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EXECUTIVE SUMMARY
Introduction

The Narrabeen Lagoon Flood Study has been prepared for Warringah and Pittwater Councils (The
Councils) to define the existing flcod behavicur in the Narrabeen Lagoon catchment and establish the
basis for subsequent floodplain management activities,

This study updates previous studies on the Lagoon including the Narrabeen Lagoon Flood Study
(PWD, 1990) and studies of the individual tributary streams, providing a holistic assessment of
fiooding within the catchment. The current Flood Study considers land use changes subsequent to
previous medelling investigations, the influence of the Narrabeen Lagoon entrance on flood
behaviour and the influence of potential climate change.

The primary objective of this Flood Study is to define the flood behaviour under histerical, existing and
future conditions (incorporating potential impacts of climate change) in the Narrabeen Lagoon
catchment for a full range of design flood events. The study provides information on flood levels and
depths, velocities, flows, hydraulic categories and provisional hazard categories. The Flood Study
has also identified the impact on flood behaviour as a result of future climate change and potential
changes in the catchment and lagoon entrance. Specifically, the study incorporates:

+ Compilation and review of existing information pertinent to the study and acquisition of additional
data including survey as required:

e Undertaking of a community consultation and participation program to identify local flooding
concemns, collect information on historical floed behaviour and engage the community in the on-
going floedplain management process;

* Development and calibration of appropriate hydrolegical and hydraulic models;

« Determination of design flood conditions for a range of design events including the Probable
Maximum Flood (PMF), 0.1%, 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20% and 50% AEP events for
catchment derived flooding and the 0.5%, 1%, 2%, 5%, 10% and 20% AEP events for ocean
derived flooding; and

* Assassment of potential impact of climate change using the latest guidelines.
Catchment Description

The Narrabeen Lagoon catchment is located on the northem edge of the Warringah LGA and the
south eastemn edge of Pittwater LGA on Sydney’s northern beaches. The catchment occupies a total
area of approximately 55km” and drains to the Tasman Sea through a narraw channel to the lagoon
entrance at North Narrabeen Beach.

Narrabeen Lagoon (also known as Narrabeen Lakes) is the largest coastal lagoon located in the
Sydney metropdiitan region with waterway area of 2.2 km®. The catchment can be separated into a
number of major sub-catchments incuding Nareen Creek, Mullet Creek, Narrabeen Creek
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({incorporating Fem Creek), Deep Creek, Middie Creek (incorporating Snake Creek, Oxford Creek
and Trefoll Creek) and South Creek (incorporating Wheeler Creek).

From an elevation of around 200m AHD In the north west of the catchment arcund Terrey Hills, and
150m in the south and south west of the catchment around Belrose and Frenchs Forest, the
topography of the catchment is undulating and grades relatively steeply from the upper slopes to the
fioodplain areas around Narrabeen Lagoon and the Warrewood Valley. The areas of minor to
moderate slopes are concentrated around the fringes of Narrabeen Lagoon, Warriewood Valley to
the north and Oxford Falls in the central area of the catchment within the Middie Creek sub-
catchment.

The catchment contains a mixture of Jand uses, including urban (residential, commercial and
industrial), rural, recreational and bushland (including Garigal National Park). The urban suburbs of
Elancra Heights. parts of North Narabeen and Collaroy Plateau are located on the elevated land to
the north and south of Narrabeen Lagoon, The suburbs of Narrabeen and parts of North Narrabeen
have been developed along the lower floodplain and coastal strip separating the lagoon from the
Tasman Sea, Warriewood Valley to the north of the lagoon is also significantly urbanised, The
westem and southern boundaries of the catchment are also urbanised including the suburbs of
Temrey Hills, Frenchs Forest, Beacon Hill and Cromer.

The catchment area to the west of the lagoon is largely natural bushland (incorporating Garigal
National Park) covering an area of approximately 20km°. There are also several recreational
reserves located around the lagoon and three major golf courses within the catchment (Mitchell
McCotter, 1982).

Histarical Flooding

The foreshore of Narrabeen Lagoon has been subjected to flooding numerous times over the last
century, of particular note are the following years: 1911, 1931, 1942, 1656, 1958, 1961, 1974, 1875,
1977, 1978, 1986, 1987, 1998 and 2003 (CLT, 2010). The Namabeen Lagoon Floodplain Risk
Management Plan Review (SMEC, 2002b) identified that above floor flcoding would occur for 208
residential and 113 commercial properties at the 1% AEP event. Flooding in Namabeen Lagoon can
occur after heavy rain in the catchment or from waves and king tides from the ocean during a severe
ocean storm or a combination of both. Flood waters could nse quite quickly and there may be kttle
opportunity for warmning or assistance before or during a flood. Depending on entrance conditions and
ocean levels, flood waters could remain elevated for many hours.

While previous Flood Studies and Floodplain Management Studies and Plans have been completed
for parts of the catchment, this Flood Study update includes all catchments and impartant processes
(such as entrance morphology) in a single state-of-the-at-model. The Flood Study provides an
update to the 1980 Namabeen Lagoon Flood Study and considers the potential impacts of climate
change on flood nisk within the catchment,

Community Consultation

Community consultation is an important component of the Flood Study. The consultation has aimed
to inform the community about the development of the Flood Study and predicted flood behaviour as
a precursor to subsequent floodpiain management activities. It has provided an opportunity to coliect
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information on their flood experience, their concemns on floeding issues and to collect feedback on the
draft flood study.

Model Development

Computer models are the most accurate, cost-effective and efficient tools to assess a catchment's
fiood behaviour. For the purpose of the Flood Study, a hydrological model and a hydraulic model
have been developed.

The hydrological model simulates the catchment rainfall-runcfi processes, producing the
stormwater flows which are used in the hydraulic model,

The hydraulic model simulates the flow behaviour of the overland flow paths, creeks and lagoon
producing flood Inundation extents, levels and velocities.

Information on the topography and charactenistics of the catchments and floodplains are built into the
hydraulic model, Recorded histerical flood data, including rainfall and flood levels, are used to
simulate and validate (calibrate and verify) the model. The model produces as outputs, the
distribution of flood levels, flow rates (discharges) and flow velocities.

With consideration to the available survey information and local topographical and hydraulic controls,
a linked 10¥2D model was developed extending from the Lagoon entrance in North Narrabeen at the
downstream Emit, to the head of the catchment. The floodplain area modelled vdthin the 2D domain
compnses a total area of approximately 55km° which Includes the Narrabeen Lagoon catchment in its
entirety.

Model Calibration and Validation

The selection of suitable histerical events for calibration and validation of flood models is largely
dependent on the availability of relevant historical ficod information. |deally the calibration and
validation process should cover a range of flood magnitudes to demonstrate the suitability of a model
for the range of design events to be considered.

Review of the available rainfall and water level data for the Narrabeen Lagoon catchment highlighted
three flood events with sufficient data to support a calibration process — the April 1998, August 1988
and March 2011 event. The April 1998 event has been selected as the primary calibration event due
to the fact that it resulted in the highest recorded Lagoon water levels since the installation of the
water level gauges. Due to data availability, the March 2011 and August 1998 events have been
used for model validation.

The models were found to provide a reasonable representation of the observed flood behaviour in the
catchment.

Design Event Modelling and Output

The developed models have been applied to derive design flood conditions within the Namrabeen
Lagoon catchment, Design rainfall depth is based on the generation of intensity-frequency-duration
(IFD) design rainfall curves utilising the procedures outlined in Australian Rainfall and Runoff (2001).
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A range of storm durations using standard AR&R (2001) temporal pattems, were modelled in order to
identify the entical storm duration for design event flooding in the catchment,

A suite of design event scenarios was defined that is most suitable for future floodplain management
planning in Narrabeen Lagoon. Consideration was given to flood events driven by both catchment
and ocean processes. The catchment derived events were found to be the critical events in terms of
determining maximum flood levels

The design events simulated include the PMF event, 0.1%, 0.2%, 0.5%, 1%, 5%, 10%, 20% and 50%
AEP events for catchment derived flooding and the 0.5%, 1%, 2%, 5%, 10% and 20% AEP events for
ocean derived flooding. For the coincident catchment and ocean flooding scenarios, combinations of
the 5% AEP and 1% AEP have been simulated.,

The model results for the design events considered have been presented in a detalled flood mapping
series for the catchment (see Appendix A). The flood data presented includes design flood inundation
extents, peak flood water levels and depths and peak flood velocities

Provisional flood hazard categorisation in accordance with Figure L2 of the NSW Floodplain
Development Manual (2005) has been mapped in addition to the hydraulic categories (floodway,
floed fringe and flood storage) for flood affected areas.

Sensitivity Testing

A number of sensitivity tests have been undertaken to identify the impacts on the design flood levels.
Sensitivity tests included:

* Themodelled lagoon entrance berm conditions;

e The coincident catchment and ocean flooding conditions;

e  Structure blockages, and

* Changes in the adopted roughness parameters.

Climate Change

The impacts of future climate change are likely to lead to a wide range of environmental respanses in
coastal lagoons such as Narrabeen Lagoon. These are likely to manifest throughout the physical.
chemical and ecological processes that drive local estuarine ecosystems.

Key elements of future climate change (sea level rise, rainfall intensity) have been incorporated into
the assessment of future flooding conditions in the Namrabeen Lagoon catchment for consideration in
the ongeing floodplain risk management. The key potential influences on fiood behaviour
incorporated in the assessment include:

* |ncreases in rainfall intensity for fiood praducing events;

« Higher ocean water levels (tide and storm surge) under sea level nise;
* Higher entrance bemn heights under sea level rise; and

« Higher initial Lagoon water levels under sea level rise.
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Conclusions

Pravided below is a summary of the key findings of the Flood Study, in particular some of the
important considerations for future floodplain risk management in the catchment:

e The design flood conditions documented in the report typically provide for a small increase in
previously adopted design flood conditions for Narrabeen Lagoon. The main contributing factor to
this change is the way the entrance condition has been modelled. In addition to advances in the
software to simulate entrance breakout response, the initial conditions in respect to berm
elevations and initial water levels in the Lagoon have been represented more conservatively in
the cumrent study.

e Longer duration events (9-36 hours) typically provide for the worst case flooding conditions in
Narrabeen Lagoon. With the Lagoon waterbody being a significant flood storage, events of longer
duration are required to generate sufficient flood runoff volumes from the catchment to elevate
Lagoon water levels, In the lower reaches of all the tributary catchments, flcod levels are
dominated by the Lagoon flooding conditions, The peak flood water level in the Lagoon extends
a significant distance up the tributary channels. In the upper reaches of the tnibutary catchments,
shorter duration events of the order of 2-hours provide the cntical flood condition in terms of peak
fiood water level.

e The nse in flood water levels can be relatively fast from the catchment's response to rainfall.
Even for the longer duration events providing for the highest peak flood water levels in the
Lagoon, the main period of rise in Lagoon water level can occur over a few hours, The April 1998
flood event (used for model calibration in the curent study) is an example of such a response in
the catchment. Flood levels in the fributary catchments may also rise significantly faster owing to
the shorter crtical durations in these catchments. This potentially rapid mundation has
implications for ficod warning and emergency response, particulardy in flood situations where
property and access roads may be quickly inundated.

e Catchment derived flooding events represent the dominant flooding mechanism in Narrabeen
Lagoon. Whilst some ocean flooding scenarios will provide for inundation of some foreshore
areas, the extent and seventy of flooding is significantly less than the corresponding catchment
derived event magnitude. The entrance condition has some influence on catchment flood
behaviour with higher entrance berm levels providing for higher peak flood levels. The existing
entrance management policy provides for manual breakout of the Lagoon entrance at defined
trigger levels in preparation for imminent flooding. Irespective of the successful implementation
of @ manual entrance breakout, significant flood inundation may be expected during major
catchment flood events.

e There are a number of areas within the Narrabeen Lagoon catchment which represent the most
significant flood risk exposure to existing property. The worst affected areas are typically in the
lower parts of the catchment and most severely impacted on by major flooding in Namabeen
Lagoon, These areas include the foreshore areas of the Lagoon (e.g. Lakeside Park, Wimbledon
Avenue, west of Lagoon Street) and the low-lying floodplain areas adjacent to Nareen Creek (e.q.
Gondola Road, Nareen Parade) and Mullet Creek (e.g. Garden Street, Warraba Road).

» Peak design flood water levels are expected to progressively increase as the impacts of climate
change manifest, For the Narrabeen Lagoon catchment, potential sea level rise will provide for a
worsening of existing flood conditions through higher ocean water levels (tide and storm surge),
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higher entrance berm and higher initial water levels in the Lageon. Robust land use planning and
development policies will be required to ensure future flood risks are not unduly exacerbated in
light of predicted flood behaviour under potential climate change scenarios.

« Warringah Council's existing Entrance Management OMS is to open the entrance at a defined
trigger water level (currently 1.3m AHD). With potential sea level rise, normal tide levels in the
Lagoon wdll approach and eventually exceed the cumrent trigger levels. Future openings would
need to be at significantly higher trigger leveis to be effective. Low-lying land currently impacted
by flooding may also be subject to reguiar (or permanent) tidal inundation at some time in the
future
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afflux The change in water leve! from existing conditions resulting from a
change in the watercourse or floodplain - e g. construction of a
new bridge.
annual exceedance The chance of a flood of a given size (or larger) occurning in any
probability (AEP) one year, usually expressed as a percentage. For example, if a
peak flood discharge of 500 m°/s has an AEP of 5%, it means that
there is a 5% chance (i.e. a 1in 20 chance) of a peak discharge of
500 m™fs (or larger) occurming in any one year. (see also average
recurrence interval)
Australian Height Datum National survey datum corresponding approximately to mean sea
(AHD) level.
astronomical tide Astronomical tide is the cydlic rising and failling of the Earth's
oceans water levels resulting from gravitational forces of the Moon
and the Sun acting on the Earth,
attenuation Weakening in force or intensity
average recurrence interval The long-term average number of years between the occurrence
(ARI) of a fload as big as (or larger than) the selected event. For

example, floods with a discharge as great as (or greater than) the
20yr ARI design flood will occur on average once every 20 years.
AR| is another way of expressing the likelihood of occurrence of a
flood event. (see also annual exceedance probabiity)

Australian Rainfall and Runoff Engineers Australia publication pertaining to rainfall and flooding

(AR&R) investigations in Australia

calibration The adjustment of mode!l confuguration and key parameters to
best fit an observed data set

catchment The catchment at a particular point is the area of land that drains
to that point,

critical duration The critical duration is the design storm duration which provides

the highest peak water levels for a given design flood (e.g. 1%
AEP) at a given location. For example, If the following design
durations were modelled - 2-hour, 6-hour, S-hour and 12-hour -
and the S-hour duration resulted in the highest peak water level at
a given location then the critical duration for that location would be
9-hours.,

design flood event A hypothetical flood representing a specific lkelhood of
occurrence (for example the 100yr AR| or 1% AEP fiood),

development Existing or proposed works that may or may not impact upon
flooding. Typical works are filling of land, and the construction of
roads, floodways and buildings.

discharge The rate of flow of water measured in tems of volume per unit
time, for example, cubic metres per second (mals). Discharge is
different from the speed or velocity of flow, which is a measure of
how fast the water |s moving for example, metres per second
(m/s).
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flood Relatively high river or creek flows, which overtop the natural or
artificial banks in any part of a stream, river, estuary, lake or dam,
and inundate floodplains and/eor local overland flooding associated
with major drainge before entering a watercourse and/or coastal
inundation resulting from super elevated sea levels andlor waves
overtopping coastline defences.

flood behaviour The pattern / characteristics / nature of a flood.

flood fringe Land that may be affected by fiooding but is not designated as
floodway or flood storage. These areas are |ow-velocity
backwaters within the floodplain. Filing of these areas generally
has little consequence to overall flood behaviour.

flood hazard The potential risk to life and imb and potential damage to property
resulting from flooding. The degree of flood hazard varies with
circumstances across the full range of floods.

flood level The height or elevation of floodwaters relative to a datum (typically
the Australian Height Datum). Also referred to as “stage”

flood liable land see flcod prone land

floodplain Land adjacent to a river or creek that is periodically inundated due
to floods. The floodplain includes all land that is susceptible to
inundation by the probable maximum flood (PMF) event.

floodplain management The co-ordinated management of activities that occur on the
fleodplain,

floodplain risk management A document outlining a range of actions aimed at improving

plan floodplain management. The plan is the principal means of
managing the risks associated with the use of the floodplain. A
floodplain risk management plan needs to be developed in
accordance with the principles and guidelines contained in the
NSW Floodplain Management Manual. The plan usually contains
both written and diagrammatic information describing how
particular areas of the floodplain are to be used and managed to
achieve defined objectives.

flood planning levels (FPLs) Flood Planning Levels selected for planning purposes are derived
from a combination of the adopted fiood level plus freeboard, as
determined in floodplain management studies and incorporated in
floodplain risk management plans. Selection should be based on
an understanding of the full range of flood behavicur and the
associated flood risk. It should also take into account the scocial,
economic and ecclogical consequences associated with floods of
different severities. Different FPLs may be appropriate for
different categones of landuse and for different flood plans. The
concept of FPLs supersedes the "standard flood event”, As FPLs
do not necessarily extend to the limits of flood prone land,
floodplain risk management plans may apply to flood prone land
beyond that defined by the FPLs.

flood prone land Land susceptible to inundation by the probable maximum flood
(PMF) event, Under the merit policy, the flood prone definition
should not be seen as necessarily precuding development
Floodplain Risk Management Plans should encompass all flood
prone land (i.e. the entire floodplain).
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flood storage Floodplain areas where floodwaters accumulate before being
conveyed downstream. These areas are important for detention
and attenuation of flood peaks.

floodway Areas and flowpaths where a significant proportion of loodwaters
are conveyed during a flood (including all bank-to-bank creek
sections).

freeboard A factor of safety usually expressed as a height above the
adopted fiood level thus determing the flood planning level
Freeboard tends to compensate for factors such as wave action,
localised hydraulic effects and uncertainties in the design flood
levels.

geomorphology The study of the origin, characteristics and development of land
forms,

gauging (tidal and flood) Measurement of flows and water levels during tides or flood
events.

historical flood A fload that has actually occcurred.

hydraulic The term given to the study of water flow in rivers, estuaries and
coastal systems.

hydrodynamic Pertaining to the movement of water

hydrograph A graph showing how a river or creek's discharge changes with
time.

hydrographic survey Survey of the bed levels of a waterway.

hydrologic Pertaining to rainfall-runoff processes in catchments

hydrology The term given to the study of the rainfall-runoff process in
catchments.

hyetograph A graph showing the depth of rainfall over time,

intensity frequency duration A statistical representation of rainfall showing the relationship

(IFD) curve between rainfall Intensity, storm duration and frequency

intermittently closed and open

lakeflagoon (ICOLL)

isohyet
LiDAR

morphological

(probability) of occurrence,

A Lake/Lagoon that is separated from the ocean by a sand beach
barrier or berm and Is subject to forces that act to close the
entrance (waves, tides and wind) and those that act to maintain
an cpen entrance (flood flows and dredging), which resuits in the
Lake/Lagoon being intermittently closed and open to the ocean.

Equal rainfall contour

Light Detection and Ranging —a remote sensing method used to
generate ground surface elevation. Typically acquired through
airborne surveys from which an aeroplane can cover large areas.

Pertaining to geomorphology
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overland flow Overland flow is surface run off before it enters a waterway. It is
caused by rainfall which flows downhil along low points
concentrating in gullies, channels, surface depressions and
stormwater systems.

peak flood level, flow or The maximum flood level, flow or velocity that occurs during a

velocity flood event.

pluviometer A rainfall gauge capable of continously measuring rainfall intensity

probable maximum flood An extreme flood deemed to be the maximum flood likely to occur.

(PMF)

probability A statistical measure of the likely frequency or occurrence of
flooding.

riparian The interface between land and waterway. Literally means "along
the river margins”

runoff The amount of rainfall from a catchment that actually ends up as
flowing water in the river or creek

shoaled entrance Closed or partially closed entrance condition due to the build up
sand which restricts the waterway opening.

stage See flood level,

stage hydrograph A graph of water level over time.

sub-critical Refers to flow in a channel that is relatively slow and deep

topography The shape of the surface features of land

velocity The speed at which the floodwaters are moving. A flood velocty

predicted by a 2D computer flood model is quoted as the depth
averaged velocity, i.e. the average velocity throughout the depth
of the water column, A flood velocity predicted by a 1D or quasi-
2D computer flood model is quoted as the depth and width
averaged velocity, i.e. the average velocity across the whole river
or creek section.

validation A test of the appropriateness of the adopted model configuration
and parameters (through the calibration process) for other
observed events.

water level See flood level,
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1 INTRODUCTION

The Narrabeen Lagoon Flood Study is being prepared for Warningah and Pittwater Councils (The
Councils) to define the existing flood behaviour in the Narrabeen Lagoon catchment and establish the
basis for subsequent floodplain management activities.

This study will update previous studies on the Lagoon including the Namabeen Lagoon Flood Study
(PWD, 1980) and studies of the individual tributary streams, providing a holistic assessment of
flooding within the catchment. The current Flood Study considers land use changes subsequent to
previous modelling Investigations, the Influence of the Narrabeen Lagoon entrance on flood
behaviour and the influence of potential chmate change.

This document has been prepared for Wamingah and Pittwater Councils to meet the objectives of the
NSW State Government's Flood Prone Land Policy, with financial assistance from the NSW and
Commonwealth Govemments through the Natural Disaster Resilience Program. This document does
not necessarily represent the opinions of the NSW or Commonwealth Governments.

The study was undertaken in a staged approach as outiined below:

e Stage 1- Codllection, Compilation and Review of Available Information;
e Stage 2 - Hydrological Analysis;

e Stage 3 - Hydraulic Modelling;

« Stage 4 - Climate Change Analysis; and

e Stage 5 - Final Reporting.

An inteim report outlining the methodologies, analysis and key cutcomes has been provided at the
completion of each stage This report is the Stage 5 Final Report documenting the Study's overall
objectives, results and recommendations.

1.1 Study Location

The Namabeen Lagoon catchment encompasses an area of approximately 55km- and is located on
the northern edge of the Warringah Council Local Government Area (LGA) and the south eastem
edge of Pittwater Council LGA on Sydney's northem beaches as shown in Figure 1-1. Namabeen
Lagoon {also known as Narrabeen Lakes) is the largest coastal lagoon |ocated in the Sydney
metropolitan region with waterway area of 2.2 km°. The catchment includes a number of major sub-
catchments including Nareen Creek, Mullet Creek, Narrabeen Creek (incorporating Fem Creek),
Deep Creek, Middle Creek (incorporating Snake Creek, Oxford Creek and TreFail Creek) and South
Creek (incorporating Wheeler Creek).

