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1 Introduction

1.1 Background

Worley Consulting (previously Advisian) has been commissioned by Shoalhaven City Council
(Council) to prepare a Review of Environmental Factors (REF) which would accompany proposed
updates (the proposal) to the Swan Lake Entrance Management Policy (EMP). The EMP was first
adopted by Council in 2004 and last reviewed in 2008.

The EMP provides a framework that assists in the management of the entrance to Swan Lake. The
aim of the EMP is to provide Council, State Government and the local community with a detailed
procedure for the short- and long-term management of the Swan Lake Entrance. It describes:

e the procedures to be followed by Council for artificial openings of Swan Lake entrance,
should this course of action be necessary.

¢ the conditions that should be satisfied prior to an artificial opening.

¢ the responses that may be requested of state agencies in response to artificial or natural
opening events.

e a course of actions to approach totally natural entrance behaviour.
The EMP aims to:

e Minimise risk to life and risk to public and private property and assets due to catchment
flooding.

e Establish clear triggers for initiating mechanical intervention in the natural processes of the
entrance.

e Minimise interference with natural entrance behaviour and allow mechanical entrance
openings to mimic a natural ICOLL opening regime as closely as possible.

e Accommodate future climate considerations, in particular sea level rise.

e Conserve or enhance the ecological diversity and flora and fauna communities of the lake
system, including surrounding wetlands.

e Conserve or enhance the recreational activities within the lake and its foreshores.
e Determine key responsibilities for management of the entrance.
e Detall the procedures for monitoring the entrance.

Council is responsible for managing the Swan Lake entrance for the purpose of flood mitigation for
low-lying properties and assets in accordance with authorisations from the NSW Government. The
mechanical opening of the Swan Lake entrance will not prevent flooding of properties within the
entirety of the catchment. Accordingly, the EMP aims to reduce, not eliminate, the impacts of
flooding.

1.2 Purpose of the Review of Environmental Factors

This REF has been prepared by Worley Consulting to enable Council to assess the environmental
impacts of the proposal. For the purposes of the activity, Council is the proponent and determining
authority under Division 5.1 of the Environmental Planning and Assessment Act 1979 (EP&A Act).

The purpose of this REF is to describe the proposal and assess the likely impact(s), having regard
to the provisions of Section 5.5 of the EP&A Act, including the identification of suitable mitigation
measures to reduce the likely impact(s), if any, of the proposal. Section 171 of the Environmental
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Planning and Assessment Regulation 2021 (EP&A Regulation) and the factors in Guidelines for
Division 5.1 assessments (Department of Planning and Environment (DPE), 2022) have also been
considered in preparing this REF.

This assessment has also considered the relevant provisions of the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act), other relevant NSW environmental
legislation and environmental planning instruments.

1.3 Proposed Activity

The proposed activity comprises the prevention of the flooding of assets through long-term
modification of some infrastructure, while reducing the need for artificial entrance intervention to
improve the resilience of the Lake and its infrastructure to inundation events.

The EMP for the present-day is to open the Lake entrance once the trigger level is reached. This
EMP establishes the use of a trigger level of 2.5 m AHD, with water levels allowed to stay between
2.3m AHD and 2.5m AHD for three months, to allow sufficient inundation of the coastal wetland
area at the northern end of the lake to occur. The procedure for opening the Lake entrance is
discussed in detail in Section 4.

Further, the proposed activity includes monitoring of the entrance, and minor works to enable the
raising of intervention levels in the future, with the long-term aim of restoring the lake to a natural
hydrologic regime.

Figure 1 and Figure 2 provide a geographical overview of Swan Lake, with views of the entrance in
Figure 3 and Figure 4. The impact assessment of the proposed activity includes the entire Lake
and foreshore affected by the Proposal as shown in Figure 5, and encompasses the Coastal
Environment Area, Coastal Use Area, Coastal Wetlands and Coastal Wetland Proximity areas as
defined by the State Environmental Planning Policy (Resilience and Hazards) 2021 (RH SEPP).
The subject site includes the Lake entrance area and immediate surrounding land, as indicated in
Figure 6. For the purposes of assessing environmental impact and database searches, a 5-
kilometre radius centred on the lake of the study area was considered.

Figure 1 Site overview of Swan Lake (Nearmap 2024)
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Lake entrance

Figure 2 Zoom in extent of Swan Lake entrance (Nearmap 2024)

Figure 3 Aerial view of Swan Lake entrance (Advisian 2022)
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Figure 4 View looking north of the Swan Lake entrance (Advisian 2022)



alf |
Ci ty Council Environmental Impact Assessment

Part 5 Assessment EP&A Act 1979

Conjola National Par

LEGEND

Council-managed Crown Reserve

o Study Area

- Conjola National Park

|:| Land Parcel

e Entrance Management Site Area

DATE 24/9/2024 COORDINATE SYSTEM MGA Zone 56 FIGURE TITLE Study Area

'.‘)/:J\\‘,_iwcfley ?oa"‘aml * Planning,

City Council NSW Industry &

= consulting Environment

PROJECT NO.  311015-00158 PROJECT TITLE = Swan Lake Entrance Management Policy CREATED BY  C. Adamantidis

Figure 5 Study Area




City Council

DATE  24/9/2024

PROJECT NO.

Figure 6 Subject Site Area

311015-00158

COORDINATE SYSTEM

PROJECT TITLE

TNEED T
remy

-
Tl

»

!

o ot

/ l y

MGA Zone 56

Swan Lake Entrance Management Policy

#DP1119

FIGURE TITLE

CREATED BY

Land to which the Policy applies

C. Adamantidis

Ry /¥
033

Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

LEGEND

Council-managed Crown Reserve

o Land to which the Policy applies

D KA Planning,
J2worley jodhaven - Wik | P,
-ty Louncit— INSW | Environment

consulting




Ci ty Council Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

9koalhm/m

1.4 Sources of information
This REF has been informed by:
o Database searches
o Protected Matters Report under the EPBC Act on 27 March 2024.
o NSW BioNet Atlas on 27 March 2024.

o Aboriginal Heritage Information Management System (AHIMS) (accessed on
22 March 2024).

o iNaturalist data (October 2024) — 5 kilometres radius around the centre point
of the lake.

e Council supplied reports, records and archives.
e Previous REF and Entrance Management Policy.
e CMP documentation.

e Key Fish Habitat (KFH) as identified by NSW Department of Primary Industries and
Regional Development (DPIRD).

e Occurrence of protected aquatic vegetation under the FM Act (e.g. mangroves,
saltmarsh and seagrass as mapped by NSW DPIRD).

e Location of Coastal Wetlands and Littoral Rainforest (RH SEPP).
e Occurrence of State and Federal Listed threatened and protected flora and fauna.

e Occurrence of any areas of declared Critical Habitat (under the FM Act and EPBC
Act) and AOBV (under the BC Act).

e Invasive pest species including WeedWise search for priority listed weeds under the
NSW Biosecurity Regulation 2017.

In addition to the above, a site visit to Swan Lake was undertaken by Worley Consulting in
2021 as part of the preparation of the CMP to ground truth existing data and obtain images
of key items of significance/risk. Information from this site visit has been used for the REF.

Likelihood of occurrence was assessed for threatened flora and fauna listed under the
Biodiversity Conservation Act 2016 (NSW) (BC Act) and EPBC Act that have been recorded
within 5 kilometres of the subject site (hereafter referred to as the 'locality").

Based on the nature of the subject site and proposed activity, it was considered that the
above listed habitat assessment, literature review and database searches were appropriate
means for assessing the potential impact on environmental factors in accordance with
section 171 of the EP&A Regulation.
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2 Location and historical context

2.1 Location

Swan Lake is a large brackish coastal lake that is intermittently connected to the sea. It has
a surface area of about 4.5 to 5 square kilometres (km?) and consists of a broad, shallow
basin and a narrow, sinuous inlet about one kilometre long that occasionally opens to the
sea.

Swan Lake is a naturally variable and dynamic environment. Swan Lake is typical of many
south coast lagoons in that it is usually closed to the sea by a sand bar and the condition of
the lake's entrance plays an important part in the state of the estuarine ecosystem. The
biological, chemical and physical character of the lake may stay relatively stable for months
or years and then change dramatically within a short period if the entrance opens. The lake
then functions as a tidal waterway for some time.

2.2 Land Ownership and Management

Swan Lake is situated within Shoalhaven City Council local government area (LGA) and falls
under the Shoalhaven Local Environment Plan 2014 (the LEP). Land zoning of Swan Lake
and surrounding areas are detailed in Table 1 and a map of the zoning is found in Figure 7.

The area surrounding the Lake to the west, north and north-east is part of the Conjola
National Park and is managed by NSW National Parks and Wildlife Service (NPWS). The
waterway area of the Lake is zoned W1 Natural Waterways, with the entrance channel
zoned as W2 Recreational Waterways. The area surrounding the Lake Entrance where
entrance management activities would be carried out under this proposal is part of Crown
Reserve R78638 managed by Council.

Table 1 List of Land Zones and Objectives

Zone Location Objectives of Zone
W1 — Natural Proposal site To protect the ecological and scenic values of natural
Waterways waterways.

To prevent development that would have an adverse
effect on the natural values of waterways in this zone.

To provide for sustainable fishing industries and
recreational fishing.
W2 - Recreational Proposal site To protect the ecological, scenic and recreational
Waterways values of recreational waterways.
To allow for water-based recreation and related uses.

To provide for sustainable fishing industries and
recreational fishing.

C1 - National Parks  Adjacent to To enable the management and appropriate use of

and Nature proposal site land that is reserved under the National Parks and

Reserves Wildlife Act 1974 or that is acquired under Part 11 of
that Act.

To enable uses authorised under the National Parks
and Wildlife Act 1974.
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Zone

C2 - Environmental

Conservation

RE1 - Public
Recreation

R2 — Low Density
Residential

SP3 - Tourist

City Council

Location

Adjacent to
proposal site

Adjacent to
proposal site

Adjacent to
proposal site

Adjacent to
proposal site

Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

Objectives of Zone

To identify land that is to be reserved under the

National Parks and Wildlife Act 1974 and to protect the
environmental significance of that land.

To protect, manage and restore areas of high
ecological, scientific, cultural or aesthetic values.

To prevent development that could destroy, damage or
otherwise have an adverse effect on those values.

To protect water quality and the ecological integrity of
water supply catchments and other catchments and
natural waterways.

To protect the scenic, ecological, educational and
recreational values of wetlands, rainforests, escarpment
areas and fauna habitat linkages.

To conserve and, where appropriate, restore
vegetation in order to protect the erosion and slippage
of steep slopes.

To enable land to be used for public open space or
recreational purposes.

To provide a range of recreational settings and
activities and compatible land uses.

To protect and enhance the natural environment for
recreational purposes.

To provide for the housing needs of the community
within a low-density residential environment.

To enable other land uses that provide facilities or
services to meet the day to day needs of residents.

To provide an environment primarily for detached
housing and to ensure that other development is
compatible with that environment.

To provide for a variety of tourist-oriented development
and related uses.

To enable compatible residential and recreational uses.
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Figure 7 Land Zones of proposal area (NSW Planning Portal 2024)

2.3 Historical Context

When water levels are high within Swan Lake it can result in nuisance inundation to some
infrastructure and amenity including, roads, pathways and properties that surround the lake.
The EMP adopts a protocol for intervention at the Lake entrance. The historical entrance
management protocol can be seen below in Figure 8. The previous Entrance Management
Policy was supported by an REF by Peter Spurway & Associates, dated August 2003.

The previous entrance management regime for initiating a lake opening based on lake level
is summarised as follows:

i) When the lake level reaches 2.2 metres (m) Australian Height Datum (AHD):

o If water levels in the lake reach 2.2 m AHD, the berm and lake levels are closely monitored,
and a period of three months is allowed to elapse before a lake opening is initiated. The three
month period can be reduced in consultation with National Parks and Wildlife Service (NPWS)
if it is considered advantageous for the lake to be opened in May or June, in the lead-up to a
shorebird breeding season.

¢ Initiate Green and Golden Bell Frog survey during or within 24 hours of rainfall (under the
existing Policy, Council is responsible for undertaking the survey).

e Observe lake level on Collier Drive Bridge gauge to check against water level recorder.

e Observe beach berm at lake entrance to judge if lake can rise to 2.5m AHD or if it is likely to
open naturally prior to this level being attained.

o Notify NPWS for its determination on the likelihood or confirmed presence of nesting
shorebirds on the beach in the entrance area.

