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Executive Summary

Shoalhaven City Council (Council), with support from the NSW Department of Planning and Environment
(DPE), have engaged Royal HaskoningDHV (RHDHYV) to prepare a Coastal Management Program (CMP)
for Lake Conjola. The CMP will consider current and future hazards as well as potential opportunities for
adaptation and improvement, seeking to provide a set of prioritised, coordinated and cost-effective actions
that, when progressively implemented, will help to ensure that Lake Conjola is ecologically healthy,
resilient, attractive and accessible for future generations.

Stage 2 of the Lake Conjola CMP ADetermine Risks, Vulr
concerns raised during development of the Shoalhaven-wide CMP Stage 1 Scoping Study, builds on

existing knowledge and lessons learnt from the implementation of management actions from the 1998

Estuary Management Plan and 2015 Estuary Management Plan review, as well as awareness of current

and future coastal management issues, constraints and opportunities, to define the scope of subsequent

CMP stages.

The results of Stage 2 investigations are reported within three companion documents, separated into key
focus areas that reflect the understanding of the key interests of stakeholders.

The companion document, CMP Stage 2 - R e p o r Bnviréghméntal, Social and Cultural Assets and
Attributeso , provides a review of the physical and soci al a
catchment, as well as noting the various pieces of legislation that afford protection to these attributes.

This report, CMP Stage 2 Report B i fiThreats and Risk Assessment0, builds upon the knowledge
base within CMP Stage 2 - Report A by describing the range of, extent, and potential impact of threats
posed by coastal hazards on these attributes, as well as providing an initial consideration of potential
mitigation options and actions.

The companion document CMP Stage 2 Report C - fEntrance Processes and Entrance Management

Optionso provides a review of cdygnamids,gastapdcorereesnsance and entr
management practices, as well as consideration of potential options for management of the entrance into
the future.

For Lake Conjola, the following four Coastal Hazards (selected from the seven Coastal Hazards as
defined within the CM Act) have been specified by Council for assessment within the CMP:

(c) coastal lake or watercourse entrance instability,

(d) coastal inundation,

(f) tidal inundation,

(g) erosion and inundation of foreshores caused by tidal waters.

The above coastal hazards are in addition to those caused by catchment flooding, and the combination of
coincident catchment flooding and coastal inundation (which have already been assessed within the Lake
Conjola Floodplain Risk Management Study and Plan (BMT WBM, 2013), and other environmental
hazards such as those posed by bushfires, changes in water quality, changes in land use, invasive
species and climate change.

As well as existing tidal and coastal inundation hazards connected to current (present day) oceanic water
levels, sea level rise projections of 0.1m, 0.23m, 0.36m, 0.6m, 0.9m and 1.2m have been modelled. Sea

23 February 2023 CMP STAGE2 REPORTBiI A THREATS AND PA2591-SCC-LC-CMP-Stage 2 11
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level rise projections of 0.23-0.36m for a 20-50 year planning period and 1.2m for a 100 year + planning
period have been selected for assessment of future tidal and coastal inundation hazards.

Two divergent but complimentary risk assessment frameworks were utilised to consider the vulnerability
of assets, communities and ecosystems within the Lake Conjola area:

1 aqualitative Threat-Based Risk Assessment that considered high-level issues which may
impact many aspects of the study area, and reflect the shared interest / responsibility of many
stakeholders (e.g. range of short and long term environmental issues due to inundation of low-
lying foreshore lands due to projected sea level rise); and,

1 aquantitative Asset-Based Risk Assessment that provided detailed information on the
frequency, depth and duration of (mainly tidal) inundation for each of 247 Council and Shoalhaven
Water owned / managed assets, to aid Asset Managers make appropriate maintenance / renewal
decisions.

Many of the key threats and hazards identified for investigation through the Risk Assessment process are
well-known to the community and Council. Reflecting the concerns of residents and stakeholders, the
primary focus of Stage 2 has been to consider and evaluate:

9 the extent and impacts of inundation from tides and ocean based storm events, as well as
consideration of prolongedlow-l yi ng fAnui sanceodo flooding

91 water quality within Lake Conjola from catchment based inputs into surface water, as well as
groundwater inputs from the Conjola Wastewater Treatment Plant; and,

1 the influence of alternative options for active management of the entrance to Lake Conjola on the
factors above, as well as other factors such as ecosystem health.

The impacts of the four specified Coastal Hazards, as well as other key issues, are considered and
assessed as follows:

9 (c) coastal lake or watercourse entrance instability;

Management of the entrance, including mechanical intervention to facilitate an opening when the
entrance becomes closed, is a key social, environmental and economic consideration for the Lake
Conjola community. There are many low-lying properties at risk of inundation when the entrance is
closed and water levels increase, as well as concerns within the community of poor water quality and
loss of tourism at such times. A range of alternative entrance management strategies have been
identified for modelling and assessment in Stage 3 of the CMP process.

9 (d) coastal inundation;

Coastal inundation occurs when a combination of meteorological processes raise ocean water levels
above normal tidal elevations, and powerful waves can penetrate Lake Conjola (especially if the
entrance is open), increasing water levels inside the Lake and causing foreshore inundation and
damage. In the longer-term, the extent of coastal inundation will increase due to sea level rise (SLR).

The number of (primarily residential) properties at risk of over-floor flooding during a 1% Annual
Exceedance Probability (AEP) ocean storm event are as follows:

o Current (0.0m SLR) 25 of 499 properties inundated (only in Lake Conjola village)
0 20-50year (0.36m SLR) 88 of 499 properties inundated (only in Lake Conjola village)
23 February 2023 CMP STAGE 2REPORTBi A THREATS AND  PA2591-SCC-LC-CMP-Stage 2 12
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0o 100year + (1.2m SLR) 287 of 499 properties inundated (primarily in Lake Conjola
village, but also in Conjola Park and Fishermans Paradise)

1 (f) tidal inundation;

Tidal Inundation is not an immediate hazard (unlike Coastal Inundation); in the short-term to medium-
term it would have little to no consequence. However, in the long-term it is projected to cause
significant impact to low lying areas. The likelihood of Tidal Inundation progressively increases over
time, to a point when low lying areas may be inundated more than once each day, and/or for many
consecutive days, presenting a very different hazard to Coastal Inundation.

While the number of properties affected by over-ground flooding will be much higher, buildings at risk
of over-floor flooding due to High High Water Solstice Springs (HHWSS) tidal inundation events

(Asunny dayo tides, without wind, aweaves, or other
o Current (0.0m SLR) 0 of 499 properties inundated

0 20-50 year (0.36m SLR) 0 of 499 properties inundated

o 100 year + (1.2m SLR) 16 of 499 properties inundated (only in Lake Conjola village)

In addition, progressive increases in tide levels due to sea level rise over time will also have an impact
on the use of low lying areas that are regularly inundated (including public reserves, carparks and
tourist/caravan parks) and the functionality of maritime infrastructure (including boat ramps and jetties).

1 (9g) erosion and inundation of foreshores caused by tidal waters;

Areas of foreshore erosion, likely linked with tides and waves, already exist within Lake Conjola. Some

| ocations (e.g. on the northern shore of Cunjurong
subject to erosion due to a combination of moderate public usage and natural processes. A significant
proportion of the southern residential foreshore (including Lake Conjola Village and some areas of

Conjola Park) is impacted by foreshore erosion, which has been addressed through a range of

generally ineffectiveadhocis eawal | 6 structures.

Water quality within Lake Conjola is frequently raised within the community and media outlets as an area
of concern, with a range of potential diffuse source and point source contributors. A distinction is made
between groundwater (held in aquifers within the soil, not exposed to air) and surface water_(waterbodies
exposed to air), which can have separate as well as shared sources of potential contaminants.

In operation from 2008, the Conjola Wastewater Treatment Plant (WWTP), owned and operated by
Shoalhaven Water, enabled the majority of properties around Lake Conjola to transition away from on-site
septic tanks, mitigating significant potential diffuse sources of pollution into the waterbody. Shoalhaven
Water assess key parameters annually as part of licence conditions, particularly with respect to the known
groundwater plume that extends from the dune exfiltration trench. Concerns have been raised as to the
potential for the plume of high nutrient groundwater from the exfiltration system to adversely impact on the
water quality within Lake Conjola and Pattimores Lagoon.

To date there is no evidence to suggest that water quality within Lake Conjola and Pattimores Lagoon is

being adversely affected by the groundwater inflow. Analysis of the publicly available reports on the
comprehensive annual groundwater monitoring program, a requirement of the EPA licence to operate,

has shown that the WWTP operates well within discharge limits (with one aberration of elevated ammonia

in August 2017), and that the groundwater plume has not yet

23 February 2023 CMP STAGE2 REPORTBiI A THREATS AND PA2591-SCC-LC-CMP-Stage 2 13
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Conjola and Pattimores Lagoon. However, ongoing monitoring will be important, particularly adjoining the
Holiday Haven Caravan Park and Pattimores Lagoon, where the extent of the groundwater plume is noted
to be in close proximity to both waterbodies.

At present there are no definitive negative trends in groundwater nor surface water quality due to human
causes. Based on the available data, it is difficult to suggest causality / correlation between water quality
and the nutrient plume from the WWTP at this point in time. It is recommended that Council work closely
with Shoalhaven Water to ensure continuation of the groundwater monitoring and reporting program, with
an increased focus on the assessment of the potential future connection of the nutrient plume into Lake
Conjola and Pattimores Lagoon, as there are indications that this may become an issue in the shorter
term.

Within the surface water, the estuary / ecosystem / ecological health of Lake Conjola has been monitored
for a number of years by Council and DPE. Regular assessment of key water quality parameters,
comprising chlorophyll a and turbidity, provides an effective measure of the short-term response of
estuary health to certain types of pressures. While there has been some variation over time, the overall
ecological condition of Lake Conjola has remained high, and with a large proportion of the catchment
being National Park, is likely to remain in this condition.

The second surface water matter relates to recreational (human contact) water quality. Council and
Shoalhaven Water have a well established and comprehensive physico-chemical water quality sampling
program across the LGA. There are approximately 20 water quality monitoring sites within Lake Conjola,
with records dating from 1989 until present, publicly available through C 0 u n cAguadats website.