The LGA boundary lies on the nporthem bank of the Narabeen Lagoon waterbody and as such
Warringah Council manages the waterbody itself, whie Pitwater Council is responsible for the
management of foreshores that lie within the Pittwater LGA.
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1.2

The lagoon drains to the Tasman Sea through a narrow channel to the lagoon entrance at North
Narrabeen beach, The entrance opening is subject to forces that act to close the entrance (waves,
tides and wind) and those that act to maintain an open entrance (flood flows and dredging), which
results in the Lagoon being defined as an intermiftently closed and cpen Lake/Lagoon (ICOLL).

The catchment contains a mixture of land uses, including urban (residential, commercial and
industrial), rural, recreational and bushland,

A more detailed description of the Study Area Is presented in Section 2.1,
Study Background

A Flood Study (PWD, 1980), a Floodplain Management Study (Mitchell McColter, 1692) and a
Floodplain Management Plan (SMEC, 2002). have previously been completed to define and manage
the flood behaviour in Narrabeen Lagoon. These previcus studies focussed on the lagoon and its
surrounding foreshore with no consideration given to catchment vade flood behaviour,

Due to changes within the catchment over the past 20 years, as well as the need to take into
consideration the impacts of climate change on the flooding of coastal environments, up4o date
information is required to accurately predict the ficod behaviour and impacts of climate change and
sea level rise on the catchment. This current Flood Study aims to use this infarmation to update flood
modelling to provide details on existing and future flood risk including the potential Impacts of climate
change In the Narrabeen Lageon catchment.

The Flood Study update will also utilise significant advances in the methodologies used to predict
fiood behaviour. including updates in modelling techniques and the capture of high quality ground
level data (LIDAR),

In addition to the prevously mentioned studies, more recent flood studies and flood modelling has
been undertaken for some of the main tributary catchments of Narrabeen Lagoon. including:

e South Creek Flood Study (WMA, 2006);

* South Creek Floodplain Risk Management Study and Plan (Cardno Lawson Treloar, 2008)
* Middie Creek Flood Modelling (DHI, 2009)

* Nareen Creek Flood Study (Cardno Lawson Treloar, 2005)

* Nareen Creek Floodplain Risk Management Study and Plan DRAFT (Cardno Lawson Treloar,
2008)

e Wamewood Valley Flood Study (Cardno Lawson Treloar, 2005)
* Wamewcod Valley Flood Study Addendum 1 (Cardno Lawson Trelear, 2005).

This Flood Study will aim to incomporate and enhance the outputs from these previous studies where
possible.
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1.3 The Need for Floodplain Management at
Narrabeen Lagoon

The foreshore of Narrabeen Lagoon has been subjected to flooding numerous times over the last
century, of particular note are the following years: 1911, 1931, 1942, 1856, 1958, 1961, 1974, 1975,
1977, 1978, 1986, 1987, 1998 and 2003 (CLT, 2010). The Namabeen Lagocn FRMP Review
(SMEC, 2002b) identified that above fioor flooding would occur for 208 residential and 113
commercial properties at the 1% AEP event. Flooding in Narrabeen Lagoon can occur after heavy
rain in the catchment or from waves and king tides from the ocean during 2 severe ocean storm or a
combination of both, Flood waters could rise quite quickly and there may be fittle opportunity for
waming or assistance befere or during a flood, Depending on entrance conditions and ocean levels,
fiood waters could remain elevated for many hours.

SMEC (20022 and 2002b) states that the primary flood affected areas in Namabeen Lagoon
catchment are:

* Lakeside Caravan Park and the surounding residential area north of the lagoon entrance:;
e The Mullet Creek area, from Pittwater Road to Jacksons Road:

e« Narrabeen Creek floodplain including Centro Warriewood Square Shopping Centre;

* The Wimbledon Avenue peninsula;

e The eastern side of the entrance channel,

e Sydney Academy of Sport and Recreation (formerly NSW Academy of Sport); and

* The southern foreshore of the Central Basin including The Esplanade and Jamieson Park.

In order to reduce the risk to existing flood prone properties and manage the future land use of ficod
prone land, effective floodplain management strategies are required.

While previous Flood Studies and Floodplain Management Studies and Plans have occurred In the
catchment, this Flood Study update includes all catchments and important processes (such as
entrance morphology) in a single state-ofthe-art-model. The Flood Study provides an update to the
1990 Namabeen Lagoon Flood Study and also considers the potential impacts of climate change on
fiood risk within the catchment.

1.4 The Floodplain Management Process

The NSW Govemment's Flood Prone Land Policy is directed towards providing solutions to existing
fiooding problems in developed areas and potential future increases in flood risk and ensuning that
new development is compatible with the flood hazard and does not create additional flooding
problems in other areas. Consideration is also given to the change in flood risk to existing and future
development through potential climate change. Policy and practice are defined in the NSW
Government’s Floodplain Development Manual (2005).

Under the Policy the management of flood liable land remains the respensibility of Local Government.
The NSW Government subsidises floodplain management studies and flcod mitigation works to
manage existing problems and provides specialist technical advice to assist The Councils in the
discharge of their floodplain management responsibiiities.
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The Policy provides for technical and financial support by the NSW Government through the four
sequential stages shown in Table 1-1,

Table 1-1  Stages of Floodplain Management

Stage Description

1 Formation of a Committee Established by Council and incdludes community group
representatives and State agency specalists,
2 Data Collection Past data such as flocd levels, rainfall records, land
use, soll types etc.
3 Flood Study Determines the nature and extent of the flood
problem.
< Floodpiain Risk Management Evaluates management options for the floodplain in
Study respect of both existing and proposed developments.
5 Floadplain Risk Management Involves formal adoption by Council of a plan of
Plan management for the fioodplain.
6 Implementation of the Construction of flood mitigation works to protect existing
Floodplain Risk Management development. Use of local environmental plans to
Plan ensure new development is compatible with the flood
hazard.

This study represents Stage 3 of the above process and aims to provide an understanding of existing
and future flocd behaviour within the Narrabeen Lagoon catchment,

1.4.1 Climate Change Policy

Climate change is expected to have adverse impacts upon sea levels and rainfall intensities, both of
which may have significant influence on flood behaviour at specific locations, The primary impacts of
climate change in coastal areas are likely to result from sea level rise, which, coupled with a potential
increase in the frequency and severity of storm events, may lead to increased coastal erosion, tidal
inundation and flooding.

In 2009 the NSW State Government announced the NSW Sea Level Rise Policy Statement
(DECCW, 2009) that adopted sea level rise planning benchmarks to ensure consistent consideration
of sea level rise in coastal areas of NSW. These planning benchmarks adopted increases (above
1990 mean sea level) of 40 cm by 2050 and 90 cm by 2100. However, on 8 September 2012 the
NSW Govemment announced its Stage One Coastal Management Reforms which no longer
recommend state-wide sea level rise benchmarks for use by local councils. Instead councds have
the flexibiity to consider local conditions when determining future hazards of petential sea level rise.

Accordingly, & is recommended by the NSW Govemment that councils should consider information
on historical and projected future sea level rise that is widely accepted by scientific opinion, This may
include information in the NSW Chief Scientist and Engineer’s Report entitied 'Assessment of the
Science behind the NSW Govemment's Sea Level Rise Planning Benchmarks (2012).

The NSW Chief Scientist and Engineer's Report (2012) acknowledges the evolving nature of ciimate
science, which is expected to provide a clearer picture of the changing sea levels into the future. The
report identified that:

KWXTO_NARRABEEN JAGOCN_FIO00_STUDVOCGER K070 006 04 FINALREFORT DOCY

s
- BMT WBM

273



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM No. 8.5 -22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

INTROCUCTION 6

e The science behind sea level rise benchmarks from the 20090 NSW Sea level Rise Pdiicy
Statement was adequate,

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

As the majority of analysis and modelling tasks associated with this current Flood Study were
completed prior to the announcement of the NSW Government's Coastal Management Reforms in
September 2012, the potential impacts of sea level rise have been based on sea level rise projections
from the 2009 NSW Sea Level Rise Policy Statement. Given that the Chief Scientist and Engineer’s
Report identifies the science behind these sea level rise projections as adequate, it was agreed
between The Councils and BMT WBM that the potential impacts of sea level rise for the Namrabeen
Lagoon catchment were based on the best available information during preparation of this report.

For Narrabeen Lagoon, rising sea level is expected to increase the frequency, seventy and duration
of floading. This is particulardy the case when the entrance is open, with potentially more ocean water
flowing through the entrance and into the main body of the Lagoon.

Projected sea level rise will also result in higher sand levels at the Lagoon entrance when it is closed,
This means that the lagoon water levels will need to be even higher in the future in order to initiate
effective break-out channels, resulting in increased flood risk to foreshore properties.

In 2007 the NSW Government released a guideline for practical consideration of climate change in
the floodplain management process that advocates consideration of increased design rainfall
intensities of up to 30%. Accordingly, this increase in design rainfall intensity will translate into
increased flood Inundation in the Narrabeen Lagoon catchment. Future planning and floodpiain
management in the catchment will need to take due consideration of this increased flood risk.

In consultation with The Councils and the Office of Environment and Heritage (OEH), a range of
climate change sensitivity tests incorporating combinations of sea level rise and increased design
rainfall intensity were formulated, The resuits of these sensitivity tests (refer Section 8) were then
compared to the base case (i.e. models with existing sea level and climate) model results in order to
assess the potential increase in flood risk due to climate change.

1.5 Study Objectives

The primary objective of this Flood Study is to define the flood behavicur under historical, existing and
future conditions (incorporating potential impacts of climate change) in the Narrabeen Lagoon
catchment for a full range of design flood events. The study will provide information on flood levels
and depths, velocities, flows. hydraulic categories and provisional hazard categories. The Flood
Study is to be used to (dentify the impact on flood behaviour as a result of future climate change and
potential changes in the catchment and lagoon entrance. Specifically, the study incorporates:

« Compilation and review of existing information pertinent to the study and acquisition of additional
data including survey as required;
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e Community consultation and participation program to identify local flooding concems, coflect
Information on historical fiood behaviour, advise on the outcomes of the flood study and flood
behaviour predictions, and engage the community in the on-going flcodplain management
process;

* Development and calibration of appropnate hydrolegical and hydraulic models;

« Determination of design flood conditions for a range of design events including the Probable
Maximum Flood (PMF), 0.1%, 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20% and 50% AEP events for
catchment derived flooding and the 0.5%, 1%, 2%, 5%, 10% and 20% AEP events for ocean
derived flooding, and coincident catchment and ocean flooding scenarios combining the 5% AEP
and 1% AEP events, and

« Examination of potential impact of climate change using the latest guidelines.
The models and results produced in this study are intended to:

« Outline the flood behaviour within the catchment to aid in Council's management of flood nisk;
and

+ Fom the basis for a subsequent floodplain risk management study where detailed assessment of
flood mitigation options and floodplain risk management measures will be undertaken,

1.6 About This Report

This report documents the Study's objectives, results and recommendations.

Section 1 introduces the study.

Section 2 provides an overview of the study and summary of background information.
Section 3 outiines the community consultation program undertaken.

Section 4 details the development of the computer models.

Section 5 details the hydraulic model calibration and validation process.

Section 6 details the design flood conditions

Section 7 details the design flcod results and associated flood mapping including sensitivity tests.

Section 8 details the climate change analysis.
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2 STUDY APPROACH

2.1 The Study Area
2.1.1 Catchment Description

The Narrabeen Lagoon catchment is located on the northem edge of the Warringah LGA and the
south eastern edge of Pittwater LGA on Sydney's northern beaches as shown In Figure 1-1. The
catchment occupies a total area of approximately 55km- and drains to the Tasman Sea through a
narrow channel to the lagoon entrance at North Narrabeen Beach.

Narrabeen Lagoon (also known as Narrabeen Lakes) is the largest coastal lagoon located in the
Sydney metropdlitan region with waterway area of 2.2 km® The catchment can be separated into a
number of major sub-catchments induding Nareen Creek, Mullet Creek, Narrabeen Creek
(incorporating Fem Creek), Deep Creek, Middle Creek (incarporating Snake Creek, Oxford Creek
and Trefoil Creek) and South Creek (incorporating Wheeler Creek). Details of the major sub-
catchments within the wider Narrabeen Lagoon catchment are presented in Table 2-1,

Table 2-1 Catchment Details (PWD, 1990)

Main Stream

Length (km) Area (k') % Total Area
\

Catchment

Warnewood Valley {(Mullet,
Fern & Narabeeny((:reeks) "8 i 1
Deep Creek 734 | 158 | 29
Middle Creek 812 | 142 ‘ 26
South Creek 496 79 | 14
Nareen Creek I 252 16
Narrabeen Lagoon | wa 22 |
Other Areas
(Local Catchments / nfa 36 6
Lagoon Foreshore) 1
Total | | 547 l 100

The topography of the catchment is shown in Figure 2-1. From elevation of around 200m AHD in the
north west of the catchment around Terrey Hills, and 150m in the south and south west of the
catchment around Belrose and Frenchs Forest, the topography of the catchment is undulating and
grades relatively steeply fom the upper slopes to the floodplain areas around Narrabeen Lagoon and
the Warnewood Valley. The areas of minor to moderate slopes are concentrated around the fringes
of Narrabeen Lagoon, Warnewood Valley to the north and Oxford Falls in the central area of the
catchment within the Middle Creek sub-catchment,
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The catchment contains a mixture of land uses, including urban (residential, commercial and
Iindustrial), recreational and bushland (including Garigal National Park). The urban suburbs of
Elancra Heights. parts of North Narrabeen and Collaroy Plateau are located on the elevated tand to
the north and south of Narrabeen Lagoon., The suburbs of Narrabeen and parts of North Narrabeen
have been developed along the lower floodplain and coastal strip separating the lagoon from the
Tasman Sea, Warriewood Valley to the north of the lagoon is also significantly urbanised, The
westem and southern boundaries of the catchment are also urbanised including the suburbs of
Temrey Hills, Frenchs Forest, Beacon Hill and Cromer.

The catchment area to the west of the lagoon is largely natural bushland (incorporating Gangal
National Park) covering an area of approximately 20km°. There are also several recreational
reserves located around the lagoon and three major golf courses within the catchment (Mitchell
McCotter, 1982).

2.1.2 Narrabeen Lagoon Entrance

As stated in Section 2.1.1 Narrabeen Lagoon drains to the Tasman Sea through a narrow channel
(approximately 30 metres wide) at North Narabeen Beach. The entrance opening is subject to
forces that act to close the entrance (waves, tides and wind) and those that act to maintain an open
entrance (flood fiows and dredaging), which results in the Lagoon being defined as an intermittently
closed and open LakefLagoon (ICOLL).

The Namabeen Lagoon entrance naturally closes due to the littoral movement of sand into the lagoon
entrance as a result of wave, current and wind process along Narrabeen Beach with the volume of
sand moved into the entrance exceeding the vaolume of sand removed from the entrance by the
autgaing tide (Warringah Council, 1996). Studies over the past 30 years have confirmed that ocean
waves and currents, wind borne sand and ocean storms act to close the entrance while flood events
open it (Gordon, 2006).

Historical records show that prior to 1870 the Lagoon was predominantly closed, However, by the
early 1970's The Councils found that t was necessary to mechanically open the lagoon on a regular
basis in order to allay growing community concemns including potential flooding within the catchment
and water quality within the lagoon (Gordon, 2006). The lagoon is now predominantly open due to
large scale routine dredging within the entrance channel, which has been occurring every four years
since 1975. The water levels in Narrabeen Lagoon are maintained at approximately 0.2-0.4m AHD
by a natural rock weir at the lagoon entrance.

The procedures and responsibilities for management of Narrabeen Lagoon entrance are outlined in
the Lagoon Entrance Management Operational Management Standard (Warringah Council, 2012),
One of the main responsibilties conceming the lagoon entrance management is the timing of
mechanical lagoon breakouts in arder to mitigate the effects of flooding in the catchment.

The water |evel within the lagoon and at the enfrance is monitored by two water level gauges. These
gauges are supplied through the Northem Beaches Flood Wamning and Information Network, which is
a regional partnership approach with Manly, Wamngah and Pittwater Councils, Office of Environment
and Heritage and Bureau of Meteorclogy. The system provides a network of strategically placed
rainfall, water level and flow gauges across the Northern Beaches. This information is then made
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available in real time through a webpage. A series of alarms are placed on water level and rainfall
gauges to alert The Councils and SES of the |ikelihood of flooding in the area.

The Lagoon Entrance Management Operational Management Standard (Warringah Council, 2012)
outlines the following conditions when a mechanical opening of the lagoon is to be undertaken:

e Scenario 1-The lagoon has been closed for an extended peried of time (months) at a level
approximately between 1.0 ~1.3m AHD, there is potential damage to threatened and protected
species and moderate to heavy rainfall is forecast.

« Scenario 2 - The lagoon water level is at or exceeding 1.3m AHD. Water level recorders indicate
increasing lagoon water levels and moderate to heavy rainfall is forecast.

Compilation and Review of Available Data
Previous Flood Studies

A detailed review of previous investigations within the Narrabeen Lagoon catchment and available
data for the current Flood Study was undertaken by Cardno Lawsen Treloar in 2010.

In 1990 a Flood Study on the Lagoon and sumrounds was completed, largely focused on the lower
areas of the catchment around the Lagoon and tributary confluences. The hydraulic modeling
undertaken for the study utilised one-dimensional (1D) modelling techniques.

Since 2005 a number of detailed two-dimensional (2D) fiood studies have been undertaken in the
Narrabeen Lagoon tnbutary catchments often extending to the upsiream extents of the catchment.

Details of previous flood studies undertaken within the Narrabeen Lagoon catchment are presented
below.

Narrabeen Lagoon Flood Study (PWD, 1990)

In 1990 the Public Works Department (PWD) NSW completed a Flood Study of the Namabeen
Lagoon catchment. The objective of the study was to defermine the design ficod levels in Narrabeen
Lagoon for the 5%, 1% AEP floods together with an extreme flood event,

The study stated that elevated lagoon levels may result from the following combinations:

e High ocean levels and low rainfall;

e Low ocean levels and high rainfall; and

e Moderate to high ocean levels and moderate to high rainfall.

Runoff hydrographs for the study area were estimated using the RORB and WBNM hydrological
models. The floeding behaviour of the catchment was modelled using a combination of the 1D
backwater HEC2 model for the catchment and creeks and the quast 20 hydraulic model Cells for the
Lagoon. The Cells model was upgraded to incdlude a sadiment transport calculation (based on the

Ackers and White farmulation) to enable any changes in channel cross sections at the Lagoon
entrance to be modelled.
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The model was calibrated using the August 1886 and March 1977 flood events and then validated
using the November 1961, May 1674 and March 1975 flood events. Three cther events were noted
but were not modelled, including:

e March 1842 -~ Highest lagoon level (2.7m AHD) though lagoon remained closed through the
event so is not considered typical,

« February 1977 - insufficient calibration data (peak Lagoon level of 1. 44m AHD at Ocean Street);
and

« March 1878 —~ insignificant event (Lagoon level < 1.5m AHD).

For the 1% flood event the peak flood level in the main body of the Lagoon (west of Pittwater Rd) was
estimated at 2.82m AHD. For the 5% flood event the peak fagoon water levels was estimated at
254m AHD. Extreme flood levels are predicted to reach 4.61 m AHD. During these model runs the
entrance was set at 1.3 m AHD and the inshore ocean conditions were between 1.8 -2m AHD. For
the extreme fiood the ocean level was set to 2.7 m AHD (taken from the May 1874 storm conditions).

The study found that due to the large capacity for storage, flooding around Namabeen Lagoon is
more sensitive to the duration of the rainfall, rather than the intensity. Rainfall events of 24hrs or
longer tended to generate higher lagoon water levels, than shorter duration events.

2.2.1.2 Nareen Creek Flood Study (Cardno Lawson Treloar, 2005)

In 2005 Cardno Lawson Treloar were engaged by Pittwater Council to undertake a Flood Study of the
Nareen Creek catchment. The objective of the study was to determine the flood behaviour under
existing conditions for the 1%, 2%, 5% and 20% AEP floods together with Probable Maximum Flood
(PMF).

The Nareen Creek catchment has an area of 1.6km”. The study area, for which the detailed flood
behaviour has been assessed, includes Nareen Creek, extending downstream of the waterfall near
Eungai Crescent to the wetland area and downstream to Pittwater Road and the Wakehurst Parkway.

The Nareen Creek catchment is exposed to two different mechanisms of flooding:

* Namabeen Lagoon Flooding - whereby the lower portions of the catchment are inundated by the
floodwaters of the Lagoon; and

e Local Catchment Flooding - whereby the flooding is predominantly caused by rainfall falling
vithin the Nareen Creek catchment. Given the relatively small size of the catchment, this is likley
to be a fiash flooding condition.

Council supplied a range of survey data including parts of Tatiara Crescent and Nareen Parade
(surveyed in 2001) and cross-sections of Nareen Creek downstream of Nareen Parade (un-dated —
though likely to be prior to creek rehabiltation works in the area). Additional survey collected for the
Flood Study Included aenal survey (undertaken by Fugro in June 2004) and ground survey (collected
by Usher in August 2004). The aerial survey was converted into a 5m digital elevation map (DEM)
gnd through the use of photogrammetric analysis. Three-dimensional strings defining major terrain
features such as creek banks, creek inverts, building outlines, road centrelines and curbing was also
defined in the survey.
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Runoff hydrographs for the Flood Study were estimated using the XP-RAFTS rainfall-runoff modelling
package. Due to a lack of continuous water level records in the catchment (lagoon or tributary) for
historical flood events, available local rainfall was used to calibrate the model against cbserved peak
fiood levels for 3 events (August 1986, October 1987 and April 1998).

SOBEK 10/2D was used for hydraulic modelling. The defined creeks within the catchment were
modelled as 10 channels underlying the 2D grid.  The downstream boundary of the model was
defined based on the results of the Namabeen Lagoon Flood Study (PWD, 1980). The hydraulic
model was calibrated to the August 1986, October 1987 and April 1998 storm events.

The study has also defined provisional flood hazard and hydraulic categories for the flood affected
areas,

2.2.1.3 Warriewood Valley Flood Study (Lawson and Treloar, 2005)

In 2005 Lawson and Treloar were engaged by Pittwater Council to undertake a Flood Study for the
Warniewood Valley. The cbjective of the study was to define the nature and extent of flooding in the
study area for a range of design events.

