increased and existing
pathway sections are connected along the estuary foreshores.

There is an increase in the extent (linear length) of publicly accessible estuary foreshore.

The Committee members work together to promote within their organisations a strategic
approach to management and planning for recreation, public access and transport linkages.
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Management Objective(s) Key Performance Indicator

Monitoring, Evaluation and Reporting

Implement a coordinated estuary health monitoring program in line with the | = A centralised database is established and maintained to record all monitoring data.
NSW MER Strategy. This program should incorporate elements that assist = Estuarine health report cards are regularly produced.

8A | in assessing the effectiveness of implementation of the Plan in achieving the . The C it ks with educational and h institut i entifi
stated aims and objectives. The program should also incorporate a reporting € Lommitlee "Works with educational and research institutions fo- encourage  scientiic

function to provide information to the community and key stakeholders. research and data sharing on the Parramatta River estuary.
= The community is involved in Plan implementation and monitoring activities.
9A | Promote public awareness of cultural heritage in and around the estuary. = A web page is established to act as a centralised point for communication on the Plan and

ongoing monitoring activities.
gg | Provide information to the community on the potential impacts of climate = The cultural heritage significance of the estuary is recognised, protected and (where
change on the Parramatta River estuary. appropriate) promoted.

Coastal Hazards

=  The Committee members work together to promote within their organisations a strategic

Plan for and mitigate (or increase the capacity to adapt to) the impacts of approach to biodiversity management and planning, taking into consideration the potential
10A | climate change and SLR on foreshore-based public infrastructure and impacts of climate change.

ecological communities. = The Committee members work together to promote within their organisations a strategic

approach to asset management that takes into account the potential impacts of climate change.
General KPIs

= The Committee continues to meet several times during the year to progress the Plan.

= Committee members from local Government incorporate the initiatives and actions in the Plan into their strategic planning and reporting framework as required by the Department of
Local Government.

= The Committee members are successful with grant applications to support implementation of actions identified in the Plan.

= A minimum of 75% of the management actions identified in the Plan have been initiated after a period of 5 years.
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6.2  Estuarine Health Monitoring Requirements

As previously identified, one of the requirements of a CZMP is to include a strategy for monitoring estuarine
‘health’. The term estuarine health relates to the integrity and functioning of the estuarine ecosystem, and
should consider whether it is in a ‘natural’ condition or a ‘modified’ condition (e.g. due to pollution or the
impacts of other human activities).

It is difficult to define a baseline for a ‘healthy’ estuary, particularly in the context of the high rates of spatio-
temporal variation in environmental parameters within an estuary (e.g. due to relative dominance of tidal and
freshwater inflows), and differences between estuaries with different characteristics. It is therefore critical to
collect data on indicators of estuarine health in each estuary as part of a comprehensive monitoring program
to define a baseline condition, assess the range of natural variation in the system, and to track trends in the
condition of the estuary. Estuarine health may be measured by a range of different variables. The
Parramatta River estuary has historically been subject to significant impacts due to urbanisation of the
catchment and use of the waterway, and is considered an extensively modified estuarine system.

The New South Wales Natural Resources Monitoring, Evaluation and Reporting Strategy 2010-2015
(DECCW, 2010c) guides the Monitoring, Evaluation and Reporting (MER) of the status of natural resources in
NSW. It presents a standard approach to coordinate the efforts of natural resource and land management
agencies (including State Government agencies and the CMAs) to better understand whether the overall
health of the natural resources of NSW are changing and to assess the effectiveness of remedial action in
reversing observed negative trends. The state-wide natural resource condition targets in the Strategy
(DECCW, 2010c) provide the structure for the MER program. The outcomes of the MER program also feed
into the State of the Environment reporting prepared by OEH.

The MER Strategy aims to guide monitoring, evaluation and reporting efforts over the next five years to:

= Support continuous improvement of Natural Resources Management (NRM) and investment
decisions;

= Inform evaluation and reporting on progress towards the NRM targets at the State and catchment
level scales;

= |mprove our knowledge of the condition of natural resources and the pressures on them, as well as
on trends in the condition of our natural resources;

= Improve capacity to report on achievements of investments in NRM programs;
= Improve data management and sharing arrangements among MER partners; and
= Enhance collaborative partnerships with key NRM players to strengthen the MER effort.

The MER Strategy is supported by an Implementation Plan (DECCW, 2010a) that details the range of
environmental indicators monitored under a series of 13 ‘themes’. The relevant theme for this Plan is the
‘estuaries and coastal lakes’ theme, under which a series of indicators are identified for monitoring (Table
6.2). OEH is the lead agency for this theme, with support provided by DPI (Fisheries). The ‘current’ program
details activities that are currently undertaken using dedicated resources, however, the Implementation Plan
(DECCW, 2010a) also details an ‘essential’ program which lists the activities that would need to be
undertaken in order to meet the essential elements of the MER Strategy for 2010-2015 (DECCW, 2010c).
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OEH provides guidance on implementation of the MER Strategy for estuaries in the document: Assessing
estuary ecosystem health: sampling, data analysis and reporting protocols (2013). According to OEH (2013)
monitoring as part of the estuaries theme of the MER Program focuses on estuarine biology to determine
condition in preference to the stressors and pressures which are the external factors that cause changes in
condition.

The estuarine ecosystem health indicators listed in OEH (2013) are summarised in Table 6.2. The MER
water quality monitoring is scheduled to be undertaken approximately every 3 years, between mid-September
and the end of March, in accordance with the sampling program outlined in Section 7.4 of OEH (2013). It is
understood that the estuarine macrophytes and fish sampling would follow a similar cycle of sampling roughly
every 3 years (DECCW, 2010a). The data collected is to be incorporated into the state-wide MER.

Table 6.2: Estuarine Ecosystem Health Indicators (after OEH, 2013)

Indicators Method
Water quality indicators:
Chlorophyll a Filtration and extraction
Water clarity Secchi disc; NTU

Other indicators:
Estuarine macrophytes (saltmarsh, mangroves & seagrasses) | Areal extent

Fish assemblages Estuarine Fish Community Index
Optional additional indicators:

Macroalgae Areal extent

Dissolved Oxygen 24hr in situ monitoring

OEH (2013) notes that these protocols do not address matters that reflect broader estuary uses, human
health and community values such as the assessment of recreational water quality (see Beachwatch
protocols), however, there may be opportunities to include additional indicators when reporting on estuary
health or water quality more broadly.

In the event that the Committee obtains additional funding for implementation of the monitoring program under
this CZMP, it is recommended they consider the recommendations provided in Appendix I. It is
recommended that the Committee seek opportunities to introduce additional indicators (e.g. benthic
assemblages) into their monitoring program for estuarine ecosystem health consistent with the advice of OEH
(2013) as funding becomes available.

6.3  Program Coordination

The PRCG would be responsible for leading and coordinating the monitoring activities undertaken by each
authority/organisation represented on the Committee. According to the NSW MER Strategy (DECCW, 2010c),
data management, storage, sharing and dissemination standards and systems are the responsibility of the
respective organisations carrying out the monitoring activity.
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6.4  Parramatta River Estuary Health Monitoring Program

While a variety of stakeholders have in the past, and many continue to, monitor certain aspects of water
quality and estuary health in discreet areas in the Parramatta River estuary, there has been no coordinated
effort to monitor the health over the entire estuary.

Appendix H provides a brief overview of existing monitoring programs and activities conducted by a range of
organisations within the Parramatta River, including details of indicative sampling locations and parameters
monitored.

As part of developing this CZMP, the Committee agreed to adopt an Estuary Health Monitoring Program that
will be used as a baseline to track how well the estuary is being managed over time, as well as whether
implementation of the completed CZMP is contributing to improved estuary health.

The key objective of the monitoring is to look at how the overall health of the estuary changes over time. This
monitoring program is consistent with the NSW MER Strategy (DECCW, 2010c) program principles. Other
similar estuary health monitoring programs following the same principles also exist, including one for the
Georges River, which will enable useful comparisons between estuaries.

It should be noted that while this section describes the monitoring program adopted at the time of preparing
this CZMP, there may be changes over time to aspects such as indicators sampled, sites, sampling periods
and analysis of data. This will allow for improvements to be made once more information becomes available,
as well as to adopt changes to State-wide programs such as MER that may be rolled out and need to be
complied with.

Appendix | also contains some additional guidance on estuarine health monitoring and additional parameters
that could be incorporated into the Estuary Health Monitoring Program should additional funding become
available in the future.

6.4.1 Indicators

The adopted estuary health monitoring program is based around using key indicators that are monitored at
the State level under the MER Program. This includes monitoring:

= Chlorophyll g;
= Turbidity;

= Other supporting physico-chemical indicators such as salinity, dissolved oxygen, pH, and
temperature;

= Estuarine macrophytes (seagrasses, saltmarsh, mangroves) distribution change; and

= Riparian vegetation distribution and condition.

6.4.2  Sampling Period and Effort

= Sampling monthly for chlorophyll a and turbidity (with fortnightly sampling of chlorophyll-a over the
warmer months to be considered — roughly mid-September to end of March). Fortnightly sampling
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over the warmer months is recommended as algal productivity is greatest over these months and as
per MER methodology, will ensure that the chlorophyll a maxima is more likely to be accurately
captured;

= Assessments of estuarine macrophyte distribution and condition every 5 to 10 years to compare with
existing data to identify change in extent and condition over time; and

= Assessments of riparian vegetation distribution and condition every 5 to 10 years to compare with
existing data to identify change in extent and condition over time.

6.4.3  Sampling Sites

To gain a representative picture of the overall health of the Parramatta River estuary, it is recommended that
ten sites are sampled (Figure 6.1). These include five sites along the main river channel that will capture the
salinity gradient up the estuary from Cockatoo Island to the weir at Charles Street. The other four sites are
located outside of the main river channel to ensure the major bays and tributaries of the Parramatta River are
also included. These sites are located in Iron Cove, Hen and Chicken Bay, Homebush Bay and Duck River.
For the site located upstream of Silverwater Bridge, boat access will need to be arranged with RMS (Maritime)
and Harbour City Ferries.

Parramatta City Council have also initiated the installation of two continuous water quality monitoring stations
located within their LGA, which will monitor the same suite of indicators. These stations will align with the
locations of the two most upstream sites in the main channel. A third continuous monitoring station is
proposed at the downstream end of the estuary, in the vicinity of Cockatoo Island, once additional funding is
secured. These stations are part of a broader Sydney Harbour Catchment Water Quality Improvement Plan
project coordinated by the HNCMA, which will also see installation of the monitoring stations in Sydney
Harbour, Middle Harbour and Lane Cove River. The stations will also provide useful supporting information for
this monitoring program and will allow cross calibration between chlorophyll a monitored continuously on each
station using a fluorometer, with the chlorophyll a samples sent off to the laboratory.

6.4.4  Sampling Protocols

Sampling protocols for the monitoring program are as follows:

= Water quality parameters of pH, salinity, turbidity, dissolved oxygen and temperature will be sampled
in-situ using a water quality logger. The logger should be calibrated before each use with the
appropriate standards and buffer solutions. Chlorophyll a will be sampled in containers supplied by a
NATA accredited laboratory and will broadly follow the MER sampling protocols (Scanes et al.,
2009). Chlorophyll a will be sampled on a five minute boat drift whereby a 1L sample is taken every
30 seconds and poured into a bucket, a total of 10L of sample water will be drawn and homogenised
in a bucket from which a 1L sample will be collected in supplied sample container;

= Monitoring of all sites will be undertaken by boat;

= Chlorophyll a samples will be covered in foil to block out the light, chilled and kept in an esky until
dispatched to the laboratory, usually on the same day of collection, but no later than 48 hours after
collection; and

* Aduplicate and field blank sample will comprise 1 out of every 10 samples.
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6.45  Analysis of Data

The assessment of chlorophyll a and turbidity data will be in accordance with the methodology used under the
MER Program (OEH, 2013), including adoption of the trigger values derived from this program (Table 6.3).
The methodology for assessing change in macrophyte distribution over time will also follow the MER
methodology.

Table 6.3: Trigger Values to be Used*
Estuary Zone

Indicator Estuary Type Tiszd en sl Trigger Value
Upper <10 ppt salinity 3.4 pglL

Chlorophyll a River Middle 10-25 ppt salinity 2.9 ug/L
Lower >25 ppt salinity 2.3 pglL
Upper <10 ppt salinity 6.6 NTU

Turbidity River Middle 10-25 ppt salinity 3.5NTU
Lower >25 ppt salinity 2.8NTU

* Note: These trigger values were derived from data from reference estuaries sampled as part of the NSW MER.