The Agquadata website provides an extensive temporal and spatial data set of numerous parameters of
surface water quality for Lake Conjola. However, there are some limitations in the analysis of the data,
and hence rigour in the findings, due to annual variations in the number of sites that were sampled, the
number of samples taken at each site, the spatial distribution of the sample sites, the parameters
assessed at each site, as well as a lack of recorded contextual information such as recent rainfall
measurements, Lake water level, and whether the Lake was open or closed. The latter contextual
information has been gained from other sources.

Water sampling locations in the upper western portions of Lake Conjola (near Fishermans Paradise)
generally recorded good water quality, although poor water quality has been recorded at various times in
correlation with rain events, suggesting a catchment based contribution to water quality particularly in the
upper reaches. This is supported by modelling of tidal flushing within Lake Conjola, which demonstrates
that flushing is limited to the entrance channel even with a fully scoured entrance condition.

Water quality results for enterococci indicate that Lake Conjola is generally suitable for recreation
regardless of whether the entrance is open or closed.

In the entrance area, tidal flushing when the entrance is open assists with visual water clarity (aesthetic
value), which is widely noted as a preference of residents and visitors to Lake Conjola, and is often cited
as an example of dealgyi red Ahighodo water qu

Options for management actions to address the wide range of identified threats and impacts identified
through this Stage 2 study will be developed and refined through collaboration and consultation with the
community and other stakeholders during the CMP Stage 3 process i ldentify and Evaluate Options, that
will follow completion of Stage 2 of the Lake Conjola CMP.
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Appropriate and supported management actions, including consideration of costs, benefits and timing of
implementation, will be developed into a structured business plan within Stage 4 of the CMP process.

Once completed, the draft CMP will be publicly exhibited for consideration and comment by community
and other stakeholders, before being refined and recommended for adoption by Council, then referral to
the Minster for Local Government for Certification.
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1 Introduction

11 Report Structure

This report, CMP Stage 27 Report BT fiThreats and Risk Assessmento, is set out in the following
manner:

1 Section 1 provides an overview of the project and a brief overview of the Lake Conjola CMP
study area, highlighting notable environmental, physical, social and cultural assets and attributes
that may be vulnerable (detailed information is provided in CMP Stage 2 i Report A); and,

1 Section 2 provides an outline of the identified coastal hazards and threats to be assessed within
the Lake Conjola CMP study area.

1 Section 3 describes the four types of inundation that can impact Lake Conjola:

o Tidal Inundation;

Catchment Flooding / Inundation;

Coastal Inundation;

Coincident Catchment and Coastal Inundation; as well as,

Entrance Management and its relationship to inundation and water quality (brief

discussion, detailed information provided in CMP Stage 21 Report C);

I Section 4 reviews and describes two aspects of water quality:

o Groundwater;

o Surface Water; as well as differing assessments of:
A Ecological health; and,
A Recreational safety;

I Section 5 reviews the wider NSW framework for Marine Estate Management within the context of
Lake Conjola, and discusses potential influences and impacts of current and future land use and
management of the wider catchment on the Lake Conjola water body;

1 Section 6 reviews impact of current catchment management practices, and considers potential
opportunities for improvement;

1 Section 7 considers the pressures of current and future land use practices on foreshore stability,
and the associated interaction with waterway health; and,

1 Section 8 reviews and discusses a range of potential issues due to climate change.

O O O o

With an understanding of the natural and constructed assets and attributes within the Lake Conjola study
area, overlaid with the knowledge of current and future hazards from Sections 3-8:

1 Section 9 describes the framework and methodology used to consider the likelihood of the
various identified hazards occurring against the consequence of the impact within:
0 aqualitative Threat-Based Risk Assessment that considered high-level issues which are
a shared interest / responsibility of many stakeholders; and,
0 aquantitative Asset-Based Risk Assessment that considered inundation frequency, depth
and duration of Council owned/managed assets to inform maintenance / renewal
decisions.

1.2 Overview of cultural, social, environmental assets and attributes

Council recognises and acknowledges that Jerrinja, the coastal Saltwater People of the Shoalhaven and
Kiama LGA regional areas, are the original inhabitants and custodians of all land within the Jerrinja Local
Aboriginal Land Council (LALC) boundaries.
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The land around Lake Conjola has been home for the Jerrinja people for at least 6,000 years. There are
many Aboriginal sites in the area, including middens, campsites and rock shelters (NPWS, 2022).

The natural environment of Lake Conjola benefits significantly from the large tracts of Lake Conjola
National Park and Narrawallee Nature Reserve within the catchment, with some 85% of land remaining
vegetated (not cleared). As a result, there are some 1,600 threatened (and non-threatened) species of
flora and fauna, as well as ecological communities, within a 5km radius centred on the study area.

Within a 10 km radius of Lake Conjola, numerous Matters of National Environmental Significance (as
defined by the Environment Protection and Biodiversity Conservation Act 1999) are recorded, including:

8 Listed Threatened / Endangered Ecological Communities;

79 Listed Threatened Species and 54 Listed Migratory Species;

76 listed marine species, including 12 whales and other cetaceans;
5 State and Territory Reserves;

1 Regional Forest Agreement; and,

38 Invasive Species.

=A =4 =4 -4 -4 =4

Of specific relevance to management of the entrance to Lake Conjola (which is periodically mechanically
opened by Council to reduce catchment-based inundation (flooding due to rainfall)) is the seasonal
presence of Little Terns, a protected migratory shorebird which nests on the sand barrier berm during the
period from October to March.

South Coast villages such as Lake Conjola have a heavy reliance on tourism for their livelihood. While
hosting a relatively small resident population (with respect to catchment size) of some 1200-1400
permanent residents, primarily based in three villages (Lake Conjola, Conjola Park and Fishermans
Paradise), the region is an extremely popular tourism destination, hosting approximately 5000 additional
people during the peak summer period.

From observation, discussion with residents, tourist accommodation proprietors, Council staff and other
stakeholders, it is readily apparent that tourist visitors travel to Lake Conjola for the beaches and
waterways in the area, and that a large number of residents and visitors to Lake Conjola are boating
enthusiasts.

The economic benefits of tourism activity are difficult to allocate to specific local areas, as there are limited
commercial outlets available from within the villages of Lake Conjola, Conjola Park, Fishermans Paradise
and Bendalong, and a number of private tourism ventures may be unreported. However, the cumulative
benefits of boating pursuits and waterway access to the regional economy is undoubtedly very significant.

The carrying capacity of the receiving environment, as well as local infrastructure, are important
considerations for Council when considering strategic regional planning outcomes, as well as asset
maintenance and renewal programs.

The majority of residential properties within the Lake Conjola catchment are located within the three main

villages of Lake Conjola, Conjola Park and Fishermans Paradise, however there are numerous semi-rural

and rural properties around the extended foreshore area. Based on information provided by Council, 499
individual properties have been i de mappifigi Thallocationdbf i nc | ud e
these residential properties in relation to distance to the foreshore varies, as does the vertical elevation of

the properties.
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In addition, inorder t o assi st Council és i mmediate and | ong term

owned and/or managed assets within the greater Lake Conjola area have been identified and included

within the Asset-Based Risk Assessment process. These include a range of built structures and assets
(such as carparks, roads, boat ramps, stormwater and sewer network, caravan park), as well as natural
assets (such as Endangered Ecological Communities).
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1.3 General NSW Estuary Management
Note

Detailed discussion and assessment of the management of the entrance to Lake Conjola is
provided within the companion document: CMP Stage 2 -Report C-AEnt r ance Processes a
Entrance Management Optionso

While the discussion below, largely based on information provided by the NSW Department of
Primary Industries?, reflects management of ICOLLs along the entire NSW coastline, the
underlying descriptors and management rationale are relevant to Lake Conjola and Council.

Estuaries provide an interface between freshwater and marine waterbodies, being defined as any part of a
river, lake, lagoon, or coastal creek whose level is periodically or intermittently affected by coastal tides,
up to the highest astronomical tide (CM Act). Estuaries are located all along the NSW coast, with most
occurring south of Sydney where catchments are generally smaller in size and experience lower average
rainfall and are either permanently open such as Port Jackson and Lake lllawarra, or intermittently closed
such as Lake Conjola.

An intermittently closed estuary is commonly referred to within NSW coastal management frameworks as
a nIC@LLO b e i n ginteamitterfily Closed and Open Lake/Lagoono LCOLLs are separated from the
ocean by a sand beach barrier or berm, as average wave activity is generally higher than at comparable
non-closing estuaries, and can push sand into estuary mouths. This entrance barrier forms and breaks
down depending on the movement and redistribution of sand and sediments by waves, tides, flood flows
and winds. ICOLLs open and close to the ocean naturally in a constant but irregular cycle.

1.3.1 Intervention to Open Estuary Entrances

Many ICOLLs have been, and continue to be, manually or artificially opened to the ocean by various
authorities. Heavy equipment, such as excavators, are used to artificially open ICOLLs by digging a
channel through the sand berm between the ICOLL edge and the ocean.

The main reason for artificially opening an ICOLL entrance is to mitigate and reduce the impacts of
flooding. When water levels rise in a closed ICOLL following rainfall this can lead to flooding of urban and
rural development adjacent to the lake or lagoon foreshore, including private properties, business
premises, roads, parklands, sewerage systems and farmland.

Artificial breaching of the entrance barrier is undert
levels to relieve existing flooding of foreshore development and infrastructure or avoid the likely threat of

flooding which would occur before the ICOLL entrance opens naturally. The trigger water level for

artificially opening many ICOLLs (rather than let nature take its course) is often a consequence of past

developments being allowed to be located in low lying areas too close to the edge of the lake or lagoon.

1.3.2 Entrance Management Responsibility

Responsibility for undertaking artificial openings of ICOLL entrances usually lies with the local council
under their duty of care to the local community, guided by adopted estuary management plans and
entrance management policies. ICOLL entrances located within National Parks or Nature Reserves are
managed by the Department of Planning and Environment (DPE).