The Warriewood Valley catchment has a total area of 9.04km”. Three major creeks, Narrabeen, Fem
and Mullet drain the catchment, At the time of the study the Wamewood Valley catchment was
undergoing rapid residential development as part of the Warriewood Valley Urban Land Release and
the creeks have been subject to modification to enhance environmental values and provide flood
protection.

Council supplied a range of cross-section and structure data collected between 2000 and 2003.
Additional aerial and ground survey was cdlected by QASCO for the study. This included aerial
photography captured on 1 July 2003. The 2003 QASCO aerial survey was converted into a 5m
digital elevation map (DEM) grid through the use of photogrammetric analysis, however a 10m grid
resolution was used for the hydraulic modelling of Warriewood Valley. Three-dimensional strings
defining major terrain features such as: creek banks, creek inverts, building outlines, road centrelines
and curbing was also defined In the survey.

Estimation of flooding behaviour was undertaken by developing two mathemalical models to simulate
the hydrological and hydraulic aspects of floeding. The hydrological modeliing package RAFTS was
utifised to determine catchment runoff and for routing flows through the catchment Predicted
hydrographs from RAFTS were then input to the dynamically linked one-dimensional/two-dimensional
hydraulic model, SOBEK for the determination of peak flood level, velccity and discharge for various
design rainfall events. The design events investigated for this study were the 20% AEP, 5% AEP,
2% AEP and 1% AEP events together with the Probable Maximum Flood (PMF).

Flood levels within the catchment for the storm events of April 1898 and February 2002 were
available for calibration of the hydrological and hydraulic models. These events were chosen on the
basis of availability of rainfall and recorded gauge data. The models were satisfactonly calibrated to
the two flood events,

Narrabeen Lagoon water levels were used for the model downstream boundary condition. Lagoon
water levels were based on the PWD (1980) study.
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In 2005 an addendum to the Flood Study (Addendum 1) was undertaken to update the study to
Incomporate the land changes that had occurred within the catchment as a result of the significant
development within the Valley between March 2003 and November 2004,

2.2.1.4 Middie Creek Flood Modelling (DHI, 2009)

In 2008 DHI were engaged by Warringah Council to undertake a flood modelling study of Middle
Creek. The objective of the study was to assess the potential measures to mitigate flooding from
Middle Creek onto the Wakehurst Parkway. The potential mitigation measures investigated have
included remaval of culverts on the creek, removing sediment bulid-up from sections of the creek and
construction of a detention basin.

Warringah Council provided LiDAR data covering the Middle Creek catchment and its sumrounding
area, The LIDAR data were collected on the 15th and 16th March 2007. In addition to the LIDAR
data, ground survey data was collected for 38 cross-sections (including some culverts and bridges)
and a levee section.

Runoff hydrographs for the Flood Study were estimated using the XP-RAFTS rainfall-runoff modedling
package, Calibration data is available for three storm events (6 September 2008, 1 April 2009 and
2 Apnl 2008) with the highest event being the 6 September 2008 selected for calibration.

MIKE FLOOD (a linked 1D/2D mode!), was used for hydraulic modelling. The model allows addition
of a 2D domain (MIKE 21) to a 1D network (MIKE 11) with the two components dynamically coupled
and solved simultaneously. The 1D (MIKE 11) component of the model compnsed eight structures
(culverts and bridges), two branches and 55 cross-sections (of which 52 were derived from ground
survey and three from the LIDAR DEM). The 2D (MIKE 21) area grid resolution was set to Sm, which
gave a total of 476 000 cells covenng an area of about 11.8 km’.

The downstream boundary condition has been applied as a fixed water level based on the PWD
(1990) study. Inflows generated from XP_RAFTS were applied to either the 1D or 2D model domain.

Model design events included the 6 and 8 hour, 20%, 5%, 1% AEP and PMF ficod events. The water
level in Narrabeen Lagoon (model downstream boundary) was set to 0.8 mAHD.

2.2.1.5 South Creek Flood Study (Webb McKeown and Associates, 2006)

In 2006 Webb McKeown and Associates completed a Flood Study for the South Creek catchment
({incorporating the Wheeler Creek subcatchment). The objectives of the study were to define the
flood behaviour of the South Creek catchment and prepare flood hazard and flood extent maps for a
range of design events. The South Creek flood model was subsequently refined by Cardno In 2008
as part of the South Creek Floodplain Risk Management Study and Pfan.

Flooding within the South Creek catchment may occur as a result of a combination of factors
including:

* Elevated Lagoon leveis — affecting the lower reaches of South Creek due to persistent rain
across the entire Lagoon catchment;

* Bevated water levels within South Creek and its tributaries as a result of intense rain over the
South Creek catchment;
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« Local overland flows {not considered in study),
e Local winds causing waves that could affect Cromer Golf Course {not considered in study).

Flooding in the Scuth Creek catchment is typically due to intense short storms of 2 hours duration or
less (as occumred in April 1958 event) in confrast to flooding in Namabeen Lagoon which is usually
due to longer, high volume events of 48 hours or more {as occurred in August 1886 event).

Warringah Council provided cross-section survey data collected in 2002 for approximately 6 km of the
South Creek study reach. Some cross-sections were extended in 2004 to enable mapping of the
PMF. Details of eight structures (road-crossings) were also surveyed. The Scouth Creek Flood Study
(WMA, 2006) shows that approximately 250 MIKE 11 cross-sections were extracted from a DEM of
the survey data. The actual number of surveyed cross-sections is not mentioned in the Flood Study.

Runoff hydrographs for the Flood Study were estimated using the WENM rainfall-runoff modedling
package. Based on the topographic features (from 2m contour data), the catchment was divided into
24 sub-catchments.

No water level time-series data is avadable in the catchment, therefore the process of model
calibration was limited to matching individual peak flood levels in the hydraulic mode! only.
Hydrological parameters were based on recommended values within AR&R. WIMA experience and
PWD (1980). The study adopted an initial foss of O mm, a continuing loss of 2.5 mm/ and a lag
parameter value of 1.68. Using the above parameters the WBNM mode! was used to define flow
hydrographs throughcut the catchment for the April 1988 and March 2003 ficod events by applying
pluviometer data from the Middle Creek. Cromer. Belrose or Allambie gauges.

MIKE 11 (1D mode!), was used for hydraulic modelling. The model extends from just downstream of
Booker Avenue to the confluence with Narmabeen Lagoon. A 1.65 km section of the lower reaches of
Wheeler Creek was also included. For all runs a naminal lagoon level of 1m AHD was defined as
the tailwater condition.

Six (6) flood marks were available for the April 1998 event which was selected for model calibration.
Only a single flood mark was available for the March 2003 validation event. The model calibration
approach adopted included:

e Deriving inflows from WEBNM configured using recommended (though uncalibrated) parameter
values;

* Adopting the rainfall pattern obtained from the Middle Creek pluviometer;
* Adjusting Manning's 'n' values until the model best matched observed flood levels.

Model design events included the 2 hour (except 1 hour for PMF), 20%, 10%. 2%, 1% AEP and PMF
fiood events.

A comparison between the WMA (2008) and PWD (1990) 1% AEP event peak water levels was
made. Differences between peak flows and water levels were attributed to the current study using a
more rigorous, fully dynamic modedling approach that utiised detailed survey data in conjunction with
available historical information.
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2.2.1.6 Summary Table of Narrabeen Lagoon Flood Studies

Table 2-2 summarises the hydrological and hydraulic models and calibration/ vaidation events used
in relevant Narrabeen Lagoon (and associated catchments) flood studies.

Table 2-2 Summary of Previous Flood Studies

Model
(Hydrological / Calibration & (Validation) Events
Hydraulic)
RORB & WBNM Aug 1686, March 1877
Namsbeenlagoon = PWD(1890) oo s chLLS (Nov 1981, May 1974, Mar 1975)
XP_RAFTS
Nareen Creek CLT (2005) SOBEK 10/20 Aug 19886, Oct 1987, April 1588
XP_RAFTS
Vall T (2005, = 1998, Feb
Warriewood Valley L & T (2005) SOBEK 10120 Aug 1998 2002
XP_RAFTS
Middle Creek DH| (2009) MIKE FLOOD 10720 Sept 2008
WENM
South Creek VUMA (2008) MIKE 11 (1D only) April 1998 (March 2003)

Figure 2-2 presents the previously mapped 1% AEP and PMF flood extents for each of the fiood
studies previously completed within the Narrabeen Lagoon catchment,

Figure 2-3 presents the mainstream creeks covered by each of the previously completed flood
studies. This Flood Study will provide an up to date catchment wide flood model that will effectively
update and fill in the gaps of the previous investigations to ensure a holistic catchment appreach.
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2.2.2 Water Level Data

The MHL operates three continuous water level gauges within the Narrabeen Lagcon catchment.
Two gauges are located within the Lagoon (at Pittwater Rd bridge and Ocean St bridge) while a third
is located on Middle Creek. Three other water level gauges which were located on Narrabeen, Mullet
and Fem Creeks, have been decommissioned. Gauge names and start and end dates are provided
in Table 2-3. The locations of the three operational MHL water level gauges are shown in Figure 2-4,

Table 2-3 Narrabeen Lagoon Water Level Data Gauges (MHL)

Name Start Year End Year
Pittwater Road Bridge (Narrabeen Br.) Aug 1994 Ongoing
Narraboen Lako (600:\ St. Garpuk) Aug 1988 j Ongolng
'Middle Creek Bridge | Apr19e5 | oOngoing
Middle Creek May 1962  Jan 1994
Narrabeen Creek May 1998 Sept 2010
Mullet Creek Aug 1888' = Oct 2010
'Fern Creek May 1998 May 2008 |

" 'Data only provided for the Mullet Creek Gauge from May 1998
2.2.3 Historical Flood Levels

Historical flood data has been used in model calibration to determine appropriate model parameters
{such as initial and centinuing losses and also reughness values) and in model validation to improve
confidence in model predictions. A review of available data indicates that there is sufficient data
available for the proposed calibration and validation process. A summary of peak Narrabeen Lagoon
fiood levels is presented in Table 2-4.

Table 2-4 Historical Peak Narrabeen Lagoon Flood Levels (m AHD)

Date Flood Level (mAHD) Flood Mechanism Source
March 1942 27 Runoff (lagoon closed) PWD (1990)
June 1956 215 | Stom Surge PWD (1990)
May 1874 242 Storm Surge PWD (_120)_'
Aug 1986 2-22 | Runoff& Som Suge  PWD(19870)
April 1988 | 19 | Runoff MHL
March 2011 | 8 | Runoff  MHL

Additional historical flood level data were targeted as part of the community consultation process
(refer Section 3 for further details). In addition to water level records, other historical data sets such
as photographs of flood events can provide important information on historical flood events, The
Councils have provided photographs of several historical flood events that have occurred in the
Narrabeen Lagoon catchment.

Further discussion on recorded flood levels for historical events used in model calibration is
presented in Section 5.
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2.2.4 Rainfall Data

The MHL operates six pluvicmeters within or in close vicinity to the Narrabeen Lagoon catchment
with an additional pluviometer in the catchment operated by Sydney Water, The location and period
of record for each pluviometer are presented in Table 2-5.

Table 2-5 Summary of Pluviometers in the Narrabeen Lagoon Catchment

Location Start / End Date Type

Sydney Water Warnewood Valley STP l 21/4/95 - Current  Continuous 15 min interval data

MHL - Belrose 21/5/94 — Current ~ Continuous 15 min interval data
| MHL - Cromer ] 6/3/04 ~Cument | Continuous 15 min interval data
» MHL - Middle Creek 21/4/84 = Current ~ Continuous 15 min interval data
 MHL — Narabeen Creek | 16/5/98  Curent  Continuous 15 min interval data
| MHL —Mona Vale 27/6/84 — Current Contmuous 15 min interval dda
 MHL - Allambie | 22/6/9 ~Current  Continuous 15 min interval data

In addition to the pluviometers, there are ten daily read rainfall gauges (including closed gauges)
operated by the Bureau of Meteoralogy (BoM) located within or in close vicinity to the Narrabeen
Lagoon catchment. The daily read rainfall gauges are shown in Table 2-6 with their respective period
of record, The distribution of these rainfall gauges (including the pluviometers) is shown in
Figure 2-5.

Table 2.6 Summary of BoM Daily Read Gauges in the Narrabeen Lagoon Catchment

Gauge No. Location Start Year End Year
66044 Cromer Golf Club 1898 current
66123 Ingleside 1964 1977

 ee126 Coliaroy Golf Club | 1985 | cument
86183 Ingleside (Walter Av.) 1984 current

? 66141 | Mona Vale Golf Club l 1969 l current
66077 . Terrey Hills 1663 1966

‘ 68050 | Terrey Hils AWS | 2004 ]7 current |
66188 Belrose (Evelyn Place) 1891 current
66182 Frenchs Forest (Frenchs ForestRd) | 1957 | current

| 66127 [ Beacon Hill RAAF I 1968 I 1973

Further discussion on recorded rainfall data for historical events is presented with the model
calibration and validation data in Section 5,
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2.2.5 Ocean Tide Data

Ocean tide (water level) data will be used for the downstream water level boundary to drive the
hydraulic mode! of the Lagoon, MHL has collected ocean tide data for Sydney at Middle Head with
15 minute interval data available since 1887.

2.2.6 Topographic Data

Raw LIDAR data (in the form of greund surface paints) was provided for the entire Narrabeen Lagcon
catchment by The Councils. The LIDAR data were collected on the 15th and 16th March 2007 by
AAM Hatch, The LIDAR data was supplied with a stated vertical accuracy +/- 0.15m @ 68%
confidence and honzontal accuracy +/- 0.55m @ 68% confidence. It should be noted that the stated
vertical and honzontal accuracy of the LIDAR data is only apphicable to land surface areas. The
LIDAR data points were used to derive a high resolution (2m grid) digital elevation model (DEM) of
the entire Namrabeen Lagooen catchment.

The most recent Lagoon bathymetry (covering the Lagoon in its entirety) was collected by the
Department of Infrastructure, Planning and Natural Resources (DIPNR — now OEM) as part of the
Estuary Management Program between November 2004 and February 2005. The bathymetric
survey points were converted into a DEM of Narrabeen Lagoon.

Additional Lagoon bathymetry (covering part of the eastern basin and lagoon entrance) was collected
by Cardno as part of dredging works undertaken in 2006 and 2011. Bathymetric surveys were taken
before and after the dredging works. The bathymetric survey paints were converted into a DEM of
the Narrabeen Lagoon entrance channel. The following Lagoon entrance bathymetnc survey data
was provided for this Study:

e 27 July 2006 — Pre-dredge survey;

o 8" December 2006 — Post-dredge survey,

« 37 August 2011 - Pre-dredge survey;

e 31" October 2011 - Post-dredge survey; and
o 14" November 2011 - Post-dredge survey.

The LIDAR data and Lagoon bathymetry data combined to provide the required elevation data used
in the development of the hydraulic model (refer to Section 4.2.2).

2.2.7 Survey Data

In addition to the topegraphic data discussed in Section 2.2.6, a range of channel and ground survey
data was available from previous flood studies within the Namrabeen Lagoon.

The channel and ground survey data was used to ground truth the LIDAR data. & was found that in
some areas, such as Warriewood and Nareen Creek wetlands, dense vegetation cover can result in
incomect ground levels being recorded. The LIDAR survey also detects water surface levels, not bed
levels, in the Lageon and its tributaries, In order to rectify these possible errors in the LIDAR data the
channel and ground survey data was used to create a DEM for both the Warriewood and Nareen
Creek wetlands, and assign bed levels to tributary alignments (the bed levels in the Lagoon were
assigned using the bathymetric survey data outlined in Section 2.2.6).

KWXTO_NARRABEEN JABOCH_FUDO0_STUDYOCGSR N2070 006 04 FNALREFORT DOCY

45
- BMT WBM

291



W

WARRINGAH
COUNCIL

Srupy

APPROACH

ATTACHMENT 1

Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM No. 8.5 -22 OCTOBER 2013

24

228

The channel and ground survey data used in the development of the hydraulic model is presented in
Table 2-7,

Catchment
Area

South Creek
South Creek

Nareen Creek
Nareen Creek

Nareen Creek

Narrabeen
Creek
‘Narrabeen
Creek

Mullet Creek

Middle Creek

Table 2-7 Survey Data Sources

Date
Flood Study Surveyor Surveyed
Soml;Creek Fload Study (WIMA, Council 2002
* South Creek Flood Study (WA, Mepstead and 2004
ll 57 L | R — ' Associates Pty Ltd
" Middle Creek Flood Modeliing (DHI, | Byme and 2008
2009 | Associates Pty Ltd
Nareen Creek Flood Study (Cardno Fugro Spatial 2004
_ Lawson Treloar, 2005) Solutions Pty Ltd
Nareen Creek Flood Study (Cardno | Usher and 2004
. Lawson Treloar, 2005) Company Pty Ltd
" Nareen Creek Flood Study (Cardno
LawsonTreloar, 2005 Sl | Undated
Warriewood Valley Flood Study J.8. MacDonald and 2002
. (Lawson and Treloar, 2005) Associates Pty Ltd
 Warrlewood Valley Flood Study
__ (Lawson and Treloar, 2005 | S o
" Warriewood Valley Flood Study :
_ (Lawson and Treloar, 2005). | i 00
Warriewood Valley Flood Study
_ (Lawsan and Treloar, 2005) e s
Warriewood Valley Flood Study Degotardi, Smith 2001
~ (Lawson and Treloar, 2005) and Partners
Warriewood Valley Flood Study Byrne and 1999
(Lawson and Treloar, 2005) | Associates Pty Lid

A number of recent developments in the Warriewood Valley have incorporated channel modification
works. Pittwater Council provided data where available for major eathworksfiand form changes
associated with individual developments. This data was largely from design reports and work-as-
executed drawings as available. The medels have incorporated development completed to March
2012 During the course of the study. Pittwater Council also obtained additional cross section suney
for the recently completed channel works on Namabeen Creek upsiream of Ponderosa Parade

Council Data

Digitally avadable information such as aerdal photography, cadastral boundaries, topography,
watercourses, drainage networks, land zoning, vegetation communities and soil landscapes were

provided by The Councils in the form of GIS datasets.

The following aerial photography was utilised for this Study:
* Pittwater LGA — 2007 Aerial Photography.
+ \Wamngah LGA ~ 2008 Aerial Photography (1898 and 2008 Aerial Photography also supplied).

The following property boundaries (cadastre) were utilised for this study:

e Pittwater LGA — Cadastre dated 217 April 2010.

e Waringah LGA — Property Boundaries dated 107 February 2011,
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2.3 Community Consultation

The success of a floodplain management plan hinges on its acceptance by the community, residents
within the study area, and other stake-holders. This can be achieved by invoMng the local
community at all stages of the decision-making process. This includes the collection of their ideas
and knowledge of flood behaviour in the study area, together with discussing the issues and
outcomes of the study with them.

The key elements of the consultation program undertaken for the study are discussed in Section 3.

2.4 Development of Computer Models
2.4.1 Hydrological Model

For the purpose of the Flood Study, a hydrological model (discussed in Section ') was developed to
simulate the rate of storm runoff from the catchment. The model predicts the amount of runoff from
rainfall and the attenuation of the flood wave as it travels down the catchment. This process is
dependent on:

« Catchment area, slope and surface coverage;
e Variation in distibution, Intensity and amount of rainfall, and
e Antecedent conditions of the catchment.

The output from the hydrological model is a series of flow hydrographs at selected locations such as
al the boundaries of the hydraulic model. These hydrographs are used by a hydraulc model to
simulate the passage of a floed through the Narrabeen Lagoon catchment to the downstream study
limits at the Lagoon entrance into the Tasman Sea.

2.4.2 Hydraulic Model

The hydraulic model (discussed in Section 4.2) developed for this study provides for a two-
dimensional (2D) representation of the Namabeen Lagoon catchment,

The hydraulic model is applied to determine flood levels, velocities and depths across the study area
for histonical and design events. The developed models can be used as a tool to assess various
flood mitigation options in subsequent floodplain nsk management studies.

2.5 Calibration and Sensitivity Testing of Models

The hydrelogical and hydraulic models were calibrated and verified to available historical flood event
data to establish the values of key model parameters and confirm that the models were capable of
adequately simulating real flood events.

The following criteria are generally used to determine the suitability of historical events to use for
calibration or validation:

* The availability, completeness and quality of rainfall and flood level event data;
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e  Theamount of reliable data collected during the historical flood information survey, and
e  The variability of events — preferably events would cover a range of flood sizes.

The available historical information highlighted three flood events with sufficient data to support a
calibration process — the April 1988, August 1998 and March 2011 events. The Apnl 1698 event has
been selected as the primary calibration event due to the fact that it resuted in the highest recorded
Lagoon water levels since the installation of the MHL water level gauges. Due to data availability, the
March 2011 and August 1898 events have been used for model validation.

The calibration and validation of the model are presented in Section 5.

KWXTO_NARRABEEN JABOCH_FUDO0_STUDYOCGSR N2070 006 04 FNALREFORT DOCY

45
- BMT WBM

294



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM NO. 8.5 - 22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

COMMUNGTY CONSULTATION 27

3 COMMUNITY CONSULTATION

3.1 The Community Consultation Process

Community consultation has been an important component of the current study.  The consultation
has aimed to inform the community about the development of the flood study and its likely outcome
as a precursor to subsequent floodplain management activities. It has provided an opportunity to
collect information on their flood experience, their concemn on flooding issues and to collect feedback
and ideas on potential floodplain management measures and other related issues.

The key elements of the consultation process have been as follows.
+ Media release and notices in the Manly Daily to inform the wider community of the study;

« Development and maintenance of a project web-page providing general information on the study
background and cbjectives, reporting progress of the flood study against key milestones, and
providing preiminary study output,

« Distnbution of a questionnaire, letter and newsletter to all landowners, residents and businesses
located within the existing extreme flood extents for Narrabeen Lagoon; and

« Public exhibition of the draft Flood Study including four days of community information sessions,

These elements are discussed in detail below. Copies of relevant consultation material are included
in Appendix B.

3.2 Maedia Release

A media release, including four Manly Daly advertisements followed by a Manly Daily article.
informed the wider community of the study. canvassed any existing ficoding issues and informed the
community of the community consultation process to be carried ocut as part of the study. Similar
releases were also made advertising the Public Exhibition of the Draft Flood Study Report discussed
in Section 3 6.

3.3 Information Website

A website has been established to keep the community informed on the study progress, The website
has further information on flooding in Narrabeen Lagoon and was updated throughout the study as
new information became available. Community members were aiso able to complete the community
questionnaire (refer Section 3.4) and send photographs through the website.