6.4.6  Evaluation and Reporting

Evaluation and interpretation of the data is important for determining whether any priorities of the CZMP need
to be amended or specific actions need to be taken. This should be an ongoing process.

Reporting of the data is important for highlighting to key stakeholders and the community in general how the
health of the Parramatta River is changing over time, and how it compares to other estuaries. Reporting
should be in the form of yearly report cards on estuary health/water quality.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 119
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

7 CONCLUSIONS AND RECOMMENDATIONS

The Parramatta River Estuary CZMP has been prepared by Cardno on behalf of the Parramatta River Estuary
Management Committee in accordance with the requirements of the Coastal Protection Act 1979, and with
reference to the relevant guidelines, including the Guidelines for Preparing Coastal Zone Management Plans
(DECCW, 2010b) and the NSW Estuary Management Manual (NSW Government, 1992; recently
superseded).

The Plan includes an implementation strategy consisting of 67 prioritised actions proposed for execution
within 10 years after the Plan is adopted. The strategy clearly identifies the responsible organisation for
implementation of each management action, be it the Committee as a whole or by one of the 11 authorities
that hold representation. The estimated capital cost of implementation is $19.4 million, with annually recurrent
costs (assuming 10 years of implementation) of $1.6 million.

In addition to these 67 prioritised actions a further 16 management actions were identified as generic actions
of significant benefit or high priority that may be implemented by any council or authority in the event the
necessary resources become available. These generic actions have been provided as a stand-alone list.

The management actions within the implementation strategy (Section 5) have been prioritised to assist in
allocating resources when carrying out the Plan, however, it is acknowledged that the resources required to
progress the Plan are significant, and that a flexible approach to undertaking works should be adopted. For
example, there may be grants or other funding opportunities that arise from time to time that will allow the
Committee to select certain types of lower priority management actions for implementation before higher
priority actions.

In order to measure the success of implementation of the Plan, a monitoring and evaluation strategy is also
included (Section 6) that provides for regular assessment against a range of KPIs, as well as more regular
monitoring of estuarine health. The Parramatta River Estuary CZMP should be regarded as a ‘living
document’ that is reviewed and updated over time in accordance with the principles of adaptive management.
The monitoring and evaluation strategy will be a key input into this process.

When the Plan is updated after the first period of implementation, the first activity that should be undertaken is
a review of the key management issues, aims and objectives to confirm that they remain relevant. At this time
the management options (and particularly their prioritisation) should also be reviewed. It may be that
emerging issues have developed since adoption of this Plan and hence the list of high priority management
options may require revision. Once these tasks have been undertaken, the list of management actions within
the implementation strategy can then be reviewed. This will initially involve the removal from the strategy of
any actions that have been completed. At this time, additional management actions that address the updated
list of high priority management options can be considered for incorporation into the updated implementation
strategy within the Plan. New management actions may be carried across from the management
recommendations made in the Estuary Processes Study (AECOM, 2010) where they remain relevant.
However, it may be necessary to consider developing new management actions that more adequately
address the management priorities at that time.

The Parramatta River Estuary CZMP represents a comprehensive document that provides for the
coordination of management initiatives by the Committee members. Successful implementation of the Plan
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will require the continued cooperation of the many stakeholders under the guidance of the Parramatta River
Estuary Management Committee.
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8 QUALIFICATIONS AND ASSUMPTIONS

The following qualifications and assumptions apply to this Plan:

The development of the Plan commenced prior to release of the new Guidelines for Preparing
Coastal Zone Management Plans (DECCW, 2010b). Every effort has been made to meet the
minimum requirements of the Guidelines in so far as is reasonably practical.

The assessment of the potential impacts associated with the management options and management
actions is preliminary in nature and is not intended as an exhaustive assessment. It has been
assumed that the appropriate level of environmental impact assessment would be undertaken prior
to the initiation of any on the ground works, and that appropriate mitigation measures and
environmental safeguards will be put in place to minimise impacts associated with the works. The
preliminary actions costings for on the ground works include a budgetary allowance for the required
environmental impact assessment where indicated.

It has also been assumed that any relevant approvals, permits or licences required under the
legislation would be obtained for any works implemented under this Plan.

The feasibility and sustainability of management actions identified in the implementation strategy
have not been considered in detail during the preparation of this Plan, but have relied upon
information presented in the Parramatta River Estuary Processes Study (AECOM, 2010) or provided
by the Committee members. Where feasibility investigations were considered to be an important
component of the implementation process for a particular management action, this has been
identified in the implementation strategy. However, the need for further consideration of feasibility
and sustainability should be assessed prior to initiation of any of the actions.

The cost estimates shown in the implementation strategy are indicative and have been used for
comparative purposes only. Detailed cost estimates should be obtained prior to initiation of any of
the management actions.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 122
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

9 REFERENCES

AECOM (2010) Parramatta River Estuary Processes Study. Prepared for the Parramatta River Estuary
Committee. October 2010.

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and
New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of
Australia and New Zealand, Canberra. October 2000.

Applied Ecology (2010) Lane Cove Estuary Saltmarsh Monitoring Manual. Prepared for the Lane Cove River
Estuary Management Committee. April 2010.

Bartlett, P. (2007) New Dawn for Harbour's Fish as Scales Tip in their Favour. Sydney Morning Herald: 28-
29/07/07, pp. 3.

Birch, G.F., Eyre, B., and Taylor, S.E. (1999) The distribution of nutrients in bottom sediments of Port Jackson
(Sydney Harbour), Australia. Marine Pollution Bulletin, 38 (12): pp. 1247-1251.

Birch, G.F., and Taylor, S.E. (2004) The Contaminant Status of Sydney Harbour Sediments. A Handbook for
the Public and Professionals. Environmental, Engineering and Hydrogeology Specialist Group, Geological
Society of Australia Public Education and Information Monograph No. 1, pp. 100.

Cardno (2008) Parramatta River Estuary Data Compilation and Review Study. Prepared for Parramatta City
Council, the Department of Environment and Climate Change, and the Sydney Metropolitan Catchment
Management Authority, on behalf of the Parramatta River Estuary Management Committee. July 2008.

Cardno (2010) Working Together to Sustain the Parramatta River — Monitoring and Evaluation Report.
Prepared for Parramatta City Council. August 2010.

CCBC (2010) Resourcing Strategy: Asset Management Plan. City of Canada Bay. March 2010, pp. 51.

Chessman, B. (2003) SIGNAL 2.iv A Scoring System for Macroinvertebrates (‘Water Bugs’) in Australian
Rivers Users Manual. Monitoring River Health Initiative Technical Report, Report No. 31. Commonwealth of
Australia. September 2003, pp.: 34.

Creese, B., Glasby, T., West, G., and Gallen, C. (2009) Mapping the Habitats of NSW Estuaries. NSW
Department of Industry and Investment NSW - Fisheries Final Report Series No. 113 ISSN 1837-2112.

CSE (2012) Assessment of the Science Behind the NSW Government's Sea Level Rise Planning
Benchmarks. Prepared by the NSW Chief Scientist and Engineer, April 2012.

DEC (2004) Waterwatch Australia National Technical Manual. Waterwatch Australia Steering Committee,
Australian Government Department of Environment and Heritage.

DECC and SMCMA (2009) Environmentally Friendly Seawalls. A Guide to Improving the Environmental
Value of Seawalls and Seawall-lined Foreshores in Estuaries. Prepared by the NSW Department of
Environment and Climate Change and the Sydney Metropolitan Catchment Management Authority. June
2009, pp.: 27.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 123
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

DECCW (2009) NSW Sea Level Rise Policy Statement. October 2009, pp.: 9.

DECCW (2010a) NSW Natural Resources MER Strategy 2010-2015 Implementation Plan (Version 1.1). NSW
Department of Environment, Climate Change and Water. October 2010, pp.: 66.

DECCW (2010b) Guidelines for Preparing Coastal Zone Management Plans. NSW Department of
Environment, Climate Change and Water. December 2010.

DECCW (2010c) New South Wales Natural Resources Monitoring, Evaluation and Reporting Strategy 2010-
2015. NSW Department of Environment, Climate Change and Water. December 2010.

DECCW (2010d). Coastal Risk Management Guide: Incorporating Sea Level Rise Benchmarks in Coastal
Risk Assessments. NSW Department of Environment, Climate Change and Water.

DLG (2010) Planning a Sustainable Future. Planning and Reporting Guidelines for Local Government in
NSW. Division of Local Government, Department of Premier and Cabinet. January 2010, pp. 23.

DoP (2010) NSW Coastal Planning Guideline: Adapting to Sea Level Rise. NSW Department of Planning.
August 2010.

EarthTech (2007) Sydney Metropolitan Catchment Management Authority Waterways Health Strategy.
Prepared by EarthTech for SMCMA. June 2007, pp. 129.

EarthTech (2008) City of Canada Bay Estuary Vegetation Management Plan. City of Canada Bay.
September 2008, pp. 78.

Geoscience Australia (2012) OzCoasts: Australian Online Coastal Information — Sedimentation Rates.
Australian Government, Geoscience Australia. Accessed on 28/06/2012, at
www.ozcoasts.gov.au/indicators/sediment rates.jsp.

Green, R.H. (1979) Sampling design and statistical methods for environmental biologists. Cambridge
University Press: Cambridge, England.

1& NSW (2010) NSW Weeds Action Program Guidelines for Applying for Funds 2010-2011.

1& NSW (2011) Primefact 737: Sydney Harbour and Northern Beaches Recreational Fishing Guide. January
2011.

McLoughlin, L. C. (2000) Estuarine Wetlands Distribution along the Parramatta River, Sydney, 1788-1940:
Implications for Planning and Conservation. Cunninghamia, 6 (3): pp. 579-610.

NHMRC (2008) Guidelines for Managing Risks in Recreational Waters. National Health and Medical
Research Council, Australian Government, February 2008.

NPWS and SOPA (2003) Plan of Management for Newington Nature Reserve. Jointly prepared by the NSW
National Parks and Wildlife Service and the Sydney Olympic Park Authority. January 2003, pp.: 137.

NRMMC (2007) National Protocol for Monitoring of Cyanobacteria and their Toxins in Surface Waters. Natural
Resource Management Ministerial Council. Draft (Under Review). Canberra.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 124
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3


http://www.ozcoasts.gov.au/indicators/sediment_rates.jsp

Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

NSW Government (1992) Estuary Management Manual. Prepared by the NSW Government. October 1992,
pp. 198.

NSW Government (2009) NSW Sea Level Rise Policy Statement. NSW Department of Environment, Climate
Change and Water. October 2009.

NSW Government (2010) Metropolitan Plan for Sydney 2036. NSW Department of Planning. December
2010.

NSW Natural Resources and Environment CEO Cluster Group (2006) NSW Natural Resources Monitoring,
Evaluation and Reporting Strategy, August 2006.

NSW Water Resources Council (1993) NSW Rivers and Estuaries Policy. NSW Government. August, 1993,
pp. 40.

OEH (2011) Parramatta River. Accessed on 13/09/2011, at:
www.environment.nsw.qov.au/estuaries/stats/ParramattaRiver.htm.

OEH (2013) Assessing Estuary Ecosystem Health: Sampling, Data Analysis and Reporting Protocols. NSW
Natural Resources Monitoring, Evaluation and Reporting Program. Prepared by NSW Office and
Environment and Heritage, pp. 38.

PCC (2009) The Parramatta River Foreshore Plan 2009-2016. Parramatta City Council, pp. 70.

Roper, T., Creese, B., Scanes, P., Stephens, K., Wiliams, R., Dela-Cruz, J., Coade, G. and Coates, B.
(2011). Assessing the Condition of Estuaries and Coastal Lake Ecosystems in NSW Technical Report - NSW
State of the Catchments 2010. NSW Office of Environment and Heritage, Sydney.

Scanes, P., Coade, G. and Dela-Cruz, J. (2009) Monitoring, Evaluation and Reporting Sampling Protocols.
Department of Environment, Climate Change and Water. November 2009, pp.: 24.

SHFT (2003) The Plan. Published by the Sydney Harbour Federation Trust, pp. 197.

SMCMA (2009) Sydney Metropolitan Catchment Action Plan. Sydney Metropolitan Catchment Management
Authority, pp. 225.

SMCMA (2012a) Botany Bay Water Quality Improvement Program. Accessed on 27/06/2012, at:
www.sydney.cma.nsw.gov.au/bbcci/.