1 Acknowledgement is made of online information provided by the NSW Department of Primary Industries
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Usually, the ICOLL entrance is Crown Land, so councils are required to obtain the agreement of other
State Government agencies (e.g. DPE, Fisheries), and obtain a licence under the Crown Lands Act 1989
from DPE - Crown Lands to undertake the entrance opening works.

The entrance to Lake Conjola is currently managed in accordance with the Lake Conjola Interim Entrance
Management Policy (GHD, 2013), under the guidance of the Southern Coastal Management Program
Advisory Committee. Council currently holds Crown Land Licence RN625288 (issued 16 September
2021) that permits artificial opening, subject to a range of terms and conditions including specific
requirements relating to, for example, fringing vegetation surveys, protection of migratory shorebirds,
protection of any Aboriginal object or place, or other item of archaeological significance.

1.3.3 General Water Quality Considerations

Closed ICOLLs can often cause community concernoveri ssues such as perceived 6po
decreased visibility, health of recreational users, unpleasant odour, flooding of low-lying areas of the

foreshore and the health of fish stocks. It is often suggested that ICOLL entrances should be opened to

flush out the 6dirtyd water and replenish it with o&cl e
does not necessarily mean that it has poor water quality. Many closed ICOLLs maintain good water

quality and remain suitable for swimming, water sports and fishing for long periods of time. Furthermore,

artificially opening an ICOLL entrance will not always improve the water quality due to the limited tidal

movement or O6flushingd in most | COLLSs.

After heavy rainfall the water quality in a closed ICOLL can temporarily worsen as a result of runoff
containing sediment, nutrients and pollutants entering the ICOLL from creeks and drains throughout the
catchment. In many instances opening the entrance is not the solution and consistent poor water quality is
better addressed by improving the management of catchment inputs to ICOLLs; that is, installation of
source controls.

1.3.4 Ecological Function Considerations

ICOLLs are very complex environments and the impact of artificially opening entrances on fish species
and fish habitats is not well understood. Many species of estuarine fish and prawns that are targeted by
recreational and commercial fishers breed in oceanic or coastal waters and enter estuaries and ICOLLs
from the ocean as larvae and juveniles. While some fish need to migrate to the sea to complete their
breeding cycle, others reproduce in the estuary and do not require an open entrance for spawning.

Long periods (i.e. 3 to 4 years or more) of entrance closure may restrict the recruitment of certain fish

species to ICOLLs. However, some fish and fish larvae will enter an ICOLL from the ocean even if it is

only open for a short period of ti me, or during O6wash
berm during high tides and storm surges. Although enhancing the recruitment of fish and prawns is often

cited as justification for artificially opening entrance barriers, fish and prawn recruitment processes are not

fully understood and are likely to be very dependent upon climatic factors, as well as a number of other

environmental variables.

During long periods of closure, some foreshore vegetation (such as Casuarinas) may die from prolonged
waterlogging. However, this is a natural process with riparian vegetation gradually advancing and
retreating along the foreshore in response to varying water levels over time. Potential loss of riparian
vegetation can be managed in ways other than artificially opening the entrance, including ensuring there
are sufficient replacement plants growing on the landward side of the foreshore (i.e. maintaining or
establishing riparian buffer areas) and planting or allowing natural rehabilitation of more suitable species
that can tolerate wet, salty soils, such as saltmarsh and mangroves.
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It should be recognised that flooding and drying are natural components of the hydrological and ecological
processes operating within ICOLLs. Coastal lakes and the life they support have evolved in response to
these forces, and DPI (amongst ot hepOkl)idealpitskouldbdeat t o me

left to operate as close to its natural state as possible.
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2 Threat Identification

For the Lake Conjola CMP, the following Coastal Hazards (as defined within the CM Act) have been
identified for assessment:

(c) coastal lake or watercourse entrance instability (refer to CMP Stage 2 i Report C for further
discussion),

(d) coastal inundation,

(f) tidal inundation,

(g) erosion and inundation of foreshores caused by tidal waters.

As well as these defined coastal hazards, a number of additional threats to the environmental, social and
cultural assets and attributes within the Lake Conjola CMP study area have been identified, and are
addressed within this report. These include:

catchment flooding;

coincident inundation - combination of catchment flooding and coastal inundation;

poor water quality T groundwater and surface water;

impacts of catchment management on waterway health;

foreshore erosion and removal of riparian vegetation;

inadequate management of foreshore access, private structures, and watercraft storage; and,
climate change related impacts from increases in sea level, bushfires and rainfall.

=A =4 =4 -4 -4 -8 4

Note:

Catchment flooding and Coincident inundation were identified as matters of concern within the
Lake Conjola Floodplain Risk Management Study and Plan (BMT WBM, 2013), and as such, the
hazard extent and associated maps were prepared, and mitigation measures were proposed as part of
that plan.

The Lake Conjola CMP modelling and assessment do not revisit these hazards, however, for
completeness, a brief summary on Catchment flooding and Coincident inundation has been
included within this report.
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3 Inundation

3.1 Historical and Recent Inundation at Lake Conjola

The predominant recorded cause of flooding at Lake Conjola is due to catchment-based rainfall. The
contribution to inundation based on whether the entrance to Lake Conjola is open or closed is often
debated, as it is in many coastal estuarine locations. A review of water level records indicates that
elevated water levels in the lake (i.e. above 1m AHD) can occur under both open and closed entrance
conditions. A detailed analysis of several selected events involving mechanical openings and natural
breakout of the entrance is provided in CMP Stage 21 Report C.

A sequential history of recorded Lake Conjola flood events is provided in Table 3-1, Table 3-2? and Table
3-3, with information about the entrance state provided if known. Lake water levels are relative to AHD.

Table3-1: Ti meline of Significant Events in Lake Conjolabds Flood
Major flood event 1911
Major flood event 1915
Major flood event 1927
Major flood event 1939
Major flood event 1959
Major flood event 1971
Major ocean storm event 1974
Major flood event 1991
Moderate flood event 1992

Mi nor fAsunny dayo ocean 2006

2 The flood history data collected by the Conjola Community Association (CCA) is a citizen science project. The information
presented has been reviewed and verified as part of the preparation of this report.
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Table 3-2:

Event Month/Year

logger data - Lake Conjola D/S (Station number 216420D)

Event Date

27 April 2017
9 February 2020
10 February 2020

22 May 2020
23 May 2020
24 May 2020
25 May 2020
27 July 2020
28 July 2020

9 August 2020
2 March 2022
7 March 2022
8 March 2022

23 February 2023

Ti meline

of

March 2011 1.32m
March 2012 1.27m
June 2012 1.43m
April 2013 1.22m
June 2013 1.41m
August 2014 1.39m
August 2015 2.14m
June 2016 1.49m
July 2016 1.32m
Feb 2020 2.03m
May 2020 1.28
July 2020 1.37
Table3-3: Ti meline of

Project related

Significant

Lake Water Level

Fl ooding

Lake Water Level

1.11m
1.04m
2.037m
1.26m
1.27m
1.17m
1.09m
1.31m
1.37m
1.19m
1.67m
1.218m
1.47m

CMP STAGE2REPORTBi A THREATS AND

ASSESSMENTO

(

Lake Entrance State

Closed

Open

Closed

Closed

Closed

Closed

Closed

Closed

Open

Closed

Open
Open

>1.

Lake Entrance State

Om water

Closed

Closed

Open

Open

Open
Open

Open

7“ City Council

Ev e n 2612 tb 2020(GCKA,202Q0o nj ol a b s

Fl ood

Rainfall (BOM Ulladulla)

(time period unspecified)

300mm
101mm
54mm

226mm
186mm
178mm
309mm
235mm
156mm
240mm
118mm
362mm

REMEN

| e \2@16 tp 20E2WkH I water lavel

(MHL Lake Conjola)

2mm (96 hours)

221mm (96 hours)

51mm (96 hours)
Ocean storm event (Port
Kembla Waverider buoy

data)

Coastal Inundation

301mm (96 hours)

187mm (96 hours)
77.5mm (48 hours)

148mm (48 hours)

PA2591-SCC-LC-CMP-Stage 2
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There were no significant periods of inundation during the 2000-2009 period when the entrance was open,
although the gauging record indicates that water levels slightly exceeded 1m AHD on 9 occasions with 3
events at or above 1.2m AHD (refer Table 3-4). It should be recognised that this was also a period of
relatively low total annual rainfall of between 740mm and 1,200mm, as shown in Table 3-5. It is possible
that this combination of events reinforced the actual and perceived efficacy of the entrance clearance
works undertaken as recommended by Patterson Britton in 1999.

Table 3-4: Lake Conjola water level events 2000-2009 from MHL water level logger data - Lake Conjola D/S (Station number

216420D)

Event Date Lake Water Level Lake Entrance State
6 January 2000 1.04m Open
1 June 2000 1.11m
2 June 2000 1.14m Open
3 June 2000 1.02m
30 June 2000 1.33m Open
1 July 2000 1.08m Open
28 July 2001 1.20m

Open
29 July 2001 1.03m
23 June 2005 1.12m Open
10 July 2005 1.09m

Open
11 July 2005 1.03m
9 April 2006 1.31m Open
14 June 2007 1.01m Open
28 June 2007 1.15m Open
15 December 2008 1.03m Open
10 June 2009 1.03m Open
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Table 3-5: Monthly and Annual total rainfall at Bendalong STP data logger 1991 - 2022
Year | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov | Dec | Annual