VWebsite address: http//gis wbmpl.com au/narrabeentagoon/About himl (note: the project website will
be discontinued following completion of the study).

3.4 Community Questionnaire

A questionnaire, ietter and newsletter were distrbuted to all landowners, residents and businesses
located within the existing extreme flood extents from previous studies completed in the Narrabeen
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Lagoon catchment (see Figure 2-2). The purpose of the questionnaire was to collect information on
previous flood experience and flooding issues, The focus of the questionnaire was to find any
historical flooding information that may be useful for correlating with predicted flooding behaviour from
the modeliing.

Council received back 147 responses to the community questionnaire. The responses have been
compiled into a GIS layer by BMT WBM,

The focus of the guestionnaire was to gather relevant flood information from the community, including
photographs, observed flood depths and descriptions of flood behavicur within the catchment.
Council received approximately 86 photos of flooding within the Narrabeen Lagoon catchment, The
majority of these photos depicted flooding in the lower catchment surrounding the main body of
Narrabeen Lagoon. Limited information was received for the tributary channels.

Photographs and comments relating to flood behaviour contained within the responses were
extracted where useful for model calibration purposes.

3.5 Community Information Sessions

During the public exhibition of the Draft Narrabeen Lagoon Flood Study Report (refer Section 3.6) a
series of community information sessions were held to:

* Provide the community with an overview of the study and cbjectives;
« Provide the community with property specific study outcomes including Flood Planning Levels
(FPLs) and inundation maps,

* Provide the community with an opportunity to communicate any concerns or questions relating to
the study: and

e Provide The Councils with a means to obtain some feedback from the local community on the
future direction of the floodplain management process (i.e. Floodplain Management Study and
Plan).

Prior to the Public Exhibition, The Councils sent a notification |etter to all property owners and
residents located within the preliminary PMF extent, advising that their property had been identified
as being affected by future flood events. The lelter also advised the dates of the public exhibition of
the Draft Narrabeen Lagoon Flood Study Report (refer Section 3.6), how to cbtain further information.
and how to make a submission to Council. The letter was accompanied by a community guide
brochure (included in Appendix B) to provide further background information on the study.

Community information sessions comprised 15 minute discussion sessions between individual
community members and representatives from both the relevant Counal and BMT WBM.
Community information sessions were held on the following dates:

*  930am - 5.00pm on 20 July 2013, at the Coastal Environment Centre, North Narrabeen;
e 930am - 5.00pm on 22 July 2013, at the Tramshed Arts and Community Centre, Narrabeen;
e 9.30am - 5.00pm on 26 July 2013, at the Coastal Environment Centre, North Narrabeen; and
* 930am - 5.00pm on 30 July 2013, at the Coastal Environment Centre, North Narrabeen;
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A total of 60 individual discussion sessions were held across the four dates, The majority of
community members were concerned with the Impact of being Iincluded within the FPA and PMF
extents, and the subsequent potential impact on planning certificates, property value and insurance
premiums, Many of the attendees also provided formal submissions to the Public Exhibition of the
Draft Report, as discussed in Section 3.6.

3.6 Public Exhibition of Draft Report

The Draft Narrabeen Lagoon Flood Study Report was placed on public exhibition for a period of four
weeks from 15 July to 12 August 2013, The draft report was placed on display at Wamngah and
Pittwater Council, Council Libraries and other public cenires. It was also made available for
viewing/download on the study website (http://gis.whmpl.com.au/narrabeenlagoon/About html), and
via the Warringah and Pittwater Council websites.

Public comment on the draft report was invited from the community with 17 formal submissions
received by The Councils. The distribution of the submissions within the catchment area is shown in
Figure 3-1 (note that one submission was received from a property located outside the study
catchment and is therefore not shown in Figure 3-1). Shown for reference are the Flood Planning
Area (FPA) and Probable Maximum Flood (PMF) extents. Further reference to the FPA and PMF
extents is provided in the Narrabeen Lagcon Flood Study - Flood Planning Levels Report —
Warringah Council (BMT WEBM, 2013a) and Narrabeen Lagoon Food Study - Floed Planning Levels
and Categories Report — Pittwater Council (BMT WEBM, 2013b).

As shown in Table 3-1, the majonty of the submissions related to inclusion of the property in the FPA.
Most of these residents were concerned with the potential impact on planning certificates, property
value and insurance premiums.

Table 3-1  Classification of Exhibition Submissions

Extent Number of Submissions
Flood Planning Area [ 1
Probable Maximum Flood 3
| Not Flood Affectad ‘ 3

The majority of submissions requested a review of the FPA or PMF extent or were related to future
floodplain management issues to be addressed in the Floodplain Risk Management Study, The
prncipal concem of many landowners was the inclusion of their properties within the defined FPA or
PMF extent, Through the discussions with landowners, much of the conjecture can be attributed to
the following issues:

e There was some misunderstanding in the community between lot and building footprint in
terms of flood affectation. Many owners of lots identified as flood prone noted that their
building was actually located outside the FPA extent. and was therefore not at risk of
flooding. It was explained that development controls were applied to cadastral lots (not
building foctprints) and that development applications were assessed on an individual basis
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e« The magnitude of the 1% AEP event was questioned particularly in relation to historical
events in the catchment. Many residents noted that flood conditions they had experienced in
previous events were significantly less severe than the design flood conditions established in
the study. In comparing rainfall conditions associated with previcus floed events with the
design ficod rainfall conditions, it is evident that the historical events referred to by the
communily members were significantly lower magnitude events in comparison to the design
flood conditions used for flood planning purposes.

¢ The concept of Probable Maximum Flood proved somewhat difficult for some to appreciate.
This is not uncommon given the severity and magnitude of the event, particularly compared
to nomal conditions in the catchment and even previcusly expenenced flood events, Whilst it
was explained that residential planning controls do not apply at the PMF level, many
residents were concerned about being included within the PMF extent and the associated
connotation that their property was “flood affected”.

A number of other common issues/comments were raised during the information sessions and formal
submissions as summarnised below:

e Heightened concem that the completion of the Flood Study and publicly available Information
would detrimentally affect property values and insurance premiums;

* The influence of Narrabeen Lagcon entrance management as a means of reducing flood risk
(e.g. cpening procedures and trigger levels for mechanical opening):

« The opportunity for Lagoon dredging in order to reduce flood risk,

* Review of main drainage structures and bridge crossings with specific mention of “choke” points
which are considered to exacerbate fooding;

e The application of Council development contrel plans in refation to flooding and specific
requirements for future development of individual properties in terms of flood related
development controls;

* Potential for further development in the Warriewood Valley and Ingleside to increase the fiood
risk to existing propesrties; and
e Localised problems such as bank erosion, stormwater drainage maintenance and improvements,

Many of these Issues will be considered further in the subsequent Floodplain Risk Management
Study.
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4 MODEL DEVELOPMENT

Computer models are the most accurate, cost-effective and efficient tools to assess a catchment's
flood behavicur. Traditionally, for the purpose of the Flood Study, a hydrological model and a
hydraulic model are developed.

The hydrological model simulates the catchment rainfall-runoff processes, producing the
stormwater flows which are used in the hydraulic model.

The hydraulic model simulates the flow behaviour of the overland fiow paths, creeks and lagoon
producing flocd inundation extents, levels and velocities.

Information on the topography and characteristics of the catchments and floodplains are built into the
hydraulic model. Recorded historical flood data, including rainfall and flood levels, are used to
simulate and validate (calibrate and verify) the model. The model produces as outputs, the
distribution of flood levels, flow rates (discharges) and flow velocities.

Development of hydrological and hydraulic models follows a relatively standard procedure:

1. Discretisation of the catchment, flioodplain, etc.

2. Incorporation of physical characteristics (floodplain levels, structures etc).

3. Establishment of hydrographic databases (rainfall, flood flows, flood levels) for historic events.

4

Calibration to one or more historic floods (calibration is the adjustment of parameters within
acceptable limits to reach agreement between modelled and measured values). The hydrological
and hydraulic models were calibrated interactively.

5. Validation to one or more other historic floods (validation is a check on the performance of the
model without further adjustment of parameters).

6, Sensitivity analysis of parameters to measure dependence of the results upon model
assumptions,

Once model development s complete it may then be used for

« establishing design flood conditions (as part of the current flood study);

e determining levels for planning control, and

* modelling development or management options to assess the hydraulic impacts (as part of the
floodplain risk management study).

4.1 Hydrological Model

The hydrological model simulates the rate at which rainfall runs off the catchment. The amount of

rainfall runoff from the catchment is dependent on:

« the catchment slope, area, vegetation, urbanisation and other characteristics:

* vanations in the distribution, intensity and amount of rainfall; and

+ the antecedent moisture conditions (drynesshwvetness) of the catchment.
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These factors are represented in the model by,

e  Sub-dividing (discretising) the catchment into a network of sub-catchments inter-connected by
channel reaches representing the creeks and rivers. The sub-catchments are delineated, where
practical, sothat they each have a general uniformity in their slope, landuse, vegetation density,
elc;

« Theamount and intensity of rainfall is varied across the catchment based on available
information. For historical events, this can be very subjective if little or no rainfall recordings
exist.

e Theantedecent moisture conditions are modelled by varying the amount of rainfall which is 1ost”
into the ground and “absorbed” by storages, For very dry antedecent mosture conditions, there
is typically a higher Initial rainfall loss,

The output from the hydrological model is a series of flow hydrographs at selected locations such as
at the boundaries of the hydraulic medel. These hydrographs are used by the hydraulic mode! to
simulate the passage of the flood through the Namrabeen Lagoon catchment,

The RAFTS-XP software was used to develop the hydrological model using the physical
characteristics of the catchment including catchment areas, ground slopes and vegetation cover as
detailed in the following sections.

4.1.1 Catchment Delineation

The Namrabeen Lagoon catchment drains an area of 55km” to the lagoon entrance into the Tasman
Sea. For the hydrological model this area has been delineated into 101 sub-catchments as shown in
Figure 4-1. The sub-catchment delineation provides for generation of flow hydrographs at key
confluences or inflow points to the hydraulic model.

Table 41 summarises the key catchment parameters adopted in the RAFTS-XP model, including
catchment area, vectored slope and PERN (roughness) value estimated from the available
topographic information and aerial photography. The adepted PERN values considered the
proportion of forested catchment to developed area.

Impervious areas and land use/surface roughness areas were classified using a combination of aerial
photography and cadastral information (refer Section 2.2.8). # is noted that in some areas, such as
the Warriewood Valley, significant land development has occurred since the late 1990's, Accordingly,
some changes in the fand use patterns need to be reflected in the models over the appropnate time
periods considering the dates of the key calibration events, the dates of collection of key data (e.g.
aerial photography) and the present day condition to be used for design purpeses in the remainder of
the study.
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Table 4-1 RAFTS-XP Sub-catchment Properties
Area (ha) Slope (%) In::gv(r;c;s CaLc;:Jr;em l;r‘:;a 'Slope (%’Impcrvnous
UNLT2 | 446 | 88 | 235% | 003 | NL6S | 1118 47 | 20% | 010
NL13 | 923 4.0 218% | 003 NLB4 | 43 15 57 4% 0.05
NL14 | 2459 17.0 39% 0.10 NLBS = 65 05 546% @ 002
_NL1S | 1675 | 38 | 219% | 003 NL66 = 3497 116 = 87% 008 |
| NL16 | 2442 @ 29 253% | 003 NL67 | 3377 21 525% 002 |
NL17 | 4082 & 28 | 473% | 003 | NL68 & 1006 154 = 108% 009 |
C NL18 | 1946 76 18% 005 NL69 = 448 94 1.0% 010 |
NL19 | 3432 1.7 364% | 003 NL70 = 37.28 29 4.1% 010 |
| NL20 | 1246 | 16 | 305% | 003 | NL7M | 228 101 = 218% 003
NL21 | 2665 16 394% | 003 NL72 17.61 14 33% 010 |
 NLZ2 | 2043 | 170 120% | 003 NL73 | 4774 43 347% @ 003 |
NL23 54.9 143 187% | 003 | NL74 = 3182 28 2.2% 0.03
| NL24 | 4488 | 38 | 101% | 003 | NL75 | 5883 = 85 | 17% | 010
NL25 | 3563 32 182% | 003 NL76 = 2541 10 4.9% 003 |
| NL26 1697 @ 77 11.8% 0.03 NL77 = 5618 54 41.0% 0.03
. NL27 | S062 | 54 302% | 003 | NL7/8 & 8181 = 35 = 26% 010 |
 NL28 | 88 @ 15 343% | 003 NL79 | 327 137 | a77% 003 |
NL28 | 3578 05 348% | 003 NL8O = 3865 56 1.6% 007
.~ NL3o | 6041 06 247% | 003 | NL81 | 6229 92 1.0% 0.10
NL31 18.07 0.4 258% | 003 NL82 = 9886 41 32% 0.10
| NL32 | 11212 | 45 22% 010 NL8B3 = 685 46 4.7% 007
NL33 | 3758 | 156 | 494% | 003 | NL84 & 889 131 452% 003
CUNL3M | 3926 | 16 | 463% 03 | NL8S | 567 51 | 270% | 003 |
NL35 | 116565 49 1.4% 0.10 NLBS = 1651 11 11.4% 003 |
NL36 | 6231 | 124 | 48% | 010 | NL87 | 34516 51 = 162% 004 |
NL37 | 3264 @ 116 | 492% | 003 NLB8 = 4464 19 192% | 003 |
T NL38 | 2084 @ 148 10% 010 NL8Y = 3347 36 38.1% 003
NL38 | 161.76 59 6.2% 0.07 NLSO  97.36 94 11.0% 0.05
_ NL40 | 8076 @ 786 10% 0.10 NLO1 | 8982 81 346% @ 003
NL4t | 12611 | 79 | 31% | 010 | NLS2 | 3044 51 & S39% & 002 |
NL42 | 7473 04 205% | 003 NLS3 = 10653 20 46.7% 003
NL43 | 10.88 2.1 481% | 003 NL34 | 5612 38 14.9% 003 |
. NL44 | 14952 | 44 16% | 010 | NLO5 | 24231 23  377% 003
 NL45 6.98 1.0 483% | 003 NL96 154.3 77 41% 007 |
| NL46 | 4402 @ 49 1.0% 0.10 NLO7 | 14461 38 27.8% 003
 NL47 | 648 44 49.7% | 003 NL98 | 75.21 5.0 47.1% 003
~ NL48 | 3919 7.8 26% 010 NL9S | 67.08 12 364% 003
NL4g | 1401 25 513% | 002 | NL100 | 24.18 59 32.2% 003 |
NL50 | 5154 18 411% | 003 | NL101 | 4037 68 389% = 003
NL51 37.89 74 34% 0.10 :
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4.1.2 Rainfall Data

Rainfall information is the prmary input and driver of the hydrological model which simulates the
catchment's response in generating surface run-off, Rainfall characteristics for both historical and
design events are described by:

* Rainfall depth — the depth of rainfall occurring across a catchment surface over a defined period
(e.g. 270mm in 38hours or average intensity 7. 5mm/hr); and

* Temporal pattern — describes the distribution of rainfall depth at a certain time interval over the
duration of the rainfall event.

Both of these properties may vary spatially across the catchment during any given event and
between different events.

The procedure for defining these properties is different for histarical and design events. For historical
events, the recorded hyetographs at continuous rainfall gauges provide the observed rainfall depth
and temporal pattem (refer Section 2.2.4 for rainfall gauge locations). The rainfall inputs for the
historical calibrationAvalidation events are discussed in further detail in Section 5.

For design events, rainfall depths are most commonly determined by the estimation of intensity-
frequency-duration (IFD) design rainfall curves for the catchment. Standard procedures for derivation
of these curves are defined in ARSR (2001). Simidarly AR&R (2001) defines standard temporal
patterns for use in design flood estimation

4.1.3 Rainfall Losses

The antecedent catchment condition reflecting the degree of wetness of the catchment prior to a
major rainfall event directly influences the magnitude and rate of runoff. The intial loss-continuing
loss model has been adopted during the hydrological modelling process. The initial loss component
represents a depth of rainfall effectively lost from the system and not contributing to runoff and
simulates the wedting up of the catchment to a saturated condition. The continuing loss represents
the rainfall lost through soil infiltration once the catchment is saturated and is applied as a constant
rate (mm/hr) for the duration of the runoff event.

The rainfall loss parameters for the historical calibrationivalidation events and design events are
discussed in further detail in Section 5 and Section 6 respectively,

4.2 Hydraulic Model

BMT WEBM has applied the fully 20 software modelling package TUFLOW, TUFLOW was developed
in-house at BMT WBM and has been used extensively for over fifteen years on a commercial basis
by BMT WBM. TUFLOW has the capability to simulate the dynamic interaction of in-bank flows in
open channels, major underground drainage systems. and overiand flows through complex overland
flowpaths using a linked 2D / 1D flood medelling approach. TUFLOW is specifically orientated
towards establishing flow and inundation pattems in coastal waters, estuaries. rivers. floodplains and
urban areas where the flow behaviour is essentially 2D in nature and cannct or would be awkward to
represent using a 1D model, and accordingly is well suited to model the conditions in the Namrabeen
Lagoon catchment.
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The influence of entrance condttions on flood behaviour has been Investigated utilising morphologic
routines In the TUFLOW software. This mode! functionality enables the integration of scouring
processes at the sand berm which can be important for the determination of representative design
fiood conditions.

4.2.1 Model Configuration

Consideration needs to be given to the folowing elements in constructing the model:
* topographical data coverage and resolution (e.g. LIDAR data),

« |ocation of recorded data (e.g. levelsflows for calibration);

« |ocation of controlling features (e.g. dams, levees, bridges).

* catchment specific factors (.g. lagoon entrance); and

o computational limitations.

With consideration to the available survey information and local topographical and hydraulic controls,
a linked 10¥2D mode! was developed extending from the Lagoon entrance in North Narrabeen at the
downstream limit, to the head of the catchment,

The foodplain area modelled within the 2D domain comprises a total area of approximately 55km”
which includes the Namrabeen Lagoon catchment in its entirety.

A TUFLOW 2D model gnd resclution of 8m was adopted for Narabeen Lagoon. It should be noted
that TUFLOW samples elevation points at the cell centres, mid-sides and comners, so a 6m cell size
results in DEM elevations being sampled every 3m. This resolution was selected to give the
necessary detail required for accurate representation of floodplain, channel and lagoon entrance
topography. key floodplain obstructions such as buildings and road/structure embankments and to
keep simulation times within acceptable limits considering the size of model domain, Smaller
channels and culverts are represented using 10 elements linked to the 2D ficodplain domain,

4.2.2 Topography

The ability of the model to provide an accurate representation of the fioad behaviour of the catchment
ultimately depends upon the quality of the underlying topographic data. For the Narrabeen Lagoon
catchment, a high resclution DEM was derived from a combination of the following data sets (refer to
Section 2.2.6 for further details):

e LIDAR survey data,

* Narabeen Lagoon bathymetry survey data; and

e  Ground survey data.

The ground surface elevation for the TUFLOW mode! grid points are sampled directly from the DEM.
Local modifications to modelled ground surface levels have been made where appropriate to

represent key floodplain restrictions such as through the presence of embankments or obstructions
such as solid walls or fences.
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4.2.3 Lagoon Entrance

The ability to model morphological changes in the Lagoon enfrance during a flood event is cntical for
this study, as it incorporates changes to the effectiveness of the Lagoon entrance in conveying water
out of the Lagoon during the fload event. The changing entrance shape as the entrance scour
develops affects peak water levels in the Lagoon during a flood.

The Van Rijn fomulation of sand transport is generally accepted as being currently the most feasible
and accurate method for estimating sand transport. However, it must be noted that sand transport is
a complex interaction of processes that is still not fully understood. In order to account for these
uncertainties, it is necessary to make approximations related to a number of the process interactions.
Although these approximations are unavoidable, the Van Rijn method is still considered appropriate
and has been combined with the TUFLOW hydraulic model to achieve realistic time-varying entrance
shoal and berm levels and the accompanying simulated fload discharges,

The model allows the integration of scouring processes at the Lagoon entrance in terms of cross-
sectional conveyance capacity. The scouring rate is based on inter-related parameters: flood flows.
initial water levels, downstream ocean water levels and, of greatest importance, the original fagoon
entrance/berm geometry.