10
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Advise state agencies that opening could eventuate if rain was to continue and the lake was
to rise to 2.5m AHD, and seek their input

Advise Council works staff responsible for the opening works that a lake opening could
eventuate if rain was to continue and the lake was to rise to 2.5m AHD

i) When the lake level reaches 2.5 m AHD

Council to notify agencies and open lake at first opportunity, noting agency advice

Swan Lake water level
stabilises between 2.2m
AHD and 2.5m AHD.

SCC  to  advise
agencies and ‘close

monitor’  berm  and
lake level.

SCC to initiate (24
hours after rain) Green
& Golden Bell Frog

NPWS to check for
shorebird nesting

activity (in season) at
surveys and advise the mouth.
NPWS and EA if
positive.

Swan Lake water level
has been between 2.2m
and 2.5m AHD for over

three months.

NPWS or SCC
may open Swan
Lake if shorebird
breeding season is
imminent.

SCC may open Swan
Lake with agency
approval it  road
pavement conditions
deteriorate.

Note no action to be taken if
GGBF breeding is recorded.

Swan Lake water level
reaches or exceeds
2.5m AHD.

SCC to notify agencies
and open lake at first
opportunity, noting
agency advice.

Figure 8 Previous Swan Lake Entrance Management Regime (Shoalhaven City Council 2008)

2.3.1 Previous Lake Openings and Procedure

The previous EMP notes four locations where potential openings could or have occurred in
the past:

e Location A — south across reef
[ ]

Location B1 — across sand spit immediately north of reef

Location B2 — further north near sand dunes
[ ]

Location C — “The Gap” (no recorded openings)

The previous EMP specifies that the opening should take place within 10 m of the reef at the
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entrance to the lake at Cudmirrah Beach, either across the sand spit to the north side of the
reef or across the reef to the south. The opening location is to be determined by the relative
height of the incipient dune at each location. The EMP states that this naturally random
process should be allowed to continue, rather than force the lake to open at one side of the
reef. The excavation is specified to be 2 m wide and is to be made in the area with the
lowest incipient dune height as determined on site prior to works commencing. The four
locations are indicated in Figure 9.

If intervention is required by Council to open Swan Lake, then the Swan Lake inlet would be
excavated by mechanical equipment (dozer). This would go through unvegetated sand
barriers and adjacent shallow shoals within 10m of the rocky reef on Cudmirrah Beach. The
construction equipment would access the site as much as possible via established roads
and unvegetated areas and is to avoid recorded Aboriginal sites. The excavated sand would
be pushed to the side of the excavated channel and is not to be removed from site.

R B < LS ¥

Figure 9 Locations where lake openings are possible. Locations A and B1 are specified as
acceptable for artificial openings by the EMP (Advisian 2022)
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3 Proposal Justification and Options

3.1 Strategic Need for the Proposal

The review of the existing EMP for Swan Lake (Advisian 2022) formed part of a series of
studies for the development of the St Georges Basin, Sussex Inlet, Swan Lake and Berrara
Creek Coastal Management Program (CMP) being undertaken by Council. The review used
additional data collected since the EMP was first formulated in 2002 to address knowledge
gaps identified in the EMP, and to assess the appropriateness of the existing EMP with
respect to intervention at the Lake entrance. Advisian (2022) found that the existing
management regime for the Lake is sound and that the assumptions used to formulate the
EMP are largely correct based on additional data collection.

However, there have been several documented instances where the Swan Lake entrance
berm has been breached artificially, or the breaching has been assisted by members of the
public, outside of the protocol specified in the EMP. Community engagement throughout the
development of the CMP, including various submissions from community members,
identified impacts when lake levels are high for extended periods within Swan Lake
(Advisian 2022):

e Aloss of recreational amenity, with the sandy foreshores at Swanhaven, The Springs
Road “Ski Beach” and at Errol Bond Reserve being inundated at lake levels above 2
m AHD. These sandy foreshores are valued by the public for their recreational
amenity.

¢ Nuisance inundation for extended periods impacting on recreational amenity.

e There is a perception that water quality is reduced when the lake entrance is closed
for extended periods, due to a lack of tidal exchange within the lake. However, this
perception is not supported by evidence from water quality monitoring, which shows
that water quality within the lake is not dependent on entrance conditions.

e When water levels are higher than 2 m AHD, there is an impact to some fringing
vegetation around the southern foreshore of the lake, and an increased risk of bank
erosion.

In response to the above, practical measures have been proposed as part of this REF to
reduce the need to intervene with the natural system, including minor works to improve flood
resilience of infrastructure and measures to improve recreational amenity, reducing impact of
long-term nuisance inundation on the local community when the entrance is closed and lake
levels are high. The long-term aim is to minimise the need for any intervention at all.

3.2 Options Considered

3.2.1 Option 1: Do Nothing

The do-nothing approach would retain the existing Policy and its management regime. This
option would lead to the continuation of intervention at the entrance when water levels reach
above 2.3m AHD, this would result in the continuation of inundation of local infrastructure.

3.2.2 Option 2: Update the Entrance Management Policy

Updating the EMP based on the recommendations as per review (Advisian, 2022) would
result in a long-term aim of being able to minimise the need for intervention as stated in
Section 3.1. Further, the proposed changes would aim to progressively reduce the risk to
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infrastructure, which is below the trigger level, by raising it or moving it to higher ground.
A more in-depth description of the updates to the EMP can be found in Section 4.

3.2.3 Option Chosen and Justification

The preferred option is Option 2 as it lowers the need for intervention and lessens risk to
local infrastructure from flood issues stemming from management of the Swan Lake inlet. In
raising the trigger level, the aim is to progressively reduce the risk to infrastructure, which is
below the trigger level, by raising it or moving it to higher ground. Further to changing the
trigger level, another intervention involves preventing the lake from breaking out at a location
known as “The Gap”, which is a narrow point in the beach a few hundred metres north from
the existing lake entrance. Prevention would involve beach scraping to be carried out as an
emergency measure if needed to prevent the lake breaking out here, as a breakout could
cause erosion of the banks of the entrance channel and could lead to long term changes in
the lake channel morphology.
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4 Description of the Proposal

A description of the proposed updates to the EMP is provided below which is based on the “Swan
Lake and Berrara Creek Entrance Management Review” report written in 2022 by Worley
Consulting (formerly Advisian). Overall, the purpose of the revised management regime is to
prevent the flooding of assets. Details of the existing artificial entrance intervention work
methodology is provided in Section 2.3.1.

4.1 Entrance Management Strategic Framework

Overall, the purpose of the revised management regime is to prevent the flooding of assets
through the long-term modification of some infrastructure, while reducing the need for artificial
entrance intervention to improve the resilience of the Lake and its infrastructure to inundation
events. This will allow the Lake to more closely resemble a completely natural system to improve
the estuary’s health.

The overall strategy for future management of the Swan Lake entrance is outlined in Figure 10,
with the long-term aim being to restore the lake to a completely natural opening regime.
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Trigger Level
2.3 -2.5m AHD
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Trigger Level
2.3-2.5m AHD

Open entrance when trigger level is
reached (2.5m AHD, or 2.3m AHD for
longer than 3 months)

Undertake minor works (access track
raising) and locate new development
to allow trigger levels to be increased

Community education on estuary
processes and measures to improve
recreational amenity

Monitor entrance behaviour

5 years
Trigger Level
2.5m AHD

Increase trigger level to
2.5m AHD

5—10 years
Trigger Level
2.5m AHD

Undertake flood study and
incorporate provisions in future
development planning

Undertake major works (road and
bridge levels raised) and locate new
development (above flood planning

level) to allow trigger levels to be

increased

Community education on estuary
processes and measures to improve
recreational amenity

Monitor entrance behaviour

=

20 years +
No trigger

o

Remove provisions for artificial

entrance intervention

Monitor entrance behaviour

Figure 10 Entrance Management Strategic Framework
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The key rationale for the establishment of water level triggers to determine levels at which the Lake

may be mechanically opened is to manage the inundation of assets and the protection of the
environment. The rationale for selecting the location of the lake opening being dependent on the

rate of outflow, depth of scour at the opening channel and ultimate water level achieved within the

lake following an opening.

There are some areas of low-lying development around Swan Lake at Swanhaven and Cudmirrah
that experience inundation when the lake level exceeds 2.03 m AHD, with these areas identified in

the EMP. The key low-lying assets and the lake elevation (in m AHD) at which they experience

inundation are listed in Table 2.

Table 2 Key asset inundation levels (Peter Spurway & Associates 2002)

Asset Asset Lake Level (m AHD) ‘

Swan Haven

‘The Springs’ Lakeside Cabins access track low Point
‘The Springs’ Sewage holding tank cover

Pumping Station 13 access track low point

‘The Springs’ lowest cabin (No 4) floor level

Public toilets floor level

Slab at Pumping Station No. 13 (Lake Drive Reserve)
Cudmirrah

Collier Drive — Lowest point south of bridge

Swan Lake Tourist Park lowest ground level

The Springs Road north of Collier Drive bridge
Collier Drive at bridge deck

Swan Lake Tourist Park office floor level

Switchgear building Pumping Station No. 1 Goonawarra Drive

Public toilets floor level

4.3 Intervention Levels — Present-day (Stage 1)

2.03
2.70
2.93
3.37
3.46
3.62

2.47
2.47
2.60
3.17
3.25
341
3.60

The EMP for the present-day, in accordance with Stage 1 of the framework presented in Figure 10,
is to open the entrance once the trigger level is reached. The proposed EMP establishes the use of

a trigger level of 2.5 m AHD, with water levels allowed to stay between 2.3m AHD and 2.5m AHD
for three months, to allow sufficient inundation of the coastal wetland area at the northern end of

the lake to occur.

The proposed EMP and procedures for the present day are outlined in Figure 11. Key aspects of

the EMP include:

e Monitor lake water levels weekly at https://mhl.nsw.gov.au/Station-216425, or daily if

rainfall greater than 10 mm within 24 hours is occurring or forecast in the catchment area. It
is noted that Council currently receives text and email alerts from MHL (Swan Lake gauge)
when predetermined lake water level thresholds have been met. These alerts provide early
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warning of lake level rises and notify Council when key EMP water level thresholds have
been met.

e Apply a 2.5 m AHD intervention level for opening the lake at the earliest opportunity but
with consultation with NPWS and DCCEEW-BCS subject to consideration of ocean
conditions and requirements regarding threatened migratory shorebirds

e If water levels are between 2.3 m AHD and 2.5 m AHD, undertake consultation with
National Parks and Wildlife Service (NPWS) to determine the presence of nesting
shorebirds prior to initiating an opening. Shorebird nesting season is from August to March.
It is assumed that Green and Golden Bell Frogs could be present based on historical
surveys in the Swan Lake area and The Green and Golden Bell Frog Key Population at
Sussex Inlet — Swan Lake Management Plan (DECC, 2007). Lake levels should be allowed
to remain at between 2.3 m and 2.5 m AHD for a minimum of three months prior to initiating
an opening of the entrance to primarily allow inundation of the Coastal wetland at the
northern end of the lake. This will also help to provide fresh or lightly brackish water which
may also be of benefit to the endangered Green and Golden Bell Frog to allow for their
successful breeding if present. If shorebirds are present, further consultation with NPWS
and DCCEEW-BCS is required to determine the appropriateness of opening the entrance if
the lake continues to rise.

e If a planned opening is required, follow the procedure below in Section 4.3.1 for opening
the lake regarding location, entrance channel excavation width and opening times with
respect to tidal levels and ocean conditions.
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Is lake water level above 2.3 m
AHD but below 2.5 m AHD?

Is it shorebird breeding season?

Are protected shorebirds or
amphibian species present?

Further consultation with

Monitor lake levels via MHL water level gauge

- Daily if heavy rainfall (>10 mm/day) occurring
or forecast
- weekly at other times

Liaise with NPWS re opening prior to breeding
season, with consideration of a three-month
period for inundation of wetlands

NPWS required to determine Monitor lake levels and wait three months for
appropriateness of opening wetland inundation before planning for
entrance if lake continues to entrance opening if agencies concur

rise to 2.5m AHD

Figure 11 Present Day Entrance Management Protocol

Environmental Impact Assessment
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Is lake water level above 2.5 m
AHD?