1991 472 844 118 448 1356 606.6 1652 4.6 19.2 236 416 204.6 1389.2
1992 105.6 303.8 72 73 98.8 173 224 918 558 828 1594 120.8 1359.2
1993 1364 718 114 36.2 514 564 722 1084 101.2 1026 328 36.2 919.6
1994 16.6 1564 176.4 1824 52.8 1454 294 17 36 96 1054 62.2 1076
1995 1746 308 114 158 1322 1102 302 5.6 171.2 102.6 143 78.2 1108.4
1996 794 354 186 1228 1014 90.2 494 548 1234 388 1014 19.8 8354
1997 107.2 98.2 3564 2 131.8 1494 624 122 1922 496 266 8.2 1196.2
1998 66.8 16 158 113.8 173 165 88.8 365 69.6 458 932 25 1237.8
1999 2134 104.8 133 119 11 754 1398 228 928 140.2 62.2 104.2 1218.6
2000 55.2 46.6 165.2 86.2 228 1046 48.2 188 66.4 50 211.2 55 930.2
2001 754 1625 718 404 77.6 294 1412 1258 1062 256 91 67.8 1014.7
2002 1304 2446 59.2 1058 128 496 102 9 344 108 73.6 855.6
2003 552 864 79.2 163.2 309 35 774 27.4 12 87.4 180.6 412 1154
2004 944 574 908 82 128.4 3.4 64.8 244 148.2 2024 784 99.8 10744
2005 884 87.6 1254 252 169 87 1322 9.4 64.6 124 93.6 26.4 1032.8
2006 784 328 474 116 77.6 271.2 167.2 654 61 2.8 38.2 952 9488
2007 26 2136 88.6 1512 12 3058 66.6 81 30.6 20.2 148 83.6 1227.2
2008 77.8 190.2 46.2 714 8.2 812 534 774 576 103.8 712 952 933.6
2009 298 794 35 79.6 482 58 322 138 354 1646 36.4 1314 7438
2010 52.6 1964 106.6 27.6 196.6 69.2 68 39 744 97.8 218.8 134.4 12814
2011 78.6 87 2456 155.8 92.8 70.2 170 80.6 39 81 123.2 62.8 1286.6
2012 36.8 227 2854 702 26 149.8 30 10.6 24.6 133.4 46.8 194 1060
2013 184.8 1498 634 3448 098.8 274 85 11.2 112.4 38 120 73.6  1505.8
2014 354 51 2468 84.2 33 110.2 5.2 199.6 404 253 30.6 207.2 1296.6
2015 1694 1304 57.8 2078 75.6 752 86.4 482 844 612 624 456 1538.2
2016 240 86.2 648 51 43.6 318 1856 752 878 398 372 109 1338.2
2017 352 1752 4348 834 583 84 6.6 512 34 546 894 110.8 1186.9
2018 93.8 1484 564 578 33.6 748 4.4 188 384 112 200 64.6 903
2019 622 198 1202 179.2 838 167 284 688 86 58 186 7.4 819.4
2020 34.2 279.2 1218 70.6 1182 17.2 3624 192 18.2 109 128.6 77.8 1529.2
2021 126.4 1154 2464 5.8 1152 482 22 942 332 122.6 243.4 316.8 1489.6
2022 174 156.2 656 67.5 1465 9.7 431.3 38.8 169.2 409.9 69.6 39.9 2368.6

From 2010 to 2019 the entrance shoaled and closed on a number of occasions, and a number of flood
events were experienced during that time. However, it should be noted that annual rainfall increased to

23 February 2023 CMP STAGE2 REPORTBiI A THREATS AND PA2591-SCC-LC-CMP-Stage 2 26
ASSESSMENTO Report B-0002



7“’ Project related
Royal Crty Council

HaskoningDHV

between 1,060mm and 1,540mm over the same period, which may have been a significant contributing
factor. The most recent significant flood event in February 2020 occurred while the entrance was closed,
and the inundation dropped rapidly once the entrance was open, perhaps reinforcing the perception of
direct connectivity between the entrance state and flooding.

A direct measurement of rainfall is not a definitive predictor of the severity of inundation. Table 3-6
presents the adopted design rainfall totals used to derive the peak flood levels for floods of various
magnitudes (BMT WBM, 2013), which indicate that the volumes of rainfall that caused the flood events
recorded in March 2011, August 2015 and July 2020 (shown in Table 3-2 and Table 3-3), were all close
to 10% AEP events and resulted in variable peak Lake water levels for each event.

Table 3-6: Adopted Design Event Rainfall Totals (BMT WBM, 2013)
Design Event Rainfall Depth (mm)

20% AEP (5 year ARI) 269
10% AEP (10 year ARI) 309
5% AEP (20 year ARI) 362
2% AEP (50 year ARI) 432
1% AEP (100 year ARI) 487

Following the significant flood event of February 2020, the Lake has remained open, and has experienced
periods of moderate as well as significant rainfall, as well as an ocean storm event, with a range of Lake
water level responses.

The flood event on 27-28 July 2020 occurred when the entrance was open, rainfall of 301mm was
recorded over 96 hours (close to 10% AEP), and Lake Conjola reached a peak water level of 1.37m AHD
on 28 July. A similar flood event occurred on 9 August 2020 with an open entrance, recorded rainfall of
187mm, and a peak water level of 1.19m AHD. The water levels decreased rapidly following the peak
event, indicating that an open entrance condition may reduce the severity of a minor flood event by
enabling the Lake to drain faster.

However, counter to expectations that rainfall volume and flooding have a direct correlation, a recent flood
event on 2 March 2022 with an open entrance and rainfall of only 77.5mm resulted in peak water level of
1.67m AHD, whilst a subsequent event on 7-8 March 2022 with an open entrance and rainfall of 148mm
reached a peak water level of 1.47m AHD, as shown in Figure 3-1. As noted within the Lake Conjola
FRMS&P (BMT WBM, 2013), while the entrance state of open or closed is likely to play a role in flooding,
especially for smaller events, clearly a range of other factors are also involved, including ocean water
levels.
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Figure 3-1: Catchment Based Flood Events - March 2022 (source: MHL website, 2022)
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3.2 Lake Conjola CMP 1 Application of Sea Level Rise Projections

The approach adopted by Council for consideration of future planning periods for sea level rise is outlined
in Table 3-7.

Table 3-7: Adopted Sea Level Rise Planning Periods

Sea Level Rise Planning Period

0.23m
20-50 years
0.36m
0.6m
50-100 years
0.9m
1.2m 100+ years

For the Lake Conjola CMP, a range of sea level rise projections were applied in modelling of tidal
inundation and coastal inundation, including 0.1m, 0.23m, 0.36m, 0.6m, 0.9m and 1.2m. The following sea
level rise projections were adopted for undertaking risk assessments:

1 0.0m for the current planning period,;
1 0.23m-0.36m for a 20-50 year planning period; and,
I 1.2m for a 100 year + planning period.

These sea level rise projections form the basis for consideration of future tidal and coastal inundation
hazards within the CMP Stage 2 Risk Assessment process.

An additional factor that requires consideration when assessing coastal hazards is the morphodynamic
response of the entrance to Lake Conjola due to sea level rise. Increased sea level will result in a
landward and upward shift of the beach profile, including the entrance berms of coastal lagoons, as a
result of wave run-up and berm overwash processes, as shown in Figure 3-2.

For estuarine entrances at the northern end of a beach, changes to littoral sand transport processes
potentially resulting in increased beach accretion adjacent to the entrance may offset or even exceed the
progressive shoreline recession associated with sea level rise. For mostly open estuaries, such as Lake
Conjola, the increased tendency for accretion within an estuary entrance would make that entrance more
susceptible to closure (Haines & Thom, 2007).

Lagoon level -
-
\J-_A_-\/\/s_h-o:/‘\.-‘ Sea level 2

Sea level 1

Figure 3-2: Landward and upward shift in beach profile due to sea level rise (Source: Hanslow et al., 2000)

In order to account for potential morphological change of the Lake Conjola estuary entrance, the
bathymetry input for tidal and coastal inundation modelling assumed that the area from the ocean
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entrance to 6The Stepso6 had r i.Sensitviy testingra®undthipeocessat e a's
was also modelled based on the estuary bed not rising with sea level rise.

3.3 Tidal Inundation

3.3.1 General

Tidal inundation (sometimes referred to as duisance floodingd is the inundation of land by tidal action
under ordinary meteorological conditions. Tidal inundation may include shorter-term incursion of seawater
onto low-lying land during an elevated water level event such as a &ing tided@r more permanent
inundation due to land subsidence, changes in tidal range or sea level rise. In some scenarios, the risk
associated with tidal inundation may be exacerbated when a spring tide coincides with coastal inundation
or catchment flooding.

Astronomical tide is a key oO0forcing6 mechanism for wat
entrance to Lake Conjola. The other key forcing mechanism is freshwater discharge from the lake at times

of rainfall. During dry periods, freshwater flows are insignificant, while tidal and wave driven processes

dominate entrance behaviour.

3.3.2 Current Status and Consideration of Sea Level Rise

The High High Water Springs Solstice (HHWSS) tide level has been utilised to assess the inundation

|l evels of fAsunny dayo flooding, which can occur simply
inputs from rainfall and/or ocean storm events. While not presenting as significant inundation depths as

catchment flooding and/or coastal inundation, when subject to sea level rise, tidal inundation is projected

to occur on an increasingly frequent basis as shown in Figure 3-3, with associated social, environmental,

and economic impacts.

A igh Ti
Average High Tide 2;.:539& b

2030

A tide that causes a minor flood today s a nuisance (white arrow). In the fiture, higher sea levels will allow high rides to push water deeper into
eoastal communities, affecting more homes, businesses, and infrastructure. Extensive moderate flooding—now usually associated with storms
and high winds—is expected to become more commaon, simply from high tides.

Figure 3-3: Tidal Inundation is projected to become more frequent and over increased tidal ranges with sea level rise (source:
riskmanagementmonitor.com)

The impact of future tidal inundation on assets, due to increased inundation depth and extent caused by
projected sea level rise, is a key factor for asset owners when considering medium-term and long-term
asset management planning. Stage 2 of the CMP involves undertaking detailed studies that help councils
to identify, analyse and evaluate risks, vulnerabilities and opportunities within the study area based on
assessment of coastal hazards.
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To determine the spatial extents within Lake Conjola, and to quantify the potential threats posed by Tidal
Inundation, RHDHYV developed and calibrated a hydraulic and geomorphological model of Lake Conjola.
This model incorporated a post-storm (scoured) entrance bathymetry within the MIKE 21 FM
hydrodynamic modelling system. Adoption of a scoured entrance condition allows greater tidal penetration
and hence provides conservative (higher) inundation levels due to tide.