4.2.4 Structures

There are numerous bridge and culvert crossings over the main channels within the medel extents as
detailed in Table 4-2 (refer to Figure 4-2 for locations). These structures vary in terms of construction
type and configuration, with varying degrees of influence on local hydraulic behaviour. All major
structures listed in Table 4-2 were incorporated into the hydraulic model. Incorporation of these major
hydraulic structures provides for simulation of the hydraulic losses associated with these structures
and their influence on peak water levels within the catchment. The structures are represented as
ether a 20 flow constriction element or a1D structure dependent on their relative size with
consideration of the model grid resolution,

In addition to the major hydraulic structures presented in Table 4-2, @ number of smaller hydraulic
structures were also incorporated into the hydraulic model, These smaller structures included key
stormwater drainage culverts and access road culverts,

For this study the stormwater infrastructure network was not modelled. The study focuses on
mainstream ficoding of Narrabeen Lagoon and its main tnbutaries, and accordingly, at this catchment
scale, modelkng of the detail of the general stormwater drainage network is nat required

4.2.5 Hydraulic Roughness

The development of the TUFLOW meode! requires the assignment of different hydraulic roughness
(Manning's 'n') zones. These zones are delineated from aenal photography and cadastral data (refer
Section 2.2) identifying different land-uses (eg. forest, cleared land, rcads, urban areas, etc) for
modelling the variation in flow resistance.
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Table 4-2 Major Hydraulic Structures within Model Area

Location
Ocean Street (Narrabeen Lagoon)
Pittwater Road (Mullet Creek)
Pittwater Road (Narrabeen Lagoon)
Wakehurst Parkeway (Deep Creek)
Wakehurst Pariway (Middie Creek)
Wakehurst Parkway (Middie Creek)

Sycney Water Access Rd (Midde Creek)

Wakehurst Parkway (Midde Creek)
Wakehurst Parkway (Middie Creek)
Wakehurst Parioway (Middie Creek)
Dreachought Road (Middie Creek)
Dreadnought Road (Midde Creek)
Toronto Avenue (Scuth Creek)
Carcoola Road (South Creek)
Wilandra Road (South Creek)
Akira Circuit {South Creek)
Mcintosh Road (South Creek)

Willandra Road (Lower) (South Creek)

Wikandra Bungalows Retiremant
Community (Wheeler Creel)
Little Willandra Road (Wheeler Creek)
Piatwater Road (Nareen Creek)
Patwater Road (Nareen Creek)
Narroy Road (Nuun Creek)
Jacksons Road (Mullet Creek)
Garden Street (Mullet Creek)
Jacksons Road (Narrabeen Creek)
Boondah Road (Narrabeen Creek)

Macpherson Street (Narrabeen Creek)

Ponderosa Parade (Narrabeen Creek)
Jubdlee Avenue (Narrabeen Creek)
Garden Street (Fern Creek)
Ingleside Road (Mullet Creek)
Powder Works Road (Muliet Creek)

Structure Type
Bnidge (approx 65m span)
Bridge (approx 18m span)
Bridge {approx 51m span)
Bridge (approx 43m span}
Bridge (approx 40m span)

Culvert (2 x 1.5m pipe)
Culvert {3 1.5m pipe)
Bridge (apprax 23m span)
Bridge {approx 15m span)
Culvert (2 x 1.8m pipe)
Culvert (2 x 4 3m x 1.8m box)
Culvert {2 x 1.5m pipe)
Bridge (approx 12m span)
Culvert (5 x 3.3m x 1.8m box)
Culvert (2 x 3m x 1.5m box)
Culvert {4 x 1.35m pipe)

Culvert (2 x 1.8m pipe)

Culvert i1 x3mx 1.5mbox +1 x
0.75m pipe)

Bridge (approx 15m span)

Culvert (2x27mx 1.6mbox + 1 x
2.7mx 1 8mbox)

Culvert (8Bm x 1.7m box)
Culvert (7.1m x 1.5m box)
Culvert (2 x 3.4m x 1.2m box)
Culvert (3 x 2.4m x 2.4m box)
Culvert (4 x 1.8m pipe)
Culvert (3 x 2.45m x 2.45m box)
Culvert (3 x 1.05m pipe)
Culvert (3 x 1.2m pipe)
Culvert (2 x 1.8m pipe)
Bridge (approx 14m span)
Culvert (1.8m x 3m box)
Culvert (3.4m x 0.9m box)
Culvert (3 x 1. 8m pipe)
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The following cadastral data (in both cases most recent data supplied by The Councils) was used to
delineate the Manning's 'n'; surface roughness zones.

e  Pittwater LGA — 2010 cadastre; and
* Wamingah LGA — 2011 cadastre.

The aerial photography used to delineate the Manning's ‘'n’ surface roughness zones was dependent
upon the time period of the calibrationivalidation event (for exampie the 1988 aeral photography was
used for the Aprl 1958 calibration event). The most recent aerial photography available was used
delineate the Manning's 'n' surface roughness zones for the design events,

A combination of the following aenal photography was used to delineate the Manning's ‘'n' surface
roughness zones:

* Wamingah LGA - 1998 Aerial Photography:

e Pittwater LGA — 2007 Aeral Photegraphy;

« Wamingah LGA — 2008 Aeral Photography,

e Warringah LGA — 2009 Aerial Photography;

* Namabeen Lagoon Catchment Google Imagery; and
* Namabeen Lagoon Catchment Nearlap Imagery.

The base land use map used to assign the different hydraulic roughness zones for the design flood
events is shown In Figure 4-3. In addition to the land use zones shown in Figure 4-3, all buildings
within the previously mapped PMF extent were also represented as a Manning's 'n' surface
roughness zone, The land use map adopted for the calibration and validation events was altered
where appropriate to account for development changes that have occurred within the catchment over
the past 15 years, in particular the significant development that occurred within the Warmewood
Valley between the April 1668 validation event and present day design events,

The hydraulic roughness is one of the principal calibration parameters within the hydraulic model and
has a major influence on flow routing and fload levels, During the maodel calibration process the
Manning's ‘n' surface roughness values are adjusted locally (within reascnable bounds) to provide
bes<t fit for peak water level profiles. The degree of variability largely reflects the degree of channel
vegetation, channel size and sinuosity.

4.2.6 Boundary Conditions

The mode! boundary conditions are derived as follows:

o Inflow ~the catchment runoff is determined through the hydrological model and is applied to the
TUFLOW model as flow vs. time inputs. These are applied at major sub-catchment inflow points
and along the modelled watercourses; and

* Downstream Water Level —the downstream model limit coresponds to the tidal water level of
the Tasman Sea. A water level time series has been applied at this location for the duration of
the modefled events,
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The adopted water levels for the downstream boundary condition for the calibration and design
events are discussed in Section 5 and Section 6 respectively. The layout of the 2D hydraulic model
is shown in Figure 4-2
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5 MODEL CALIBRATION AND VALIDATION
5.1 Selection of Calibration Events

The selection of suitable historical events for calibration and validation of flood models is largely
dependent on the availability of relevant histoncal flood information. Ideally the calibration and
validation process should cover a range of flood magnitudes to demonstrate the suitability of a model
for the range of design events to be considered.

Review of the available rainfall and water level data for the Narrabeen Lagoon catchment highlighted
three flood events with sufficient data to support a calibration process — the April 1588, August 1558
and March 2011 event. The Apnl 1998 event has been selected as the primary calibration event due
to the fact that it resulted in the highest recorded Lagoon water levels since the installation of the
MHL water level gauges. Due to data availability, the March 2011 and August 1998 events have
been used for model validation. It should be noted that the existing water level gauges do not directly
provide flow infarmation (i.e. not flow gauging stations). Accordingly direct calibration of model flows
cannct be undertaken.

The majority of the photographs and other anecdctal repeorts of flooding received from the community
through the questionnaire retums largely related to flocding in the lower end of the system around the
Lagoon foreshore, particularly for the March 2011 event. The Information received does not add
significant additional calibration data given the majority of photographsireports can be correfated to
the Lagocn water level data from the existing gauges.

The March 1942 and May 1974 events are noted with the highest recorded water levels in Narrabeen
Lagoon. These events however have not been adopted for calibration purposes given the kmited data
availability for March 1842 event and the May 1974 being predominantly a storm surge event.

5.2 April 1998 Model Calibration
5.2.1 Calibration Data
52.1.1 Ramnfall Data

There were nine active rainfall gauges within or In close proximity to the Narrabeen Lagoon
catchment for the April 1998 event. Three of these gauges were continuous read gauges operated
by MHL, one gauge was a continuous read gauge operated by Sydney Water, with the remaining five
gauges being daily read gauges operated by BolM,

The recorded daily totals (for the 24 hours to Sam) for the period Sam April 10" - 11" 1988 are
summarised inTable 5-1. The adopted rainfall distribution for the April 1998 event is shown in Figure
541,

The recorded hyetographs at the active continuous rainfall gauges within the Narrabeen lagoon
catchment or in the near vianity are shown in Figure 52 The hyetograph period shown is from
9:00am 10" April to 9:00am 11" April 1998,
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Table 5-1Recorded Rainfall April 1998 Event
~ 24 hr Total (to 9am 24 hr Total (to 8am

Qg Locanon Opstasos 10/04/98) (mm) 11/04/98) (mim)

202

Belrose MHL
Warmiewood Valley STP ~ SydneyWater
Ingleside Bot

Cromer Galf Club BoM
Mona Vale Golf Ciub BoM
Frenchs Forest Rd | BoM
Belrose (Evelyn Place) BoM

222
[ 145

180
120

glglaiglssls|els
g

w Jetow

PO

M (e rryoer |
P T P S G O

2 w8 hhEsasav
ovome e IR

) &
e
it ror N

i
DRI e e vhe ]

| ]

Acezme o IS

=
Ao maoe NN

Aoy oo

Aoy zzoe I

R

v —

PERSEST— |
acywmiioe B
v B
{
cvmmas B

U
O
.
A Yroe
LCTAL906 11 00
.-
R
LV
Ll W e

s i |

Ewn{mey/heory

~
-

- O e
= a =«

-

o v o
|
g——— ]
b
« .
]
| —
«
|
]
|
<
-
=
]
]
"
I

..........

Figure 52  April 1998 Recorded Rainfall
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Figure 52 April 1998 Recorded Rainfall

To gain an appreciation of the relative intensity of the April 1998 event, the recorded rainfall depths at
the Middle Creek MHL continuous read rainfall gauge for various storm durations were compared
with the design IFD data for the Narrabeen Lagoon catchment as shown in Figure 53, The Apnil
1998 event generally tracks above the design 5% AEP (20-year ARI) rainfall depth for the duration of
the event, and above the 10% AEP (10-year ARI) event for the 6 to10 hour durations. For the Middle
Creek continuous read rainfall gauge the following comparisons to design rainfall depths can be
made for the April 1998 event:

e  G-hour duration — 146mm recarded compared with 148mm design 5% AEP;

*  S-hour duration — 175mm recorded compared with 175mm design 5% AEP;

*  12-hour duration = 179mm recorded compared with 184mm design 5% AEP,

e 18&hour duration — 201mm recorded compared with 188mm design 10% AEP; and
e 24-hour duration - 203mm recorded compared with 221mm design 10% AEP.
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Figure 5-3 Comparison of April 1998 Rainfall with IFD Relationships
52.1.2 Water Leve/ Data

There were three active water level gauges operating within the Narrabeen Lagoon catchment during
the April 1998 event — Middle Creek (on the Middle Creek tributary), Pittwater Road Bridge
(Narrabeen Lagoon) and Ocean Street Bridge (Narrabeen Lagoon).

The recarded water |evel time series at each gauge location for the April 1598 event is shown in
Figure 5-4. The time series shown includes the initial response at the onset of the event, the peak
water levels and the recession for some 20-hours after the flood peak.

Far the start of the simulation period as shown In Figure 5-4, the water level in Narrabeen Lagoon (as
recorded at the gauges) is approximately 0.46m AHD. Initial water levels in the model have been set
to this level for the event simulation.

5.2.2 Rainfall Losses

Typical design loss rates applicable for NSW catchments east of the western slopes are inttial loss of
10to 35 mm and continuing loss of 25mm/hr (AR&R, 2001). For historical events however, the intial
loss is Indicative of the catchment wetness and any rainfall that fell prior to the maodelled storm burst.

Initial rainfall losses of 10mm, 20mm and 20mm have been simulated for the Aprl 1598 event. An
initial less of 20mm was found to provide the best fit to the observed hydrological behaviour in the
Narrabeen Lagoon catchment for the April 1998 event.
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Figure 5-4  April 1998 Recorded Water Levels
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5.2.3 Downstream Boundary Conditions

Ocean tide (water level) data was available for the April 1998 event from a confinucus tide gauge
maintained by MHL at Middle Head, This water level data is considered to be representative of the
ocean water levels at the Narrabeen Lagoon entrance and as such was used as the downstream
boundary for the April 1688 event. The relationship between recorded ocean water levels and
recorded rainfall for the April 1998 event is shown in Figure 5-5.
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Figure 5-5 April 1998 Recorded Tidal Water Level

5.2.4 Lagoon Entrance Bathymetry

The modelled bathymetry of the Lagoon entrance can significantly impact on the response of
modelled Lagoon levels to catchment inflows and tides. Ideally, for full calibration of the entrance
dynamics, bathymelric survey data of the entrance before and after the event would be available.
However, this data was not available for the April 1988 calibration event (nor was it available for the
August 19898 or March 2011 validation events).

Inspection of the available aerial photography of the Narabeen Lagoon entrance (shown in Figure
5-8), shows that the entrance is typically semi-shoaled, with a channel running along the northemn
rock wall before flowing across the berm and into the Tasman Sea. Figure 5-8 also shows the mass
of sand that is gradually deposited downstream of the Ocean St Bridge and the channel that forms
along the southern shorefine of the Lagoon to enable flow through the Ocean St Bridge structure,
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The February 2005, July 2006 (pre-dredge) and August 2011 (pre-dredge) bathymetric survey data is
shown in Figure 57, A companson of the three surveys shows the February 2005 survey represents
a relatively open Lagoon condition, the August 2011 survey represents a semi-shoaled entrance
condition and the July 2008 survey represents a relatively closed entrance condition. In the absence
of event specific survey data. the semi-shealed August 2011 Lagoen entrance condition was adopted
for the calibration and validation events. The semi-shoaled entrance condition was considered
representative of the average long term entrance condition for the Namrabeen Lagoon.

It is acknowledged that configuration of entrance channel shoals is highly dynamic in response to
coastal processes. Furthermore, the Councils undertake periedic maintenance dredging of the
entrance channel. Compansens between pre and post dredge bathymetric surveys (shown in Figure
5-8) show the changes that occur within the Lagoon entrance as a result of dredging works. These
dredging works have the potential to significantly change the flood behaviour of the Narrabeen
Lagoon. Sensitivity testing of the Lagoon entrance condition has been undertaken using the 2006
post-dredge bathymetric survey data (see Section 7.7 for further discussion of sensitivity tests).

ATTACHMENT 1

5.2.5 Adopted Model Parameters
The model calibration centred arcund the adjustment of the sub-catchment PERN values, Bx storage
coefficient factor and rainfall loss values (hydrological model parameters) and the Manning's n'
values for the floodplain and channel {hydraulic model parameters).
The final parameter values adopted, as shown in Table 52 were found to give a good result in
representing the hydrological and hydraulic behaviour in the Narrabeen Lagoon catchment for the
April 1998 event.
Table 5-2  April 1998 Model Parameters
Parameter Value Comment
Initial Loss (mm):  The 30mm initial loss provided the best fit for initial catchment
penvious area 30 - response and total storm volumes with respect to avallable
impervious area 5  data for the 1998 event,
Continuing Loss (mm/r):
penious area 25 As recommended in AR&R (2001).
impenvicus area 0
:(ouge ¢ A ks 1.0 . Rafts software default value found appropriate
PERN (roughness value 0.015-0.10 ' Variable adjusted dependent on surface coverage —e.g. 0.015
 for hydrological model) ; "~ for hardstand/impenious areas to 0.10 for forested catchment.
Manning's ‘'n' roughness Variable adjusted |ocally (within reasonable bounds) to provide
value for hydraulic model 004-006  bestfit for peak water level profiles. Variability fargely reflects
 (lagoen and tributaries) degree of channel vegetation, channel size and sinuosity.
Manning's 'n’ roughness Variable adjusted locally (within reasenable bounds) to provide ‘
value for hydraulic model 002-020  best fit for peak water level profiles. Variability largely reflects
(floodplain) land use on the floodplain (cleared, forested, roads, urban lots)
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5.2.6 Observed and Simulated Flood Conditions April 1998

Calibration data for the April 1998 event includes available water level time series at the Middle
Creek, Pittwater Road and Ocean Street gauges; and a series of water level calibration points
defined in previous flcod studies completed in the catchment.

None of the water level gauges are flow gauging stations, such that a direct flow calibration is not
possible. However, given the large storage associated with the body of the Lagoon, the water level
time series provides for a simplified fiow calibration on the basis of rates of rise and total flood
volumes generated.

A comparison of recorded and simulated water level profiles in Narrabeen Lagoon for the April 1988
event are shown in Figure 59 and Figure 5-10 for the Ocean Street and Pittwater Road gauges
respectively. The simulated results show that a good model calibration has been achieved for a
number of aspects of the simulated catchment flood behaviour:

¢ Catchment runoff response — the relative timing of the observed and simulated water level
hydrographs show an excellent agreement throughout the simulated event. This shows the
catchment runoff processes are being well simulated including the initial catchment response
from the wetting-up period (incorporating rainfall losses) and the general rise of water levels
in the Lagoon indicating a good simuiation of the relative timing of the main tributary inflows.

* Peak flood levels — the peak flocd levels show a good agreement. There is some slight
discrepancy in the peak level at Ocean Street and Pittwater Road being slightly higher than
recorded. The simulated results do show a slight water level gradient at the peak of the
event being generated in the modelled condition which is not evdent in the recorded levels.

¢ Total flood volumes — the area under the water level time series graph is indicative of the
total fiood volume for the event  As evident in the observed vs. simulated compansons, both
wrater level profiles generally track the same for the duration of the event, and accordingly the
total volumes would appear to be in good agreement. The adopted rainfall depth distribution
and the modelled initial and continuing loss parameters provide for a good representation of
total runoff volume generated from the catchment.
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Figure 58 Ocean Street Water Level Calibration — April 1998
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Figure 510 Pittwater Road Bridge Water Level Calibration — April 1998

The comparison of recorded and simulated water |evels at the Middle Creek gauge is shown in Figure
5-11, The simulation of the absolute peak water level at this site is similar to that achieved at the
Lagoon gauges. In confrast to the Lagoon body where water levels are a function of the total
volumes entering the system and the stage-volume relationship of the Lagoon, the water levels at the
Middie Creek gauge are driven by local hydraulic controls of the creek and are also much more
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sensitive to the timing of rainfall bursts. Nevertheless, the simulated profile presented in Figure 5-11
shows a good result from the perspective of the simulated hydrological conditions. The recorded
water level profile shows two distinct peaks which are also shown in the modelled results. Both the
timing and relative magnitude of the modelled peaks show a good match to the observed conditions.
Accordingly, & can be taken that the models are performing reasonably well in simulating the
catchment response to rainfall.

500
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Figure 5-11 Middle Creek Water Level Calibration — April 1998

There are a number of uncertainties in the simulated hydrological conditions, not in the least the
assumed spatial and temporal distribution of rainfall which may have a significant influence on the
catchment generated runoff. Owerall the simulated catchment response is considered a good
representation of the cbserved conditions. The deviations in the timing, shape and peak levels of
simulated hydrographs from observed conditions are within acceptable bounds considering
uncertainties in the data such as spatial and temporal vanations in rainfall across the catchment.

In terms of the catchment wide response, the simulated inundation extent for the Apnl 1998 event is
shown in Figure 5-12. The simulated conditions indicate that out-of-bank flooding is relatively minor
in the upper catchment areas of Middle Creek, South Creek and Deep Creek with the flocodwaters
generally confined to the within the main creek alignments,

The major inundation occurs around the Lagoon foreshore area as a result of elevated Lagoon water
levels and in the major flood storage area of the Warriewood Wetlands.
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5.3 March 2011 Model Validation

The March 2011 fload has been used as a model validation event, given the availability of rainfall and
water level data as well as information provided during the community consultation process (e.g.

photographs)
5.3.1 Validation Data
53.1.1 Rainfall Data

There were twelve active rainfall gauges within or in close proximity to the Namrabeen Lagoon
catchment for the March 2011 event. Five of these gauges were continuous read gauges operated
by MHL with the remaining seven gauges being daily read gauges operated by BoM. The recorded
dally totals (for the 24 hours to Sam) from March 18" = 217 2011 for the twelve active rainfall gauges
are summarised in Table 5-3 (the recorded rainfall at Ingleside BoM gauge was in the form of a 3-day
total from 9am 19/3/2011 to Sam 21/3/2011).

Table 5-3 Recorded Rainfall March 2011 Event
24 hr Total 24 hr Total 24 hr Total

72 hr Total (to

Gauge Location Operator 1‘;70371"1” 2‘(‘)‘?093‘,’1"1" 2(;70371’2) Bam 21/03/11)
(mm) {mm) (mm) {mem)

Middie Creek MHL 45 135 45 226
Cromer MHL 62 121 0 | 22
Beirose | & 21 | T
Mona Vale MHL 82 107 41 | 230
Asiambie MHL 45 100 37 182
Terrey Hills BoM 61 126 40 i
Cromer Golf Club Bohd 61 122 65 248
Mona Vale Golf Club Bol 7t 106 47 [ 224
Frenchs Forrest Rd BoM 55 18 40 215
Belrose (Evelyn Place) BoM 57 137 30 | 2%
Coltaroy ] Reef Colf BoM 78 115 42 236
Ingleside BoM 229 . 22

As shown in Table 5-3, there was extensive rainfall across the local area over a 3-day recording
period. The majority of the rain fell in the 24-hours to 9:00am on the 20" March, however, this was
preceded by substantial falls recorded on the 19" March, and followed by further substantial falls
recorded on the 21" March, The combined 72-hour tatals across the catchment were typically in
excess of 220mm, with the Cromer Goif Club gauge recording the highest 3-day total of some
248mm.

The daily rainfall totals for both the continuous and daily read gauges were used to derive a spatial
distribution of rainfall across the Narrabeen Lagoon catchment. The estimated rainfall distribution for
the March 2011 event is shown in Figure 5-13.

KWXTO_NARRASEEN LAGOON_FI000_STUDYOCCIR N20T0 006 (N FINALREFORT DOCY

+
.~ BMT WEM

327



WARRINGAH
COUNCIL

W

ATTACHMENT 1

Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04

ITEM No. 8.5 - 22 OCTOBER 2013

LEGEND
B Narrabeen Lagoon Catchment

¢ Rainfall Gauge
(72hr Totals to 9am 21/03/2011)

Rainfall Gauge (No Data) \

QL

72hr Rainfall Contour [ ¥
P

%

Belrose #246mm)| J
, &
o .%f‘i
L
» N
¥ !

Ingleside ”g*t_ﬁm?\':fmnm; N ion sV

W5 r.qn,:;‘j{.alll&%?ﬁiﬁ’i 29

- X

3

M r-?njg)j;"*(&aﬂ Club 1224

N

o P X
-~ ‘ F
210 s Collatoyl( fongiReet'GolCIUb) 236 mm)

Title:

March 2011 Rainfall Distribution

BMT WEM sadeoviurs 10 ensuee that the éonmation ovded » s

D 1% COnect ot B terw of pobibcaton BMT WEM doss nid wastan N
o of miake tep gardng the curmescy and
of ik 0 Nik mep \

Rev:

A

Figuro

5-13

Filepath : K‘NZO?O.NaunM-Lagm"hw‘SnnMrWaW'm_ij 1_Rainfall WOR

1 Zkm
Approx. Scale '

Y
“wr BMT WBM

Yeerw bmtwben com.au

328



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM NO. 8.5 - 22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

MODEL CALIERATION AND VALIDATION 61

The recorded hyetographs at the continuous read rainfall gauges within the Namabeen Lagoon
catchment or in the near vicinity are shown in Figure 5-14. The hyetograph period shown is from
12:00am 19" March to 2:00pm 20" March 2011, comesponding the period of the main rainfall
resulting in the peak flood levels attained in Narmabeen Lagoon,

As evidenced in the recorded hyetographs, there is some variabilty across the gauges in terms of the
relative intensities and rainfall depths across the period.  Typically however, all continuous read
gauges show that the rainfall generally fell within three distinct bursts,
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Figure 5-14 March 2011 Recorded Rainfall
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To gain an appreciation of the relative intensity of the March 2011 event, the recorded rainfall depths
at the Middle Creek MHL continuous read rainfall gauge for various storm durations were compared
with the design IFD data for the Narrabeen Lagoon catchment as shown in Figure 5-15. The March
2011 event generally tracks the design 50% AEP (2-year ARI) rainfall depth for the duration of the
event. For the Middle Creek continucus read rainfall gauge the following comparnisons to design
rainfall depths can be made for the March 2011 event;

e 1Z2-hour duration ~83mm recorded compared with 113mm design 50% AEP;

*  18-hour duration —131mm recorded compared with 133mm design 50% AEP:

e 24-hour duration =140mm recorded compared with 147mm design 50% AEP,

e 3B-hour duration —185mm recorded compared with 168mm design 50% AEP; and
e 48-hour duration =180mm recorded compared with 185mm design 50% AEP.