Consult with State Agencies to
undertake a planned entrance
opening in line with licence
conditions and this EMP
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4.3.1 Lake Opening Location

Locations where an entrance opening is permissible are illustrated in Figure 12 with these being:

Location 1 — across sand spit immediately north of reef (preferred)

Location 2 — south across reef (alternative)

The reasons for these locations being selected in the EMP include:

the presence of the rocky reef limits the level of scour that can occur at the opening, which
prevents the water level within the lake falling too low and too quickly. The slow rate of
water level drop when the lake entrance opens is a natural feature of Swan Lake that an
opening policy should strive to maintain (Peter Spurway & Associates 2002)

the locations near the reef are areas where the Lake tends to open naturally, as the
entrance berm levels are generally the lowest

the natural process for this estuary is for only limited tidal exchange to occur when the
entrance is open, therefore, the opening location is selected to limit the tidal exchange and
thus emulate the natural process.

If the water level falls too low too quickly, this can cause:

water quality and odour issues with exposure of sand flats
water with low oxygen levels reaching the surface

scour and erosion of the banks of the channel due to high outflow velocities, leading to
possible impacts on infrastructure; e.g. scour at the abutments of the Swan Lake Bridge

impacts on recreational amenity (e.g. the boat ramp at The Springs Road becoming
unusable).

4.3.2 Lake Opening Procedure

The following procedures are to be applied to opening the lake under the EMP:

The opening should take place within 10 metres of the reef at the entrance to the lake at
Cudmirrah Beach, either across the sand spit to the north side of the reef (Location 1) or
across the reef to the south (Location 2). The opening location is to be determined by the
relative height of the beach berm at each location as determined on site prior to works
commencing (i.e. using RTK survey methods to determine the relative berm elevation).

Monitor ocean conditions including water levels and offshore wave conditions at the Port
Kembla Waverider Buoy (https://mhl.nsw.gov.au/Station-PTKMOW) prior to opening, and
only carry out the opening if it is safe to do so (i.e. significant wave height Hs <3 m at Port
Kembla Waverider Buoy).

The opening should be sufficient for scour flow to develop. The preferred size is 2m wide
with the bed graded to the ocean. Either an excavator or a dozer will cut the channel,
pushing the excavated sand as far as is feasible from the cut face. Normally a sand plug
will be left at the lake end of the entrance channel until the remainder of the channel is
established.

Access for construction vehicles is to be via the existing access track through the reserve at
the corner of Second Avenue and Koolyn Drive, as per Figure 12. Alternative vehicle
access is available if required via the beach access track at Sussex Inlet Surf Lifesaving
Club and along the beach, approximately 3 km north of the lake entrance.
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e The procedure is to be planned so that where possible the actual opening of the lake
occurs shortly after the tide turns from high to low, for the lower tide of the day. Care must
be taken to ensure construction vehicle access is maintained following the opening.

e The volume of sand to be excavated is expected to be small. This sand will be retained on
the beach and may be washed into the channel as it expands laterally. Excavated sand is
not to be removed from the beach area.

e Possible water quality impacts to adjacent surf beaches should be considered while the
lake is emptying, for at least the first 7 days. Appropriate action should be taken to protect
public health and safety at the site while excavation equipment is operating.

| “The Gap” — monitoring to assess risk of
entrance opening here and undertake
beach scraping if necessary to minimise

Ll risk

#8 *q Vehicle access location for entrance
management equipment

G 3

Figure 12 Locations where lake openings are possible. Locations 1 and 2 are specified as acceptable
for artificial openings by the Entrance Management Policy.

4.4 Raising of Intervention Levels (Stages 2, 3 and 4)

It is considered feasible to raise the intervention levels for the lake entrance progressively over
time to 3.0 m AHD with the following key activities to be undertaken over time (in accordance with
the timing indicated in the EMP framework in Figure 10)

e Activity 1 - undertake minor works to raise the access track to The Springs Cabins by 0.5
m to 2.7 m AHD or higher. Once complete, this would remove the need for any entrance
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intervention measures when the lake is below 2.5 m AHD. The proposed intervention
procedure when lake levels of 2.5 m AHD are reached is outlined in Figure 13. Any works
undertaken as part of this Activity would be undertaken by Council under separate planning
approval processes.

e Activity 2 — investigate and provide measures to improve recreational amenity when lake
levels are high e.g. education, signage and enforcement measures to deter unauthorised
lake openings. Enhance community education on water quality e.g. interpretive signage,
publicising water quality results that demonstrate that water quality is acceptable in the lake
regardless of whether the lake is open or closed. Installation of a rain gauge in the Swan
Lake catchment would inform a future flood study and potential flood warning system for
Swan Lake, to assess in more detail the inundation risk as per Action WQO02 in the Swan
Lake CMP. Collected data should form part of Shoalhaven City Council's Environmental
Monitoring Program (EMP) and link to the on-line environmental monitoring dashboard.

e Activity 3 —Investigate the feasibility of raising the Springs Road to 3.0m AHD and
investigate raising of Collier Drive to 3.0m AHD as well as minor works to reduce inundation
impacts on the cabins at Holiday Haven caravan park. The feasibility of raising of roads
would be dependent on engineering assessments regarding tying in with the proposed
Swan Lake bridge upgrade, and factors such as allowing for sufficient longitudinal and
cross-drainage during flood events. Once enacted, raise the “three months” minimum
intervention level to 2.5m AHD and raise the opening level to 3.0 m AHD as per Figure 14.
Any road raising would need to be investigated in a Floodplain Risk Management Study
and Plan or Flood Impact and Risk Assessment after a Flood Study has been completed.
Ideally a Flood Study and Floodplain Risk Management Study and Plan would be
undertaken at the same time. Any works undertaken as part of this Activity would be
undertaken by Council under separate planning approval processes.

e Activity 4 — Following ongoing monitoring of entrance behaviour, the long-term goal would
be to remove the need for entrance intervention completely, with the lake reverting to a
natural hydrologic regime. The ability to remove triggers for opening would be dependent
on the outcome of a flood study for the Lake identifying infrastructure at risk from flooding,
future sea level rise and ongoing monitoring of lake levels and entrance processes to
assess the upper limit of lake levels that lead to natural openings. Management Action EO3
in the Swan Lake CMP includes monitoring of the risk of breakout of Swan Lake at The
Gap, assessing the implications should a break-out occur and undertaking of sand scraping
and dune revegetation to build up the dune. An assessment of the implications of a
breakout on the morphology of the lake entrance and hydrodynamics of the lake is
recommended to assess whether the beach scraping at The Gap discussed in Section 4.5
should continue, or whether the lake should be allowed to break out naturally at this
location.

Changes to the trigger level adopted for the EMP will result in the review and update of the EMP
and associated REF (as required) in accordance with the applicable legislation and statutory
guidance, and Council Policies. Any future works as part of Activities 1 and 3 above would be
undertaken by Council under separate planning approval processes.
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Monitor lake levels via MHL water level gauge
Is lake water level above 2.5 m
- Daily if heavy rainfall occurring or forecast AHD?
- weekly at other times

Consult with State Agencies to
undertake a planned entrance
opening in line with licence
conditions and this EMP

Figure 13 Proposed entrance management protocol for raising trigger level to 2.5m AHD
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Is lake water level above 2.5 m
AHD but below 3.0 m AHD?

Are protected shorebirds or
amphibian species present?

Further consultation with

Monitor lake levels via MHL water level gauge

- Daily if heavy rainfall (>10 mm/day) occurring
or forecast
- weekly at other times

Liaise with NPWS re opening prior to breeding
season, with consideration of a three-month
period for inundation of wetlands

NPWS required to determine Monitor lake levels and wait three months for
appropriateness of opening wetland inundation before planning for
entrance if lake continues to entrance opening if agencies concur

rise to 3.0m AHD

Figure 14 Proposed entrance management protocol for raising trigger level to 3.0m AHD
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Is lake water level above 3.0 m
AHD?

Consult with State Agencies to
undertake a planned entrance
opening in line with licence
conditions and this EMP
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Monitoring

The following ongoing monitoring is to be undertaken under the EMP:

Monitor lake water levels weekly, or daily if rainfall exceeds or is forecast to exceed

10 mm/24 hours. Realtime lake levels are available at https:/mhl.nsw.gov.au/Station-
216425. It is noted that Council currently receives text and email alerts from MHL (Swan
Lake gauge) when predetermined lake water level thresholds have been met. These alerts
provide early warning of lake level rises and notify Council when key EMP water level
thresholds have been met.

Monitor ocean conditions including water levels and offshore wave conditions at the Port
Kembla Waverider Buoy (https://mhl.nsw.gov.au/Station-PTKMOW) on a regular basis
(recommended fortnightly in conjunction with entrance berm monitoring).

Monitor entrance berm levels on both sides of the reef on a regular basis. Where resources
allow fortnightly monitoring is recommended following an opening event for first three
months. Monthly entrance berm surveys should be undertaken during periods of Lake
entrance closure. The purpose of this is to develop an understanding of how the berm level
grows after a lake opening and the ultimate berm level likely to be reached. Council to
undertake survey using in-house personnel and RTK GPS survey equipment.

Monitor berm levels at “The Gap” regularly to assess risk of lake breach here in line with
monthly monitoring (refer to location in and survey transect in Figure 15). Beach scraping
may be needed to prevent an opening from occurring here and prevent impacts such as
major erosion of the surrounding dunes and a very rapid drawdown of the lake level leading
to swift currents in the channel and risks including bridge abutment scour, loss of wetland
vegetation and erosion of the channel banks. Surveys are recommended monthly when lake
water levels are above 2.0 m AHD.

If the regular survey shows that the berm level at “The Gap” falls below 2.5 m AHD, it is
recommended that beach scraping be initiated to increase the level to at least 3.0 m AHD.
The recommended survey transect location and indicative location for beach scraping to
achieve a berm level of 3.0 m AHD is shown in Figure 15.

Maintain record keeping of openings using a specially developed recording sheet to be
provided in the EMP.
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Figure 15 Recommended survey transect location through “The Gap” to assess berm levels and the
potential for a breach. Beach scraping recommended to achieve berm level of 3.0m AHD or above
within hatched area.
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5 Existing Environment

5.1 Lake Ecology

Swan Lake is a large brackish coastal lake located south of St Georges Basin and Jervis Bay. Swan
Lake has an estuary area of ~4.7 km?, a catchment area of 26.4 km?, estuary volume of >10,000 ML
and an average depth of 2.4 m (DPE 2022). Ruppia seagrass is the only aquatic vegetation mapped
by the NSW DPIRD within this waterway (NSW DPI 2022). Seagrass areas provide important
habitat and nursery areas for a variety of marine life. Swan Lake and its foreshore areas are used
for a range of recreational activities including passive recreation, fishing, boating, kayaking, cycling,
swimming, walking and birdwatching. This region has important cultural and spiritual significance to
the local Aboriginal people (NSW NPWS 2012).

Swan Lake is an Intermittently Closed and Open Lake and Lagoon (ICOLL) that is closed to the
ocean the majority of the time by a natural sand bar. The behaviour of the entrance significantly
affects the lake’s characteristics such as its estuarine ecosystem, water quality and flooding
patterns.

5.1.1 Background Review

This section provides a synthesis of relevant environmental and ecological background to identify
the following environmental attributes:

¢ MNES (environmental) listed under the EPBC Act.
e Key Fish Habitat (KFH) as identified by NSW Department of Primary Industries (DPIRD).

e Occurrence of protected aquatic vegetation under the FM Act (e.g. mangroves, saltmarsh
and seagrass as mapped by NSW DPIRD).

e Location of Coastal Wetlands and Littoral Rainforest (RH SEPP).
e Occurrence of State and Federal Listed threatened and protected flora and fauna.

e Occurrence of any areas of declared Critical Habitat (under the FM Act and EPBC Act) and
AOBYV (under the BC Act).

e Invasive pest species including WeedWise search for priority listed weeds under the NSW
Biosecurity Regulation 2017.

In addition to the above, a site visit to Swan Lake was undertaken by Advisian in 2021 as part of the
preparation of the CMP to ground truth existing data and obtain images of key items of
significance/risk. Information from this site visit has been used for the REF.

5.1.2 Matters of National Environmental Significance (MNES)

MNES occurring within 5 km of the study area (Swan Lake) were identified in a Protected Matters
Report which was generated on 27 March 2024 (refer to Appendix A).