A brief description is provided below, while the full reporte n t i $tdge 2- Tidal and Coastal Inundation
Mo d el | i n gdesRribipgdhe me&thodology and findings of the modelling is provided in Appendix A.

A range of projected Sea Level Rise (SLR) scenarios were investigated, one for the present-day sea level
condition and one for each SLR scenario, as summarised in Table 3-8.

Table 3-8: Modelled tidal inundation scenarios

SLR Scenario Number of Simulations Description
Om (Present Day) 1 To spatially assess tidal range throughout the estuary

0.10m 1 1 x Entrance bed has risen 0.10m with SLR
0.23m 1 1 x Entrance bed has risen 0.23m with SLR
0.36m 1 1 x Entrance bed has risen 0.36m with SLR
0.6m 1 1 x Entrance bed has risen 0.6m with SLR
0.9m 1 1 x Entrance bed has risen 0.9m with SLR
1.2m 1 1 x Entrance bed has risen 1.2m with SLR
0.1m 1 Entrance bed not raised with SLR

0.23m 1 Entrance bed not raised with SLR

0.36m 1 Entrance bed not raised with SLR

0.6m 1 Entrance bed not raised with SLR

0.9m 1 Entrance bed not raised with SLR

1.2m 1 Entrance bed not raised with SLR

As previously mentioned, the following sea level rise projections were adopted for undertaking risk
assessments for the Lake Conjola CMP:

1 0.0m for the current planning period
1 0.23m-0.36m for a 20-50 year planning period; and,
I 1.2m for a 100 year + planning period.

The modelling simulation, extending over six weeks of tides, provided a sufficiently long period to enable
the identification of the required tidal constituents and their frequencies and amplitudes.

Utilising results of the six-week modelled period of tidal inundation (rather than a single High High Water
Solstice Springs (HHWSS) event), HHWSS was calculated by extracting water level time-series at each of
the model grid points within Lake Conjola. Tidal Inundation maps depicting inundation extent, inundation
depth and inundation duration (as a percentage of time within the six-week period) were developed for the
range of Sea Level Rise (SLR) scenarios described above.
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Results of the tidali nundati on modell ing were presented in

1 Inundation water depth/extent and water levels; and,
1 Inundation duration.

These fistaticdo maps are the standard method used
defining, describing and communicating the hazards / risks / opportunities for a region or location, which
are included within printed project reports, and overlaid as shapefiles within C 0 u n glarniégsand
development GIS system.

An example of Tidal Inundation extent and depth due to 1.2m SLR is shown in Figure 3-4, with the full set
of tidal inundation depth maps provided in Appendix B. The corresponding Tidal Inundation duration as a
percentage of the 6-week modelled period due to 1.2m SLR is shown in Figure 3-5, with the full set of
(percentage of time) inundation duration maps provided in Appendix C.
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Figure 3-4: Tidal Inundation extent and depth due to 1.2m SLR
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Figure 3-5: Tidal Inundation duration percentage over 6 weeks due to 1.2m SLR
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3.3.3 Hazard Mapping Examples

In order to assist Council asset managers when developing medium-term and long-term asset
management plans, the duration and frequency of tidal inundation for each of the 247 assets within
Council& asset risk register were estimated based on the modelling outputs (described below with key
points in bold).

A total of 27 representative locations were selected for detailed assessment of Tidal Inundation, as shown
in Figure 3-6.
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Easting MGA56

Figure 3-6: Representative Locations (1-27) for assessment of Tidal Inundation
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Inundation extents from the modelled 6-week period of tidal variation were generated and overlaid on a
Digital Elevation Model (DEM) to provide inundation depths based on the elevation (ground level) of the
27 representative locations around the developed foreshore and low-lying areas of Lake Conjola. For
each location, exceedance plots were generated that determined the frequency (number of occurrences)
and duration of each time that the variable tidal water level was higher than ground level at that location. A
worked example is provided in Table 3-9.

Of the 247 Council owned and/or managed assets listed within the Asset-Based Risk Assessment
spreadsheet, a large proportion of the assets are located on the southern shoreline, which experiences a
greater extent of tidal inundation due to its relatively low elevation, as does the villages of Conjola Park
and Fishermans Paradise.

Depth, frequency and duration plots of tidal inundation at each of the 27 representative locations, resulting
from the two sea level rise scenarios of +0.36m and +1.2m, were generated, and applied to all 247 assets
within the Asset-Based Tidal Inundation risk assessment.

Using Location 4 within Lake Conjola Village as an example site (which is in proximity to the entrance to
Holiday Haven Lake Conjola caravan park as shown in Figure 3-7), a methodology was developed to
convert the detailed 6-week tidal inundation and duration results into a single number for both annualised
and averaged results for each location. The full set of results for each of the 27 locations is provided in
Appendix D.

Figure 3-7: Location 4 in Lake Conjola Village

In order to convert the number of occurrences (frequency) and range of durations of tidal inundation over
the modelled 6-week period at each location into an approximate annual number of occurrences and
average duration of tidal inundation, the following methodology was applied (noting this gives an
indication only and was completed to aid in the risk assessment process):

1 The duration of each and every occurrence of inundation (during the modelled 6-week period) was
added together to provide the total inundation hours at that location over the 6-week period.

1 To calculate the average duration of tidal inundation during the modelled 6-week period, the total
inundation hours was divided by the total number of occurrences.
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To conservatively calculate the number of occurrences each year (noting that the 6-week period
includes the winter High High Water Solstice Springs), the total number of occurrences over the 6-
week period was multiplied by [52 weeks (calendar year) / 6 weeks (modelled period)].

Note: The annual Anumbeesof magcbhermore than one
semi-diurnal (twice daily) tidal cycle

A worked example for Location 4 is provided in Table 3-9.

Outcome:

For this example, the Asset-Based Risk Assessment spreadsheet will record that with 1.2.m SLR,
assets within vicinity of Location 4 are projected to be impacted by Tidal Inundation 225 times per
calendar year, for an average of 3.1 hours duration each occurrence.

Note: Assets that extend over a large spatial extent and/or have a range of elevations (e.g.
Lake Conjola Entrance Road) will have the "worst case" conservative inundation frequency
and duration applied as inundatiomwithiktad AssepBaset] Riskf
Assessment.
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Table 3-9: Inundation and Duration - Annualised and Averaged Results Location 4 with 1.2m SLR

Total inundabn duration
(duration length @ccurrencs)

Inundation duration (hrs) Number oOccurrence

1.0 2 2.0
15 5 7.5
2.0 3 6.0
2.5 3 7.5
3.0 4 12.0
3.5 2 7.0
4.0 1 4.0
4.5 1 4.5
5.0 1 5.0
6.0 2 12.0
6.5 1 6.5
7.0 1 7.0

Total occurrences over €

week modelled period Total inundation hoursver 6 week period

26 81

Average inundation duration during 6 week modelled period
= total inundation hours / total occurrences

81 hours / 26

3.1 Hours average inundation per occurren
occurrences =

Annualised number of occurréoaeservative), multiply Total occurrences over 6 week modelled pt
weeks (calendar year) / 6 weeks (modelled period)

Occurrences per calendar year
225 NOTE: may be more than one evendaer
due to semdiurnal (twice daily) tidal cycl

26 occurrences x 52 week
(calendar) / 6 weeks (model

Outcome:
The Tidal Risk Assessment spreadsheet will record that Assets within vicinity of Location 4 have
tidal inundation 225 times per calendar year, for an average of 3.1 hours durat@mueeaoke

Note:
Assets that extend over a large spatial extent and/or have a range of elevations (e.g. Lake Conjol
Road) will have the "worst case" conservative inundation frequency and duration applied.
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3.3.4 Tidal Inundation Information for Risk Assessment Process

The landing page for the interactive Lake Conjola CMP - Tidal Inundation hazard mapping, with user
options on the left, is shown in Figure 3-8.

The example below in Figure 3-9 shows Tidal Inundation of Lake Conjola Holiday Haven caravan park
with SLR of +1.2m. However, the plot provides the highly relevant information that the Holiday Haven
reception building has been constructed at a sufficient height so that the floor level of the structure is
shown as not being inundated, even though it is surrounded by water.
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Figure 3-8: Landing page for Lake Conjola CMP - Tidal Inundation hazard mapping
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Figure 3-9: Tidal inundation of Lake Conjola Holiday Haven caravan park with SLR of +1.2m, with floor level of structure shown as not inundated
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3.3.5 Tidal Inundation Outcomes

A summary of the main outcomes of the Tidal Inundation modelling is as follows:

9§ Tidalinundationisless fAcatastrophicdo than coast al iammundati on
significant issue over a 50-100 year planning period, that cannot be resolved by entrance
management;

1 Tidal Inundationisnot a O cur r ent dnitidl X yearegeridduar implemeritatioa of
management actions before the Lake Conjola CMP is reviewed and updated. However, it is a
pervasive, incrementally worsening coastal hazard, and requires long term consideration over a 50-
100 year planning period (e.g. planning and development controls);
1 Cross-references floor levels of buildings (where known) against inundation depth, can identify
whether water will enter the structure itself, even if the ground outside is inundated.
1 Note: As a significant number of residential, community and commercial properties within
Lake Conjola village are situated at a low elevation, tidal inundation is projected to progress
from occasional |l ow | evel Anui sanceo inundation dur
a daily, or twice daily, long duration event.

3.4 Catchment Flooding / Inundation

Catchment Flooding / Inundation occurs when the amount of water flowing from the catchment due to
excessive rainfall exceeds the capacity of the creeks and main waterbody of Lake Conjola and overtops
the usual foreshore boundaries and banks. The ability of floodwaters to flow out of Lake Conjola is partly a
function of whether the entrance is open or closed, however other factors also have an influence (e.g.
tides, ocean levels, storm events).

Low-level Persistent Inundation is used to describe flooding of the lowest parts of the foreshore areas
from gradual rises in Lake level during periods of entrance closure or under potentially higher tidal
conditions with sea level rise and an open entrance.