SMCMA (2012b) Draft Catchment Action Plan 2012 A Plan for Sydney’s Liveability. Sydney Metropolitan
Catchment Management Authority, pp. 245.

SOPA (2010) Parklands Plan of Management. Prepared for the NSW Government by the Sydney Olympic
Park Authority. November 2010, pp.: 62.

South Australian EPA (2007) Community Estuarine Monitoring Manual. Environment Protection Authority.

Standards Australia (1998a) AS/NZS 5667.1:1998 Water Quality - Sampling - Guidance on the Design of
Sampling Programs, Sampling Techniques and the Preservation and Handling of Samples. Standards
Australia, New South Wales.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 125
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3


http://www.environment.nsw.gov.au/estuaries/stats/ParramattaRiver.htm
http://www.sydney.cma.nsw.gov.au/bbcci/

Parramatta River Estuary Coastal Zone Management Plan

Prepared for Parramatta River Estuary Management Committee

Standards Australia (1998b) ASINZS 5667.6:1998 Water Quality - Sampling - Guidance on Sampling of
Rivers and Streams. Standards Australia, New South Wales.

Standards Australia (1999) AS/NZS 5667.12:1999 Water Quality - Sampling - Guidance on Sampling of
Bottom Sediments. Standards Australia, New South Wales.

Sydney Ferries (2012) Annual Report 2011-12. Published by Sydney Ferries, pp. 104.

Total Earth Care (2009 ) Weed Mapping in the Sydney Metropolitan CMA Region: Tussock Paspalum. Report
prepared for SMCMA, August 2009.

West, G. and Williams, R.J. (2008) A Preliminary Assessment of the Historical, Current and Future Cover of
Seagrass in the Estuary of the Parramatta River. NSW Department of Primary Industries — Fisheries Final
Report Series No. 98 ISSN 1449-9967.

West, G., Williams, R.J. and Laird, R. (2004) Distribution of Estuarine Vegetation in the Parramatta River and
Sydney Harbour, 2000. Report Prepared for NSW Maritime and Australian Maritime Safety Authority. NSW
Department of Primary Industries — Fisheries Final Report Series No. 70 ISSN 1449-9967, December 2004.

WRL (2011) Sydney Harbour Catchment Water Quality Improvement Plan: Data Compilation and Review. By
D.S. Rayner, B.M. Miller, W.C. Glamore and G.P. Smith. Prepared by the Water Research Laboratory,
UNSW, WRL Technical Report 2011/07, August 2011, pp.: 77.

Underwood, A.J. (1994) On Beyond-BACI: Sampling designs that might reliably detect environmental
disturbances. Ecological Applications, 4 (1), pp. 3-15.

Underwood, A.J. (1992) Beyond BACI: The detection of environmental impacts on populations in the real, but
variable, world. Journal of Experimental Marine Biology and Ecology, 161, pp. 145-178.

Underwood, A.J. (1991) Beyond BACI: Experimental designs for detecting human environmental impacts on
temporal variations in natural populations. Australian Journal of Marine and Freshwater Research, 42, pp.
569-587.

You, Z.-J., Lord, D. and Watson, P. (2009) Estimation of Relative Mean Sea Level Rise from Fort Denison
Tide Gauge Data. Coastal Unit, NSW Department of Environment, Climate Change and Water. Australian
Coasts and Ports Conference Wellington, New Zealand, September 2009.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 126
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc Version 3



Appendix A

Relevant Legislation, Policies &

Plans




Parramatta River Estuary Coastal Zone Management Plan APPENDIX A

Prepared for Parramatta River Estuary Management Committee

This Appendix provides a brief overview of the statutory and non-statutory framework as it applies to the study area and to estuary management more generally. The
hierarchy and relationships between the various legislation, policies and plans is illustrated in the flow chart below.

Commonwealth Legislation, Policies and Treaties

Range of State
Environmental
Legislation & Policies

Coastal Protection Act Crown Lands Act 1989 Local Government Act
1979 1993

Plans of Management Local Govt Strategic
Plans & Reporting

REPs (deemed SEPPS)

Parramatta River Estuary
CZMP

[ Determining Relationship

»

Council Local Policies & Interactive Relationship

< »
< »

S
\

Guidelines
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Al State and Regional Environmental Planning Policies

An overview of the key relevant state and regional planning policies is provided in Table A.1. Itis noted that,
as part of improvements to simplify the State’s planning system, as of 1 July 2009, Regional Environmental
Plans (REPs) are no longer part of the hierarchy of environmental planning instruments in NSW. All existing
REPs are now deemed State Environmental Planning Policies (SEPPs).

Table A.1: Relevant State and Regional Environmental Planning Policies

Environmental Planning
Notes
Instrument
The Harbour REP covers the area of Sydney Harbour, including Parramatta
River (and its tributaries) and the Lane Cove River. The plan aims to establish a
balance between promoting a prosperous working harbour, maintaining a
healthy and sustainable waterway environment and promoting recreational
access to the foreshore and waterways.
The Harbour REP covers all the waterways of the Harbour, the foreshores and
the entire catchment. It establishes a set of planning principles to be used by
councils for the preparation of planning instruments for the hydrological
Sydney REP (Sydney Harbour | catchment of the Harbour. It also zones the waterways into nine different zones
Catchment) 2005 to suit the differing environmental characteristics and land uses of the harbour
and its tributaries. The majority of the study area is zoned W1 — Maritime Water
The Harbour REP includes a range of matters for consideration by consent
authorities assessing development within the Foreshores and Waterways Area
of the Plan. These are aimed at ensuring better and consistent development
decisions, and include such issues as ecological and scenic quality, built form
and design, maintenance of views, public access and recreation and working
harbour uses. The REP includes provisions relating to heritage conservation
and wetlands protection and provides planning controls for strategic foreshore
sites.
This Policy aims to facilitate the effective delivery of infrastructure across NSW.
Key provisions include the following:
= Additional uses are permitted on certain State land (including some
classes of Crown land) which would otherwise be prohibited under an
LEP;
=  Exempt development categories relevant to Crown reserves include
access ramps, bush fire protection, car parks, fencing, landscaping,
lighting, signage and boundary adjustments;
= Infrastructure planning provisions (including works and activities on
Crown land) such as emergency services facilities, bushfire hazard
reduction, parks and public reserves, flood mitigation works, port, wharf
and boating facilities, waterway or foreshore management activities, efc.;
= Consultation requirements when undertaking development subject to the
SEPP;
= Development for any purpose may be carried out without consent on a
Crown reserve by or on behalf of the appointed trustee where the
development relates to the implementation of a plan of management
adopted under the Crown Lands Act 1989;
= Where local councils are Trust managers, they are permitted to carry out

SEPP - Infrastructure 2007
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Environmental Planning
Instrument

SEPP No. 19 - Bushland in Urban
Areas

SEPP No. 55 — Remediation of Land

SEPP No. 71 — Coastal Protection

Sydney REP No. 24 - Homebush
Bay Area

A2 Key Relevant Legislation

Notes

a range of works including roads, cycleways and outdoor recreation
facilities; and

= The SEPP does not remove any existing requirements to obtain relevant
approvals under other legislation such as the National Parks and Wildlife
Act 1974, Rural Fires Act 1997 etc.

This Policy is in place to protect and preserve bushland within urban areas in
NSW. Several LGAs located in the study area are included in Schedule 1 of this
SEPP. Under Sections 6 and 7 of the SEPP, consent is required for the
disturbance of any bushland in urban areas zoned or reserved for public open
space.

Introduces state-wide planning controls for the remediation of contaminated land.
The policy states that land must not be developed if it is unsuitable for a
proposed use because it is contaminated. If the land is unsuitable, remediation
must take place before the land is developed. The policy makes remediation
permissible across the State, defines when consent is required, requires all
remediation to comply with standards, ensures land is investigated if
contamination is suspected, and requires councils to be notified of all
remediation proposals.

SEPP 71 aims to protect and manage the natural, cultural, recreational and
economic attributes of the NSW coastal zone. The policy applies to land within
the ‘coastal zone’ as defined in section 4A of the Coastal Protection Act 1979
(CP Act). Statutory maps of the coastal zone published by DP&l indicate that
the Parramatta River estuary is not located in the declared NSW Coastal Zone.
This REP applies to land generally bounded by Parramatta River, Homebush
Bay Drive, the M4 and the Silverwater industrial area. It provides a planning
framework to guide and coordinate the continued renewal of the Homebush Bay
area. The plan acknowledges the principles of ecologically sustainable
development. It identifies and protects environmental conservation areas, as
well as heritage items, heritage conservation areas and potential archaeological
sites. Note that from 1 July 2009 this plan is taken to be a SEPP.

Table A.2 summarises key legislation that has relevance to the management of the Parramatta River estuary.

Table A.2 Relevant Legislation

Statutory Instrument
(Responsible Agency)

Notes

This Act aims to provide for the protection of the coastal environment of the State for the

benefit of both present and future generations. The Coastal Protection Act 1979 (CP Act) is

the principal legislation relating to coastal management in NSW. Key provisions of the Act
Coastal Protection Act 1979 | include requirements relating to Ministerial concurrences for certain developments in the
(OEH) coastal zone, and requirements relating to preparing CZMPs. It also includes order powers

relating to the unlawful dumping of material on beaches.

Under the Act, CZMPs can address risks from coastal hazards, such as coastal erosion, as

well as managing threats to estuary health. These plans also need to address the projected
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Statutory Instrument
(Responsible Agency)

Contaminated Land
Management Act 1997
(OEH)

Crown Lands Act 1989
(DPI)

Commonwealth
Environment Protection and
Biodiversity ~ Conservation
Act 1999

(SEWPAC)

Environmental Planning and
Assessment Act 1979
(DP&I)

Fisheries Management Act
1994

Notes

impacts on climate change, including projected SLR, on coastal erosion risks and estuary
health.
Statutory maps of the coastal zone published by DP&l indicate that the Parramatta River
estuary is not located in the declared NSW Coastal Zone to which this Act applies.
The Contaminated Land Management Act 1997 outlines assessment criteria and delineates
a management approach for contaminated lands where they pose a significant risk to
human health or the environment. Under the Act, a person or public authority will be held
responsible as an outcome of land contamination. OEH is responsible for declaring land as
contaminated and requiring remediation, and will give notice to end the declaration, once
satisfied that the land poses no further risk.
Crown land is land vested in the Crown and managed by Crown Lands Division within the
DPI under the Crown Lands Act 1989. Under the Act, Crown lands may be:

»  Held under tenure (lease, licence or permit) for public purposes;

= Community managed reserves;

] Reserved for environmental purposes;

= Crown public roads; or

= Managed reserved lands.
The Act requires Crown land to be managed to the “benefit of the people of NSW”.
In accordance with S.11(f) of the Act, Crown land may be occupied, used, sold, leased,
licensed or otherwise dealt with in the best interests of the State. The proposed use,
development and management practices for Crown lands (or Crown Reserves) must be in
accordance with the notified public purpose of the land and individual reserve purposes as
applicable.

The Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC
Act) provides for the protection and conservation of aspects of the environment that are
matters of national environmental significance.

The NSW environmental planning system operates under the Environmental Planning and
Assessment Act 1979 (EP&A Act). It aims to encourage proper management, development
and conservation of natural and artificial resources to ultimately promote the environment
and the economic and social welfare of the community, and also seeks to promote the
sharing of responsibility between state and local government and facilitate public
involvement in the planning and assessment process. The EP&A Act is the primary
legislation controlling development activity in the State of NSW and is administered by the
DP&l, councils and other consent or determining authorities (such as RMS (Maritime) for
Sydney Harbour). Under the Act, appropriate authorities must assess environmental impacts
of new developments before development commences.

The Fisheries Management Act 1994 aims to conserve, develop and share the fisheries
resources of NSW for the benefit of present and future generations. To protect key fish
habitats and conserve threatened aquatic species, this Act requires approval to be obtained
from DPI (Fisheries) for any works that involve obstruction of fish passage, removal or
damage to aquatic vegetation, dredging or reclamation, and using explosive or electrical

(DP1) devices in a waterway.
Posidonia seagrass beds in Sydney Harbour (including Parramatta River estuary) have
been listed as an endangered population under Schedule 4 of the Act.
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Statutory Instrument
(Responsible Agency)
Fisheries Management
(General) Regulation 2010

(DPI)

Heritage Act 1977
(DP&I)

Marine Safety Act 1998
(RMS)

Maritime Services Act 1935
(RMS)

National Parks and Wildlife
Act 1977
(OEH)

Protection of the
Environment Operations Act
1997

Notes

This regulation relates to a range of specifications for both recreational and commercial
fishing practices, including prohibited fish size and bag limits, lawful fishing nets, protected
fish species, etc.