Environmental/ecological MNES recorded within this area are as follows:
e No World Heritage Properties occur within 5 km of the study area.
e No National Heritage Properties occur with 5 km of the study area.

e No Wetland of International Significance occur within 5 km of the study area.
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e Six (6) Listed Threatened Ecological Communities (TECs) occur within the study area. One
of these communities is aquatic/marine: “Subtropical and Temperate Coastal Saltmarsh”.
The other communities which occur in the region are: “Coastal Swamp Oak (Casuarina
glauca)’, “Coastal Swamp Sclerophyll Forest of New South Wales and South East

Queensland”, “lllawarra and south coast lowland forest and woodland ecological

community”, “Littoral Rainforest and Coastal Vine Thickets of Eastern Australia”, and “River-
flat eucalypt forest on coastal floodplains”.

e Ninety-three (93) Listed Threatened Species occur within the study area.
o Fifty-six (56) Listed Migratory Species occur within the study area.
“Other Protected Matters” listed under the EPBC Act (relating to marine habitats) include:
e Eighty (80) Listed Marine Species occur within 5 km of the study area.
e Twelve (12) Whales and Other Cetaceans occur within 5 km of the study area.
e No Critical Habitats occur within 5 km of the study area.
e No Australian Marine Parks occur within 5 km of the study area.
¢ No Nationally Important Wetlands occur within 5 km of the study area.
¢ No Key Ecological Marine features occur within 5 km of the study area.

5.1.3 Key Fish Habitat

One of the objectives of the FM Act is to 'conserve key fish habitats'. To achieve the objectives of
the FM Act, DPIRD Fisheries has identified KFH as “those aquatic habitats that are important to the
sustainability of the recreational and commercial fishing industries, the maintenance of fish
populations generally, and the survival and recovery of threatened aquatic species”.

A policy definition of the term KFH was developed to guide the compilation of maps. KFH was
defined to include all marine and estuarine habitats up to highest astronomical tide level (that
reached by 'king' tides) and most permanent and semi-permanent freshwater habitats including
rivers, creeks, lakes, lagoons, billabongs, weir pools and impoundments up to the top of the bank.

KFH in the study area was mapped using the NSW DPIRD Fisheries Spatial Data Portal. The entire
Swan Lake is classed as KFH.

5.1.4 Waterway and Fish habitat Classification

Under the Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management
(NSW DPI 2013) (Table 2 of the Policy), the waterways of Swan Lake would be considered as a
CLASS 1 — Major Key Fish Habitat, i.e. “a marine or estuarine waterway or permanently flowing or
flooded freshwater waterway (e.g. river or major creek), habitat of a threatened or protected species

or ‘critical habitat™.

Considering the specific attributes of estuarine habitat in the general study area and in accordance
with Table 1 of the Policy, the habitat within the vicinity of Swan Lake would be considered as TYPE
1 — Highly Sensitive Key Fish Habitat as Ruppia seagrass beds are >5 m?and it has a natural
opening and closing regime (NSW DPI 2013).

5.1.5 Marine and Estuarine Vegetation

All marine vegetation is protected under the FM Act. Marine vegetation, such as saltmarsh,
mangroves, seagrasses, and macroalgae (seaweeds), provides shelter and nursery areas for
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aguatic animals and is an essential component of the food chain in estuarine and coastal
environments. It also stabilises sediments and shorelines and protects water quality in estuaries for
recreational users. NSW DPIRD administers legislation which protects mangroves, seagrasses and
seaweeds on public water land and foreshores. Harming or removal of marine vegetation is
generally only permissible by permit.

NSW DPIRD undertakes macrophyte mapping of most estuarine habitats within NSW using
methods developed over decades. Mapping for Swan Lake was last undertaken in 2004. Estuarine
macrophyte mapping is available via the Estuarine Habitat Dashboard (NSW DPI 2022) which
includes the ability to view mapping and undertake a change analysis comparing the percentage
mapped macrophyte area between mapping times.

Estuarine macrophyte habitat mapping undertaken by NSW DPIRD in 2004 (no updates since that
year) is presented in Figure 16. Only Ruppia seagrass has been mapped by NSW DPIRD in Swan
Lake. The 2004 estuarine mapping shows that the inlet of Swan Lake and most of the eastern and
northeastern sides of the lake are lined with Ruppia seagrass.

Recent observations have reported that Charophytes (dense beds of estuarine algae) have largely
disappeared from Swan Lake within the past five years. This is thought to be potentially related to
the drought in 2019 — 2020. Charophytes are a major food source for Swans, which have also been
observed to have decreased in Swan Lake in recent years. This is a similar pattern to what has
been observed in other NSW estuaries due to droughts (e.g. Nadgee Lagoon) where Charophyte
abundance declined because of a drop in water levels exposing beds or elevated nutrients (Scanes
et al. 2020).

The previous REF (Peter Spurway & Associates 2003) noted the presence of the BC Act protected
plant species, Wilsonia rotundifolia (Endangered) and Wilsonia backhousei (Vulnerable). In coastal
areas, Wilsonia rotundifolia is only known to occur in four coastal populations, at Lake Wollumboola,
Swan Lake, Meringo Lagoon and Coila Lake. These saltmarsh species occur on low rocky
foreshores around Swan Lake. Both species were found to be actively growing on the lake
foreshore following rains in March and April 2003, after a long period of dry weather and low lake
levels. Wilsonia rotundifolia is interspersed with some Wilsonia backhousei plants growing on the
lake shore on the long rocky point extending into the lake on its northern shore. Another small patch
of Wilsonia backhousei is also growing adjacent to the informal boat ramp near the shop in
Cudmirrah.

29



Ci ty Council Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

¢oalhm/m

4 3 Savmarsh - vohicle dyrage B JettesPortons
B Rock wale/Groynes

3 } V2 Fee damoge
M

Figure 16 NSW DPIRD estuarine macrophyte mapping of Ruppiain Swan Lake in 2004 (NSW DPI1 2004)
5.1.6 Terrestrial Vegetation

The vegetation of the area is associated with the sandstone soils, the coastline and the waterways.
Woodlands are common, and there are some significant areas of forest and freshwater wetland.
Much of this vegetation is also mapped on the LEP’s Terrestrial Biodiversity Map. The State
Vegetation Map as shown from SEED in Figure 17 classifies vegetation in the following plant
community types (PCT) on the foreshores of the lake inlet and entrance:

e PCT 3546 Coastal Sands Littoral Scrub-Forest.

e PCT 3638 South Coast Sands Bangalay Forest.

e PCT 3662 South Coast Lowland Blackbutt Forest.

e PCT 3986 Coastal Sands Swamp Mahogany Rush Forest.

e PCT 3922 Sydney Coastal Sand Swamp Scrub.

e PCT 4040 South Coast Selliera-Sea Rush Swamp Oak Saltmarsh.
e PCT 4091 Grey Mangrove-River Mangrove Forest.

30



ﬁaoalhm/m

Ci ty Council Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

PCT:: 3638

@
@R

3

3
el AR
§ ‘
g

Derwen Orive

é‘
‘ X y 7
st Ay
p *Avenue . dmirrah / /
2 11
f

PCT,: 3662

Figure 17 Vegetation classification at Swan Lake inlet and entrance (SEED 2024)

Ecoplanning (2023) ground-truthed the PCTs around the Swan Lake tidal inundation area to
validate existing vegetation mapping (Figure 18). It was identified by Ecoplanning (2023) in Section
4.3 of their report that vegetation is representative of the:

Bangalay Sand Forest in the Sydney Basin and South East Corner Bioregions (endangered)
EEC listed under the BC Act.

Swamp Oak Floodplain Forest on coastal floodplains of the NSW North Coast, Sydney Basin
and South East Corner Bioregions (endangered) EEC listed under the BC Act and as the
Coastal Swamp (Casuarina glauca) Forest of New South Wales and South East Queensland
ecological community (endangered) EEC listed under the EPBC Act.

Coastal Saltmarsh in the NSW North Coast Sydney Basin and South East Corner Bioregions
(endangered) EEC listed under the BC Act and as the Subtropical and Temperate Coastal
Saltmarsh (vulnerable) EEC listed under the EPBC Act.

No significant impacts to the terrestrial EECs or any recorded threatened flora species are
expected.
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Figure 18 Swan Lake validated vegetation mapping (Ecoplanning 2023)
5.1.7 Protected Areas

Conjola National Park covers an area of 11,060 ha and adjoins Swan Lake, as shown in Figure 5.
The national park contains 18 different vegetation communities, including four endangered
ecological communities: Coastal Saltmarsh, Swamp Sclerophyll Forest, Swamp Oak Floodplain
Forest, and Bangalay Sand Forest. It also contains five threatened plant species and twenty-five
species of threatened fauna (NPWS 2009). The national park is also a significant area for
threatened fauna species. Five endangered and twenty vulnerable species have been recorded in
and around the parks. The local fauna include wombats, echidnas, possums, cockatoos, parrots,
and herons.

Conjola National Park is a popular tourist location with the park offering a range of recreational and
tourism facilities. Popular activities include birdwatching and wildlife encounters, walking cycling,
and fishing.

Swan Lake is not identified as Nationally Important Wetlands. Refer to Section 6.1.2 regarding
mapped Coastal Wetlands and Littoral Rainforests under the RH SEPP.

5.1.8 Critical Habitat / Areas of Outstanding Biodiversity Value

There are no areas of Critical Habitat in the vicinity of Swan Lake for species listed under the EPBC
Act. There are no AOBVs listed under the BC Act near the study area.

Biologically important areas are spatially defined areas where aggregations of individuals of a
species are known to display biologically important behaviour such as breeding, foraging, resting or
migration. These have the potential for flow on impacts from coastal management decisions.

Regionally Significant Marine Species adjacent to the sites (under the Commonwealth EPBC Act
1999) have been identified for the following species:

¢ Indo-Pacific Bottlenose Dolphin (Tursiops aduncus) — Breeding
e Grey Nurse Shark (Carcharias taurus) — Foraging

e Humpback Whale (Megaptera novaeangliae) — Foraging

e Wedge-tailed Shearwater (Ardenna pacifica) — Foraging

e Short-tailed Shearwater (Ardenna tenuirostris) — Foraging

e White-faced Storm-petrel (Pelagodromaa marina) — Breeding

Key Ecological Marine Features are parts of the marine ecosystem that are important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area. No marine
Key Ecological Marine Features occur within a 5 km radius of the study area.

5.1.9 Threatened and Protected Fauna

5.1.9.1 Environment Protection and Biodiversity Conservation Act (EPBC Act) 1999 (Cth)
and Biodiversity Conservation (BC Act)2016

Online database searches for threatened and protected species listed under the Commonwealth
EPBC Act (via the Protected Matters Search Tool in Appendix A) and the NSW BC Act (via the
BioNet Atlas of NSW Wildlife) (refer to Appendix B) were undertaken in March 2024. Species have
also been recorded on the iNaturalist data for Swan Lake and surrounding areas (refer to Appendix
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C). A list of the threatened and protected marine species listed under these Acts is provided in
Table 3 covering Swan Lake.