550
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- | | | | / ek b
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Figure 5-15 Comparison of March 2011 Rainfall with IFD Relationships
53.1.2 Water Level Data

There were three active water level gauges operating within the Narrabeen Lagoon catchment during
the March 2011 event — Middle Creek (on the Middle Creek tributary). Pittwater Road Bridge
(Narrabeen Lagoon) and Ocean Street Bridge (Narrabeen Lagoon),

The recorded water level time series at each gauge location for the March 2011 event is shown in
Figure 5-16. The time series shown covers a pericd of some 3-days. As noted in the rainfall
analysis, three separate significant rainfall periods occumed during the event. The timing of these
rainfall bursts resulted in a gradual rise in water levels in the lagoon over a period of some 36-hours
from the initial response to the peak water level condition in the lagoon. A further 36-hour period
showing the recession of the event is also included in Figure 5-16.
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5.3.2 Downstream Boundary Conditions

Ocean tide (water level) data was available for the March 2011 event from a continucus tide gauge
maintained by MHL at Middle Head, This water level data is considered to be representative of the
ocean water levels at the Narrabeen Lagoon entrance and as such was used as the downstream
boundary for the March 2011 event. The relationship between recorded ocean water levels and
recorded rainfall for the March 2011 event is shown in Figure 5-17.
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Figure 5-17 March 2011 Recorded Tidal Water Level
5.3.3 Observed and Simulated Flood Conditions March 2011

Similar to the April 1998 event, validation data for the catchment is limited to the available water level
time series at the Middie Creek, Pittwater Road and Ocean Street gauges. A comparison of recorded
and simulated water level profiles in Narrabeen Lagoon for the March 2011 event are shown in Figure
5-18 and Figure 5-1¢ for the Ocean Street and Pittwater Road gauges respectively. The simulated
results generally show a reasonable comparison between the recorded and simulated profiles. Some
of key the aspects of the simulated catchment flood behaviour include:

e Catchment runoff response — similar to the reported calibration for the April 1998 event, the
relative timing of the observed and simulated water level hydrographs show an excellent
agreement throughout the simulated event. This shows the catchment runoff processes are
being well simulated including the mitial catchment response from the wetting-up period
(incorporating rainfall losses) and the general rise of water levels in the Lagoon indicating a
good simulation of the refative timing of the main tnbutary inflows.

¢ Peak flood levels — the peak Lagcon flood levels are underestimated in the modei simulation
of the order of 0.1m. Throughout the initial part of the event, the water levels are typically
well simulated. The major discrepancy in water levels arises near the peak of the event. The
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under-prediction of this event can be attributed to the adopted rainfall distribution across the
catchment does not quite match the actual rainfall that fell particularly in the last rainfall burst.
This under-prediction highlights the uncertainty in establishing a continuous rainfall
distribution across the catchment using point values recorded at a limited number of gauge
locations,

It is appropriate to compare the recorded and observed water |evels at the Middle Creek
gauge as shown In Figure 5-20. As noted in the discussion of the April 1998 event calibration
(refer Section 5.286), the influence of local hydraulic controls on the simulated results
provides for discrepancy between the absolute water levels in comparison to recorded data.
However, similar to the April 1998 event, the catchment response in terms of timing is well
simulated. This is particularly evident when comparing the timing of the rise and falls
associated with the three distinct peaks recorded at the Middle Creek gauge (refer Section
5.3.1.2). What is evident however, is a discrepancy between the relative magnitude of each
of the peaks. The recorded condition shows an escalation in the magnitude of each
successive peak. The simulated condition also shows an escalation in the magnitude of the
each successive peak but underestimates the final peak level. This underestimation can be
partly attributed to the adopted rainfall pattems with reference to the recorded hyetographs
shown in Figure 5-14.

¢ Total flood volumes —the simulated water level time series at the Lagoon gauges show an
under-prediction towards the peak of the event. As a result, the total area under the water
level hydrograph being Indicative of total peak runcff volumes is under-predicted. This
apparent under-prediction In volume can also be described by the similar affects discussed in
comparing the peak water levels. The simulated discharge from the Lagoon at the peak
event may be too efficient resulting in @ more rapid than expected recession — it is noted the
peak coincided with a high tide condition, such that the entrance hydrodynamics can have a
major influence on lagoon starage. It is also expected that there is some under prediction in
runoff valumes directly from the adopted rainfall distribution which can be somewhat
subjective based on discrete point gauge data.
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Figure 5-18 Ocean Street Water Level Validation — March 2011
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Figure 5-19 Pittwater Road Bridge Water Level Validation — March 2011
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The recorded rainfall hyetograph at the Middle Creek gauge generally shows a rainfall distribution
consisting of three fairly even rainfall bursts. In comparison, many of the cther stations show a
hyetograph weighted towards the third main rainfall burst. The simulated water level profile shown in
Figure 5-20 is refiective of the Middle Creek rainfall hyetograph with three fairly similar peaks. Fmore
ofthe catchment was simulated with a rainfall distribution weighted toward the latter part of the event,
the simulated water level response would perhaps better represent the recerded condition.
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Figure 5-20 Middle Creek Water Level Validation — March 2011

Similar to the 1988 calibration event, there are a number of uncertainties in the simulated hydrological
conditions, not in the least the assumed spatial and temporal distribution of rminfall which may have a
significant influence on the catchment generated runoff, Qverall the simulated catchment response is
considered a good representation of the cbserved conditions. The deviations in the timing, shape
and peak levels of simulated hydrographs from cbserved conditions are within acceptable bounds
considering uncertainties in the data such as spatial and temporal varniations in rainfall across the
catchment.

In terms of the catchment wide response, the simulated inundation extent for the March 2011 event is
shown in Figure 521, The smulated conditions indicate that out-of-bank flooding is relatively mincr
in the upper catchment areas of Middle Creek, South Creek and Deep Creek with the floodwaters
generally confined to the within the main creek alignments.

The major inundation occurs around the Lagoon foreshore area as a result of elevated water levels
and in the major flood storage area of the Wamewood Wetlands.
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5.4 August 1998 Model Validation

The August 1698 flood has been used as a model validation event, given the availability of additional
water level data for Mullet Creek, Fermn Creek and Narrabeen Creek that was not available for the
April 1998 or March 2011 flood events (refer Section 2.2.2).

5.4.1 Validation Data
54.1.1 Rainfall Data

There were twelve active rainfall gauges within or in close proximity to the Namabeen Lagoon
catchment for the August 1998 event. Six of these gauges were continuous read gauges (five
operated by MHL and cne by Sydney Water), with the remaining six gauges being daily read gauges
operated by BoM. The recorded daily totals (for the 24 hours to Sam) from 6 — 8th August 1998 for
the eleven active rainfall gauges are summarised in Table 5-4.

Table 54 Recorded Rainfall August 1998 Event
“24hrTotal 24 hrTotal 24 hr Total |

. (to 9am (to Sam (to Bam 72 hr Total fto
$ecyje Location 06/08/68)  07/08/98)  08/0@/9g) | o DI/OSSB)
(mm) (mm) (mm) (mm)

Midde Creek MHL 89 111 161 381
Cromer MHL 78 141 ; 124 343
Belrose MHL 73 8¢ 131 203
Mona Vale MHL 91 11 102 304
Narrabeen Creek MHL 12 153 147 412
Warriewood Valley STP Sydney Water 101 144 134 379
Ingleside (Walter Ave) BoM 132 126 127 385
Cromer Golf Club BoM 88 133 167 388
Mana Vale Golf Club Bolt 94 131 121 346
Frenchs Forrest Rd BoM 79 115 163 357
Belrose (Evelyn Place) 8ol 82 85 120 287
Coleroy ‘g‘g““'e““ BoM 58 149 124 331

As shown in Table 5.4, there was extensive rainfall across the local area over a 3-day recording
period. The combined 3-day totals across the catchment were typically in excess of 300mm, with the
Narrabeen Creek gauge recording the highest 3-day total of some 412mm

The daily rainfall totats for both the continuous and daily read gauges were used to derive a spatial
distribution of rainfall across the Narrabeen Lagoon catchment. The estimated rainfall distribution for
the August 1808 event is shown in Figure 5-22.
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The recorded hyetographs at the continuous read rainfall gauges within the Narrabeen lagoon
catchment or in the near vicinity are shown in Figure 523. The hyetograph period shown is from
8:00pm 5" August to 8:00pm 8" August 1898, comesponding to the period of the main rainfall
resulting in the peak flood levels attained in Narrabeen Lagoon,

As evidenced in the recorded hystographs, there is some variabilty across the gauges in terms of the

relative intensities and rainfall depths across the period.

Typically however, all continuous read

gauges show that the rainfall generally fell within two distinct burst followed by a third smaller burst,
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Figure 5-23 August 1898 Recorded Rainfall

To gain an appreciation of the relative intensity of the August 1998 event, the recorded rainfall depths
at both the Middie Creek and Narrabeen Creek MHL continuous read rainfall gauges for various
storm durations were compared with the design IFD data for the Narrabeen Lagoon catchment as
shown in Figure 515, In comparison to the short duration April 1998 calibration event, the August
1998 was a longer duration event spread across a 2-3 day penod.

For the Middle Creek continuous read rainfall gauge the following comparnsons to design rainfall
depths can be made for the August 1598 event:

e 24-hour duration — 173mm recorded compared with 184mm design 20% AEP,

e 48-hour duration — 335mm recorded compared with 332mm design 5% AEP: and

e 72-hour duration — 364mm recorded compared with 374mm design 5% AEP

For the Narrabeen Creek continuous read rainfall gauge the following comparisons to design rainfall
depths can be made for the August 1998 event:

e 24-hour duration — 224mm recorded compared with 221mm design 10% AEP;

e 48-hour duration — 397mm recorded compared with 366mm design 2% AEP; and

e 72-hour duration — 414mm recorded compared with 447mm design 2% AEP.
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Figure 5-24 Comparison of August 1898 Rainfall with IFD Relationships
54.1.2 Water Level Data

There were six active water level gauges operating within the Narrabeen Lagoon catchment during
the August 1998 event — Middle Creek (on the Middle Creek tributary), Fern Creek (on the Fem
Creek tributary), Narrabeen Creek (on the Narrabeen Creek trdbutary), Mullet Creek (on the Mullet
Creek tributary), Pittwater Road Bridge (Narrabeen Lagoon) and Ocean Street Bridge (Narrabeen
Lagoon).

The recorded water level time series at each gauge location for the August 1598 event are shown in
Figure 525, The time series shown covers a pericd of some 5-days. As noted in the rainfall
analysis, three separate significant rainfall periods occured during the event. The timing of these
rainfall bursts resulted in fluctuating water levels in the lagoon and its tributaries over a period of
some 48-72-hours,
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5.4.2 Downstream Boundary Conditions

Ocean tide (water level) data was available for the August 1998 event from a continuous tide gauge
maintained by MHL at Middle Head, This water level data is considered to be representative of the
ocean water levels at the Narrabeen Lagoon entrance and as such was used as the downstream
boundary for the August 1998 event. The relationship between recorded ocean water levels and
recorded rainfall for the August 1998 event is shown in Figure 5-26.
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Figure 5-26 August 1998 Recorded Tidal Water Level
5.4.3 Observed and Simulated Flood Conditions August 1998

In addition to the gauge data available for Middle Creek, Pittwater Road, Ocean Street, further
calibration data for the August 1998 is available from the water level time series at the Fern Creek,
Narrabeen Creek and Mullet Creek gauges in the Warriewood Valley catchment. These additional
stations have a relatively short period of operation, however were active for this event. None of these
however are flow gauging stations, such that a direct flow calibration is not possible.

A comparison of recorded and simulated water level profiles in the Narabeen Lagoon catchment for
the August 1888 event is shown In Figure 527 to Figure 5-32. The simulated results show that a
good model calibration has been achieved for a number of aspects of the simulated catchment flcod
behaviour:

¢ Catchment runoff response — the relative timing of the observed and simulated water level
hydrographs show an excellent agreement throughout the simulated event. This shows the
catchment runoff processes are being well simulated including the initial catchment response
from the wetting-up period (incorporating rainfall losses) and the general rise of water levels
in the Lagoon indicating a good simutation of the relative timing of the main tributary inflows.
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The additional gauges in the Warnewocod Valley show a very rapid response to rainfall which
has been reproduced well by the models.

e Peak flood levels ~ the peak flood levels generally show a good agreement. The multiple
peaks, particularly of the highly dynamic Warriewood Valley gauges are also simulated well,

e Total flood volumes — the area under the water level time series graph is indicative of the
total fiood volume for the event. As evident in the observed vs. simulated compansons, each
water level profile generally tracks the same for the duration of the event, and accordingly the
total volumes would appear to be in good agreement, The adopted rainfall depth distribution
and the modelled initial and continuing loss parameters provide for a good representation of
total runoff volume generated from the catchment,

Similar to the April 1898 and March 2011 events, there are a number of uncerainties in the simulated
hydrological conditions, nat in the least the assumed spatial and temporal distribution of rainfall which
may have a significant influence on the catchment generated runoff. Overall the simulated catchment
response is considered a very good representation of the observed conditions. The deviations in the
timing, shape and peak levels of simulated hydrographs from observed condiions are within
acceptable bounds considering uncestainties in the data such as spatial and temporal vanations in
rainfall across the catchment,

In terms of the catchment wide response, the simulated inundation extent for the August 1998 event
is shown In Figure 533. The simulated conditions indicate that out-of-bank flooding is relatively
minor in the upper catchment areas of Middie Creek, South Creek and Deep Creek with the
ficodwaters generally confined to the within the main creek alignments. Widespread inundation is
largely limited to the mid to lower catchment largely around the Lagoon foreshore and within the
Warriewood Wetlands.
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Figure 5-27 Ocean Street Water Level Validation — August 1998
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Figure 5-28 Pittwater Road Bridge Water Level Validation — August 1998
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Figure 5-29 Middle Creek Water Level Validation — August 1998
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Figure 5-30 Narrabeen Creek Water Level Validation — August 1998
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Figure 5-31 Fem Creek Water Level Validation — August 1898
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Figure 5-32 Mullet Creek Water Level Validation — August 1998
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5.5 Determination of Design Model Parameters

In calibrating the models emphasis Is generally placed on reaching agreement between recorded and
simulated flood conditions with respect to peak water levels and refative iming of occurrence.

The model calibration achieved reasonable agreement in regards to observed conditions within the
Narrabeen Lagoon catchment for the principal calibration event of Aprl 1898 and validation events of
March 2011 and August 1988. The final model parameter values adopted, as shown in Table 52,
have been maintained (as per the calibration events) for design event simulation.

Given the limited amount of calibration data available, it is important to acknowledge the limitation of
the calibration process undertaken. All of the parameters have been kept within normal bounds
generally considered for a catchment study of this nature. Further consideration has been given to
sensitivity testing of key model parameters on design flood conditions as presented in Section 7.7.
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6 DESIGN FLOOD CONDITIONS

Design floods are hypcathetical flioods used for floodplain nsk management. They are based on
having a probability of occurrence specified either as:

e Annual Exceedance Probability (AEP) expressed as a percentage; or
* Average Recurrence Interval (AR!) expressed in years.

This report uses the AEP terminclogy. Refer to Table 61 for a defintion of AEP and the ARI

equivalent.
Table 6-1 Design Flood Terminology

AEP' ARF Comments

Probable Maximum Flood (PMF) A hypothetical flood or combination of floods which
represent an extreme scenario.

0.1% 1000 years A hypothetical fiood or combination of flioeds likely to
occur on average once every 1,000 years or with a
0.1% probability of occurring in any given year

0.2% S00years  Asforthe 0,1% AEP flood but with a 0.2% probability or
500 year retum pericd

0.5% 200 years As for the 0.1% AEP flood but with a 0.5% probability or
200 year return period

1% 100 years  Asfor the 0.1% AEP flood but with a 1% probability or
100 year retumn period.

2% 50 years As for the 0.1% AEP fiood but with a 2% probabiity or
50 year retum period.

5% 20 years As for the 0.1% AEP flood but with a 5% probability or
20 year retum period.

10% 10 years As for the 0.1% AEP flocd but with a 10% probability or
10 year retum period.

20% Approx. As for the 0.1% AEP flood but with a 20% probability or

_ S years 5 year retumn period.
50% Approx. As for the 0.1% AEP flood but with a 50% probability or
2years 2 year retum period.

1 Annuai Excesdance Probabiity (%)
2 Averaga Recurance Inteeval (years)

The design events simulated include the PMF event, 0,1%, 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20% and
50% AEP events for catchment derived flooding and the 0.5%, 1%, 2%, 5%. 10% and 20% AEP

events for ocean denved floading. The 1% AEP ficod is generally used as the standard flood for land
use planning and control.

In determining the design floods it Is necessary to take into account:

e Design rainfall parameters (rainfall depth, temporal pattern and spatial distribution). These Inputs
drive the hydrological model from which design flow hydrographs will be extracted as inputs to
the hydraulic model;
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e Design Lagoon entrance condition and berm geometry, Consideration was given to both open
and closed Lagoon entrance conditions,

e Design downstream ocean boundary levels. A fully scoured entrance condition will provide for
the crtical case for ocean flooding, whilst for closed condition and intermediate scouring.
coincident catchment and idal conditions may dictate flooding; and

« Design inttial Lagoon water level.

In determining the design flocds it is necessary to take into account the critical storm duration of the
catchment (small catchments are more prone to flooding during short duration storms while for large
catchments longer durations will be more critical).

6.1 Design Rainfall

Design rainfall parameters are derived from standard procedures defined in ARSR (2001) which are
based on statistical analysis of recorded rainfall data across Australia. The derivation of location
specific design rainfali parameters (e.g. rainfall depth and temporal pattern) for Narrabeen Lagoon is
presented below.

6.1.1 Rainfall Depths

Design rainfall depth is based on the generation of intensity-frequency-duration (IFD) design rainfall
curves utilising the procedures outlined in AR&R (2001), These curves provide rainfall depths for
various design magnitudes and for durations from 5 minutes to 72 hours

Table 6-2 shows the average design rainfall intensities based on AR&R adopted for the modelled
events specific to Narrabeen Lagoon.

The Probable Maximum Precipitation (PMP) is used in deriving the Probable Maximum Flood (PMF)
event. The theoretical definition of the PMP is "the greatest depth of precipitation for a given duration
that is physically possible over a given storm area at a particular geographical location at a certain
time of year" (AR&R, 2001). The AR of a PMP/PMF event ranges between 10" and 107 years and is
beyond the “credible limit of extrapolation®. That is, it is not possible to use rainfall depths determined
for the more frequent events (1% AEP and less) to extrapolate the PMP, The PMP has been
estimated using the Generalised Short Duration Method (GSDM) derived by the Bureau of
Meteorology. Durations of up to 6-hours have been considered for the PMP in accordance with the
GSDM.
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Table 6-2 Average Design Rainfall Intensities (mmvhr)

Design Event Frequency (AEP)
5% . 19% 02% | 0.1%

05 603 785 | 893 | 1030 @ 1220 @ 1360 1492 | 1683 1832 3800
1 413 543 620 720 853 954 1072 1216 1328 2800
16 | 330 | 425 | 485 | 670 675 770 842 A 954 1041 2400
2 | 278 34 415 483 572 640 707 800 873 2100
3 | 217 | 285 | 325 | 377 | 448 | 499 | 51 | €3 680 | 1700
| 144 | 187 | 213 246 200 324 359 406 442 1130

11 | 145 166 192 24 253 280 316 344  na

12 | 95 | 123 140 | 162 | 190 212 234 264 288 na
%8 | 73 96 | 109 127 148 166 186 210 229 na
24 61 81 92 | 107 126 141 157 178 194 @
8 | 39 51 69 | 69 83 93 103 117 128 na
72 | 20 | 38 | 44 | 52 | 82 | 70 | 78 | a9 98 n/a

6.1.2 Temporal Patterns

The IFD data presented in Table 6-2 provides for the average intensity that occurs over a given stom
duration, Temporal patterns are required to define what percentage of the total rainfall depth occurs
over a given time Interval throughout the storm duration. The temporal pattems adopted in the
current study are based on the standard patterns presented in AR&R (2001).

The same temporal pattern has been applied across the whole catchment. This assumes that the
design rainfall occurs simultaneously across each of the modelled sub-catchments. The direction of
a storm and relative timing of rainfall across the catchment may be determined for historical events if
sufficient data exists, however, from a design perspective the same pattern across the catchment is

generally adopted,
6.1.3 Rainfall Losses

The rainfall loss parameters adopted for the design floods were similar to those used in the
hydrological model calibration and validation. For the initial and continuing rainfall losses, values of
10mm and 2 5Smm/ were used for penvious areas and 2mm and Omm/hr for impendous areas. These
are consistent with the recommended ranges for design event losses in AR&R (2001).

6.1.4 Critical Duration

A series of model runs were carried out in order to identify the critical storm durations for the
catchment. The critical storm durations required to preduce the maximum peak water levels in
Narrabeen Lagoon were found to be the storm durations of between 9 to 24 hours. These durations
are similar to the events experienced in April 1888 and March 2011, Higher up the tributary
catchments, shorter duration events typically 90-minute — 2-hour durations provide for peak flood
level conditions.
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For the PMF event, the critical duration for the broader Lagoon area is the 5-hour duration with the
0.5 and 1-hour events typically the critical duration for the local flooding in the upper tributaries.

The design flood mapping adopts an “envelope” approach such that peak flood levels throughout the
catchment are represented, considering the difference in critical duration throughout the catchment

6.2 Design Ocean Boundary

Design ocean boundaries for use in flood risk assessments are recommended by the Flood Risk
Management Guide: Incorporating sea fevel rise benchmarks in flood nisk assessments (DECCW,
2010). The design ccean boundaries from this document are presented in Figure 61, The
recommended normal ocean boundary, representative of @ mean neap tide condition has been
adopted for the catchment derived flood events. For the ocean denved flood events, the elevated
ocean boundaries based on freaquency analysis of peak water levels have been adopted.