The Heritage Act 1977 provides protection for natural and cultural heritage by providing for
the listing of heritage items or places on the State Heritage Register and providing for the
making of interim heritage orders for the protection of heritage items or places. Under the
Act, it is an offence to harm relics protected by Interim Heritage Orders, the State Heritage
Register or environmental planning instruments.

This Act aims to ensure the safe operation of vessels in ports and other waterways and to
promote responsible operation of vessels so as to protect the safety and amenity of other
users and the amenity of occupiers of adjoining land.

Under this Act and Regulation RMS (Maritime) is the consent authority and has a land
owner consent role for any activities affecting RMS (Maritime) submerged lands in NSW
ports, including Sydney Harbour. The RMS (Maritime) land holdings in Sydney Harbour are
shown in the figure below.

Sydney Harbour !
And Tributaries

The Act aims to conserve the natural heritage of the State, including biological diversity,
significant landforms or landscape features (including wilderness areas), objects or sites of
significance to Aboriginal people and places of historical, architectural or scientific
significance.

A number of different permits and licences may be issued under the Act for various
activities, including the undertaking of scientific studies (e.g. animal trapping) and
archaeological investigations.

The Protection of the Environment Operations Act 1997 (POEO Act) ultimately aims to
protect, enhance and restore the quality of the environment in NSW, to reduce risk to human
health and promote mechanisms that minimise environmental degradation through a strong
set of provisions and offences. A licence is required from OEH if any of the activities
associated with the proposed works are determined to be a “scheduled activity” under

(OEH) Schedule 1 of the Act.
Under Section 6(3) of the POEO Act, RMS (Maritime) is an appropriate regulatory authority
in relation to vessels in navigable waters; and premises used in connection with vessels and
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Statutory Instrument
; Notes
(Responsible Agency)
situated adjacent to or over navigable waters. This means RMS (Maritime) is responsible for
regulating marine pollution caused by vessels, including noise abatement and controls for
vessels.

The Act is a key piece of legislation relating to the protection and management of
biodiversity and threatened species. The purpose of this Act is to:

= Conserve biological diversity and promote ecologically sustainable development;

= Prevent the extinction of, and promote the recovery of, threatened species,
populations and ecological communities;

= Protect the critical habitat of those species, populations and ecological communities
that are endangered;

= Eliminate or manage certain processes that threaten the survival or evolutionary
development of threatened species, populations and ecological communities;

= Ensure that the impact of any action affecting threatened species, populations and
ecological communities is properly assessed; and

= Encourage the conservation of threatened species, populations and ecological
communities through co-operative management.

The Water Management Act 2000 controls the extraction of water, the use of water, the
Water Management Act = construction of works such as dams and weirs, and the carrying out of activities in or near
2000 water sources in l_\lSW. The Act creates mechanisms for protecting and restoring water
(NSW Office of Water) sources and their dependent ecosystems, improved access rights to water, and

partnership arrangements between the community and the government for water
management.

Threatened Species
Conservation Act 1995
(OER)

A3 Sydney Metropolitan Catchment Action Plan

The SMCMA was a NSW Government agency that functioned to coordinate and deliver natural resource
management for the Sydney region, covering eight major catchments, including the Parramatta River and
Sydney Harbour catchments. The SMCMA has been merged with the Hawkesbury-Nepean Catchment
Management Authority (HMCMA) as part of the changes to the regional service delivery model. The HNCMA
engages with community groups, local Government and State Government agencies to integrate natural
resource management planning. The HNCMA is responsible for preparing the Sydney Metropolitan
Catchment Action Plan (CAP) (SMCMA, 2009). The CAP includes a series of overarching catchment targets
under the key areas of Biodiversity, Water, Land and Community, under which are a series of more detailed
management targets, including some specific targets for estuaries. The preparation of CZMPs is a specific
key activity listed within the CAP, and there are a number of other activities listed that have relevance to
estuary management planning. The HNCMA is, along with OEH, one of the key organisations with a role in
the Coastal Management Process.

The HNCMA also has a State of the Catchment reporting program that identifies threats and pressures, and
provides a discussion on the condition of different aspects of the catchment.

A4 Local Environment Plans and Development Control Plans

Each council undertakes strategic land use planning via the development of Local Environment Plans (LEPS),
which are prepared in consultation with the NSW Department of Planning and Infrastructure (DP&l). LEPs
identify which types of activities are permissible, permissible with consent, or prohibited in different land use
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zonings applied within the LGA. LEPs also identify sites of local heritage significance. Supporting the LEPs
are Development Control Plans (DCPs), which are prepared in accordance with the EP&A Act. DCPs are
used to help achieve the objectives of the local plan by providing specific, comprehensive requirements for
certain types of development or locations (e.g. for urban design, and heritage precincts and properties).

In July 2009 the then NSW Department of Planning (now DP&l) initiated a program of reform to standardise
the planning framework in NSW, and all local councils have been required to prepare a standard instrument
LEP and DCP. The local councils within the study area are at various stages in this process, with some
having prepared draft standard instrument LEPs and DCPs. This requirement represents an opportunity to re-
assess land use within each LGA and implement best practice environmental controls on development.

Ab5 Strategic Planning and Reporting by Local Government

Recently the NSW Government introduced a new framework on the strategic and sustainable planning and
reporting activities that local Governments must undertake to fulfil their requirements under the Local
Government Act 1993 and the Local Government (General) Regulation 2005. The framework is outlined in
the Planning and Reporting Guidelines for Local Government (DLG, 2010). It includes a number of key
elements that are illustrated in the flow chart below.

Community Strategic Plan

10+ years

Delivery Program

Operational Plan
4 years P

Annual

Annual Report

The overarching document is the Community Strategic Plan, which is prepared by council in consultation with
the community, and identifies the community’s main priorities and goals for their local areas, and the realistic
and feasible strategies that will be undertaken to achieve these goals (DLG, 2010). The local council is the
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custodian of the Plan, taking responsibility for development of the Plan, but is typically supported in the
implementation of any strategies in the Plan by State Government agencies and community groups. It is
required to cover a minimum period of 10 years.

The Plan is supported by the Resourcing Strategy, which clarifies roles and responsibilities for
implementation, and provides detail on financial planning, workforce management planning and asset
management planning (DLG, 2010).

The overarching strategic goals identified in the Community Strategic Plan are translated into a list or
prioritised actions for implementation in the Delivery Program. All plans, projects, activities and funding
allocations undertaken by council are required to be linked back to the Delivery Program, which is prepared
every 4 years to coincide with the election cycle (DLG, 2010). The Delivery Program is supported by an
Operational Plan that is prepared on an annual basis and outlines the activities to be undertaken in the
forthcoming year that achieve the commitments outlined in the Program.

The Annual Report is the mechanism by which councils are required to review the success of implementation
of the Operational Plan. The Report is also required to include a State of the Environment Report, which
assesses progress towards achieving the objectives for the environment outlined in the Community Strategic
Plan.

This framework for strategic planning and reporting is of particular relevance to the Parramatta River Estuary
CZMP. Any actions identified for implementation by each council within this CZMP will need to be compatible
with the respective council's Community Strategic Plan, and identified for implementation in the Delivery
Program and Operational Plan. The monitoring and evaluation strategy contained within the Parramatta River
Estuary CZMP (Section 6) will assist council in preparing their Annual Report and the State of the
Environment Report in particular. There is, therefore, considerable interaction and linkages between the
Parramatta River Estuary CZMP, and each of the council’s strategic planning and reporting requirements.
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B.1 Introduction

The Estuary Management Manual (NSW Government, 1992) and the new Guidelines for Preparing Coastal
Zone Management Plans (DECCW, 2010b) identify the need to involve the community in the development of
the Plan. This Appendix provides an overview of the community consultation activities undertaken as part of
the Parramatta River Estuary CZMP and summarises the key findings of the consultation process.

B.2 Community Consultation Activities

There are two key mechanisms by which community members have had opportunity to become involved in
the preparation of the Parramatta River Estuary Coastal Zone Management Plan:

= Via membership of the Parramatta River Estuary Management Committee. The members are
identified in Table 1.2 of the main report — a total of four community representatives are included on
the Committee, two individuals who represent the interests of the Aboriginal community and two from
the wider community; and

= Through publicly advertised consultation activities, including an online survey, information evenings
and by providing comments during public exhibition of the draft CZMP.

A discussion on activities involving the Committee (including the community representatives) is provided in
Section 1.4 of the main report. This Appendix has focussed on the outcomes of the publicly advertised
community consultation activities. The community consultation program involved:

= Public advertisement and notification of the commencement of the Plan;
= Provision of information on the study via the internet;

= An initial Community Information Session;

= A community survey; and

= Public exhibition of the draft CZMP and associated information evening.

Further details are provided below on each of these activities.
Public Notification of the Plan

The first activity after commencement of the project was to prepare a media release for distribution to media
outlets and publication in local newspapers. The media release was issued in February 2011.

The eight foreshore council’'s also assisted in notifying their local residents of the commencement of the
project via their own communications networks, such as in local newsletters, or via direct communication with
local organisations such as a the volunteer Bushcare Groups.

Project Website and Email

In the initial stages of the project, project website was established (www.parramattaestuary.com.au; Figure
B.1) and email address (parramatta.estuary@cardno.com.au), both of which went live on 23 February 2011.
The website provides some general information on the Parramatta River Estuary Coastal Zone Management
Plan, including:
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= The context for the study within the NSW Estuary Management framework;
= Alist of the stakeholders represented on the Committee;

= A summary of the key findings of the Estuary Processes Study (AECOM, 2010) and Data
Compilation and Review Study (Cardno, 2008);

= Anoverview of what the CZMP includes and how it has been developed;

= Information on how to provide input, including information on the Community Information Session
and a link to the online survey; and

= Project updates, such as provision of consultation materials presented at the information session.

& ParramattaRiverEstuary

HOHE 1 NSW ESTUARY MANAGEMENT  ESTUARY PEDCESSES STUDY  THE ESTUARY MAMAGEMENT STUDY & FLAN  HOW TO GET INVOLVED  CONTALT US

..dhe Parramatt 'vuf Estuary
Management an y Plan

The purpose of the study is to prepare & Management Study and Plan that will guide the ongoing ma
Parramatta River Estuary through the id n of spe management actions to be undertak

> PROJECT UPDATE

The study tean sting of the Parramatta River
Estuary Management Committee and Cardno, recently
held a workshop in the study aros to obtain the el
ommunity's input on the Management Study and Plan, -

Figure B.1: Website Home Page

The project is also advertised on other websites, including the PRCG (http:/parramattariver.org.au) and the
City of Canada Bay (www.canadabay.nsw.gov.au) websites.

Community Survey

An online survey (https://www.surveymonkey.com/s/parramatta_estuary) was prepared in order to seek input
from the community on:

= What features or uses of the estuary they valued; and

= What generic types of management options they preferred.
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A copy of the survey is provided at the end of this Appendix. It was made available over the period 29 June to
26 August 2011.

A link to the survey was made available to members of the public via the project website, and was also made
available:

= To each of the Committee members for issue to their contact databases;

= To representatives of local organisations using the Parramatta River for which up to date email
addresses were available, including the:

— Abbotsford 12ft Flying Squadron, Five Dock,

— Balmain Rowing, Balmain,

— Concord and Ryde Sailing Club, Putney,

—  Friends of Callan Park,

— Leichhardt Rowing Club, Leichhardt,

— Parramatta and District Local Historical Society,

— Parramatta River Sailing Club, Gladesville,

— Recreational Fishing Alliance of NSW,

— Ryde District Historical Society,

—  Sydney Rowing Club, Abbotsford,

—  University of Technology Sydney Rowing Club, Haberfield; and
= ToRiverCat passengers in the Parramatta River service area.

In addition, hard copies of the survey and details of the survey link were distributed at the community
information evening (see below) and were made available at some of the council offices.

The results of the survey are discussed in Section B.3.
Community Information Session

A Community Information Session open to any interested members of the public was held from 5-7pm on 21
July 2011 at the Shepherds Bay Community Centre, Meadowbank. The information session was advertised
via the:

= Project website, PRCG website, SMCMA website and the City of Canada Bay website;
= Parramatta Advertiser (22 June and 7 July 2011); and
= Inner Western Suburbs Courier (14 July 2011).