Table 3 Threatened and protected marine species listed under the EPBC Act and BC Act with the
potential to occur within Swan Lake

NSW BC Act Commonwealth Likelihood of

EPBC Act Occurrence*

Common Name

Species Name

Regent Anthochaera E4A CE Species or species

Honeyeater phrygia habitat known to occur
within area

Sooty Shearwater Ardenna grisea - \% Species or species
habitat likely to occur
within area

Australasian Botaurus - E Species or species

Bittern poiciloptilus habitat known to occur
within area

Sharp-tailed Calidrus acuminata = - \% Species or species

Sandpiper habitat known to occur
within area

Red Knot Calidris canutus - E Species or species
habitat known to occur
within area

Curlew Sandpiper @ Calidris ferruginea - CE Species or species
habitat may occur in
area

Greater Sand Charadrius - \% Species or species

Plover, Large leschenaultii habitat likely to occur

Sand Plover in area*

Eastern Dasyornis E1l E Species or species

Bristlebird brachypterus habitat known to occur
in area

Antipodean Diomedea - \% Foraging, feeding or

Albatross antipodensis related behaviour likely
to occur within area

Gibson's Diomedea - \ Foraging, feeding or

Albatross antipodensis related behaviour likely

gibsoni to occur within area

Southern Royal Diomedea - \% Foraging, feeding or

Albatross epomophora related behaviour likely
to occur within area

Wandering Diomedea exulans - \% Foraging, feeding or

Albatross related behaviour likely

to occur within area
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NSW BC Act Commonwealth Likelihood of

Northern Royal
Albatross

Latham’s Snipe

Grey Falcon

White-bellied
Storm Petrel

Painted
Honeyeater

White-bellied Sea-
Eagle

Sooty
Oystercatcher

Pied
Oystercatcher

White-throated
Needletail

Swift Parrot

Nunivak Bar-
tailed Godwit

Southern Giant-
Petrel

Northern Giant
Petrel

Orange-bellied
Parrot

Blue-winged
Parrot

Diomedea sanfordi

Gallinago
hardwickii

Falco hypoleucos

Fregetta grallaria
grallaria

Grantiella picta

Haliaeetus
leucogaster

Haematopus
fuliginosus

Haematopus
longirostris

Hirundapus
caudacutus

Lathamus discolor

Limosa lapponica
baueri

Macronectes
giganteus

Macronectes halli

Neophema
chrysogaster

Neophema
chrysostoma

EPBC Act Occurrence*

Foraging, feeding or
related behaviour likely
to occur within area

Species or species
habitat likely to occur
within area

\% Species or species
habitat may occur in
area

Species or species
habitat may occur in
area

Species or species
habitat likely to occur
in area

2 records in study area

9 records in study area

El - 10 records in study

area

Species or species
habitat known to occur
in area

Species or species
habitat known to occur
in area

Species or species
habitat known to occur
in area

El E Species or species
habitat may occur in
area. 1 record in the

study area.

Species or species
habitat may occur in
area. 3 records in the
study area.

Species or species
habitat may occur in
area

Species or species
habitat may occur
within area
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Commonwealth Likelihood of

EPBC Act

Occurrence*

Eastern Curlew

Sooty Tern

Fairy Prion
(southern)

Eastern Osprey

Sooty Albatross

Gould's Petrel

Kermadec Petrel

Australian
Painted Snipe

Australian Fairy
Tern

Little Tern

Buller's Albatross

Northern Buller's
Albatross

Indian, Yellow-
nosed Albatross

Shy Albatross

Chatham
Albatross

Numenius
madagascariensis

Onychoprion
fuscata

Pachyptila turtur
subantarctica

Pandion cristatus
Phoebetria fusca
Pterodroma

leucoptera
leucoptera

Pterodroma
neglecta neglecta

Rostratula australis

Sternula nereis
nereis

Sternula albifrons

Thalassarche
bulleri

Thalassarche
bulleri platei

Thalassarche
carteri

Thalassarche
cauta

Thalassarche
eremita

El

CE

Species or species

habitat known to occur
in area

1 record in study area

Species or species
habitat known to occur
in area

3 records in study area

Species or species
habitat may occur in
area

Species or species
habitat may occur in
area

Species or species
habitat may occur in
area

Species or species
habitat known to occur
in area

Species or species
habitat known to occur
in area

1 record in study area

Species or species
habitat may occur in
area

Species or species
habitat may occur in
area

Species or species
habitat likely to occur
in area

Foraging, feeding or
related behaviour likely
to occur within area

Foraging, feeding or
related behaviour likely
to occur within area
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Commonwealth Likelihood of

Campbell
Albatross

Black-browed
Albatross

Salvin's Albatross

White-capped
Albatros

Eastern Hooded
Plover or Dotterel

Common
Greenshank

Black Bittern

Bats

Eastern Coastal
Free-tailed Bat

Eastern False
Pipistrelle

Southern Myotis

Greater Broad-
nosed Bat

Large Bent-
winged Bat
Large-eared Pied
Bat

Australian
Grayling

Black Rockcod

Thalassarche
impavida

Thalassarche
melanophris

Thalassarche
salvini

Thalassarche
steadi

Thinornis
cucullatus
cucullatus

Tringa nebularia

Ixobrychus
flavicollis

Micronomus
norfolkensis

Falsistrellus
tasmaniensis

Myotis macropus

Scoteanax
rueppellii

Miniopterus
orianae
oceanensis

Chalinobus dwyeri

Prototroctes
maraena

Epinephelus
daemelii

NSW BC Act
EPBC Act

- \%
- V
- \%
- \%
E4A \%
- \%
Vv -
\V; -
\VJ -
\V} -
\V; -
- V
= \%
- \%

Occurrence*

Species or species

habitat may occur in
area

Species or species
habitat may occur in
area

Foraging, feeding or
related behaviour likely
to occur within area

Foraging, feeding or
related behaviour likely
to occur within area

Species or species
habitat known to occur
in area. 16 records in
the study area.

Species or species
habitat known to occur
within area

No information
available

5 records in study area

3 records in study area

2 records in study area

4 records in study area

5 records in study area

Species or species
habitat likely to occur
within area

Species or species
habitat likely to occur
within area

Species or species
habitat likely to occur
within area
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EPBC Act Occurrence*
White’s Seahorse Hippocampus - E Species or species
whitei habitat known to occur

within area

Grey Nurse Shark | Carcharias taurus - CE Species or species
habitat likely to occur
within area

Great White Carcharodon - VvV, M Species or species

Shark carcharias habitat known to occur
within area

Oceanic Whitetip | Carcharhinus - M Species or species

Shark longimanus habitat may occur
within area

Porbeagle Lamna nasus - M Species or species
habitat likely to occur
within area

Whale Shark Rhincodon typus - VvV, M Species or species
habitat may occur
within area

Giant Manta Ray Mobula birostris - M Species or species
habitat may occur
within area*

Giant Burrowing Heleioporus - \Y, Species or species

Frog australiacus habitat known to occur
within area

Green and Litoria aurea El \% Species or species

Golden Bell Frog habitat known to occur

within area. 24 records
in the study area.

Stuttering Frog Mixophyes balbus - \Y, Species or species
habitat may occur in
area

Reptiles

Loggerhead Caretta caretta - E, M, L Breeding likely to occur

Turtle within area

Green Turtle Chelonia mydas - V, M, L Breeding likely to occur
within area

Leatherback Dermochelys - E, M, L Breeding likely to occur

Turtle coriacea within area

Hawksbill Turtle Eretmochelys - V, M, L Breeding likely to occur

imbricata within area
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NSW BC Act Commonwealth Likelihood of

Flatback Turtle

Minke Whale

Blue Whale

Southern Right
Whale

Humpback Whale

Killer Whale

Bryde’s Whale

Pygmy Right
Whale

Indian Ocean
Bottlenose
Dolphin

Bottlenose
Dolphin

Common Dolphin

Risso's Dolphin

Natator depressus

Balaenoptera
acutorostrata

Balaenoptera
musculus

Eubalaena
australis

Megaptera
novaeangliae

Orcinus orca

Balaenoptera
edeni

Caperea marginata

Tursiops aduncus

Tursiops truncatus

S. str.

Delphinus delphis

Grampus griseus

EPBC Act

El E, M, W

Occurrence*

Breeding likely to occur
within area

Species or species
habitat may occur
within offshore marine
area

Species or species
habitat may occur
within offshore marine
area

Species or species
habitat known to occur
within offshore marine
area

Species or species
habitat known to occur
within offshore marine
area

Species or species
habitat likely to occur
within offshore marine
area

Species or species
habitat may occur
within offshore marine
area

Foraging, feeding or
related behaviour may
occur within offshore
marine area

Species or species
habitat likely to occur
within area

Species or species
habitat may occur
within area

Species or species
habitat may occur
within area

Species or species
habitat may occur
within area
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Common Name

NSW BC Act

Species Name

Commonwealth Likelihood of

EPBC Act

Occurrence*

Dusky Dolphin Lagenorhynchus - M, W Species or species
obscurus habitat may occur

within area

Dugong Dugong dugon - M Species or species
habitat may occur
within area

New Zealand Fur  Arctocephalus - L Species or species

Seal forsteri habitat may occur
within area*

Australian Fur Arctocephalus - L Species or species

Seal pusillus habitat may occur

within area

Known to occur within
area
* “Likelihood of occurrence” is determined by the EPBC Act Protected Matters Search Tool. Species listed in the BC Act database but not

in the EPBC Act Protected Matters Search Tool do not have any specific information regarding their likelihood of occurrence in the study
area, only number of records noted.

Leopard Seal Hydrurga leptonyx P -

BC Act Status — V = vulnerable, E1 = endangered, E4A = critically endangered, E4 = presumed extinct

EPBC Act Status — V = vulnerable, E = endangered, CE = critically endangered, W = whales and other cetaceans, M = migratory, L =
listed marine species

Bird species commonly using the entrance area include shorebirds and migratory waders. The
previous REF (Peter Spurway & Associates 2003) identified four bird species of relevance to this
location:

e Osprey (Pandion haliaetus) - vulnerable

e Sooty Oystercatcher (Haematopus fuliginosus) - vulnerable
e Pied Oystercatcher (Haematopus longirostris) - vulnerable
e Hooded Plover (Thinornis rubricollis) - Endangered

Swan Lake is recognised by NPWS as a particularly important locality for the Hooded Plover (Peter
Spurway & Associates 2003). As specific survey work was not carried out for the previous or this
current REF, it is assumed that the protected bird species previously recorded at Swan Lake may
potentially be present at the time of lake opening.

The upper reaches of Swan Lake’s tributary creeks and fringes provide habitat for amphibian
species. The Green and Golden Bell Frog (Litoria aurea) was identified by Peter Spurway &
Associates (2003) as a significant species for consideration, being listed as an Endangered species
under the BC Act and as Vulnerable under the EPBC Act. The Green and Golden Bell Frog has
been detected breeding in the Sussex Inlet STP overflow ponds (Peter Spurway & Associates
2003), approximately 1 km north-east of Swan Lake. Swan Lake at times of high rainfall and high
lake levels is potentially able to offer suitable habitat.

An eight-part test of significance was applied by Peter Spurway & Associates (2003) to the Large-
footed Myotis, Osprey, Pied Oystercatcher, Sooty Oystercatcher, Hooded Plover, Little Tern and
Green and Golden Bell Frog as these species were either detected on the dune system to the east
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of the lake, or based on habitat preference are likely to utilise the waters of Swan Lake on
occasions. These tests of significance remain relevant to the proposal.

An Assessment of Significance was undertaken for a number of threatened species listed under the
Commonwealth EPBC Act and NSW BC Act which are considered to have a high potential based
on habitat preference (i.e. beach and dune system and lake waters) to occur within the subject site
and potentially be impacted by the proposal. Assessments under each Act are provided separately
in Appendix D.

5.1.9.2 Fisheries Management Act (FM Act) 1994

Threatened and protected marine species listed under Schedules 4 to 5 of the NSW FM Act were
reviewed in order to satisfy requirements of the Fisheries NSW Policy and Guidelines for Fish
Habitat Conservation and Management (NSW DPI 2013).

Marine species, populations and ecological communities currently listed as endangered, critically
endangered and/or vulnerable (i.e. Schedule 4, 4A and 5) under the NSW FM Act with the potential
to occur in the region surrounding the Study Area are listed below.