A focus on entrance management works to reduce flooding only has some value in association with
managing low-level persistent flooding and more frequent flood events. However, for major catchment
flood events, the starting condition of the entrance, being in a heavily shoaled state or an open channel,
has minimal impact on the peak flood water levels reached in Lake Conjola (BMT WBM, 2013).

A large number of the approximately 499 properties around the foreshore of the Lake are located on the
floodplain, and are affected by projected inundation levels, as shown in Table 3-10.

Table 3-10: Number of properties affected by design flood events (BMT WBM, 2013)

Approximate number | Approximate number of properties

Flood event of properties affected flooded above floor level

10% Annual Exceedance Probability 291 70
1% Annual Exceedance Probability 352 183
Probable Maximum Flood (PMF) 396 335

The management of catchment flooding is addressed through the floodplain management program in
NSW, and is documented in the Lake Conjola Floodplain Risk Management Study and Plan (BMT WBM,
2013). In addition, the Shoalhaven Local Flood Plan outlines preparedness and management operations
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to be followed by the SES for all flooding events in the Shoalhaven local government area, including Lake
Conjola.

35 Coastal Inundation

3.5.1 General

Coastal inundation or ocean storm flooding occurs when a combination of meteorological processes
raise ocean water levels above normal tidal elevations and inundates low-lying areas, and/or overtops
dunes, structures and barriers. The elevated ocean water levels are due to storm surge (increase in water
level due to low barometric pressure plus wind setup), wave setup, wave run-up and over-wash flows.

Storm surge and powerful waves can also penetrate Lake Conjola (particularly if the entrance is open),
giving rise to strong currents, as well as elevating the water levels inside the Lake. In the longer-term, the
extent of coastal inundation will increase due to sea level rise.

NSW coastal hazard assessment guidelines (OEH, 2010) recommend a 1 in 100 (chance of occurrence
each year) ocean storm event for assessing potential risks from coastal inundation.

A visual representation of the combined contribution of various processes to the total water level that may
result in coastal inundation is shown in Figure 3-10.

f Runup limit

Wave runup

‘Wave setup i
Storm surge

Astronomic tide

Figure 3-10: Processes contributing to total water level changes at the coast

3.5.2 Consideration of Sea Level Rise

In the same manner as completed for the assessment of Tidal Inundation, to determine the spatial extents

within Lake Conjola, and to quantify the potential threats posed by Coastal Inundation, a hydraulic model

and geomorphological model of Lake Conjola was developed. As previously noted in Section 3.3.2, the

fullreport, e n tStagel2ei dial and Coastal | nu ndesaribinggche mdllmdbledyl i ng Re
and findings is provided in Appendix A.

The threat posed by ocean flooding to Lake Conjola is as significant as major catchment flooding. Under
ocean flooding scenarios an open entrance allows for a greater penetration of ocean water through the
inlet into the Lake. As such a wide open entrance condition may in fact exacerbate the ocean flooding risk
for some event conditions (BMT WBM, 2013).
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Coastal flooding in lowland areas such as Lake Conjola will be of increasing concern as a consequence of
sea level rise. This will increase the frequency, duration and height of flooding and consequent
emergency evacuations as well as associated property and infrastructure damage (BMT WBM, 2013).

3.5.3 Hazard Mapping Examples

For Coastal Inundation, the hydraulic modelwasc al i br at ed to fAtypicalo tide con
wave conditions and minimal rainfall), assumed a typical, non-scoured entrance condition, and applied an

ocean boundary condition corresponding to a 1% AEP ocean storm event. Adoption of a hon-scoured

entrance condition increases the magnitude of the open coast wave setup generated at the entrance and

hence provides a conservative (higher) inundation level due to a coastal storm. For sea level rise

examples, the model assumed that the bed of the entrance rose at the same rate as SLR.

High level comments regarding the nature of Coastal Inundation are provided below:

T The 6designd sinabOth geant (Lls a AEP) so a relatively
f 6Storm surgedé is made up of two components; a rise
(inverted barometric pressure effect), and a rise in water level at the shoreline due to strong
onshore winds (wind setup), as shown in Figure 3-10;
1 Can happen at any time (1% chance each year) though unpredictable;
May become more frequent due to climate change; and,
1 Cross-references to floor levels of buildings (where known) against inundation levels, can identify
whether water will enter the structure itself, even if the surrounding ground is inundated.

=

These issues are discussed further in Section 9.

An example of Coastal Inundation extent and depth due to 1.2m SLR is shown in Figure 3-11, with the full
set of Coastal Inundation maps provided in Appendix E.
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Figure 3-11: Coastal Inundation extent and depth due to 1.2m SLR
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The modelling of Coastal Inundation results in significantly increased depth and extent of floodwater
compared to Tidal Inundation. Figure 3-12 provides an image of Coastal Inundation of Lake Conjola
Village with SLR of 0.00m, i.e. for the present day 1-in-100-year, or 1% chance of coastal storm event
occurring, while Figure 3-13 provides an image of Coastal Inundation of Lake Conjola Village with SLR of
0.36m, corresponding to a planning period of 20-50 years as per the risk assessment methodology and
associated planning periods described in Section 3.2.

Lake Conjola Coastal Management Program
Coastal Inundation
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Figure 3-13: Coastal Inundation of Lake Conjola Village with SLR of 0.36m
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3.6 Coincident Catchment Flooding and Coastal Inundation

Note: Acknowledgement is made that the majority of the information on Coincident coastal inundation
and catchment flooding provided below has been sourced from the Lake Conjola Floodplain Risk
Management Study and Plan (BMT WBM, 2013).

3.6.1 General

Coincident catchment flooding and coastal inundation can occur due to the same storm cell and
therefore design flood levels in a lower coastal waterway will be influenced by a combination of these
sources. If oceanic inundation or catchment flooding were examined on their own the flood levels derived
are unlikely to be fit for purpose for making informed floodplain risk management decisions in the lower
portions of coastal waterways (OEH, 2015).

NSW coastal hazard assessment guidelines (OEH, 2015) recommend a combination of 1 in 100 (chance
of occurrence each year) coastal inundation event with 1 in 20 (chance of occurrence each year)
catchment flooding event, and vice versa, for assessing potential risks from coincident catchment flooding
and coastal inundation.

3.6.2 Consideration of Sea Level Rise

A comparison of peak flood levels under existing conditions and climate change scenarios for both
catchment and ocean flooding is provided in Table 3-11. The tabulated levels reference levels in Lake
Conjola relative to AHD. The direct impact of the sea level rise scenarios on peak flood level conditions is
clearly evident. In addition, it is noted that the flood risk from either catchment flooding or ocean derived
flooding is relatively similar over longer planning horizons, such that due consideration of both flooding
mechanisms is required in assessment of appropriate floodplain risk management options.

Table 3-11: Comparison of Peak Flood Conditions with Climate Change Scenarios (BMT WBM, 2013)

Event Conditions Planning Horizon

Existing 2050 (+0.4m SLR) 2100 (+0.9m SLR)
0,
5% AEP Catchment 58 30 32
Event
5% AEP Ocean Event 1.9 2.4 2.9
0,
1% AEP Catchment 32 34 35
Event
1% AEP Ocean Event 2.2 2.7 3.3

3.6.3 Hazard Mapping Examples

The design 1% AEP flood inundation extent and depth of flooding in Lake Conjola for the year 2100
design condition (i.e. with 0.9m sea level rise) is shown in Figure 3-14.
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Figure 3-14: Coincident Inundation of Lake Conjola village in Year 2100 with SLR of 0.9m (BMT WBM, 2013)
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The peak flood levels and depths of inundation are increased significantly under the climate change
scenario. A flood event of this magnitude would result in an extensive inundation of existing property,
particularly in Lake Conjola Village. Typical flood depths in the order of 1.5m to 2.0m would result in
above-floor flooding to a significant depth for a large number of properties, and extensive property
damage. The depth of flooding also heightens the risk to life and existing constraints on evacuating
certain parts of the floodplain. Several existing properties in Conjola Park (3) and Fishermans Paradise (3)
would also be at threat of above-floor flooding, albeit with minor flood depth (BMT WBM, 2013).

3.7 Inundation Results and Conclusions

At some time in the future with sea level rise, parts of the existing areas of Lake Conjola Village, Conjola

Park and Fishermans Paradise will be subject to permanent inundation from normal Lake levels, resulting
from an open entrance condition and tidal inflow. Even before permanent inundation, however, increased
frequency of flooding and high groundwater levels will become an issue.

It is expected that under sea level rise of approximately 0.36m and / or 0.4m (reflecting both the RHDHV
(2021) and BMT WBM (2013) hazard assessments for 50 year planning periods), roads, structures and
even ground vegetation would start to become adversely impacted by high groundwater levels, while a
sea level rise of 0.9m and / or 1.2m (reflecting both the BMT WBM (2013) and RHDHV (2021) hazard
assessments for 100 year planning periods) would result in a significant depth of inundation within many
streets and yards on a frequent basis. It is noted that under sea level rise of 0.6-0.9m (50-100 year
planning period), there would also be significant inundation of assets.

Under existing conditions, low-level persistent flooding presents problems to the community, noting the
current entrance management trigger level of between 1.0m and 1.2m AHD.

It is important to acknowledge that it is impractical to immediately eliminate all flood risks from the existing
development adjacent to Lake Conjola. Instead, the aim of future floodplain risk management is to ensure
that existing and future developmentis exposedt o0 an fAacceptabl e |l evel of
that people live with on a day-to-day basis (BMT WBM, 2013).

The continued occupation of currently affected land in Lake Conjola would require raising of existing
ground levels through extensive land filling to combat the risk of rising Lake levels and associated
inundation and groundwater problems. If adaptation of existing developed areas cannot be achieved in an
economically, socially and environmentally acceptable manner, then planned retreat of current occupied
flood prone land may be an appropriate land use strategy (BMT WBM, 2013).

From a community perspective, it is important to understand flooding in Lake Conjola, and be prepared to

act appropriately should flooding occur. In essence, the community needs to becomei | ood r eady
can include preparing a personal emergency plan for a house or business, which should include options

for evacuation, emergency contact numbers, and arrangements for post-flood recovery.