In addition, invitations were also issued by the foreshore councils, CMA and PRCG to their contact databases
on behalf of the study team.

Materials presented on the evening included:
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= Three large posters providing information on the project;

= Aplain English PowerPoint presentation;

= Hard copies of the community survey (see above);

= The list of proposed management aims and objectives (see Section 4 of the main report);

= The full list of proposed management options, with high priority options highlighted (see Section 5 of
the main report); and

= A map for each authority showing the location of any management actions proposed for
implementation.

Copies of all these materials were subsequently made available on the project website, and were also
distributed to each of the local councils. The three posters were taken by Parramatta City Council and placed
on exhibition in the foyer of their Parramatta service centre. The outcomes of the information session are
discussed in Section B.3.1.

Public Exhibition and Community Information Evening

The draft CZMP was placed on public exhibition over the period 19 February to 29 March 2013. The public
exhibition period was advertised on the project website, on each of the Council websites, and via the
placement of an advertisement in the Parramatta Advertiser on 6 March 2013.

Copies of the draft CZMP were made available:

= On the project website (www.parramattaestuary.com.au);

= On each of the eight foreshore Council’'s websites; and
= Inthe public libraries of each of the eight foreshore Council’s.

In addition, to provide people with additional information on the draft CZMP, and to give them an opportunity
to ask questions directly of the study team, a community information evening was held from 5:30-7:30pm on
12 March 2013 at Drummoyne Oval. The workshop was advertised via the Parramatta Advertiser on 6 March
2013 and via the project and Council websites. The public exhibition outcomes are discussed in Section
B.3.3.

B.3 Outcomes of Consultation Activities
B.3.1 Community Information Evening

Two members of the Cardno project team were present, along with one representative each from Parramatta
City Council, City of Ryde and OEH. An additional committee member (from Shell Refining) was also in
attendance. Community attendance at the session was low, with only four members of the public present. It
is thought that the poor weather conditions on the evening (heavy, persistent rain) were a contributing factor.
It is recommended that any future workshops or communications on the Parramatta River Estuary Coastal
Zone Management Plan be issued by each individual council and its relevance to the local community clearly
articulated in order to attract interest.
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The information session commenced with a half hour presentation from Cardno that summarised the key
findings of the previous studies (AECOM, 2010; Cardno, 2008), provided an overview of the NSW Estuary
Management Process, and an explanation of what the Parramatta River Estuary Coastal Zone Management
Plan would include and how it was being developed. The session was then opened for informal discussion
and questions (Figure B.2).

Key management issues identified by the community members present related to:

= The poor condition of seawalls;
= Pollution and littering;

= The need to maintain stormwater infrastructure along the shoreline, particularly where it is failing
(e.g. cracked pipes);

= The poor condition of mangroves relative to their historical condition;
= The trampling of foreshore vegetation by members of the public; and

= Graffiti and vandalism.

Figure B.2: Community Information Evening

More generally speaking, the attendees were supportive of the overall process for developing the Plan, and
felt that the key management issues, aims and objectives proposed by the Committee aligned well with issues
they perceived to be of concern. The attendees were also able to comment on management actions that
were proposed for their local area. Their feedback indicated that they were also supportive of the proposed
actions and felt that they addressed the key management issues.
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B.3.2 Community Survey
The community survey had two main components:

= A series of questions on features/uses of the estuary which were grouped under broad categories
(Questions 1-3). Respondents were asked whether they rated the feature/use identified in the
question as being of high, medium or low importance; and

= A series of questions (under Question 4) about generic types of management options, which
respondents were asked to score on a continuous scale from 1 (most preferred) to 5 (least preferred)
against their relative support for the option.

A total of 40 surveys were completed. The results are discussed in relation to each survey question below.
Community Values
Question 1: Recreation, access and amenity — how important are the following features to you?

1.01 The availability of recreational infrastructure such as BBQ areas, seating, public toilets, jetties and boat
ramps.

1.02 Public access along the foreshore (e.g. cycle paths or walking tracks).

1.03 Water quality suitable for recreational purposes, such as swimming or boating.

1.04 Passive recreational opportunities in open spaces near the waterway, such as walking, jogging or
picnicking.

1.05 Active recreational use opportunities for open spaces near the water (e.g. fishing or exercising).

1.06 Safe use of the waterways by residents and visitors (e.g. observing boating regulations).

1.07 Harmony between recreational users, commercial users and conservation of ecological values.

1.08 Boating facilities such as boat ramps, moorings and dinghy storage areas.

1.09 Pleasant views of Parramatta River estuary and foreshores.

1.10 Protecting public and private property in relation to wave inundation, flooding, erosion and/or sea level
rise (e.g. via seawalls or flood control works).

Between two and three respondents did not complete each question. The responses to Question 1 are
summarised below and in Figure B.3.

Those two features/values which were most consistently rated as being of high importance to the community
were public access (1.02) and conflict between user groups and the environment (1.07), which 90% and 85%
of respondents rated as being of high importance (respectively). Comments made in relation to Question 1
showed a high level of support for public access along the whole river for pedestrians and cyclists.

Passive recreational opportunities (1.04) were consistently rated as being of high importance (77%
respondents), compared to active recreational opportunities (1.05), for which there was considerable variation
in the responses provided (41% high, 41% medium, 21% low). One respondent feels that there is a need to
ensure that adequate recreational infrastructure/open space areas are provided where people live in high
densities, but other respondents considered that there were adequate recreational facilities in place at
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present. The key issue appears to relate to the use of sail boats and other non-powered watercraft, which a
number of respondents use (or would like to use), but they are concerned about safety and conflicts with
powered watercraft users. The need for more enforcement and/or more locations subject to speed limits was
mentioned in several responses, an issue which is also highlighted in the responses to question 1.06, which
was rated as being of high importance by 79% of respondents. In addition, there is a desire for natural
shorelines from which it is possible to launch small craft. In some locations this is difficult due to the presence
of seawalls, or a lack of suitable infrastructure (e.g. boat ramps). There was a notable low level of support for
boating infrastructure (1.08), which in combination with the responses to earlier questions (1.05 and 1.06)
suggests that respondents favour low impact boating activities and are concerned about encouraging
powered watercraft.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

m High
B Medium

Low

1.01 102 103 104 105 106 1.07 1.08 1.09 1.10

Figure B.3: Summary of Responses to Question 1

The negative impacts of boat wash, particularly from the RiverCat and ferries, was also highlighted in a
number of comments provided in relation to the condition of seawalls, bank erosion and the loss of foreshore
vegetation. Seawalls were typically noted as being in poor condition and in need of maintenance. A range of
comments on their use for foreshore protection were provided, ranging from acknowledgement of the need to
protect property, to concerns about loss of sandy areas in front of the seawalls and a preference for
stabilisation with vegetation.

Water quality for recreational purposes did not consistently rate as being of high importance (1.03), although
interestingly, this is due to a high level of awareness amongst respondents of the poor water and sediment
quality in the Parramatta River. It is thought that swimming is not a popular activity for this reason, as well as
the limited safe opportunities for swimming. One respondent did express concern about water quality in
relation to boating activities, particularly for novice sailors, who are at higher risk of capsizing their vessels or
otherwise ending up in the water.

Question 2: The natural environment — How important are the following features to you?

2.01 Water quality suitable for environmental conservation and aquatic health.
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2.02 The presence of native animals (e.g. birds, fish etc.).
2.03 Natural vegetation (e.g. saltmarshes and mangroves) as habitat for animals.
2.04 Managing pollution and sedimentation associated with creeks and stormwater outlets.

2.05 European and Aboriginal heritage sites near or on the waterways.

One of the 40 respondents did not complete each question. The responses to Question 2 are summarised
below and in Figure B 4.

Generally speaking, environmental values (2.01-2.04) were consistently rated as being of high importance by
the community, indicating that the natural environment is highly valued and that there is concern about the
current level of impact on the estuarine environment.

The need to manage stormwater pollution and sedimentation (2.04) was consistently rated as being of high
importance (92% of respondents), as was water quality for ecological health (2.01, 90% of respondents).
Comments provided acknowledged that water quality and stormwater management issues were difficult to
manage due to the legacy of industrial activities (contaminated sites), the highly urbanised nature of the
catchment, and limited resources of local councils for maintenance of stormwater infrastructure. However, the
community remain very concerned about water quality and stormwater issues, and expressed a desire for
best practice to be implemented (e.g. WSUD using natural features such as reed beds).

100% = |
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80% ‘
70% —E - - -
60% )
- m High
40% B Medium ‘
30% I Low
20% - - - -

10%

0% . =

201 202 2.03 2.04 2.05

Figure B.4: Summary of Responses to Question 2

A total of 87% of respondents considered both native animals and vegetation (2.02 and 2.03) of high
importance. Of note are comments relating to the need to manage biodiversity on a regional basis,
coordinating efforts by the various authorities along the River. Other issues raised in relation to vegetation
management, were the need for a balanced approach commensurate with access requirements, and the
negative impacts of boat wake (particularly from the RiverCat) on foreshore vegetation. A moderate
approach to weed management was also advocated that acknowledges the interim habitat value weeds may
have in some locations while native vegetation is becoming established.
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Heritage values associated with the estuary and its foreshores (2.05) were ranked as being of high
importance to 67% of respondents and of medium importance by 31% of respondents. The poor promotion
and education on Aboriginal heritage was noted by one respondent, and another identified the need to work
with the Aboriginal community on this issue. The installation of interpretative signage was encouraged.

Also of interest were several comments on the need for monitoring and reporting on the state of the estuarine
environment.

Question 3: Commercial activities — How important are the following features to you?
3.01 Transport operators and vessels providing public transport.

3.02 Foreshore businesses (e.g. marinas, restaurants, cafes, slipway services, etc.).

Two of the 40 respondents did not complete question 3.02 and one did not complete 3.01. The responses to
Question 3 are summarised below and in Figure B.5.

The responses provided in relation to commercial activities on and along the Parramatta River estuary were
more measured. Commercial public transport services along the River (3.01) were generally supported as an
alternative form of public transport, and one that is more environmentally friendly than vehicular travel. There
were, however, a number of comments on the economic viability, and environmental impacts of the current
level of service, and particularly in relation to the RiverCat. One respondent suggested that the level of
service could be reduced and the vessels travel at slower speeds so as to reduce these impacts. There was
a general advocacy against the RiverCat and desire to replace this vessel with a lower impact craft.

Commercial development of the River foreshores also evoked a cautious response (3.02; see Figure B.3).
One respondent felt it was beneficial for employment and that boating infrastructure would promote better
linkages between the foreshore and waterway. However, the common response was that the amount or
intensity of commercial development should be carefully managed and that boating services (e.g. marinas,
slipways) should only be intensified in their current locations. This is due to concerns about the natural
environment, and about conflicts with other users, such as users of non-powered watercraft. The need for
sufficient parking to service any further commercial development was also highlighted. One interesting
suggestion provided was to develop better signage to existing cafes and restaurants set back from the
foreshore.

Swing moorings in particular were identified as being an issue for seagrasses, and for crowding out of other
waterway users.
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Figure B.5: Summary of Responses to Question 3
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The respondents to the survey were also asked to indicate their preference for a range of generic types of
management options based on a continuous scale ranging from 1 (strongly support / high importance) to 5
(low level of support / low importance). The responses to each of the 13 questions are summarised in Table
B.1, which includes an average score and ranking of each of the management option.

Table B.1: Summary of Responses to Question 4

Question

No. Type of Option

Developing planning and
development controls (e.g.
LEPs and DCPs) to
manage the strategic
development of the estuary
foreshores.
Providing treatment of
stormwater to improve
water quality before it
enters the Parramatta
River.
Works to stabilise the
4.03 foreshore and control
erosion.
Habitat management,
enhancement or restoration
4.04 works (e.g. revegetation,
weed control, creek
naturalisation works).

4.01

4.02

Preference

1

Strongly
Support

51%

72%

54%

72%

2 3 4 5
Low
Level of
Support

28% 10% 5% 5%

13% 5% 2% 8%

23% 10% 3% 10%

18% 0% 5% 5%

Average = Rank

1.8 5

1.6 2

1.9 7

1.5 1

24 June 2013
N:\COE\Data\Doc\2013\Reports.2013\Rep2701v3.doc

Cardno (NSW/ACT) Pty Ltd
Version 3

Page B10



Parramatta River Estuary Coastal Zone Management Plan

) ; APPENDIX B
Prepared for Parramatta River Estuary Management Committee

Preference
Question )
y Type of Option 1 2 3 4 5 Average = Rank
0. Strongly Low
Support Level of

Support

Providing public access

along the foreshores to
4.05 improve connectivity for 47% 37% 13% 3% 3% 1.8 5
bikes and pedestrians
through the area.
Ensuring that infrastructure
(such as seawalls,
moorings, picnic tables and
the like) are managed so as
to minimise impacts on the
environment.
Seeking opportunities to
involve the community in
4.07 estuary management and 49% 28% 13% 8% 3% 1.9 7

raise awareness about

estuary health.