Schedule 4: Endangered Species, Populations and Ecological Communities
e White’s seahorse (Hippocampus whitei) — endangered species
e Eastern freshwater cod (Maccullochella ikei) — endangered species
e Trout cod (Maccullochella macquariensis) — endangered species
e Macquarie perch (Macquaria australasica) — endangered species
e Southern purplespotted gudgon (Mogurnda adspersa) — endangered species
e Southern pygmy perch (Nannoperca australis) — endangered species
e Oxleyan pygmy perch (Nannoperca oxleyana) — endangered species
e Australian grayling (Prototroctes maraena) — endangered species
e Scalloped hammerhead shark (Sphyrna lewini) - endangered species
e Southern bluefin tuna (Thunnus maccoyii) - endangered species
Schedule 4A: Critically Endangered Species and Ecological Communities
e Grey nurse shark (Carcharius taurus) - critically endangered species
e Murray hardyhead (Craterocephalus fluviatilis) — critically endangered species
e Fitzroy falls spiny crayfish (Euastacus dharawalus) — critically endangered species
e Stocky galaxias (Galaxias tantangara) — critically endangered species
e Hanley’s river snail (Notopala hanleyi) — critically endangered species
e Darling river snail (Notopala sublineata) — critically endangered species
e Marine slug (Smeagol hilaris) - critically endangered species
Schedule 5: Vulnerable Species and Ecological Communities
e Silver perch (Bidyanus bidyanus) — vulnerable species

e Buchanans fairy shrimp (Branchinella buchananensis) — vulnerable species
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e Great white shark (Carcharodon carcharias) - vulnerable species

e Black cod (Epinephelus daemelii) - vulnerable species

e Murry crayfish (Euastacus armatus) — vulnerable species

e Bousfieds marsh-hopper (Microrchestia bousfieldi) — vulnerable species

e Great hammerhead shark (Sphyrna mokarran) — vulnerable species
Protected Species

e All species of the families 'Syngnathidae’, 'Solenostomidae' and 'Pegasidae’ (i.e. seahorses,
sea dragons, pipefishes, pipehorses)

¢ Ballina angelfish, Chaetodontoplus ballinae

e Bluefish, Girella cyanea

e Eastern blue devil fish, Paraplesiops bleekeri

e Elegant wrasse, Anampses elegans

e Estuary cod, Epinephelus coioides

e Giant Queensland groper, Epinephelus lanceolatus
e Herbsts nurse shark, Odontaspis ferox

Considering the estuarine nature of the site, habitats present in the study area and the required
habitat and conservation status of each of the species listed under the FM Act, none of the species
are likely to occur within the study area.

5.1.10 Invasive Pests

Invasive pests are animals or weeds that can have significant impacts on local wildlife, natural
bushland or livestock. All stakeholders have a responsibility to manage invasive species on land
that they own or manage. Council manages weeds throughout the LGA on council managed land
as outlined in the Commonwealth Biosecurity Act 2015 and the NSW Biosecurity Regulation 2017.
Within the waterways, NSW DPIRD is responsible for management of marine pests.

A search of the NSW DPIRD WeedWise database for aquatic and terrestrial invasive weeds on the
South East Coast was made on 28 March 2024. For each state level priority weed, there are
defined management objectives and requirement including either a Prohibited Matter, Biosecurity
Zones, Control Orders and Mandatory Measures. A control order is in place from 19 June 2017 for
the weed Chrysanthemoides monilifera subspecies monilifera (Boneseed).

There are Priority Weed Management Plans in place within Shoalhaven LGA (Shoalhaven City
Council 2022), for the following weed species:

e Alligator weed
e Bitou bush

e Blackberry
e Boneseed

e Coolatai grass

e Fireweed
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e Giant Parramatta grass

e Lantana
e Salvinia

e Water hyacinth

Council has identified some key plant species that spread easily into neighbouring bush land
include: Privet; Cotoneaster; Hawthorn; Olives; Broom; Agapanthus; Cootamundra Wattle;
Lavender; Freesia; Watsonia; Arum Lily; Blue Periwinkle; Cassia or Senna and Genist.

There are 106 weeds that are listed as priority for the South East region. Of these, there are 22
listed aquatic weeds although most of these are freshwater species and would not be present within
the partially saline estuarine waters. Not all of these weeds would be present within the Shoalhaven
LGA.

In addition, garden weeds are identified as an issue for gardens that border onto native bushlands.
Garden weeds can spread from suburban gardens by water, wind, birds, bikes, cars, earth-moving
equipment, illegal tracks or dumped garden waste (Shoalhaven City Council 2022).

Ecoplanning (2023) undertook an assessment of endangered ecological communities in coastal
hazard areas. They identified at Swan Lake woody weeds observed included Senna pendula and
Ochna serrulata. Asparagus aethiopicus is highly prevalent.

Marine pests are non-native marine plants or animals that harm, or have the potential to harm
Australia’s marine environment, social amenity or industries that use the marine environment (DPI
2022). If introduced, they have the potential to prey on native species or compete with them for
food, severely impacting the environment. In Australia there are an estimated 250 introduced
marine species introduced to the waters in various ways including in ballast waters or attached to
the hulls of ships. There have been over 100 introduced marine species reported in Australian
waters, with the majority unintentionally introduced via mariculture and shipping (Hewitt and Martin
1996).

To protect NSW waters, the Australian Government have implemented the national Marine Pest
Plan 2018 — 2023 which aims to prevent the introduction and translocation of introduced marine
species, strengthen the national marine pest surveillance system, provide a national emergency
preparedness and response for outbreaks, support national research and development and
engagement with marine stakeholders (DAWE 2018). NSW DPIRD also has an advisory program to
raise awareness of marine pests including how to identify and prevent the spread of them.

5.2 Hydrology

The catchment of the lake is about 32 km? of mostly forested land and is described in the Swan
Lake and Berrara Creek Natural Resources Management Strategy (Shoalhaven City Council 2002).
Two streams, Mondayong Creek and Teatree Creek drain into the north-west of the lake basin.
These creeks are brackish for about one kilometre upstream of where they join the lake. Otherwise,
only minor drainage lines exist around the lake. In the deepest part of the lake, the bed is about 3.8
m below AHD. The actual water depth at that point varies as the lake rises and falls and would be
over 6 m when the lake rises to its maximum height before opening to the sea.

The condition of the lake’s entrance is controlled by tides, waves, currents, sediment movement,
creek flows, floods and human intervention. The interaction and ever-changing nature of these
factors may cause the entrance to migrate along the coastline, to close or re-open. A bedrock
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outcrop (reef) to the south confines the entrance. To the north, dunes behind Cudmirrah Beach form
a sand barrier, which extends southward as a spit to the lake inlet. A low point is present in the dune
at a point where a meander in the inlet comes close to the back of the dune. This is known locally
as ‘The Gap'.

The EMP provides a list of assets that are low-lying and are at risk from inundation when lake levels
are between 2 m AHD and 3 m AHD, with suggested works that could be carried out to improve
their resilience.

The lowest-lying asset at risk from inundation is the access track at The Springs Cabins at
Swanhaven (with a level of 2.17 m AHD, refer Figure 19). Another asset that has been recently
constructed is the footbridge at Errol Bond Reserve (Figure 20), where the soffit of the bridge is
impacted by inundation at a lake level of 2.28 m AHD. Other assets identified include the shared
path at The Springs Road, and low-lying sections of the Lake Haven caravan park. The crest level
of The Springs Road at Cudmirrah is at 2.47 m AHD and could be inundated at water levels above
this, although this has not been experienced since prior to 1999 when the water level recorder was
installed.

Predicted inundation extents and depths for a lake level of 2.4 m AHD are provided in Figure 21,
and at 2.7 m AHD in Figure 22. From these figures, it can be seen that (Advisian 2022):

e At alake level of 2.4 m AHD, the access road to The Springs cabins is cut, minor inundation
occurs at Errol Bond Reserve but that other impacts accord with the observations from site
photographs taken in July 2022 (when lake levels were 2.28 m AHD).

e At alake level of 2.7 m AHD, the access road to Berrara at Collier Drive is cut and there is
minor inundation of The Holiday Haven caravan park, and minor inundation at The Springs
Road north of the Swan Lake Bridge.
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Figure 19 Access track at “The Springs” Cabins, Swanhaven. Top: 1 December 2021 (water level =
1.54 m AHD). Bottom: access cut, 19 July 2022 (water level = 2.28 m AHD) (Advisian 2022)
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Figure 20 Newly-built footbridge at Errol Bond Reserve, 19 July 2022 (Lake water level = 2.28 m AHD)
(Advisian 2022)
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Information has been obtained since the development of the existing Policy that can be used to
address information gaps (Advisian 2022), including:

e Fieldwork and ground survey of the fringing wetlands at the northern end of the lake was
undertaken in July 2022 when the lake water level was just under 2.3 m AHD.

e Continuous 15-minute time-series of water level records have been obtained and analysed
at Swan Lake, spanning from 1999 to August 2022.

e Atidal and coastal inundation study of Swan Lake has been undertaken as part of the CMP
(Advisian 2022), including spatial mapping of tidal and coastal inundation in the area
surrounding the Lake.

Based on the fieldwork, site survey and numerical modelling of inundation carried out for the CMP
project, it is considered that a minimum lake level of 2.3 m AHD would be needed to provide
inundation of most of the mapped coastal wetland areas within Swan Lake and at least 2.5 m AHD
for complete inundation.

Continuous water level records for Swan Lake dating from 1999 were obtained from Manly
Hydraulics Laboratory. The NSW DCCEEW has also provided a record of opening events, including
the water level at which the lake was opened, whether the opening was natural, artificially opened
by Council or assisted by the public. Openings of Swan Lake have been recorded since November
1982, however prior to 1993 the lake level at which these openings occurred was not known.
Openings prior to 2002 were recorded in the EMP. Since the release of the EMP, there have been
11 recorded lake openings, with three of these occurring between January and July 2022 and a
further opening in May 2024. Documented openings of Swan Lake are provided in Table 4.

Table 4 Documented openings of Swan Lake

Closure Natural/ Duration Opening
date Artificial Level
(m AHD)

11/82 A ? ?
7/11/1983 N 121 days Flood; other sources suggest opening date of ?

17th Nov. with a duration of ~150 days.
23/04/1984 Unknown 7 days ?
28/07/1984 N 21 days Flood; other sources suggest opening date of ?

4th Aug. with a duration of 11 days.
15/10/1985 N 148 days Flood. ?
20/10/1987 A 43 days Council; Other sources suggest a duration of  ?

36 days.
1/04/1989 A 61 days How Opened: 'hand' ?
3/06/1989 Unknown 42 days ?
12/2/1990 - Unknown 90-92 How Opened: 'hand’ [Artificial] or 'flood’ ?
14/2/1990 days [Natural] (depending on source).
1/08/1990 N 26 days Flood. ?
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Natural/ Duration | Remark Opening
Artificial Level
(m AHD)

Unknown 26 days Other sources suggest opening date of 4th ?

Oct. with a duration of 19 days.
Unknown 32 days ?
N 40 days Flood. ?
A 18 days Council. 1.48
Unknown 92 days How Opened: 'hand' [Artificial] or ‘flood’ ~2.00

[Natural] (depending on source).
A 28 days How Opened: 'hand' ~2.50
N 64 days Possible assistance from 'public'. 2.47

44 days How Opened: 'public’ 2.12

N 23 days Council discussed with community reps who ~1.58 (note

confirmed it was a natural breach MHL reports

1.88m)

A 12 days Inferred from water level records 2.15
N 90 days beach berm completed Jan 2013 confirming 2.2

1.9m crest
? 21 days 2.084
? 30 days 2.013
? 59 days 2.177
Suspected 29 days Swan Lake is reported to have been opened 2.1
Atrtificial (not by Council) rather than naturally

breaching. It didn’t appear to be dropping as
quickly as it would with inflow to boost the

scour
Assisted by 23 days  Assisted by children digging channel. 2.132
public Entrance berm was not high so may have
potentially opened naturally without this
interference
Assisted by 76 days 2.08
public
N — with 149 days A channel was dug by the public a few days 2.304
possible before it opened. There was then some
assistance from additional rainfall and lake level rises of a few
the public centimetres which lead to its actual opening.
Lake entrance closed on 16/12/2022.
N 43 Flood event caused opening at Location A 2.11
(refer to Figure 9). Lake closed again on
17/6/2024.
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Time series plot of water levels shows that (Advisian 2022):

e Tidal range within the lake is generally small when the lake is open, with a maximum range
of around 0.2 m.

e The lake level generally stabilises at around 0.5 m AHD following an opening event.

e Lake opening events are generally preceded by a rapid rise in lake level that occurs over a
period of hours to days, following which a rapid decline in water level occurs once there is a
breach in the lake entrance berm.

e On average, the lake has opened once every two years. However, several openings can
occur in a single year (e.g., three openings in six months in 2022, a La Nifia year), and
several years may elapse without an opening occurring (e.g., four years between openings
in 2016 to 2020, a relatively dry period).

Modelling of coastal and tidal inundation was undertaken in Advisian (2023a) for a range of
scenarios for sea level rise, ocean boundary conditions (including the 1% and 5% Annual
Exceedance Probability (AEP) ocean boundary conditions), entrance berm conditions and wind
speeds, for a total of 18 model scenarios for coastal inundation, and seven for tidal inundation. At
Swan Lake, tidal inundation is expected to have relatively minor impacts. However, under 1% AEP
coastal inundation conditions with future sea level rise projections, there is potential for the main
access to Berrara and Cudmirrah to be cut off at Collier Drive, and inundation for several hours up
to 0.25 m depth to occur at low lying parts of the Holiday Haven Swan Lake caravan park.