Effective management of flooding in Lake Conjola will require significant investment in long term
outcomes. It is expected that effective flood management will not be achieved unless there is strong
political support for such actions, and this will only occur if the community and elected bodies are active
and engaged in the issues.

The nature of flooding in Lake Conjola is such that severe flooding problems can occur with very little
warning. In most cases, emergency services such as the SES would not have the time or access from
remote stations to help people in need during a major flood. Therefore, the Lake Conjola community
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needs to know what to do, and more importantly, what not to do, when faced with a flood situation (BMT
WBM, 2013).

The FRMS&P also concluded that while a closed entrance may increase the likelihood of low-level
persistent flooding and decreases the likelihood of ocean flooding, it has little impact on major catchment
flood events. In these events, flooding is likely to occur whether the entrance is open or closed. A focus on
entrance management works to reduce flooding only has some value in association with managing low-
level persistent flooding and more frequent flooding events.

Under ocean flooding scenarios an open entrance allows for a greater penetration of ocean water through
the inlet into the Lake. As such a wide-open entrance condition may in fact exacerbate the ocean flooding
risk for some event conditions (BMT WBM, 2013).
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4 Water Quality

4.1 General Description of Groundwater and Surface Water

Groundwater refers to water held underground in the soil or in pores and crevices in rock. The upper
surface of the saturated zone is called the water table. Surface water is any body of water above ground,
including wetlands, stream systems, rivers and lakes. There may be significant differences in water quality
between groundwater and surface water.

It is common for surface water to be contaminated with chemical pollutants that accumulate through
surface runoff processes. Surface water can contain contaminants such as nitrogen and phosphorous
(from animal manure, chemical fertilisers, wastewater treatment facilities, urban runoff, soil erosion), as
well as bacteria such as enterococci (e.g. from animal and human faeces contained within runoff from
bushland, farmland, and/or leaky septic tanks). Surface water quality may vary, and at times be unsuitable
for human recreation or for the flora and fauna within a waterbody like Lake Conjola.

While groundwater is typically cleaner than surface water, it can still contain various contaminants. These
contaminants are picked up from seepage and soil percolation from point and non-point sources.
Groundwater pollution mainly occurs when contaminants are leached from, discharged to, or deposited on
the land surface that is situated above the groundwater, which at Lake Conjola includes the dunal
exfiltration of the sewage effluent from the Conjola Regional Wastewater Treatment Plant.

The sediment layers that are found below the water table can filter the water naturally to remove at least
some of the contaminants. While the presence of domestic and industrial pollution sources in the general
vicinity of the groundwater will dictate how contaminated the water is, this water can still contain some
contaminants even if there are no nearby pollution sources.

A generalised depiction of potential sources of contamination of surface water and groundwater is shown
in Figure 4-1.
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Figure 4-1: Potential sources of surface water and groundwater contamination (source: filterwater.com)

4.2 Flushing / Interchange of Water within Lake Conjola

Of relevance to water quality concerns relating to both groundwater and surface water, is the

consideration of residence time of water within Lake Conjola. To assess this factor, numerical modelling of

tidal flushing was completedt hr ough pl acement of a dédconservative trac
waterbody. This modelling assessment was undertaken with two alternative entrance conditions, a typical
Afchokedo entr,andapmsts baodmt evaent fAscour ethémoee wasmmfeare condi
a two week period for each of the entrance conditions in order to assess the change/turnover in water due

to tidal action, as well as determine the spatially dominant influences on water quality.

4.2.1 Flushing / Interchange of Water after 2 Weeks withaTy pi c al AChokedo
Entrance

The resulting interchange of water after 2 weeks with
Figure 4-2. From 100% tracer concentration, the only section of the waterway that reduced to less than

25% concentration was in the entrance of Lake Conjola, while the channel extending upstream towards

Lake Conjola Village reduced to around 50% before losing efficacy further upstream. The remainder of

Lake Conjola from 6 fle Stepsdwest and northwest, as well as Lake Berringer, lost a maximum of 25% of

the tracer with most of the waterbody staying at around 75-80% of the initial tracer concentration. The

upper reaches of Conjola Park, Fishermans Paradise, Pattimores Lagoon, and upper Lake Berringer

remained at 100% of the initial tracer concentration.
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Lake Conjola - Flushing Analysis
Average Tracer Concenratlon after Two Weeks (Typlcal Entrance Condltlon)
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Figure 4-2: Lake Conjola - flushing analysis - average tracer concentration after two weeks i typical entrance condition
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4.2.2 Flushing / Interchange of Water after 2 weeks with a Post-storm Event
AScouredo Entrance

To assess the maximum possible water exchange, the tracer model was run to simulate an entrance
condition that may exist following a significant flooding event that has scoured the entrance channel. As
many residents and stakeholders are aware, a fully scoured entrance to Lake Conjola is not long-lived,
and rapidly starts to infill again. The resulting interchange of water after 2 weeks with a post-flood
Aiscouredd entrance Eiguneddi3t i on are shown in

Using the same initial 100% tracer concentrationasi n t he typi cal Afchokedo,aentr anc
fully scoured entrance was shown to generally provide more effective water exchange over two weeks.

However, only the entrance and main channel reduced to approximately 20-30% of the initial tracer

concentration after 2 weeks, while the main basin beyond 6 file Steps6and Lake Berringer lost some 40-

60% of the initial tracer concentration. The upper reaches of Conjola Park and particularly Fishermans

Paradise remained at around 90-100% of the initial tracer concentration. Tidal flushing, even with a fully

scoured entrance, is limited in these areas.
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Lake Conjola - Flushing Analysis
Average Tracer Concentration after Two Weeks (Scoured Entrance Condition Post 100-year Flood Event)
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Figure 4-3: Lake Conjola - flushing analysis - average tracer concentration after two weeks i scoured entrance condition
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4.2.3Commentary on Flushing / Interchange of Water within Lake Conjola

The above modelling demonstrates that water quality in the upper reaches of Lake Conjola will primarily
be the product of inflows from the catchment, as tidal exchange is very limited in these locations even
when the entrance is open and well scoured.

This is an important factor to bear in mind when considering management actions to maintain a healthy
waterway, as land use and catchment management practices are likely to have a significant influence on
ecological and recreational water quality within Lake Conjola, irrespective of Lake entrance management
options and actions.

4.3 Groundwater - Water Quality

Two sites within the Lake Conjola Village area have been identified as potential sources of land and water
contamination, being the Lake Conjola Waste Transfer Station and the Conjola Regional Wastewater
Treatment Plant.

4.3.1 Lake Conjola Waste Transfer Station

The information provided below is a synopsis of the report prepared by Environment & Natural Resource
Solutions Pty Ltd (ENRS) for Council, e n tSoilt&l Geodndwater Investigation Lake Conjola Waste
Transfer Stationo(dated 30th October 2019, project reference number ENRS1154).

ENRS were commissioned as independent environmental consultants by Council to conduct a soil and
groundwater investigation at the Lake Conjola Waste Transfer Station (the Site) to consider the potential
for land and water contamination from previous landfill activities at the Site.

The Site is located immediately west of Lake Conjola Village, on the southern side of Lake Conjola
Entrance Road near the intersection with Narrawallee Creek Road, as shown in Figure 4-4. It is located
upstream of the adjoining Pattimores Lagoon, which is within the Narrawallee Creek Nature Reserve.
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Figure 4-4: Lake Conjola Transfer Station Site Location i note upstream of adjoining Pattimores Lagoon (ENRS, 2019)

4.3.1.1 Sample Methodology (Soil, Surface Water and Groundwater)

ENRS carried out a site inspection and soil sampling on 16 April 2019, with soil samples collected from
three (3) locations; upgradient, adjacent and downgradient of the Site as shown in Figure 4-5 (noted as
SS01, SS02 and SS03), reportedly in general accordance with appropriate guidelines.

The Site was inspected after significant rainfall events in April, June and October 2019, however on all
occasions no surface water or ponded water was observed to facilitate sampling. As no surface water was
observed at the Site the potential for runoff and surface water contamination from the Site is considered
low.

ENRS carried out groundwater sampling on 16 October 2019, with samples obtained from two (2)
monitoring wells on Site as shown in Figure 4-5. MWO1 provided an indicator of conditions downgradient
of the Site, while MWO02 (located on the edge of bushland upgradient of the Site) provided an assessment
of naturally occurring background levels (from ENRS, 2019).
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Figure 4-5: Lake Conjola Transfer Station Site - Groundwater Monitoring Well Location Plan (ENRS, 2019)

4.3.1.2 Results & Conclusions

The sample results reported in the NATA accredited Certificate of Analysis (COA) are summarised as:

1 Results for soil were below the adopted Site Assessment Criteria for residential land use or the
Laboratory Limit of Reporting (LOR), for all tested analytes including; heavy metals, PCBs, OC &
OP Pesticides; Monocyclic Aromatic Hydrocarbons; Oxygenated compounds; Halogenated
Aliphatic Compounds; Trihalomethanes; Phenolic compounds; Polynuclear Aromatic
Hydrocarbons (PAHSs); Petroleum Hydrocarbons; and PFAS;

1 The results did not report any elevated levels of contaminants in soil to trigger any further
investigation;

1 Results for groundwater did not show any significant exceedances of the Australian Drinking
Water Guidelines (2018) Trigger Values for Health for; heavy metals; Petroleum Hydrocarbons;
BTEXN; PAHs; PFAS; Ammonia; Fluoride; Sulphate; Nitrate; Nitrite; and Phosphorus, which is
satisfactory;

1 The groundwater results indicate the area is characterised by naturally slightly acidic groundwater
with elevated salinity and levels of some heavy metals associated with mineral dissolution from
the host clay and shale. For example, concentrations of lead were elevated in MWO02 in the area
upgradient of the Site; and,

1 Importantly, the concentrations of heavy metals and Contaminants of Potential Concern in MWO01
downgradient of the Site were below the Site Assessment Criteria or within the range of
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background levels, which indicates that the groundwater conditions at the Site are satisfactory
and unlikely to result in offsite impacts (from ENRS, 2019).