Strategic management of

aspects such as

recreational usage and
4.08 estuarine biodiversity 41% 36% 13% 10% 0% 1.9 7
across administrative
boundaries for the whole
estuary.
Understanding how climate
change might impact on the

4.06 64% 23% 3% 5% 5% 1.6 2

4.09 44% 26% 15% 8% 8% 21 1
estuary waterway and
foreshores.
Ongoing monitoring and

410 reporting of estuarine health 56% 28% 8% 5% 3% 1.7 4

(e.g. water quality).
Upgrading and/or providing
additional recreational
infrastructure to support
41 | Gndposed andwate 13% 3% @ 42% 8% 5% 26 13
ased activities (such as
BBQs, boat ramps,
moorings, picnic tables and
the like).
Managing human impacts
412 on estuarine vegetation 46% 28% 13% 10% 3% 1.9 7
(e.g. trampling).
Undertaking activities to
support strategic planning in

413 relation to the potential 39% 31% 15% 3% 8% 2.2 12
future impacts of climate
change.
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The average scores ranged from 1.5 to 2.6 (Table B.1), with all 13 generic management options attracting a
high level of support.  Based on the average scores calculated for each question, management
options/actions relating to habitat management, enhancement and restoration (4.04) are consistently the most
preferred activities as scored by respondents. This is consistent with the findings of the values survey
(Questions 1-3), for which those attributes relating to the natural environment (Questions 2.01 — 2.04 and
2.06) were highly valued by respondents. Concern over the loss of habitat values over the years, and the
need for biodiversity corridors were noted. The next highest ranking options were 4.02 relating to stormwater
management and 4.06 relating to managing infrastructure and minimising impacts on the environment,
followed by 4.10 on monitoring estuarine health.

The lowest ranking generic management option was 4.11, relating to the provision of infrastructure to support
recreation, with most respondents (42%) allocating this option a score of three. Most of the comments
provided centred on the issue of boating. The general tone was concern over opportunities for small
watercraft such as sail boats and canoes, with difficulties launching being a common issue. Moorings are also
a concern in relation to their impacts on seagrass and crowding of the waterway. Suggestions included the
provision of improved infrastructure for visiting boaters (e.g. moorings and boat ramps), and the need for
infrastructure to support small watercraft users. This concurs with the responses provided to the values
survey. One respondent also highlighted the need to provide space and opportunity for organised
recreational activities as a means to improve general public health.

The responses in relation to Question 4.13 on planning for climate change were also of interest. Several
respondents highlighted the need to plan for hazards of any sort (e.g. flooding and SLR) so as to reduce the
overall level of risk and vulnerability. There were some concerns expressed over the uncertainty of the
climate change projections and the need to monitor indicators (e.g. water levels) was identified by a number of
people. Also relevant was a comment that highlighted the importance of not restricting development too
significantly now based on climate change projections for 100 years hence.

Additional Information Provided
Key recurring issues raised in the comments provided included:

= Impacts of boat wake, particularly from the RiverCat, on bank and seawall condition and foreshore
vegetation;
= Need for stormwater management and maintenance of stormwater infrastructure;

= The desire to provide for improved public access along the foreshore, along with safety concerns
about bikes and pedestrians using the same pathways;

= Conflicts between users of larger powered watercraft and smaller non-powered watercraft, and
equity of provision of infrastructure for each group;

= Concern over the level of impact human activities have had on the environment, the need to address
legacy sites (e.g. contaminated land/sediments) and to ensure that ongoing usage does not unduly
impact on the environment;

= The need to recognise the heritage significance of the study area; and

= Improved connectivity for biodiversity corridors and public access.
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Based on the feedback provided by the community during preparation of the draft CZMP, the key
management issues, aims and objectives developed by the Committee appear to adequately and
appropriately address the community’s key concerns and values. The three key issues which both the
Committee and the community ranked as being of a high priority to address were: stormwater management
for water quality purposes, the need to reduce human impacts on the environment, and the need to undertake
monitoring of estuarine health.

B.3.3  Public Exhibition Period
Over the six weeks that the Draft CZMP was on exhibition, a number of submissions were received, including:

= Three members of the general public;
= The Abbotsford 12 Foot Flying Squadron; and
= Concord and Ryde Sailing Club.
Comments were also received from the members of the Committee, including OEH and DPI.
The community information evening during the public exhibition period attracted a total of 24 attendees. A

presentation was given to provide an overview of the draft CZMP contents and then the floor was opened to
questions.

Figure B.6: Community Information Evening 12 March 2013 (Source: PCC)

Points of discussion included:

= Different techniques for environmental monitoring and general support for additional monitoring of
water quality and ecosystem health;

= Acknowledgement of the limited resources for implementation and questions over potential funding
sources;
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How community input has been incorporated into the study and selection of management actions for
the implementation strategy;

Concern over the impacts of powered watercraft (the RiverCat and Fantasea vessels in particular) on
foreshore condition;

Concern over conflicts between powered and non-powered watercraft and safety;
Desire to implement more speed restrictions; and

Opportunities for greater involvement by sporting clubs in management.

The key issue raised by attendees was the need for equity between users and ensuring the safety of rowers
and sailors associated with the numerous small sports clubs along the river. There are concerns that the
safety issues are negatively impacting on the club membership, particularly children’s events and classes.

The Committee subsequently discussed extending an invitation to a sporting club to have representation on
the Committee.

In addition to the formal consultation, there was also media coverage of the Draft CZMP and discussion of
issues raised in the Plan. This included the following:

‘Call to Axe Ferries Ravaging River’ — published 30 October 2012 in the Sydney Morning Herald. The
article discussed the increase in services to Parramatta and also the AECOM (2010) findings
regarding the impacts of the RiverCat on the river banks and mangroves. Calls to replace the
RiverCat vessels for lower impact vessels were also presented;

‘Lovely Trip but RiverCats Destroy’ — published 1 November 2012 in the Parramatta Sun. The article
discussed the patronage of the service and also the AECOM (2010) findings regarding the impacts of
the RiverCat on the river banks;

Interview with Dr Melanie Bishop of Macquarie University - Broadcast 1 November 2012 on ABC
Radio 702, Sydney. Discusses the impacts of RiverCats on bank condition and sediment transport
processes as presented in AECOM (2010) and this CZMP. The discussion was supported by listener
observations;

‘Rising Sea a Threat to Riverside Homes’ — published 3-4 November 2012 in the Sydney Morning
Herald. The article re-produced mapping from the CHA prepared by Cardno and discussed the
study findings in the context of the recent repeal of the SLR planning benchmarks; and

‘RiverCat Adding to Erosion Service Threatened Further’ — published 19 December 2012 in the
Northern District Times. The article discussed AECOM's (2010) findings regarding the RiverCat on
bank erosion and discussed the draft CZMP with a representative of City of Ryde.
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1 INTRODUCTION

This Coastal Hazard Assessment (CHA) of the Parramatta River estuary has been prepared for the
Parramatta River Estuary Management Committee. It describes the results of an assessment of hazard from
coastal inundation on the estuary foreshores. The assessment was conducted for the present day, and also
under projected climate change conditions when sea level rise (SLR) is likely to be a significant contributor to
a change in the risk profile for the study area foreshores.

The study area is shown in Figure 1.1 and comprises the whole of the Parramatta River estuary, including the
waterway, bays, foreshores and adjacent lands of the Parramatta River and its tidal tributaries, extending from
the Charles Street weir at Parramatta to Clarkes Point, Woolwich, in the south and Yurulbin Point, Birchgrove,
in the north. This includes a total of around 135km of foreshore (AECOM, 2010). The Parramatta River
estuary comprises the western portion of Port Jackson.

This discussion paper is a companion document to the Parramatta River Estuary Coastal Zone Management
Plan (Cardno, 2013).

1.1  Policy Context

The NSW Government Guidelines for Preparing Coastal Zone Management Plans (DECCW, 2010a) require
the assessment of risks to public safety and built assets from coastal hazards, to include consideration of
climate change. This involves estimation of areas subject to coastal inundation due to the 1-year, 50-years
and 100-years Average Recurrence Interval (ARI) still ocean water levels. Guidelines on the incorporation of
SLR planning benchmarks into CHAs are found in the Coastal Risk Management Guide (DECCW, 2010b).
Assessments should be conducted for the present day, and also adopt the projections provided in the Sea
Level Rise Policy Statement (DECCW, 2009) of 0.4m by 2050 and 0.9m by 2100.

It should be acknowledged that the NSW Government announced its Stage One Coastal Management
Reforms on 8 September 2012. As part of these reforms, the NSW Government no longer recommends state-
wide SLR benchmarks for use by local councils, with councils having the flexibility to consider local conditions
when determining local future hazards. Accordingly councils should consider information on historical and
projected future SLR that is widely accepted by competent scientific opinion. This may include information in
the NSW Chief Scientist and Engineer's Report entitled Assessment of the Science behind the NSW
Government's Sea Level Rise Planning Benchmarks (CSE, 2012).

The NSW Chief Scientist and Engineer’'s Report noted the evolving nature of the science, which will provide a
clearer picture of the changing sea levels into the future. The report identified that:

= The science behind SLR benchmarks from the NSW Sea Level Rise Policy Statement (DECCW,
2009) was adequate;

= Historically, sea levels have been rising since the early 1880s;

= There is considerable variability in the projections for future SLR;

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 1
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= The science behind future SLR projections is continually evolving and improving.

As this CHA was completed prior to the announcement of the NSW Government's Coastal Management
Reforms in September 2012, the potential impacts of estuarine water levels have been based on SLR
projections from the 2009 NSW Sea Level Rise Policy Statement. Given that the Chief Scientist and
Engineer’s Report identifies the science behind these SLR projections is adequate, the Committee is satisfied
that the potential impacts of SLR for the Parramatta River estuary have been based on the best available
information at the time of preparation of this report.

The high development intensities along the Parramatta River estuary justify the need for the assessment to be
undertaken, particularly in relation to future risk under SLR conditions. It is understood that no such hazard
study has previously been conducted for the Parramatta River estuary, although some smaller studies have
been conducted using slightly different approaches, such as the Estuarine Planning Levels Study — Foreshore
Region of Leichhardt Local Government Area (Cardno, 2010), which also included wave run-up and
overtopping of shoreline edges (a shorter duration hazard).

1.2 Physical Processes

In large estuarine systems such as the Parramatta River, the primary controls on water levels on a day to day
basis are ocean water levels and catchment inflows. The timing and volume of catchment inflows is
determined by a range of processes, such as individual rainfall events or storms, as well as longer term
drought/wet cycles. The impact of catchment inflows on estuarine water levels is not considered in this study.

Ocean water levels, and consequently estuarine water levels, can vary as a result of:

. Coastal trapped waves (shelf waves);
. Global changes in meteorological conditions;
. Wind set-up and the Inverse Barometer Effect (IBE);
. Wave set-up and wave run-up;
. Astronomical tides;
. Ocean circulation (e.g. East Australian Current); and
. Climate change (projected SLR).
The time scales over which these processes can operate are listed in Table 1.1.

Table 1.1: Key Influences on Estuarine Water Levels

Phenomena Timeframe Magnitude of

Change
Coastal trapped waves 4-7 days ~+0.3m
Changes in meteorological conditions:
Southern Oscillation (EI Nifio, La Nifia) 3-7 years ~ 404 m
Interdecadal Pacific Oscillation >10 years
Wind set-up and IBE 1-7 days 0.3m
24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 3
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Phenomena Timeframe M@
Change
Wave set-up hours 0.05-0.1m
Wave run-up hours 0.21m
Tides 6 hours — 18.6 years #Hm
Climate change 10,000 years >100m

Meteorological Conditions

Global meteorological and oceanographic variability associated with phenomena such as the EI Nifio
Southern Oscillation (ENSO) in the Pacific Ocean, and coastal trapped waves that propagate up the east
Australian coast and shelf, cause medium term variations in sea level. Sea level changes associated with
ENSO events may persist for a year or more.