Mapping of the potential migration areas which may be suitable for mangrove and saltmarsh habitat
under future sea level rise was also undertaken as part of the coastal inundation study (Advisian
2023a). For Swan Lake, there is potential for saltmarsh to expand into the coastal wetland areas in
the north of the Lake, and some limited potential for expansion around the Lake foreshores.

5.3 Water Quality

Swan Lake is classified as a back dune lagoon. Back dune lagoons have been described as simple
rounded estuaries that are relatively shallow (below 6 m depth) and have an intermittent entrance
(Scanes et al. 2014). Typically, they have a small catchment, and it is expected that groundwater is
a large component of the freshwater input. Compared to other lagoons, they naturally have
relatively high dissolved nitrogen and occasional natural algal blooms. Swan Lake is among only
eight estuaries within NSW that is known to support extensive Charophyte beds. The presence of
these beds is thought to be unrelated to the relatively undisturbed nature of the catchment (Roper et
al. 2011). However, it has been noticed that following the droughts and the subsequent 2019-20
bushfires that these charophyte beds appear to have significantly reduced. As charophytes are also
a key food source for the Black Swans, it is thought that the loss of charophytes may also be
impacting their numbers within the lake, with community members reporting that they have
significantly declined.

The lake has opened on average once every two years since 2002, through either natural rainfall
events or artificially. Artificial openings by Council are undertaken to mitigate flooding in low lying
areas around the lake according to the EMP.

There is a history of the public illegally opening the Swan Lake entrance prematurely when water
levels are high enough to allow for manual digging of an entrance channel. This has often occurred
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below the trigger levels specified within the lakes entrance management policy (Shoalhaven City
Council 2008). These illegal openings seem to occur due to public perception and preference of

where the estuary will open to avoid disturbing surf spots and to improve water clarity within the

lake.

However, when the lake has previously been opened in the absence of associated catchment
inflows, tidal flushing occurs at a slow rate and is insufficient to fully flush the estuary, resulting in
mostly brackish waters which are influenced by freshwater inputs (Shoalhaven City Council 2008).
Further, if the lake is opened in the absence of catchment inflows, surface water can be decanted
from the system with hypoxic water being exposed, increasing the risk of fish kills (DPIE 2021).

Swan Lake has a small ratio of catchment runoff to estuary volume resulting in high dilution of runoff
(which is supported by historical monitoring), and the catchment is moderately pristine (~70% is
located within Conjola National Park) (DPE 2022).

An up-to-date assessment of estuarine water quality and health was carried out for Swan Lake to
inform the scope and nature of coastal management actions during the future stages of Council’s
CMP development and implementation. The assessment is documented in the Water Quality and
Estuary Health report (Advisian 2023b).

A review of routine water quality monitoring data collected by Council from the past decade (2010 —
2021) was undertaken and found that water quality within Swan Lake over the past decade has
generally been good. Overall, recreational water quality within Swan Lake continues to be highly
ranked as “Good” for swimming and other water-based activities based on the NHMRC (2008)
Guidelines. An estuary health assessment for Swan Lake had an overall rating of Good (B), and on
most occasions there was low algae (chlorophyll-a) and clear water clarity (turbidity). This was a
slight decrease in estuary health in comparison to the previous estuary health assessments
undertaken by NSW DCCEEW between 2014-2015 and 2008-2009, which received overall ratings
of Excellent (A). More recent data (2022-23) from Council showed “Fair” estuary health results,
these may be related to above-average rainfall during 2022-23 following a series of East Coast
Lows (March/April 2022 and July 2022).

The findings of the Water Quality and Estuary Health Study (Advisian 2023b) are consistent with
previous reports by Council and other relevant agencies (including NSW DCCEEW). The main
issues identified in the study for Swan Lake include limited availability of water quality data, impacts
on water quality associated with catchment inputs (urban stormwater runoff, sewage overflows and
natural events), a possible decline in swans and associated Charophytes as food source (thought to
be related to 2019/20 drought). Other threats to estuary health identified include invasive weeds,
introduced animals, artificial entrance openings, perceived decline in fish stocks, littering and
dumping along foreshore, clearing of foreshore vegetation, foreshore erosion, climate change and
sea level rises.

Recommendations were made for an ongoing monitoring program for water quality in terms of
sampling sites, frequency, parameters, sampling methodology, limits of reporting and applicable
trigger values (Advisian 2023b). This is to ensure that the ongoing water quality monitoring program
can track improvements towards meeting current water quality objectives.

There is no licensed aquaculture activity in Swan Lake.

5.4 Soils and Erosion
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The Swan Lake entrance is situated at the southern end of Cudmirrah Beach. The entrance area
itself is characterised by an expanse of unvegetated sand. The substrate in the entrance area is
completely dominated by unconsolidated and unsorted sand with varying amounts of broken shell
and drying algae, such as kelp, which has been washed ashore.

Swan Lake lies within the southern part of the Sydney Basin, a large sedimentary basin formed
around 270 to 250 million years ago. The dominant geological unit is sandstone. The underlying
geology of the areas is mainly composed of the Permian Conjola formation, a series of sandstone
and shale units. This is overlain by large areas of Wandrawandian Siltstone around Swan Lake.

The area has a complex array of surface deposits formed during the past six thousand years. Many
of these features are still actively changing. The Cudmirrah dunes form the Swan Lake sand barrier
and are of high scientific value. They are the best-developed and highest dune system on the South
Coast (Shoalhaven City Council, 2002). Further unconsolidated sediments occur along the creek
systems. These comprise alluvial, lagoonal and estuarine clays, silts and sands.

Groundwater levels within the dunes east of Swan Lake vary in depth from about 18 m below the
ground surface in the north to about 1.4 m below ground near the lake (Shoalhaven City Council,
2002).

There is a high risk that potential acid sulfate soils would occur in some low-lying areas around the
northern foreshores of Swan Lake as shown on Figure 23. The inlet and entrance have a low
probability of acid sulfate soils.
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Figure 23 Acid Sulfate Soils Risk Mapping (SEED 2024)

A detailed field-based assessment of erosion and foreshore issues affecting the estuary health of St
Georges Basin, Sussex Inlet, Swan Lake and Berrara Creek has been carried out, and documented
in the Stage 2 CMP Foreshore Erosion Assessment Report (Advisian 2023c). The shoreline was
inspected in detail, including from the water by boat and from land by foot, and features indicative of
the coastal processes occurring at the various sites within the study area have been documented.

Mapping undertaken as part of the foreshore erosion assessment is provided in Figure 24. Ongoing
erosion was observed along inside of bend in the Swan Lake inlet channel. This erosion is likely to
occur when entrance openings are initiated when the tide is low (for example, if the entrance is
opened artificially outside of the protocol specified in the EMP), resulting in rapid draw-down of lake
levels and high outflow velocities through the entrance channel. Initiating openings when the tide is
high can help to minimise this impact.

53



oa'hm/m

Ci ty Council Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

LEGEND
Bco1 Reach Identifier
e Area of no bank erosion
Area of low bank erosion

= Area of moderate bank erosion

-

-~ Area of high bank erosion

~~ Area of extreme bank erosion
)  Boat Ramp location

Cadastre

DATE  13/05/22 COORDINATE SYSTEM FIGURE TITLE Swan Lake Bank Erosion Assessment

MGA Zone 56 oy Planring,
PROJECT NO. PROJECT TITLE CREATED BY Advisian gt g. Eneonment
211015-00158 Sussex Inlet, St Georges Basin, A

Swan Lake and Berrara Creek CMP

Figure 24 Erosion Assessment Map for Swan Lake (Advisian 2023c)

54



Ci ty Council Environmental Impact Assessment
Part 5 Assessment EP&A Act 1979

ﬁkoa'h“”m

5.5 Heritage

5.5.1 EXxisting Aboriginal Heritage

Aboriginal people have continuously utilised the resources of the South Coast region for at least
20,000 years (NPWS 2009). The Jerrinja People are the traditional owners of the Shoalhaven
region. They fish and meet socially as a tribe and also undertake spiritual hunting and fishing
ceremonies (P. Rowe, personal communication, 30 March 2022). Owing to the productive nature of
the land and its proximity to the sea (which provides important food sources), there are many sites
with significant Aboriginal heritage value across the Shoalhaven LGA. Along the coast this includes
middens, burial sites, artefacts, rock shelters and ceremonial areas.

A basic search of the Aboriginal Heritage Information Management System (AHIMS) was conducted
on 22 March 2024. The search identified at least thirteen Aboriginal sites recorded in and around
Swan Lake. There is one Aboriginal site located near the lake entrance on the eastern side of the
inlet (Figure 25). There are no declared Aboriginal places.

The Cudmirrah Berrara Swanhaven Progress Association Inc. (undated) describe the discovery of
an Aboriginal burial site in 2006 along the edge of Swan Lake in Errol Bond Reserve Cudmirrah.
They also noted that when water levels are low in Swan Lake, some grinding stones and the
remains of a series of fish traps are also visible. The Conjola National Park Plan of Management
(NSW NPWS 2009) provides a number of strategies regarding management of protection of
Aboriginal sites and values through consultation with and involvement by Aboriginal community
organisations and representations.

A site inspection was carried out by Advisian in collaboration with the Local Aboriginal stakeholders,
representing the Jerrinja Tribal Group, on 15 March 2022 as part of the CMP development. In
summary, the local Aboriginal community have a very strong connection to the land and local
Aboriginal cultural heritage and land values are considered to be ‘highly sensitive’ and have ‘high
significance’.

Figure 25 Location of recorded Aboriginal sites near the lake entrance (Heritage NSW 2024)
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5.5.2 Existing Non-Aboriginal Heritage

Searches of the Australian Heritage Database, NSW State Heritage Inventory and the LEP in March
2024 identified the following listed heritage items at or in the vicinity of Swan Lake (Table 5 and
Figure 26).

Table 5 Listed non-Aboriginal heritage items for Swan Lake

Item name Address Listing(s) Significance Distance to

Foreshore

Errol Bond Goonawarra Drive, LEP (Item No. 183) Local Om
Memorial Cudmirrah
“The Springs”— 1A Yarroma Avenue, LEP (Iltem No. 461) Local 75m
Holiday Cabins Swanhaven
Swan Lake / About 3,800ha Register of the N/A Om / Variable
Cudmirrah Area National Estate (non-

statutory)

(SHPRGT

Figure 26 LEP listed non-aboriginal heritage items for Swan Lake (NSW Planning Portal 2024)

The Conjola National Park Plan of Management (NPWS, 2009, p. 15) notes that “Old Berrara Road
was the original road to the coastal villages of Cudmirrah and Berrara until the present road across
the Swan Lake entrance was constructed in the late 1960s. There is anecdotal evidence that the
road formerly extended along the coast past the mouth of Berrara Lagoon and presumably further
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south, and that modifications to the shoreline still exist”. NPWS (2009) notes for historic heritage
within the National Park that historic places are to be conserved in accordance with The Burra
Charter and that other known historic features are to be recorded with research into their history.

5.6 Boat Navigation

Swan Lake features two boat ramps and no jetties. The larger slipway is located from Springs Road
at Cudmirrah (Ramp A), whilst a smaller slipway is located in Swanhaven at the end of Yarroma Ave
(Ramp B) these are shown below in Figure 27. Overall, Swan Lake is a popular spot for boating,
fishing, canoeing/kayaking and other water based recreational activities.

S 13 208 &~ h ; § L nearmap’ i

Figure 27 Boat Ramp entrances Swan Lake (Nearmap 2024)

A study on boating facilities and an assessment of navigation conditions within Sussex Inlet and St
Georges Basin, as well as Swan Lake and Berrara Creek has been carried out, to determine
whether there is sufficient capacity for vessels and whether there is a need to improve existing
facilities or reduce the impact of boating on the environment (Advisian 2023d).