6.2.1 Catchment Derived Flood Events

The adopted tidal boundary for catchment derived flood events was based on the nomal tide
recommendation and is shown in Figure 6-2, The timing of the 0.8m AHD peak water level was
adjusted to coincide with the peak catchment inflow

26

25 | 4 : 4 7 Lagend

5%

Ocesn level (m AHD)

10 |
0 t 8 12 16 20 24 28 2 6 40
Time {hrs)

Source: Figure 7.1, Apperdix A, Draft Flood Risk Managerment Guide (DECCW, 2009)
Figure 8-1 DECCW Recommended Design Ocean Boundaries
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Figure 8-2 Design Ocean Boundary — Normal Tide
6.2.2 Ocean Derived Flood Events

The adopted tidal boundary for ocean derived flood events was based on the elevated tide
recommendation in the Flood Risk Managemert Guide: Incarporating sea level rise benchmarks in
fiood risk assessments (DECCW, 2010). These levels include the following considerations:

« Barometric pressure set up of the ocean surface due to the low atmospheric pressure of the
storm;

e Wind set up due to strong winds during the storm “piling” water upon the coastiine,
«  Astronomical tide, particularly the Higher High Water Salstice Springs (HHWSS). and
¢ Wave set up.
Adopted peak ocean boundary water levels for various magnitude storm events are shown in
Figure 6-3 with peak levels summarised in Table 6-3.
Table 6-3 Design Peak Ocean Water Levels

Event Magnitude ‘ Water Level (m)
20% AEP 19
5% AEP | 225
2% AEP 245
1% AEP | 260
0.5% AEP | 2.75
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Figure 6-3 Design Ocean Boundary — Elevated Tide

6.3 Design Lagoon Entrance Condition and Berm
Geometry

As stated in Section 2.1.2, the Narrabeen Lagoon entrance opening is subject to forces that act to
close the entrance (waves, tides and wind) and those that act to maintain an open entrance (flood
flows and dredging), which results in the Lagoon being defined as an intermittently closed and open
Lake/Lagoon (ICOLL).

The entrance of Narabeen Lagoon is artificially opened to mitigate flooding of nearby residential and
commercial areas. Routine entrance clearance dredging has been carried out within the lagoon fload
tide delta approximately every four years since 1875, which has kept the entrance mostly open since
that time. In addition at the entrance of the Lagoon lies a shallow rock shelf (Figure 6-4) that is
located currently around mid-tide level, and acts as a control on the tidal hydraulics of the lagoon
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Figure 64 Narrabeen Lagoon entrance and rock shelf

The entrance channel to Narrabeen Lagoon is predominantly open to the ocean due to mass sand
clearance works undertaken by The Councils, approximately every four years. Even so, the entrance
condition at Narrabeen Lagoon is possibly the most significant control on flood water levels within the
lower catchment for lower design events.

The height of the entrance berm level and the presence of the shallow rock shelf will influence how
high lagoon water levels need to reach before natural breakout and discharge to the ocean is
inttiated. The relativity between the rate of entrance scour (and thus discharge from the lake) and the
rate of catchment runoff flowing into the Lagoon system will determine how high lagoon water levels
reach in excess of the entrance bemn level, Elevated ocean water levels may also penetrate into the
lagoon, through overtopping of the entrance berm (Figure 6-5) and restrict outflow,

The conditions of the entrance, Including the entrance berm level, are a function of active coastal
processes (wave and sediment transport). Consequently, for ICOLLs, an assessment of lagoon flood
conditions requires consideration of adjacent coastal conditions as discussed in Section 6.2,

Figure 6-5 Waves overtopping into Narrabeen Lagoon
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6.3.1 Catchment Derived Flood Events

The Lagoon entrance bathymetry (with the exception of the entrance bemm level) for the catchment
derived flood events was obtained from the 2011 pre-dredge bathymetric survey (as adopted for the
calibration and validation events). The entrance berm |evel adopted for the catchment derived flcod
events is 1.3m AHD.

The 1.3m AHD entrance berm level comresponds to the level in the Lagoon that triggers a mechanical
breakout to be initiated as outiined in the Lagoon Entrance Management Operational Management
Standard (Warringah Councll, 2012). Using this data provides for a largely closed entrance and
represents the worst case entrance condition for a catchment derived flood event.

The adopted model bathymetry for the Lagoon entrance representing a closed condition is shown in
Figure 6-6.

6.3.2 Ocean Derived Flood Events

The Lagoen entrance bathymetry (including entrance berm level) for the ocean derived fiood events
was obtained from the 2005 bathymetric survey (refer Section 5.2.4). The Lagoon entrance condition
for the ocean derived flood events is shown in Figure 6-6. Using this data provides for a largely
unrestricted entrance condition, as recommended for use in ocean derived flood events by Appendix
A of the Flood Risk Management Guide (DECCW, 2010).

6.4 Design Initial Water Levels

Initial water levels in Namrabeen Lagoon for design flood events have been derived based on a
combination of water levels defined in the Narrabeen Lagoon Entrance Management OMS and
analysis of available water level records from two water level gauges located in Narabeen Lagoon.

6.4.1 Catchment Derived Flood Events

The Initial water level in Narrabeen lagoon adopted for catchment derived flood events is 1.3m AMD.
This water level corresponds to the adopted closed berm height (i.e. assuming Lagoon is full to this
level) and represents the level in the Narrabeen Lagoon Entrance Management OMS at which a
mechanical Lagoon breakout is initiated, An initial water level of 1,3m AHD therefore provides for the
worst case indtial water level for a catchment derived flood event.

This initial water level Is considered conservative, however, the design storm burst can occur during a
period of heavy rainfall, and the entrance may not have had time to be cpened either mechanically or
naturally by the flood waters.

6.4.2 Ocean Derived Flood Events

The initial water level in Narrabeen lagoon for the ocean derived flood events is based on a nominal
tidal condition. The initial water level in Narabeen Lagoon was set to 0,.23m AHD which equates to
the water level at ime zero for the adopted ocean tide time serles (refer Section 6.2 and Figure 8-3).
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6.5 Modelled Design Events

In consultation with The Councils a suite of design evenl scenarios were defined that are most
sultable for future flocdplain risk management in Narabeen Lagoon. Consideration was given to
design flood events driven by both catchment and ocean processes. The potential impact of climate
change on flood behaviour within Narrabeen Lagoon is presented in Section 8,

6.5.1 Catchment Derived Flood Events

A range of design events were defined to model the behaviour of catchment derived flooding within
the Narrabeen Lagoon catchment including the 50% AEP, 20% AEP, 10% AEP, 5% AEP, 2% AEP,
1% AEP, 0.5% AEP, 0.2% AEP, 0.1% AEP and PMF events. The catchment derived fiood events
were based on the following:

* Design rainfall parameters denved from standard procedures defined in AR&R (2001);

« Nommal ocean boundary as recommended in Appendix A of the Draft Flood Risk Management
Guide (DECCW, 2009),

* Lagoon entrance bathymetry based on 2011 pre-dredge bathymetric survey with the berm height
setto 1.3m AHD; and

e Initial water level of 1.3m AHD,
6.5.2 Ocean Derived Flood Events

A range of design events were defined to model the behaviour of ocean derived flooding within the
Narrabeen Lagoon catchment including the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and
0.5% AEP events. The ocean derived flood events were based on the following:

* No catchment rainfall,

« Elevated ocean boundary as recommended in Appendix A of the Draft Flood Risk Management
Guide (DECCW, 2009);

e Lagoon entrance bathymetry based on 2005 bathymetric survey; and
e Initial water level of 0.2m AHD.

6.5.3 Joint Catchment and Ocean Derived Flood Events

Model simulations were undertaken considering the coincidence of catchment and ccean flooding
conditions consistent with the recommendations of the Flood Risk Management Guide (DECCW,
2009). These simulations were undertaken for the 1% AEP event using:

e 1% AEP catchment rainfall with 5% AEP design ocean condition; and
o 5% AEP catchment rainfall with 1% AEP design ocean condition,

The results of the above simulations were then compared to the design flood results for the 1% AEP
catchment and 1% AEP ocean derived events in order to assess the influence of joint catchment and
ocean design events on design flood levels, Different meteorological conditions drive the catchment
and ocean floeding, such that a combined 1% AEP catchment event combined with a 1% AEP ocean
event represents an extremely rare occurrence.
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7 DESIGN FLOOD RESULTS

A range of design flood conditions were modelled, the results of which are presented and discussed
below. The simulated design events included the S0% AEP, 20% AEP, 10% AEP, 5% AEP, 2%
AEP, 1% AEP, 0.5% AEP, 0.2% AEP, 0.1% AEP and PMF events for catchment derived flooding and
the 20% AEP, 10% AEP, 5% AEP, 2% AEP. 1% AEP and 0.5% events for ocean derived flooding. A
series of design fiood maps for selected events are provided in Appendix A

7.1 Peak Flood Conditions
7.1.1 Catchment Derived Flood Events

The design flood results are presented in a flood mapping series in Appendix A, For the simulated
design events including the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP, 0.5% AEP, 0.2% AEP,
0.1% AEP and PMF events, a map of peak flood level, depth and velocity is presented covering the
modelled area.

Predicted flood levels at 17 selected locations are shown in Table 7-1 for the full range of design
event magnitudes considered. The locations of reported flood levels are shown in Figure 7-1,

7.1.2 Ocean Derived Flood Events

The design flood results are presented in a flood mapping series in Appendix A. For the simulated
design events induding the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and 0.5% AEP events,
a map of peak flood level, depth and veloctty is presented covering the modelled area.

Predicted flood levels at selected locations are shown in Table 7-2 for the full range of design event
magnitudes considered. All events are modelled with an open entrance condition (refer Section
52.4). For lower order events that occur during a closed entrance condition the berm may offer
some form of flood protection. However, for large ocean derived events the entrance berm would be
overtopped or in some cases destroyed.

7.1.3 Joint Catchment and Ocean Derived Flood Events

Predicted peak flood levels at selected locations for the coincident catchment and ocean flooding
scenarios are shown in Table 7-3. The caincident flooding scenarios presented incdude:

* 1% AEP catchment rainfall with 5% AEP design ocean condition; and
e 5% AEP catchment rainfall with 1% AEP design ocean condition,
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Table 7-1  Modelled Peak Flood Levels for Catchment Derived Design Events
Modelled Peak Flood Level (m AHD)
Location 20% 5% 2% 1% 0.5% 0.2% 0.1%
AEP AEP AEP AEP AEP AEP AEP AEP AEP
US Ocean St Bridge 22 24 26 26 27 29 30 32 33 47
US Pittwater Rd
Bridge (Narrabeen 2.2 24 26 2.7 28 30 31 33 34 50
Lagoon)
US Pittwater Rd
Bridge (Mulet Creek) 22 24 26 27 28 29 31 33 34 49
US Jackson Rd '
Cubvert (Mullet 25 25 27 28 29 30 32 33 34 49
Creek)
US Garden St
Culvert (Mullet 39 4.1 42 43 4.4 45 46 47 47 53
Creek)
US Garden St
Culvert (Fern Creek) 108 112 11.3 116 11.8 1.9 120 121 122 125
US Macpherson St '
Culvert (Narrabeen 29 30 3.1 3.2 33 33 34 35 36 49
Creek)
Narrabeen RSL
Carpark (Nareen 52 54 55 56 57 58 59 59 6.0 63
Creek)
US Narroy Rd
Culvert (Nareen 22 24 26 27 28 30 31 33 34 49
Creek)
US Pittwater Rd
Culvert (Nareen 22 24 26 27 28 30 31 33 34 49
Creek)
US Deep Creek
Bridge 22 25 26 27 29 30 32 33 35 5.0
US Middle Creek
Bridge 1 22 25 26 23 29 30 32 33 385 50
US Middle Creek
Bridge 2 81 85 88 9.1 95 98 100 10.2 104 120
US Middle Creek
Bridge 3 101 106 109 111 115 1.7 19 121 123 140
US Toronto Ave
Bridge (South Creek) 43 43 44 45 48 50 52 53 54 6.3
US Carcoola Rd [
Culvert (South 6.1 6.3 8.3 6.4 85 66 8.7 88 69 7.8
Creek)
US Willandra Rd
Culvert (South 127 129 129 13.0 13.1 13.1 132 13.3 13.3 139
Creek)
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Table 7-2 Modelled Peak Flood Levels for Ocean Derived Design Events
Modelled Peak Flood Level (m AHD)

Location

US Ocean St Bridge
US Pittwater Rd Bridge (Narrabeen Lagoon)
US Pittwater Rd Bridge (Mullet Creek)
US Jackson Rd Culvert (Mullet Creek)

20% AEP/10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP

13
1.3
13
13

US Macpherson St Culvert (Narrabeen Creek) -

US Narroy Rd Culvert (Nareen Creek)
US Deep Cresk Bridge

US Middle Creek Bridge 1

US Toronte Ave Bridge (South Creek)

1.2
1.3
13
13

14
14
14
1.4
14
14
14
1.4

18
16
16
15
15
15
16
16
16

18
17
17
17
17
17
18
18
18

19
19
19
18
18
19
19
19
19

Table 7-3 Modelled Peak Flood Levels for Joint Design Events

Modelled Peak Flood Leve! {m AHD)

20
20
20
20
20
20
20
20
20

366

e ST T

Event 5% AEP Ocean1% AEP Ocean
US Ocaan St Bridge 29 19 30 26
US Pitwater Rd Bridge (Narrabeen Lagoon) 30 19 30 26
US Pitwater Rd Bridge (Mullet Creek) 29 19 30 26
US Jackson Rd Culvert (Muliet Creek) 3.0 18 3.0 27
US Garden St Culvert (Mullet Creek) 42 = 42 41
US Garden St Culvert (Fem Creek) 15 = 115 12
US Macpherson St Culvert (Narrabeen Creek) . 33 1.8 33 32
Narrabeen RSL Campark (Nareen Creek) 53 = 53 52
US Narroy Rd Culvert (Nareen Creek) 29 19 3.0 26
US Pittwater Rd Culvert (Nareen Creek) 29 19 30 26
| US Deep Creek Bridge 30 19 31 26
US Middle Creek Bridge 1 30 19 31 26
US Middle Creek Bridge 2 95 - 95 90
US Middle Creek Bridge 3 1.2 = 12 109
US Teronto Ave Bridge (South Creek) 47 19 47 42
US Carcoola Rd Culvert (South Creek) 63 = 6.4 63
US Willandra Rd Culvert (South Creek) 129 . 129 1258
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7.2 Design Flood Hydrographs

A range of storm durations were modelied in order to identify the critical storm duration for design
event flooding in the catchment. Design durations considered included the 0.5-hour 1-hour, 1.5-hour,
2-howr, 3-hour, 4.5-hour, 8-hour, S-hour, 12-hour, 18-hour and 24-hour durations.

Outputs from the model simulations indicate that the maximum peak inflows to Narrabeen Lagoon
are generally derived when using a storm duration of between 9 to 24 hours. Note there are only
minor differences in peak levels in the Lagoon between the 9 to 24 hour durations. In the upper
reaches of some of the tributary catchments, the 2-hour duration provided for the highest peak flows.

A plot of the water level response at the location on Narrabeen Creek upstream of Macpherson Street
provides a good representation of general flood response in the catchment. Figure 7-2 shows the
simulated water level time series at Macpherson Street for the 1% AEP 2-hour and S-hour storm
durations. This location is approximately at the limit of where the influence of Namabeen Lagoon
ficoding ends and the local catchment floed condition becomes the dominant flooding condition. This
is further illustrated in Figure 7-3 showing a pict of the critical duration for the 1% AEP event across
the lower part of the catchment. Within the broader Lagoon and the lower reaches of the tributary
channels, the longer 9-18 hour duration events provide for the peak flood water levels in the system.
Macpherson Street on the Namabeen Creek tributary represents the approximate limit where the
shorter duration 2-hour event for lecal flooding becomes the critical duration.

Figure 7-2 shows the flood peak for the 2-hour and S-hour durations to be almost the same |evel at
Macpherson Street. The 2-hour duration water level profile is largely driven by the local flooding
generated in the Namabeen Creek catchment. The relatively small catchment provides for a rapid
water level response to rainfall, with peak flood conditions being reached within an hour.

=13 AEP 2-Howr Event

| =13 ALY Y Hour tvant |

31+

28 ¢
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21 1

Simulsted Flood Level (m AHD)

19
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1S | { f f '
0 1 ¢ 3 1 5 b / 2.3 Y w 1 12
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Figure 7-2  Simulated Water Level Response at Macpherson Street, Narrabeen Creek
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The 1% AEP S-hour water level time series shown in Figure 7-2 represents significantly longer storm
duration with a greater overall runoff volume compared to the 2-hour design event. The piot shows a
dual peak with the local catchment contribution peaking at around 4-hours before the higher peak at
around 6-hours. This later peak represents the peak flood condition being reached in the broader
Namrabeen Lagoon. Further upsiream within Narrabeen Creek, there is less influence from the
Lagoon flood level in which short duration event local catchment flooding becomes the dear
dominant flooding mechanism. This type of flcod behaviour is similar on the other small tributaries
where the critical durations in the upper reaches are relatively short as shown in Figure 7-3.

The rapid water level rise as seen in Figure 7-2 has implications for floodplain risk management and
emergency response given the potential for fmited available waming time before the onset of peak
fiood conditions, Critical durations are similar for most of the other design event return periods, For
the PMF event, the critical duraticn for the broader Lagoon area is the 5-hour duration with the 0.5
and 1-hour events typically the critical duration for the local flooding in the upper tributaries.

The simulated 1% AEP 9-hour duration hydrographs for each of the main fributaries at the confluence
with Narrabeen Lagoon and the Lagoon hydrograph at the Ocean Street Bridge are shown in
Figure 7-4. Also shown for reference is the combined inflows to the Lagoon from the tributary
catchments. The significant effect of the storage on attenuating flows through the Lagoon is evident in
comparing the combined infiow hydrograph to the Ocean Street hydrograph, This attenuating effect
results in lower peak discharge to the ocean, however also provides for a lag of some 2 to 3 hours
between the peak inflows to the Lagoon and the actual peak flood condition in the main body of the
Lagoon. The Lagoon response for the S-hour duration design event is similar to the conditions
observed in the April 1898 event,
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Figure 744  Sub-catchment Contributions to Narrabeen Lagoon (1% AEP 9-hour Event)
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The rates of rise of the hydrographs are to some degree dependent on the adopted temporal patterns
across the range of design storm event durations (refer to Section 6.1.2). However, the response
shown in Figure 7-4 with a rapid rise in flow over 1 to 2 hours is generally typical of the catchment
response. Even shorter response times may be apparent in the upper reaches of the catchments.

The main contributions to flows in Namabeen Lagoon obwviously come from the largest sub-
catchments being the Deep Creek and Middle Creek tnbutaries. A summary of the design peak flows
from each tributary for the 1% AEP event are summarised in Table 7-4. Shown for comparison in the
table are the peak discharges from previous studies including the 1990 Narrabeen Lagoon Flood
Study and the more recent flood studies completed for individual sub-catchments.

Table 74  Design Peak Tributary Flows (1% AEP Event)

Peak 1% AEP Flow (m’/s)

Narrabeen

Sub-catchment Recent Flood
Lagoon Study
Flood Study {see notes)
(PWD, 1990)

Warriewood Valley (Mullet, 3
Feen and Narabeen Creeks) 60(157) 130 60
Nareen Creek 17 42 24"
Deep Creek 177 190 nia
Middle Creek 212 167 196"
South Creek 128 101 121°

a)  Wamewcod Valey Flood Study (Lawson & Traloar, 2005)

b)  Nareen Creek Flood Study (Carano Lawson Tretoar, 2005)

¢}  Midde Creek Flood Modaling [Cel, 2009)

d) South Creek Flood Study (Webb, Mckeown & Assoniates, 2006)

Note The brackeled value or the cument study represerts the combned pesk Now of the combined
MudetFomNamabeen Ck tribitsnes upstream of Wamewood Welland

In general the simulated peak flows from the cumrent study compare reasonably well to peak flows
from the other completed studies. There is consistency between the current study and the 2005
study by Lawson and Treloar for the Warriewood sub-catchment. This value represents the flow
downstream of Warriewood Wetlands, which is highly attenuated in comparison to the peak flows
from the upsiream tnbutaries. The bracketed value represents the combined peak inflows from the
tributaries upstream of Warriewood Wetlands, noting that this value compares more favourably with
the PWD (1980) study. The PWD (1990) study value also represents an “un-attenuated" flow from
the hydrological model, without the influence of the significant Warriewood Wetland and Narrabeen
Lagoon storage effects. It is noted that the current study also predicts higher flows from the
Narrabeen, Fem and Mullet Creek tributaries upstream of Warmiewood Wetlands in comparison to
Lawson and Treloar (2005),

For the simulated 1% AEP design event the combined peak inflow into Narrabeen Lagoon is
490m‘/s. The refative inflows for other selected design event magnitudes are shown in Figure 7-5 for
comparison.
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Figure 7-5 Combined Inflows to Narrabeen Lagoon for Sample Design Events
7.3 Design Flood Behaviour

The design flood mapping in Appendix A presents the peak design floed condition throughout the
catchment, giving the peak fiood extents, depth and velocity distnbutions, Further discussion on the
general nature of flooding within each of the main sub-catchments of Narrabeen Lagoon is provided
below.

7.3.1 Narrabeen Lagoon Entrance

The main Lagoon waterbody represents a significant flood storage area at the downstream end of the
catchment. As discussed in Section 7.2, the Lagoon receives significant flood flows from each of its
tributary catchments. These inflows are highly attenuated through the flood storage provided in the
Lagoon and the contral of outfiow through the entrance channel.

The simulated design flood conditions have assumed a relatively shoaled entrance condition at the
beginning of the flood event, and a comesponding high initial Lagoon water level. As floodwaters are
conveyed from the tributary catchments through the Lagoon water body, overtopping of the entrance
berm Initiates scour, with a continual widening and deepening of the entrance channel as flow
increases. The flood levels attained in the Lagoon are a function of the volume of floodwater entering
from the tributary catchments and the discharge through the entrance channel to the ocean.