Coastal Trapped Waves

Common consensus is that the coastal trapped waves experienced along the NSW coastline are mainly a
result of large wind events in the Bass Strait. Analyses of long term data from Australian tide gauges indicate
that annual mean sea level may vary up to 0.1 m from the long term trend, whilst mean sea level may vary by
more than £0.3 over the time scale of weeks as a result of coastal trapped wave activity.

Wind Set-up

Wind set-up is caused by regional meteorological conditions (passage of high/low pressure systems across a
region). When the wind blows over an open body of water, drag forces develop between the air and the water
surface. These drag forces are proportional to the square of the wind speed. The result is that a wind drift
current is generated. This current may transport water towards the coast upon which it piles up causing wind
set-up of the water surface. Wind set-up is inversely proportional to depth.

Inverse Barometer Effect

Severe meteorological events are accompanied by a drop in atmospheric pressure and this causes water to
flow from high pressure areas on the periphery of the meteorological formation to the low pressure area. The
inverse barometer effect (IBE) results in water level increases up to 1cm for each hecta-Pascal (hPa) drop in
central pressure below the average sea level atmospheric pressure in the area for the particular time of year,
which is typically about 1,010 hPa. The actual increase in water level depends on the speed of the
meteorological system and 1cm is only achieved if it is moving slowly. The phenomenon causes daily
variations from predicted tide levels of up to 0.05m. Higher water level rises may occur if the meteorological
system travels over the water body at the speed of long waves in the underlying water depth.

Waves

Wave run-up is the vertical distance between the maximum height a wave runs up the beach or a coastal
structure and the still water level, comprising tide, storm surge and wave set-up. Additionally, run-up level
varies with surf-beat, which arises from wave grouping effects. Wave set-up is included implicitly in wave run-
up. Neither is directly important to this study.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 4
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Tides

Tides are caused by the gravitational attractions of the Earth, Moon and Sun acting on the ocean water body.
While the vertical tidal fluctuations are generated by the gravitational forces, the distribution of land masses,
ocean bathymetric variations and the Earth’s rotation (Coriolis effect) determine the local tidal characteristics.
The Parramatta River estuary is connected to the ocean via Port Jackson, which is a drowned river valley.
Moving upstream, away from Fort Denison and along the Parramatta River, the estuary becomes narrower
and water depths tend to decrease due to siltation. These changes in the channel dimensions affect the tide
as it propagates into the estuary. The tidal characteristics are described as mixed diurnal (once per day) and
semidiurnal (twice per day) with a strong spring-neap (15 days) cycle, but are predominantly semi-diurnal. In
the Parramatta River estuary, the tidal range is not significantly modified from the ocean tidal range (as
measured at Fort Denison). An analysis of water level data provided by Manly Hydraulics Laboratory (MHL)
shows that there is a slight amplification in the tidal range moving upstream, resulting in a 6cm increase in the
Mean High Water Springs (MHWS) tidal range at the Charles Street weir, when compared to Fort Denison
(approximately a 10% increase above Fort Denison value).

Currents

Currents can also impact water levels, although the effect on estuarine water levels in the study area is likely
to be very small (a few centimetres). Currents such as the East Australian Current (EAC) can influence water
levels by bringing warm water down the NSW coastline and increasing water levels due to thermal expansion.
It is noted that currents such as the EAC are typically located well offshore and are therefore unlikely to
impact on estuarine water levels, as indicated above.

Climate Change

The Intergovernmental Panel on Climate Change (IPCC) has recorded a global trend in average SLR over the
period 1961-2003 of 1.8mm/yr (the range being 1.3 to 2.3mm/yr), with more accelerated SLR occurring over
the period 1993-2003 with an average global rate of rise of 3.1mm/yr (2.4 to 3.8mmlyr) (Bindoff and
Willebrand, 2007). SLR benchmarks were outlined by the NSW Government in their Sea Level Rise Policy
Statement (DECCW, 2009) and include a SLR of 0.4m by 2050 and 0.9m by 2100.

An analysis undertaken by Watson (2011) for four long term, continuous tide gauge records in Australia
(including Fort Denison) showed that whilst mean sea level was showing an ongoing upward trend, there was
a consistent trend of weak deceleration in the rate of SLR over the period from 1940 to 2000. Watson (2011),
however, highlights the importance of ground movement measurements when monitoring changes in sea
levels, since the land surface underneath a gauge may be subject to a range of complex factors including
tectonic movements, glacial isostatic adjustment, compaction of reclaimed land and subsidence. Another
investigation by Watson et al. (2009) has local significance as it considers the vulnerability of several islands
in Sydney Harbour with respect to NSW 2050 and 2100 SLR projections. These studies highlight the
importance of ongoing monitoring and data analyses in assessing long term trends in water levels. This is an
important consideration for the Parramatta River estuary due to the high development intensities.

Tidal exchange is the most dominant process that contributes to water level variations in the Parramatta River
estuary. SLR is therefore likely to have a direct effect on water levels in the estuary, and have consequent
impacts on natural estuarine processes in addition to human uses of the estuary.
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1.3 Inundation Mechanisms

The information provided in Section 1.2 gives an indication of the types of processes that cause elevated
water levels within in the estuary. Joint occurrence of several of the above processes is particularly likely to
cause elevated water levels, for example, severe wind set-up and IBE can cause storm surge. Most high
water levels in the estuary will have underlying spring tide levels. In this assessment we are concerned with
oceanic still water levels as defined by DECCW (2010b).

Elevated estuarine water levels are typically described using a probability of recurrence, e.g. a 100-years ARI
event indicates an event of a particular magnitude that has a 1 in 100 (1%) chance of occurring in any given
year.

This CHA considers the effects of:

. Coastal inundation which can occur at present due to a combination of phenomena as outlined
in Section 1.2, and;

. The combined effect of coastal inundation and projected future SLR, which is likely to have
impacts on some sections of the foreshore of the estuary.

Comparison of Inundation Mechanisms

To provide clarity, Table 1.2 describes the ocean/tide inundation mechanisms present within the Parramatta
River estuary, as illustrated in Figure 1.2 and Figure 1.3. Recognising the difference between these
inundation mechanisms may assist in understanding the objectives and key findings of this investigation.

Table 1.2: Inundation Mechanisms in the Parramatta River Estuary

Considered

Mechanism  Schematic ~ Scenario Description in this CHA?

= Elevated ocean levels, which cause elevated estuary
levels (within tidal limits);
= Caused by significant coastal events, especially a
Existing combination of phenomena including severe ocean storm
surges, high tides, waves etc.;
= Generally characterised by large, infrequent events (e.g. 1
in 100-years ARI).

= As above, but including the additional contribution of SLR
due to climate change, which is projected to result in more
significant increases in water levels and therefore an
increase in inundation extents.

Coastal See
inundation | Figure 1.2

Yes (SWL
only)*

With SLR

= This type of inundation does not really occur in the
existing case since people are unlikely to tolerate day to
day inundation; however, it may occur with an
approximately biannual frequency (king tides);

Existing

Tidal See

inundation | Figure 1.3 = Likely to occur more frequently in the future once sea No

levels rises to a level sufficient to surcharge the
With SLR stormwater system and/or overtop the foreshore and
seawalls on a regular basis (e.g. daily inundation);

= Highly influenced by tides;
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. . : - Considered
Mechanism = Schematic = Scenario Description .
P in this CHA?
= Likely to occur in the future if no SLR mitigation measures
are undertaken.
* The effect of waves is not considered in this assessment.
Elevated ocean levels due to:
Storm Surge
El Nifio [ La Nifia Southern Oscillation
Tides
Coastal trapped waves Wind set-up
Surface waves AR
Climate change — Wave run-up
/ Inundation ﬁ .
-MHWS LL] - F NI AN NN EE NS FEEEEEENEEEE ForEShore
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Figure 1.2: Schematic — Coastal Inundation

Sea Level Rise
Changes to Tidal Planes

/ Inundation
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_MSL (No SLR) _

Foreshore
edge

Figure 1.3: Schematic — Tidal Inundation

14  Objectives

This CHA has the following broad objectives:

. Incorporate SLR projections into an assessment of coastal hazards for the Parramatta River
estuary;
. Identify areas of impact on the foreshores of the Parramatta River estuary that are most at risk

from coastal hazards over the defined planning periods;
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. Provide broad recommendations for the integration of the results of this investigation into
planning mechanisms for the Parramatta River estuary foreshores.

24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 8
P:\Doc\2013\Reports.2013\Rep2752v3.doc Version 3



Parramatta River Estuary — Coastal Hazard Assessment

Prepared for Parramatta River Estuary Management Committee

2 METHODOLOGY

2.1 Overview

This CHA was undertaken in two key parts:

. Stage 1, which involved a review of available data and an assessment of data gaps and
limitations; and

. Stage 2, which involved the preparation of the CHA, including the delineation of inundation
extents under ocean still water levels in accordance with projected SLR.

The following provides a summary of the Stage 2 methodology:

. Collate and review data inputs to the study;

. Create a digital elevation model (DEM) from available data inputs, namely LiDAR (Light
Detection and Ranging) data, bathymetric survey data and seawall data;

. Generate a water level surface and map inundation extents using GIS for the following
scenarios:

- Existing Scenario (no SLR) for the 1-year ARI event, 50-years ARI event and 100-years AR
event;

- 2050 Planning Horizon Scenario (0.4m SLR) for the 1-year ARI event, 50-years ARI event
and 100-years ARI event;

- 2100 Planning Horizon Scenario (0.9m SLR) for the 1-year ARI event, 50-years ARI event
and 100-years ARI event;

. Consider the results of the assessment in the context of both natural estuarine processes and
the built environment;

. Provide strategic recommendations based on the results of this CHA.

It has been assumed for the purposes of this assessment that the future tidal range along the whole estuary
would remain the same as observed under the existing tidal planes. Although there is amplification of the tidal
range in the upper estuary compared to the lower estuary, it has been assumed the tidal planes are flat over
the entire estuary as hydrodynamic modelling was not proposed for this study. As such, the still water level
extents were prepared in accordance with the design still water levels for Fort Denison provided in DECCW
(2010b) (Table 2.1).

Table 2.1: Design Still Water Levels for Fort Denison (after DECCW, 2010b)
Existing Scenario (No SLR) 2050 Scenario (0.4m SLR) 2100 Scenario (0.9m SLR)

AR (years) Design Still Water Levels Design Still Water Levels Design Still Water Levels
(mAHD) (mAHD) (mAHD)
1 1.24 1.58 2.08
50 1.41 1.75 2.25
100 1.44 1.78 2.28
24 June 2013 Cardno (NSW/ACT) Pty Ltd Page 9
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2.2  Datalnputs

This assessment draws on available data provided by Sydney Metropolitan Catchment Management Authority
(SMCMA; now amalgamated with the Hawkesbury Nepean CMA), spatial data and aerial imagery provided by
Parramatta City Council and NSW Land and Property Information (LPI), and the SLR benchmarks outlined in
the NSW Government Sea Level Rise Policy Statement (DECCW, 2009).

The final dataset used in the DEM creation was provided to Cardno by the SMCMA. This data was made up
of a series of tiles that included the following data types:

. LiDAR data;
. Bathymetric data; and
. Interpolated seawall crest and toe levels.

Table 2.2 provides more details, including the sources and dates for each of the above data types. The
coverage of each dataset is shown schematically in Figure 2.1.

Table 2.2: Details of Data Inputs

Data Type Layer Names Date Primary Data Source PA%?:IS;T; Vertical Accuracy
LiDAR LiDAR 200;3652 07, Geoscience Australia 0.3m 0.15m
Sydney_Harbour_sounding Various NSW Maritime 0.3m 0.1m (subject to
Bathymetric s date of survey)
data April 2012 Catchment Research 0.1m (subject to
LPR_bathymetry Pty Ltd 0.3m date of survey)
. SMCMA -
Seawal Seawalls_SHC April 2012 SMCMA ~ interpolated +-0.2m interpolated values
crest levels values (from LiDAR) .
(from LIDAR)
SMCMA -
SMCMA — interpolated interpolated values
Seawall toe Base_Seawalls_SHC April 2012 values (from +/-0.2m P ,
levels . (from bathymetric
bathymetric data)

data)

In order to prepare the data inputs for integration into a DEM, a series of data pre-processing tasks was
undertaken. Stage 1 of the CHA (review of available data) identified a number of data limitations and an effort
was made to address those limitations and data gaps where possible.