4.3.2

The Conjola Regional Sewerage Scheme (CRSS) was commissioned in 2008, with two new Wastewater
Treatment Plants at Lake Conjola and Bendalong, connected by an 1800m pipe underbore of Lake
Conjola, as shown in Figure 4-6.

Conjola Regional Sewerage Scheme (CRSS)

BERRINGER
LAKE

"3 JEXFILTRATION
. "14 TRENCHES,

\'—RECLA“D WATER TRANSFER
GRAVITY MAIN

Figure 4-6: Conjola Regional Sewerage Scheme footprint

Prior to construction, CRSS engaged Manly Hydraulics Laboratory (MHL) to design a monitoring program
for the Conjola Regional Sewerage Scheme in accordance with scheme approval conditions, published in
March 2006 (as draft) CRSS-BRBagopment offMonitorindgPlodraand Bhis fieport
included a summary of the preferred scheme which comprised northern and southern wastewater
treatment plants (WWTP) providing a tertiary level of treatment and reclaimed water transfer pipelines
from both WWTP (including a directionally drilled pipeline underneath the bed of Lake Conjola from the
northern WWTP) to a dune exfiltration system. The dune exfiltration system is located in the dunes behind
Conjola Beach and covers an area approximately 500 m long by 15 m wide. Reclaimed water is delivered
into slotted pipes in below-ground trenches and allowed to percolate into the groundwater table.

The CRSS is designed to be low impact without ocean outfalls, utilising natural absorption and breakdown
of contaminated material over time. It was expected that operation of the CRSS as designed would result
in changes to the hydrology and water quality of groundwater within the area, likely creating a measurable
Aplumeo of affected groundwater.
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Monitoring of groundwater is carried out around the dune exfiltration area. The purpose of the monitoring
is to ensure that the operation of the CRSS does not unacceptably change the present or potential use of
the groundwater resource, the surface water or aquatic ecology, or result in unacceptable noise or odour
impacts in the local area. The CRSS is required to comply with the operational discharge requirements of
the applicable Environment Protection Licence 12357 for operation of the CRSS, including annual
reporting of results.

Previous site investigations and groundwater modelling have indicated minor groundwater mounding
below the proposed exfiltration trench. Groundwater flow is expected to occur towards the coast (60%),
west to Lake Conjola Village and lake-inlet (35%), and south-west to Pattimores Lagoon (5%). Transport
of nutrients and pathogens from the exfiltration site is of potential concern, although groundwater in the
village area is known to be impacted by nutrients from septic leakage.

4.3.3 Groundwater Monitoring Guidelines / Standards

Earth2Water (E2W) undertake near-annual monitoring to assess impacts on (and those distributed by)
groundwater due to effluent discharged into the dune exfiltration system, completing 6 monitoring reports
to date for the periods: 2009-2010, 2010-2011, 2011-2012, 2013-2017, 2017-2019, and the latest (draft)
report for 2019 to 2021.

Key findings reported within the E2W monitoring reports include:

1 The effluent discharged into the dune exfiltration system generally complies with the EPA limits
outlined in the CRSS Environment Protection Licence (12357), with one exception (i.e. high
ammonia =23.3 mg/L, August 2019);

1 The local groundwater system is highly vulnerable to nutrient pollution from multiple nutrient
sources due to the sandy soils, dune sand geology and shallow water table. For example,
Groundwater Well MB1S, 31/32, and 294/295 (refer Figure 4-7 for location at Holiday Haven
Caravan Park) are stated as being vulnerable to impact from fertiliser use given the shallow water
table and proximity to camper areas (which are fertilised to maintain grass coverage); and,

1 The nature and extent of the groundwater nutrient plume is stated as being relatively dynamic,
and linked to the Wastewater Treatment Plant (WWTP) outflow volume and quality.

In addition, E2W (2021) notes that:

9 rainfall ranges from 910 mm to 1380 mm year, with an average of 1,173 mm/yr;

1 the above average rainfall in 2015-2017 (1,375 mm/yr) was associated with the highest effluent
volumes discharged (210/218 ML) but a lower relative annual TN load discharged
(740 kg/915 kg);

1 The annual rainfall at Lake Conjola during the periods 2017 to 2018 (748 mm/yr), and 2018 to
2019 (740.5 mm/yr) were substantially below the previous wet years (Table 33B). The WWTP
outflows were lower during 2017-2018 (177.6 ML) and 2018-2019 (189.5 ML) due to the low
rainfall; and,

1 The WWTP outflows were lower during 2019-2020 (rainfall 877 mm/yr, discharge 102.99 ML) and
2020-2021 (rainfall 1,206 mm/year, discharge 145.19 ML) due to the low to average rainfall, and
bushfires [while not stated, this may be a reference to reduced tourism, affected by COVID also,
therefore less material within the system].
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The correlation between high rainfall and increased volume of material requiring processing and disposal,

particularly being of a lower TN concentration, may be an indication of (illegal) connection of stormwater

pipes into the sewer network. If so, the additional volume of wat er may be o6artificial
expansion of the groundwater plume. It is recommended that the feasibility of opportunities to investigate

potentially illegal stormwater connections and take action as necessary should be considered as a

potential management action during Stage 3 of the CMP process.

4.3.4 Current Status and Results of CRSS Groundwater Sampling

The information below is a compilation of the findings and statements within the draft 2019-2021 E2W
report:

1 The effluent plume has potentially migrated between 200 m to 400 m from the exfiltration trench
since commencement in 2008 (refer Figure 4-7). The plume is not well delineated, due to data
gaps arising from the sand dunes/forest and dry wells (approximately 13);

1 The WWTP plume extent in 2019-2021 and 2017-2019 are interpreted by E2W to be similar;

1 The precise extent of the WWTP plume to the east, west and south is not readily discernible due
to the multiple sources, and several dry wells (data gaps);

1 The TP/TN plume north of the exfiltration trench is interpreted to have reached Lake Conjola
campgrounds (refer Figure 4-7);

I The elevated nutrients (TN, TKN, and particularly ammonia) at the campground wells (MB-1S,
MW-3) are noted as likely to reflect impact from fertilisers;

1 The WWTP plume outer fringe (low nutrient concentrations) is difficult to differentiate at the
downgradient areas due to the multiple nutrient sources (i.e. residences, campgrounds, outdoor
showers, fertilised areas with local fauna also generate point and diffused sources of TN, TP and
FC), however E2W interpret that the nutrient plume may have stabilised around the fringes given
the time series graphs indicate stable TP/TN trends, and the improved water quality of the treated
effluent;

1 FC levels were within the ANZECC (2000) guidelines for wells within the exfiltration trench plume.
Background wells have reported FC levels above guidelines indicating multiple sources, such as
former septic tanks and biological sources, at the well locations;

1 The groundwater quality away from the exfiltration trench is interpreted to be unaffected by FC,
however localised FC could occur immediately around the exfiltration trench due to bio-
accumulation;

I Based on the review of surface water quality data (E-39, E-474) from Lake Conjola entrance and
Pattimores Lagoon (E-748), E2W consider that it is unlikely that the effluent discharges have
adversely impacted the surface water;

1 Some risk to the environment (nutrient loads, algal blooms) is indicated by the inferred broad
extent of the nutrient plume (TN, nitrate, and some TP) and its proximity to surface water bodies
(i.e. Pattimores Lagoon and Lake Conjola, refer Figure 4-8); and,

1 The capacity of the aquifer and environment (estuary and lagoon) to naturally attenuate the
nutrients requires ongoing assessment and monitoring during various conditions.
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LEGEND
MW7A‘ Groundwater Monitoring Well
Installed September 2011

V1 %Gmundwater Monitoring Well

Mwas‘b Groundwater Well 2009
MW-3 4% Groundwater Well 2018
MW-9¢ Groundwater Well 2020

Replacement Wells (2020) at:
D01,D02,003,MW8s
Inferred Concentration Contour
(TN- Total Nitrogen mg/L)
====mes  Inferred Concentration Contour
(TP- Total Phospherous mg/L)
= w = Inferred Fertiliser Impact

FC Faecal Coliforms (cfu/100mL)

NOTES: Locations of BH21, BH29 & BH31 are
approximate. Location of BH35 unknown.
* Results from another sampling date
MB1simpacted by fertiliser & taps/showers

0 100 200m
e SUMMARY OF GROUNDWATER POLLUTANTS (18 May 2021)

SHOALHAVEN WATER - CONJOLA REGIONAL SEWERAGE SCHEME

Date: 6 August 2021
Figure 4-7: The inferred groundwater flow regime as of August 2021 (E2W, 2021)
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Figure 4-8: The inferred hydrogeological section as of 2021 (E2W, 2021)
4.4 Surface Water - Water Quality

441 General

Sources of contamination (natural as well as anthropogenic) may have a range of impacts on water
quality within Lake Conjola that can affect the natural flora and fauna within and around the waterbody, as
well as community / tourist use of the Lake, as shown in Figure 4-9.

While both the environment and the community benefit from a healthy waterway, for the purposes of the
Lake Conjola CMP there is benefit in separating these two aspects for review and discussion.

Ecosystem health or the ecological health of a waterway relates to the suitability and resilience
of the waterbody for the fauna, flora, and other organisms that rely on it.

Recreational health refers to the suitability of a place for activities involving direct contact of
humans with the waterway, like swimming.

It is important to note that these two objectives, while seemingly very similar, can be mutually exclusive.

A waterbody (such as an enclosed wetland) may contain a very healthy range of organisms and
ecosystem but be unfit for human recreation due to high levels of naturally occurring substances, such as
enterococci. Inversely, a highly managed waterbody within a golf course, for example, may be treated to a
high standard before aerial irrigation, and is likely to meet human recreational contact requirements, but
be unsuitable for aquatic species.
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The stated Strategic Directions of the Lake Conjola CMP (refer CMP Stage 2 i Report A) seek to ensure
that both of these objectives (along with others) are met specifically:

1 Maintain natural systems and processes to improve the health and diversity of natural systems.

1 Support the social and economic wellbeing of local communities by maintaining safe access
to beaches and headlands and supporting recreational activities.

Figure 4-9: Healthy waterway and impacted eutrophic waterway causes and descriptions
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