For Swan Lake, Advisian (2023d) found that the existing level of recreational boating is appropriate
and that the single launching location for motorised craft be maintained, with monitoring and
enforcement of existing restrictions regarding separation of swimmers and low-speed areas for the
protection of shorebirds. It was noted at Yarroma Avenue (Ramp B in Figure 27) that when lake
levels are high there is no longer a beach to pull up boats onto and for recreational activities — this
appears to be a factor contributing to the continued illegal opening of the lake entrance by the public
to reduce water levels.
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5.7 Socio-Economic

Section 3.4 of the Stage 1 Scoping Study (Advisian 2020) included a community profile for the LGA
which noted the population is primarily concentrated along the coast in major centres and numerous
small centres. Sussex Inlet and the St Georges Basin District are identified as major centres.
Cudmirrah, Berrara and Swanhaven are small centres located to the south of Sussex Inlet. Total
population is forecasted to grow across the LGA from 103,012 persons in 2019 to 126,255 in 2041.
The Sussex Inlet — Swanhaven — Berrara — Cudmirrah areas in particular are forecast to grow at an
average of 1% p.a. over that period, outpacing the average forecast population growth rate of the
LGA as a whole.

A review and comparison of the available Australian Bureau of Statistics (ABS) (2024) Census data
(QuickStats) was undertaken from 2016 and 2021 (refer Table 6 and Table 7) for Cudmirrah and
Swanhaven to understand the key social and economic characteristics of the local population for the
towns surrounding Swan Lake.

Table 6 2016 and 2021 Census social statistics for Cudmirrah and Swanhaven

Statistic

2016

Cudmirrah

Swanhaven

2021

Cudmirrah

Total
population

Median age

Aboriginal and
Torres Strait
Islander

Children aged
0-14 years

People aged 65
years and over

People born
overseas

Total private
dwellings

Private
dwellings
structure

Tenure

Household
size

275 persons

52 years

3.7% of total
population

11.1% of total
population

30.2% of total
population

13.2% of total
population

229 with 51.5%
occupied

80.5% separate
houses, 19.5%
other dwellings

58.0% of private
dwellings owned
outright, 25.0%
owned with a
mortgage and
17.0% rented

Average 2.2
persons per
household

193 persons

59 years

0% of total
population

13.2% of total
population

39.0% of total
population

23.4% of total
population

136 with 58.1%
occupied

53.2% separate
houses, 46.8%
other dwellings

63.9% of private
dwellings owned
outright, 21.7%
owned with a
mortgage and
10.8% rented

Average 2 persons

per household

284 persons

56 years

5.3% of total
population

13% of total
population

33.8% of total
population

21.5% of total
population

226 with 53.5%
occupied

84.4% separate
houses, 12.3%
other dwellings

54.1% of private
dwellings owned
outright, 29.5%
owned with a
mortgage and
12.3% rented

Average 2.2
persons per
household

Swanhaven

196 persons

65 years

2% of total
population

8% of total
population

49.7% of total
population

25.5% of total
population

150 with 61.2%
occupied

52.7% separate
houses, 53.8%
other dwellings

79.6% of private
dwellings owned
outright, 15.1%
owned with a
mortgage and
5.4% rented

Average 1.8
persons per
household




Statistic

Number of
registered
motor vehicles

2016

Cudmirrah

43.9% of
occupied private
dwellings had one
vehicle garaged,
40.4% two
vehicles and
10.5% had three
or more vehicles

Swanhaven

54.5% of occupied
private dwellings
had one vehicle
garaged, 29.9%
two vehicles and
11.7% had three or
more vehicles

Environmental Impact Assessment
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2021
Cudmirrah

42.6% of occupied
private dwellings
had one vehicle
garaged, 27.8%
two vehicles and
24.3% had three or
more vehicles

Swanhaven

61.5% of occupied
private dwellings
had one vehicle
garaged, 28.1%
two vehicles and
10.4% had three or
more vehicles

Table 7 2016 and 2021 Census economic statistics for Cudmirrah and Swanhaven

Statistic

2016

2021

Occupation
(top 5
responses)

Industry of
employment

(top
responses)

Labour Force
Unemployed

Median weekly
personal
income

Travel to work

Cudmirrah

Technicians and
Trades Workers
(34.4%), Clerical
and Administrative
Workers (18.3%),
Professionals
(12.9%), Labourers
(12.9%),
Community and
Personal Service
Workers (8.6%)

Accounting
Services (12.1%),
Accommodation
(8.6%), Carpentry
Services (5.2%),
Pharmaceutical,
Cosmetic and
Toiletry Goods
Retailing (5.2%),

Engineering Design

and Engineering

Consulting Services

(5.2%)

99 persons
11.1%
$517

Car, as driver
(64.6%), Car, as
passenger (9.4%),
Worked at home
(7.3%), Bicycle

Swanhaven

Community and
Personal Service
Workers (22.0%),
Professionals

(18.0%), Technicians
and Trades Workers
(18.0%), Machinery

Operators and
Drivers (14.0%),
Labourers (10.0%),

Gardening Services

(22.2%), Clubs

(Hospitality) (11.1%),

Computer System

Design and Related

Services (11.1%),
Building and Other
Industrial Cleaning
Services (11.1%),
Local Government
Administration
(11.1%)

52 persons
9.6%
$428

Car, as driver
(64.6%), Car, as
passenger (9.4%),
Worked at home
(7.3%), Bicycle

Cudmirrah

Technicians and
Trades Workers
(23.1%),
Community and
Personal Service
Workers (20.4%),
Professionals,
(19.4%), Clerical
and Administrative
Workers (13%),
Managers (7.4%),

Local Government
Administration
(8.3%), Aged Care
Residential
Services (6.5%),
Carpentry
Services (3.7%),
Cafes and
Restaurants
(3.7%), Legal
Services (3.7%)

113 persons
3.5%
$654

Car, as driver
(66.1%), Car, as
passenger (5.6%),
Worked at home

Swanhaven

Technicians and
Trades Workers
(22.4%),
Labourers
(22.4%),

Community and
Personal Service
Workers (18.4%),
Managers (16.3),
Professionals
(8.2%)

Radio
Broadcasting
(12.2%, Computer
System Design
and Related
Services (10.2%),
Other Social
Assistance
Services (10.2%),
House
Construction
(8.2%), Plumbing
Services (6.1%)

55 persons
5.5%
$462

Car, as driver
(63.3%), Car, as
passenger (8.2%),
Worked at home
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Statistic 2016 2021
Cudmirrah Swanhaven Cudmirrah Swanhaven
(3.1%), Walked (3.1%), Walked only | (21.3%), Walked (12.2%), Did not
only (3.1%), (3.1%), only (4.6%), go to work (6.1%)

At Cudmirrah and Swanhaven, there was a substantial increase in the median age and the
percentage of people aged 65 years and over. The age of people in the region is generally high as
retirees settle permanently and young adults leave for employment or education. There was a
substantial reduction in the unemployment percentage of the labour force with a notable increase in
medial weekly personal income for Cudmirrah residents, reflecting the changes of the industry of
employment responses between 2016 and 2021.

Strategy 11.5 of the lllawarra-Shoalhaven Regional Plan 2041 identifies the estuaries of St Georges
Basin, Swan Lake and Berrara Creek as sensitive estuaries that need to be protected by
implementing the NSW Government’s Risk-Based Framework for Considering Waterway Health
Outcomes in Strategic Land-use Planning Decisions.

Residents and visitors to Cudmirrah and Swanhaven participate recreationally in swimming, diving,
surfing, boating, water skiing, fishing, bush walking, picnics, art and photography, conservation
activities, sightseeing and car touring. High social and cultural value is associated with individual,
family and community experiences with the natural landscape including around Swan Lake, Conjola
National Park and nearby beaches.

5.8 Noise

Noise sensitive receivers are properties such as residences, schools, churches and hospitals. The
nearest noise sensitive receivers are shown in Figure 28. The noise sensitive receiver is the small
coastal town of Cudmirrah. Four points had been measured between the inlet and Cudmirrah in
order to determine the proximity of the noise sensitive receiver to different zones of the inlet.

e Point A is measured at approximately 60m.
e Point B is measured at approximately 360m.
e Point C is measured at approximately 70m.

e Point D is measured at approximately 132m.
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Figure 28 Closest noise sensitive receiver in proximity to Swan Lake Inlet (Nearmap 2024)

5.9 Visual Amenity

Swan Lake is surrounded by Conjola National Park to the north, west and south, and by the small
towns of Swanhaven and Cudmirrah to the east. A scenic cycling path through Conjola National
Park has occasional views of Swan Lake, whilst Dyball Reserve, Swanhaven, offers picnic and BBQ
facilities where users have a direct view of Swan Lake.

The Springs Road is the only route into Swanhaven and Cudmirrah, where a small number of
houses, holiday parks and other dwellings along Lake Drive and Goonawarra Drive line bushland
adjacent to Swan Lake and have a viewpoint towards the lagoon. The Springs Road itself has a
handful of viewpoints of Swan Lake where visitors may stop to view the waterway.

5.10 Waste

Waste may be produced, this includes general waste, which is produced from any construction
works, construction materials and liquid wastes from cleaning/maintaining construction equipment
associated with an artificial opening.
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6 Statutory and Planning Framework and Permissibility

6.1 Planning Instruments

6.1.1 State Environmental Planning Policy (Transport and Infrastructure) 2021

Chapter 2 of the State Environmental Planning Policy (Transport and Infrastructure) 2021 (TI SEPP)
aims to facilitate the effective delivery of infrastructure across the State.

Section 2.56 of the TI SEPP permits development for the purpose of flood mitigation work, to be
carried out by or on behalf of a public authority without consent on any land. In addition, Section
2.165 of the TI SEPP permits development for the purpose of waterway or foreshore management
activities, including coastal management?, to be carried out by or on behalf of a public authority
without consent on any land.

As the proposal is characterised as development for either the purposes of flood mitigation work or
waterway or foreshore management activities, and is to be carried out by Council, it can be
assessed under Division 5.1 of the EP&A Act. Development consent from Council is not required.
Sections 2.56(3) and 2.165(3) permits construction works, and environmental management works
when in connection with the above development purposes.

The proposal does not require development consent or approval under State Environmental
Planning Policy (Planning Systems) 2021.

Part 2.2 of the TI SEPP contains provisions for public authorities to consult with local councils and
other public authorities prior to the commencement of certain types of development. Consultation,
including consultation as required by TI SEPP (where applicable), is discussed in Section Error!
Reference source not found. of this REF.

6.1.2 State Environmental Planning Policy (Resilience and Hazards) 2021

Chapter 2 of the RH SEPP aims to manage development in the coastal zone. The RH SEPP
contains provisions relating to the four coastal management areas that comprise the NSW coastal
zone.

The proposal is located partly within the coastal use area and within the mapped coastal
environment area. Coastal wetlands and proximity area for coastal wetlands are mapped along the
northern and eastern foreshores of Swan Lake (Figure 29). The lake is not located within any
mapped littoral rainforest area.

As the proposal is being assessed under Division 5.1 of the EP&A Act, consideration of the RH
SEPP Part 2.2 provisions is not required. No works are proposed to the coastal wetlands and
proximity area for coastal wetlands. The increase in entrance management trigger levels over time
under the new Policy will result in an increase in inundation durations and extents within the
mapped coastal wetland areas to the north of Swan Lake, as discussed in Section 5.2.

! Waterway or foreshore management activities include coastal management, and dredging undertaken for aquatic habitat,
restoration of environmental flows or ecological purposes.
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Figure 29 Location of coastal wetlands in Swan Lake (NSW Planning Portal 2024)
6.1.3 Shoalhaven Local Environment Plan 2014

Swan Lake is situated within Shoalhaven City Council local government area (LGA) and falls under
the Shoalhaven Local Environment Plan 2014 (the LEP). Land zoning of Swan Lake and
surrounding areas are detailed in Table 8 and a map of the zoning is found in Figure 30. The
proposal is consistent with the relevant zone objectives. The proposal is permitted without consent
pursuant to the provisions of the TI SEPP and is to be assessed under Division 5.1 of the EP&A
Act, therefore development consent is not required.

Table 8 List of Land Zones and Objectives

Zone Location Objectives of Zone

W1 — Natural Proposal site To protect the ecological and scenic values of natural
Waterways waterways.

To prevent development that would have an adverse effect
on the natural values of waterways in this zone.

To provide for sustainable fishing industries and recreational

fishing.
W2 - Recreational Proposal site To protect the ecological, scenic and recreational values of
Waterways recreational waterways.

To allow for water-based recreation and related uses.

To provide for sustainable fishing industries and recreational
fishing.
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