Stage 1 of the CHA identified a data gap between the landward boundary of LIDAR data points and the
seaward edge of the bathymetric survey data near the land-water interface. It was resolved that additional
data at the land-water interface would allow for increased DEM accuracy in these locations - in particular,
seawall data. Unfortunately, seawall crest and toe levels were not available because they have not been
surveyed around the estuary, so an alternative method was applied. This method involved the digitising lines
of seawall crests and toes from recent aerial photographs and then conversion of seawall lines to points (at
intervals of 2m). The levels of these seawall points were then interpolated. Seawall crest levels for each
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point were interpolated from the nearest LIDAR points and seawall toe levels were interpolated from the

nearest bathymetry points.

KEY:
35 Example LIDAR points
® Example Hydrosurvey points
3 v
& 7 LI00YearARLGOIMSIRISWL | M
T 2 '
£ ©
§ ' LiyrARI (No SLR) SWL ™=
b Used to interpolate
\mtl . swavvall Crest Bxteht of
05 Data G:hp LIDAR
0 J . .
o 50 100 150 200
0.5 | Extentof i Distance (m)
Hydrosurvey Seawall
-1
@

Used to interpolate
seawall toe

i P
s V
-2

Figure 2.1: Shoreline Cross-Section Schematic with Data Inputs

A summary of the tasks undertaken to prepare the data inputs for incorporation into the DEM is described in

Table 2.3.

Table 2.3: Details of Data Pre-Processing

Details

LIDAR was imported from XYZ text files in 2km tiles and converted to
shape files for viewing in GIS. The LIDAR data required for the
assessment comprised 29 data tiles (shape files), each 2km by 2km.
The distribution and coverage of these tiles are shown in Figure 2.2.

Bathymetry data had already been translated into shape file format. The
extent of the bathymetric survey data is shown in Figure 2.3.

Seawall toe and crest layers were digitised using 2009 aerial
photography. The extent of these seawall layers is shown in Figure 2.4.
These line features were converted to points (using a 2m interval) and
elevation values for resulting point features were interpolated in GIS
using a custom-made tool. LiDAR data and bathymetry data were used
to interpolate seawall crest data and seawall toe data respectively.

LiDAR, bathymetric data and interpolated seawall data points were
merged and subsequently clipped to 2km by 2km tiles to facilitate ease of
viewing.

Data quality assurance checking was undertaken. Where the separate
data layers converged, elevation values were visually checked for logical
distribution. Non-conforming points were removed, including points that
coincided with jetties as identified via aerial photography. The data
points from various sources were prioritised depending on the date of the
data (with priority given to more recent data points).

Data Type Processing Summary
LIDAR Converted from ?(YZ data
to shape files
BatShymetnc None required
urvey
Digitising, conversion from
Seawalls lines to points, interpolation
of seawall levels.
LiDAR,
Bathymetric | Merging of data, clipping to
Survey and 2km by 2km data tiles
Seawalls
LiDAR,
Bathymetric Quality assurance and
Survey and checking
Seawalls
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Data Type Processing Summary Details

LIDAR, The dataset was clipped to the 10m contour line to further facilitate ease

zitrr%mztr:lg Clipping to 10m contour line | of viewing and to reduce computer processing times in preparation for
Seavzalls DEM creation (Section 2.3).

2.3  Digital Elevation Model

Once the data inputs had been converted to point features and had been quality checked, a DEM was created
from the dataset. A DEM is a 2.5D digital representation of a terrain surface that is represented in a GIS as a
raster dataset (a grid of pixels of equal length and width, with one elevation value assigned to each pixel).

A series of DEM tiles was created from the 29 point feature tiles at a resolution of 1m, which was considered
sufficient given the data input accuracies and the proposed objectives of the investigation and data outputs.
The 29 DEM tiles were then merged to create a single DEM. Figure 2.5 provides a visual indication of the
final DEM (which has been clipped to the 10m contour to show the study area more prominently). Several
straight lines delineating the boundary of the DEM are noticeable in Figure 2.5 — these indicate the edges of
the data tiles (i.e. data outside this extent was not required for the study area).
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2.4 Inundation Extents

Inundation extents were mapped by producing a series of contours based on the DEM. These contours were
produced as regions (polygons) rather than contour lines for ease of analysis. Since region contours are not
the default in ArcGIS, this involved the following additional “work-around” steps:

. The raster calculator was used to multiply all DEM values by 100 (so that values were not
truncated as per next step);

. The raster calculator was used to convert all DEM values to Integers (in order to be compatible
with the tool used in the next step);

. The DEM was reclassified from continuous to discrete, using the values required for the
contours multiplied by 100, for example, for the existing scenario, all values from 0 to 124 were
reclassified as 124, all values from 124 to 141 were reclassified as 141 and all values from 141
to 144 were reclassified 144;

. The raster dataset was converted to polygons and labelled according to original values (that is,
current raster values divided by 100).

As described above, the inundation extents were mapped using a raster dataset. Although smoothing of
polygons was undertaken though anti-aliasing, the extents still appear pixelated due to the nature of the
original raster dataset. This characteristic is not noticeable at small scales, however, it is much more
noticeable when viewing the extents at larger scales.

Once the inundation extents had been created for each of the nine scenarios, a process was undertaken to
quarantine a number of areas that were outside of the study area, or otherwise considered to have low data
accuracy. This process involved the following:

. The extents were clipped at the upstream extent (Charles Street weir) and the downstream
extent (using the adopted study area boundary);

. The four estuary islands (Cockatoo Island, Spectacle Island, Snapper Island and Rodd Island)
were removed from the extents, as agreed with Council and OEH;

. All polygons that were disjunct from the main inundation extent were considered not to be
affected (by overland flow) and were therefore removed from the extents; and

. Wetland areas within the Sydney Olympic Park Authority (SOPA) boundary were excluded from
the assessment as the available data for these wetland areas was not considered to be
sufficiently accurate for the purposes of this exercise, noting also that tidal inundation is
artificially managed in these areas.

Figure 2.6 shows those areas excluded from the assessment due to accuracy or other reasons, as outlined
above.
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2.5  Outputs

Key outputs of this assessment include 1-year, 50-years and 100-years ARI inundation extents for each of the
three scenarios — existing scenario (no SLR), 0.4m SLR scenario and 0.9m SLR scenario (that is, nine
inundation extents in total). These extents have been included in the assessment mapping (see Section 3).

2.6 Limitations of the Data

Inherent to any dataset are limitations based on various factors including the type, source, date and method of
collection of the data. Data used in this assessment have a number of limitations (Table 2.4), which need
consideration in drawing conclusions from the results of this investigation.

Table 2.4: Details of Data Limitations

Task Limitations

Although there is amplification of the tidal range in the upper estuary compared to the lower estuary,
the tidal planes were assumed to be flat over the entire estuary, as hydrodynamic modelling was not
undertaken for the purposes of this study. Still water level extents were prepared using design still
water levels for Fort Denison provided in DECCW (2010b).

There is a range of limitations that may occur in the collection of LIDAR data. In the first instance there
is potential for issues associated with data capture, including potential errors inherent to the

LIDAR instruments used, calibration of instruments, and sensor altitude. Secondly, there is potential for
issues relating to the pre-processing of LIDAR data once collected, such as filtering of “noise”, data
correction etc.

Water levels

Interpolated levels for seawalls were the best data available; however this method may not optimally
Incorporation | represent the actual local surface variation in these foreshore areas. Final data tiles that were used in
of seawalls | creating the DEM comprised some LiDAR points that overlapped the seawalls. Surveys of seawall
crest and toe levels have not been undertaken and were therefore unavailable for use.

LiDAR data in the vicinity of the land-water interface is likely to have greater inaccuracy than in other
locations. The laser instrumentation used in LIDAR data collection cannot always accurately record
LIDAR reflectance where water is present. However, the mapped inundation extents should generally
lie landward of the interface (especially for higher water levels).

DEM creation

A number of different datasets from different time periods were used in the assessment (e.g. LIDAR
DEM creation | from 2006 to 2008 and bathymetric survey from 1958 onwards) meaning that data in adjacent spatial
locations may have different elevation/depth values.
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3 RESULTS

3.1  Inundation Extents

This section provides the results of the assessment, including the mapping of inundation extents for the
estuary, namely:

. 1-year ARI and 100-years ARl extent for the existing scenario (no SLR);
. 1-year ARl and 100-years ARl extent for the 0.4m SLR scenario;
. 1-year ARl and 100-years ARl extent for the 0.9m SLR scenario.

Although mapped in GIS, the 50-years ARI extents have been excluded from the discussion in this document
since they were very similar to the 100-years ARI extents. Similarly, the 50-years ARI extents have not been
mapped in the accompanying figures (Figures 3.1 to 3.9) due to difficulties differentiating them from the 100-
years ARI extents at the relevant map scale.

3.1.1  Existing Scenario (no SLR)

Figures 3.1, 3.2 and 3.3 show the 1-year and 100-years ARI events in the upper, middle and lower estuary
regions, respectively representing the area of land subject to coastal hazards associated with coastal
inundation for the existing case. The 1-year ARI inundation extent is confined primarily to the immediate
foreshore areas including parks and other open space areas (such as at Homebush Bay and Homebush).
Parkland and open space areas are particularly vulnerable to inundation as they are often located at lower
elevations along the foreshore or along the tributaries. Some freehold properties are also inundated, although
typically only the undeveloped portions of land appear to be impacted. Inundation occurring on an
approximately annual basis (i.e. the 1-year ARI event) is unlikely to be tolerated by residents or
commercialfindustrial activity unless the effects are minor. In general, the lower estuary is not as significantly
affected by inundation, due to generally high river banks and seawall crest levels. Some localised impacts on
utilities may occur, and some foreshore structures (such as jetties) may not be accessible if overtopped during
an event.

In the 100-years ARI event, inundation extents are larger, with some areas of industrial/commercial land and
small areas of residential land being inundated. Key areas that are currently at risk of inundation during the
100-years ARl include Haberfield (roads) and Drummoyne (residential properties). Whilst the main developed
portion of these residential and commercial/industrial lands are unlikely to be inundated, there may be
localised areas of impact, particularly in relation to ancillary structures such as garden sheds or storage areas.

Some roads are affected, particularly along tributaries of the main waterway. Areas at risk in Rydalmere,
Rosehill, Silverwater, Newington, Homebush Bay, Homebush and Concord are located along tributaries of the
main estuary waterbody and/or are mostly comprised of open space areas, parklands or wetlands. Boatsheds,
jetties and other foreshore structures would also be overtopped during this event.
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3.1.2 0.4m SLR Scenario

Figures 3.4, 3.5 and 3.6 show the 1-year and 100-years ARI events in the upper, middle and lower estuary
respectively for the 0.4m SLR scenario. As anticipated, under SLR conditions a larger area of land is
inundated when compared to the existing scenario (450% increase in extent).

The mapped inundation extents include an increasing number of residential allotments, with potential for the
main dwelling located on the lot to be inundated, particularly under the 100-years ARI event (+0.4m SLR).
Locations subject to relatively larger inundation extents include Haberfield (roads, residential areas and some
industrial land), Drummoyne (residential land) and also new areas such as Concord (golf course).
Industrial/commercial land and buildings would be affected, albeit to a limited extent (as for the existing
scenario). Other areas falling within the inundation extent include roads in Haberfield, Chiswick and Five
Dock, and open space areas and wetlands in a number of suburbs including Lilyfield and Five Dock.

3.1.3  0.9m SLR Scenario

Figures 3.7, 3.8 and 3.9 show the 1-year and 100-years ARI events in the upper, middle and lower
Parramatta River estuary, respectively, for the future (0.9m SLR) scenario.

Areas subject to inundation are larger in the 0.9m SLR scenario. In the 1-year ARI event, affected areas in
the lower estuary tend to be dominated by residential lands, with areas of commercial/industrial land being
impacted in the middle and upper estuary. Open space and parkland areas are also increasingly affected,
including several golf courses. Foreshore roads and areas surrounding the tributaries of the main estuary
waterbody are also significantly affected in some locations.

In the 100-years ARI event, the inundation risk to residential land and dwellings increase in some areas,
particularly in parts of the lower and middle estuary, whilst industrial/commercial land and buildings become
more affected in sections of the upper estuary. Homebush Bay (industrial) is likely to become significantly
affected by inundation under a 0.9m SLR scenario. Haberfield and Drummoyne would also become
substantially more affected, with primarily residential properties at risk. Additional affected areas include
Rydalmere (industrial), Canada Bay (residential), Homebush (industrial), Meadowbank (open space and some
residential), and Rosehill (industria