The model simulations provide for significant scour of the entrance through the flood event from the
inttial shoaled condition. In general, the entrance channel deepens considerably with remaval of the
entrance shoals under high flow conditions also. The model provides for entrance scour in order to
simulate the berm breaching process and thereby the influence on flood conveyance. The extent of
scour or erosion, particularly in the PMF event is expected to extend to up to the base of the
stabllised dune at Birdwood Park.
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Figure 7-6 shows an example of the simulated evolution of the entrance scour under flood condition,
The model scenario shown is for the 1% AEP S-hour design flood event incorporating a heawily
shoaled initial condition at the entrance, with the adopted minimum berm height of 1.3m AHD. At this
level the entrance is closed. The overtopping of the berm initiates outflow through the entrance in
response to catchment inflows. On the initial rising limb of the hydrograph, the entrance remains
largely constrained with the Lagoon body and entrance water levels rising commensurately. As
catchment inflows Increase and induce scour of the entrance, the outfiow hydrograph rises rapidly.
Under the high flow conditions a significant water level gradient from the Lagoon to the entrance is
generated, Water levels in the Lagoon and entrance channel would continue to fall through the
hydrograph recession until the tidal exchange is reinstated through the scoured (open) entrance.

The results presented show in general terms the simulation of flood behaviour at the entrance of
Narrabeen Lagoon for a catchment flood event initiating an entrance breakout. The application of the
morpholegical model within the flood study context is not intended to define the exact evolution of the
entrance channel in terms of definitive erosion and sedimentation zones and the final entrance shape
and bathymetry. What is important however is that the medels provide for an appropriate
representation of the total conveyance of the entrance, and simulate the changing capacity as the
flood wave propagates through the system.

Comparison of pre- and post-breakout bathymetric survey, atthough typically unavailable within
reasonable periods of a given event, can provide the opportunity to validate the models in respect to
the shape and position of the scoured channel. Collection of such survey data may be considered in
future entrance breakout events.

7.3.2 Narrabeen Lagoon and Foreshores

Typically in flood conditions, the peak water level in the Lagoon is similar across the entire waterbody
with very little water level gradient, The foreshore inundation accordingly can be tied to a
representative Lagoon water level. At the downstream end of the Lagoon, small flood water level
gradients are generated from Pittwater Road bridge through to the entrance.

Flgure 7-7 shows examples of the relative response of water level in Narrabeen Lagoon for the 1%
AEP design event of various storm durations. As the Narrabeen Lagoon storage has a significant
influence on design flcod conditions, longer duration (volume driven) events are typically more critical
in terms of peak flood level in the Lagoon, The S-hour, 18-hour and 24-hour events resulted in similar
peak flood levels n Narrabeen Lagoon, albeit with different response in terms of timing and volume of
flow.
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Figure 7-7 Simulated Water Level Response in Narrabeen Lagoon

The S-hour design event provides for close to critical peak fiood level condition, but also represents a
very rapid nse in flood water level in the Lagoon. This rapid rise in flood level has significant
implications In terms of flood emergency response. Properties may be subject to inundation without
significant flood warning time (e.g. 6 hours) which may limit the opportunity for an effective
coordinated flood emergency response. Key access reutes are likely to cut by floodwaters prior to the
peak flood levels being reached.

The 2-hour design event, characterised by very high intensity short duration rainfall, does not
generate sufficient flood valumes throughout the catchment to raise Narrabeen Lagoon flood levels to
the design peak conditions under longer duration events. However, the Lagoon levels attained are
still high enough for inundation of lower fareshore areas. As shown, this may occur within a matter of
hours, again providing limitations on effective flood warning and response. The shorter duration
evenls are also the more critical events for the upper reaches of the catchments.

Figure 7-8 shows the approximate extent of the influence of Namrabeen Lagoon ficod levels. The
figure provides for the approximate delineation between the flcodplain area dominated by the peak
Narrabeen Lagoon flood condition and the area dominated by the local catchment peak flood
condition. As noted, a large proportion of the lower catchment is dominated by the Narrabeen Lagoon
peak flood level.
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7.3.3 Warriewood Valley (Mullet, Fern and Narrabeen Creeks)

This catchment has the highest density of urbanisation, particulady within the extent of the defined
flood prone land (up to the PMF extent),

In the upper reaches of Narrabeen Creek and Mullet Creek, flooding Is generally confined to the
channel with limited overbank flows. In the upper reaches of these channels, the coniributing
catchment area is relatively small and with the combination of recent in-stream works to
increase/maintain channel capacity, floodwaters even in major events are largely conveyed in-bank.
Accordingly, the development that has taken place to date is largely free from extensive inundation.
The capacity of the existing culvert at Ponderosa Parade on Narrabeen Creek may be exceeded in
events in excess of the 10% AEP event. Once floodwaters overtop the road, some flow bypasses the
creek channel and is conveyed aleng Macpherson Street.

Typical peak flood level profiles along Narrabeen Creek are shown in Figure 7-9, Peak flood levels in
the lower tributanes are dominated by the Narrabeen Lagoon water level. The limit of the Lagcon
water level influence on Narrabeen Creek is approximately arcund the Macpherson Street bndge up
to the 1% AEP condition. Upstream of this location, peak flood levels are driven by local channel
capacity and catchment flows, whereas for downstream, peak flood levels are driven by the flooding
in Narrabeen Lagoon.

In the middle reaches of the catchment, the Warnewood Wetlands represent a significant storage
area with Muliet and Femn Creeks draining directly into the wetiands, Outflow from the wetlands is
controlled by the culverts under Jacksons Road. The wetlands are relatively low-lying and accordingly
subject to extensive mundation In major flooding. The Wetlands however only have a minor influence
on design peak flood conditions. The flood storage provided by the Wetlands is refatively small in
comparison to the overall fiood volumes generated by the contributing catchments. Moreover, peak
levels in the Wetlands are driven by the flood condition in the broader Narrabeen Lagoon such that
Wetland storage has minimal mfluence on the peak flood level.

Centro Wamewood Shopping Centre is located adjacent to the wetlands, however is constructed on
elevated ground. It Is understood that the shopping centre floor levels are of the order of 3.0m AHD,
which is approximately at the 19%AEP event level. There are however some lower lying areas of the
centre such as loading docks and car-park areas which would be subject to inundation in major flood
events, Access to the shopping centre is via Jacksons Road which has a low point adjacent to the
centre of around 2.5m AHD. This would be the critical level in terms of emergency flood egress for
the shopping centre.

Typical peak flood level profies along Mullet Creek are shown in Figure 7-10. As for Narrabeen
Creek, peak flood levels in the lower reaches of Mullet Creek are dominated by the Lagoon flooding
conditions as Indicated by the fiat water level profile extending upstream from the confluence. The
Lagoon flooding influence on peak flood levels extends to the Garden Street crossing of Mullet Creek,
upstream of the wetiands,
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Figure 7-9  Peak Flood Water Level Profile for Narrabeen Creek
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Figure 7-10 Peak Flood Water Level Profile for Mullet Creek

In the lower reaches of Mullet Creek, the Garden Street area is affected by flooding. A significant
propertion of this land, which is largely fully occupied by existing development, is at 2.0m AHD o
below. Accordingly. some of this area would be subject to significant inundation in a major flood
event. and also potentially subject to more frequent inundation for lower order events ~20% AEP.
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7.3.4 Nareen Creek

Nareen Creek is a relatively small catchment, however it is fully developed with the exception of
Narroy Park. The creek channe! is small and accordingly limited in capacity. Whilst the local
catchment poses some risks from flash flooding, the fooding from Namrabeen Lagoon provides for the
dominant flood condition in terms of peak flood levels. The fioodplain of Nareen Creek is relatively
low-lying at around 2.0-2.4m AHD for the developed areas downstream of Narroy Park. Floeding in
this locality will be dominated by the conditions in Namabeen Lagoon, incuding the peak flood levels
reached and their relative timing In response to rainfall. Nevertheless, the lower parts of the
catchment are still susceptible to the flash flooding risks associated with shorter durations.

7.3.5 Deep Creek

The Deep Creek catchment is essentially undeveloped and accordingly there is imited existing
development subject to flood nsk. The Wakehurst Parkway traverses Deep Creek near its confluence
with the Lagoon. The Deep Creek bridge is a relatively high level crossing with a deck level of the
order of 3.5m AHD. However, the western approach does dip to a low point of around 2.5m AHD
approximately 200m west of the main channel. Given the design flood levels of the Lagoon, the
Wakehurst Parkway may be expected to be inundated at this locafion in significant floed events.

7.3.6 Middle Creek

The Middle Creek catchment provides a substantial contribution of flood flow to Namabeen Lagoon.
However, as with Deep Creek, the majonty of the Middle Creek catchment is undeveloped. Thereis
some urban development at the very top of the catchment around Frenchs Forest and Oxford Falls,
however, there is little development affected by mainstream flooding of Middle Creek. The
Wakehurst Parkway runs adjacent to Middle Creek for the majority of its length with multiple bridge
Crossings.

The Middle Creek channel and floodplain is refatively narrow and well confined through the upper and
middie reaches. It is not until near the confluence with the Lagoon that the floodplain widens and
fiattens, thereby providing for more extensive areas of inundation in times of flood. The Sydney
Academy of Sport and Recreation is located on the right bank of Middle Creek some S00m upstream
of the confluence with the Lagoon. The majority of the land occupied by the site is at around 2.0-
2.2m AHD. Accordingly, significant inundation of the site may occur even for relatively low order flood
events ~20% AEP,

7.3.7 South Creek

The South Creek catchment is extensively urbanised, including adjacent to the main channel aiong its
full length. The channel and floodplain, however, are refatively narrow and steep such that there is no
extensive or broad scale inundation in the upper and middle reaches particularly. There are
numerous road cressings and culverts forming local hydraulic controls.

Typical peak flood level profiles along South Creek are shown in Figure 7-11, The influence of
Narrabeen Lagoon flood levels extends to approximately a few hundred metres downstream of
Toronto Avenue. Upstream of this location the local catchment flows and channelfloodplain capacity
control peak flood water leve! conditions. The most significant area of inundation along South Creek
however is downstream of Toronto Avenue, This inundation is largely confined to the Cromer goff
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7.4

course which occupies the floodplain area on the left bank of South Creek near the Lagoon
confluence,

A number of the road crossings over South Creek are overtopped in major flood events. In the
majority of these cases the bridgef/culvert crossing is at the low point in the road such that floodwaters
overtopping the road immediately re-enter the creek channel downstream, thereby having limited
effect on adjacent properties, For Alkira Circut however, once the culvert capacity is exceeded and
road overtopping occurs, flow would be conveyed down Alkira Circuit effectively by-passing the creek
channel. The by-pass flow eventually re-enters the South Creek channel via overland flow through
properties along Alkira Circuit. & should be noted that the current study is not at a resclution to
address the local overland fiow issue and resolve the flow depth and velocity conditions through the
affected properties on Alkira Circuit.
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Figure 7-11 Peak Flood Water Level Profile for South Creek
Comparison with Previous Studies

A comparison of the peak flood levels from the current study with those of the previous flood studies
undertaken within the Narrabeen Lagoon catchment for several key locations is presented in Table
7-5. Comparison of the simulated flood extents for the 1% AEP and PMF events is also shown in
Figure 7-12 and Figure 7-13.

The peak flocd level comparisons shown in Table 7-5 indicate that the peak flood levels in the lower
catchment and main body of Narabeen Lagoon for the current study are greater in the lower reaches
then the previously medelled peak flood levels. There is also some vanation between flood levels in
the mid-catchment reaches of the main tributary alignments. The variation in the peak fiood levels
between the cumrent study and previous flood studies may be attributed to the following factors:

« Differences in modelling approach and software;
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« Differences in topographical data sets;

* Improved model calibration and use of historical data,
* Changes to hydraulic structures;

« Catchment land use changes.

Generally the water levels simulated between the current study and previous studies are of a similar
order with typical vanations less than 0.3m (typical of order of accuracies expected through a model
calibration process).

Table 75 Comparison of 1% AEP Peak Flood Levels to Previous Flood Studies

1% AEP Peak Flood Levels (m AHD)

Previous Flood

Location
Current Study ms.!l:g)’l”
US Ocean St Bridge 29 27
| US Pittwater Rd Bridge (Narrabeen Lagoon) | 30 ' 29°
' Mullet Creek Confluence ' 3.0 ' 27
' US Jacksan Rd Culvert (Mullet Creek) ' 30 ' 30°
' US Garden St Culvert (Mullet Creek) ' 45 ' 39°
| US Garden St Culvert (Fern Creek) ' 119 ' 11.8°
' US Macpherson St Culvert (Namabeen Creek) | 33 ' 33°
 Namabeen RSL Carpark (Nareen Creek) 58 ' 58
' US Deep Creek Bridge ‘ 30 ‘ 29°
| US Middle Creek Bridge 1 ' 30 ' 32
| US Toronto Ave Bridge (South Creek) 50 | 49°852
| US Carcoola Rd Culvert (South Creek) ' 66 . 77869
| US Willandra Rd Culvert (South Creek) ' 13.1 | 136°&132°

#)  Namabeon Legoon Flood Study (PWD, 1930)

b)  Wamewood Vdley Flood Study (Lawson & Trelogr, 2005)

¢)  Mareen Creek Flod Shudy (Carano Lawson Tresoar, 2005)

d)  Midde Cresk Flood Modaling (D&, 2009)

&)  South Crask Flood Stuay (Webb, McKeown & Associates, 2006)

Of the peak flood level comparisans shown in Table 7-5, the most significant difference from previous
studies is at the Garden Street culvert on Mullet Creek. This difference is largely derived from an
increase in design flows for the current study In comparison to the prevous Warmewood Flood Study.
The previous Warriewood Flood Study had significantly higher continuing losses for the duration of
the design events, thereby lower peak flows were generated. As noted in Section 8.1.3, the design
rainfall losses adopted in the cumrent study are consistent with the recommended ranges for design
event losses in AR&R (2001). The appropriateness of the adopted design flow conditions have been
further confirmed through cross checks of peak fiow estimates based on the Rational Method.
Further information on the Rational Methed is included in Appendix C.
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7.5 Hydraulic Categories

There are no prescriptive methods for determining what parts of the ficodplain constitute floodways,
flood storages and flood fringes. Descriptions of these terms within the Floodplain Development
Manual (NSW Government, 2005) are essentially qualitative in nature. Of particular difficulty is the
fact that a definition of floed behaviour and associated impacts is likely to vary from one floodplain to
another depending on the circumstances and nature of flooding within the catchment.

The hydraulic categories as defined in the Floodpiain Development Manual (NSW Government,
2005) are;
Floodway - Areas that convey a significant portion of the flow. These are areas that, even if partially

blocked, would cause a significant increase in flood levels or a significant redistribution of fiood
fows, which may adversely affect other areas.

Flood Storage - Areas that are important in the temporary storage of the flioodwater during the
passage of the flood. Ifthe area is substantially removed by levees or fill it will result in elevated
water levels and/or elevated discharges, Flood Storage areas, if completely blocked would
cause peak flood levels to increase by 0.1m and/or would cause the peak discharge to increase
by more than 10%.

Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas have
been defined. Blockage or filing of this area will not have any significant effect on the flood
pattern or fiood levels,

A number of approaches were considered when attempting to define hydraulic categories across the
Narrabeen Lagoon catchment. Approaches to define hydraulic categories that were considered for
this assessment included partitioning the floodplain based on:

*  Peak flood velocity,

e Peak flood depth,

*  Peak velocity * depth (sometimes referred to as unit discharge);
e Cumulative volume conveyed during the flood event; and

e  Combinations of the above.

The definition of hydraulic categories that was considered to best fit the application within the
Narrabeen Lagoon catchment, was based on a combination of velocity*depth and depth parameters.
The adopted hydraulic categorisation is defined in Table 7-6.

Preliminary hydraulic category mapping for the 20% AEP, 5% AEP, 1% AEP and PMF design events
I8 included in Appendix A. Itis also noted that mapping associated with the flood hydraulic categories
may be amended in the future (e.g. a change from floodway to flcod storage), at a local or property
scale, subject to approprite analysis that demonstrates no additional impacts to upstream,
downstream or adjacent properties. From the defintions provided In the Floodplain Development
Manual, it should be noted that filling would generally only be permissible in flood fringe areas, Filling
would generally not be permitted in Flcodways or Flood Storage Areas.
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Table 7-6 Hydraulic Categories

Floodway Velocity ™ Depth > 0.5 Areas and flowpaths where a significant proportion
of floodwaters are conveyed (including all bank-to-
bank creek sections}.

Flood Storage Velocity * Depth <05 Areas where floodwaters accumulate before being
and Depth > 0.5 metres | conveyed downstream, These areas are important
for detention and attenuation of flood peaks.

Flood Fringe Velocity * Depth <05 Areas that are low-velocity backwaters within the
x and Depth < 0.5 metres | ficodplain. Filling of these areas generally has little
consequence to overall iood behaviour.

7.6 Provisional Hazard Classifications

The NSW Government’s Floodplain Development Manual (2005) defines flood hazard categories as
follows:

High hazard - possible danger to personal safety, evacuation by trucks is difficult; able-bodled adults
would have difficulty in wading to safety: potential for significant structural damage to buildings;
and

Low hazard - should it be necessary. trucks could evacuate pecple and their possessions, able-
bodied adults would have little difficulty in wading to safety.

The key factors influencing flood hazard or risk are:
*  Size of the Flood
*  Rate of Rise - Effective Waming Time
*  Community Awareness
*  Flood Depth and Velocity
*  Duration of Inundation
*  Obstructions to Flow
*  Access and Evacuation

The provisional flood hazard is often determined on the basis of the predicted flood depth and
velocity, This is conveniently done through the analysis of flood mode! results. A high flood depth will
cause a hazardous situation while a low depth may only cause an inconvenience. High flood
velocities are dangerous and may cause structural damage while low velocities have no major threat.

Figures L1 and L2 in the Floodplain Development Manual (NSW Govemment, 2005) are used to
determine provisional hazard classification within flood liable fand. These figures are reproduced in
Figure 7-14.
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Figure 7-14 Provisional Flood Hazard Categorisation

The provisional hydraulic hazard is included in the mapping series provided in Appendix A for the
20% AEP, 5% AEP, 1% AEP and PMF events.

7.7 Sensitivity Tests
A number of sensitivity tests have been undertaken on the modelled flcod behaviour in the Narrabeen
Lagoon catchment. In defining sensitivity tests, consideration is given to the most appropriate tests
taking into account catchment properties and simulated design flood behaviour. The tests
undertaken have included:
* increased hydraulic roughness;
* structure blockage;
+ Lagoon entrance condition; and
e design rainfall losses,
The rationakisation for each of these sensitivity tests along with adopted model
configuration/parameters and results are summarised in the following sections. The impact of the
sensitivity tests on the standard design 1% AEP flood condition (S-hour duration) is also presented in
Appendix A as a series of peak water level afflux diagrams.

7.7.1 Hydraulic Roughness
Sensitivity tests on the hydraulic roughness (Manning's ‘'n') were undertaken by applying a 25%
decrease and a 25% Increase in the adopted values for the baseline design conditions. Whilst a
calibration process has been undertaken with respect to available data, and adopted design
parameters are within typical ranges, the inherent variablityuncertainty in hydraulic roughness
warrants consideration of the relative impact on adopted design flood conditions
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Location

The sensitivity tests have been undertaken for the 1% AEP catchment rainfall event (9 hour duration).
The results of the sensitivity tests on hydraulic roughness for the 1% AEP design event are
summarised in Table 7-7. The change in peak flood level conditions from the adopted design base
case is also shown as afflux diagrams in Appendix A.

Table 7-7 Peak 1% AEP Flood Levels for Hydraulic Roughness Sensitivity Tests

Peak Design Flood Level (m AHD)

Base | 25% Decrease  25% Increase ‘
US Ocean St Bridge 29 28(01) | 29(00)
| US Pittwater Rd Bridge (Narrabeen Lagoon) 30 20(0.1) | 3000)
| US Pttwater Rd Bridge (Mulet Creek) 29 29(00) | 30(40.1)
| US Jackson Rd Culvert (Mullet Creek) 30 30(0.0) 3000 |
US Garden St Culvert (Mullet Creek) 42 420000 | 4200 |
US Garden St Culvert (Fem Creek) 15 11,5(0.0) 115(0.0)
US Macpherson St Culvert (Narrabeen Creek) 33 32(01) | 3300 |
Narrabeen RSL Carpark (Nareen Creek) 53 53(0.0) 53(00) |
USNaroyReCulvert NareenCres) 20 2000) | 30001)
| US Pittwater Rd Culvert (Nareen Creek) 29 29(0.0) 3.0(+0.1)
| US Deep Creek Bridge a0 3000 | 3000) |
| US Middle Creek Bridge 1 30 29(-0.1) 3000y |
US Middle Creek Bridge 2 95 9.1(0.4) [ 9.8 (+0.3)
US Middle Creek Bridge 3 12 11.0(:0.2) 11.4(+02)
USToronto Ave Bridge (South Creek) 47 48(01) ['774.3 +02)
US Carcoola Rd Culvert (South Creex) 63 6.2(-0.1) 85 (+0.2)
US Willandra Rd Culvert (South Craek) 128 129000 | 129(00)

Note: Bracketed vaus is changs in pesk 1004 leved from 185 desion conditions

7.7.2

The model simulation results show minor reductions in peak flood level (generally < 0.1m) for
reduced hydraulic roughness in the lower catchment and main body of Narrabeen Lagoon. The main
areas affected are the steeper upper to mid catchment regions of the main tributary alignments,
particularly Middle Creek and South Creek. The decrease in roughness has minimal influence on
inundation extents in overbank areas.

Similarly. minor increases in peak flood level in the lower catchment and main body of Narrabeen
Lagoon (generally < 0.1m) are simulated for the increased hydraulic roughness conditions applied in
the sensitivity test. Again, the principal areas affected are steeper upper to mid catchment regions of
the main tributary alignments with only minor changes to the flood inundation extents.

Structure Blockage

Structure blockages have the potential to substantially increase the magnitude and extent of property
inundation through local increases in water level, redistribution of flows on the floodplain, and
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activation of additional flow paths, A sensitivity test on the design flood conditions has been
undertaken to account for the patential for structure blockage. The following blockage assumptions
were applied to structures across all watercourses for the 1% AEP catchment rainfall event (2 hour
duration):

e 100% blockage for structures with a major diagonal opening width less than 6m,

*  25% bottom up blockage for structures with a major diagonal opening width greater than 6m.
For bridge structures involving piers or bracings. the major diagonal length is defined as the clear
diagenal opening between piers/bracings, not the width of the channe! at the cross-section; and

e 100% blockage for handrails over structures where overtopping occurs.

The change in peak water levels with the assumed blockage conditions |s summarised at key
locations (generally corresponding to the structure locations) in Table 7-8. Mapping of the extents of
the simuiated afflux is included in Appendix A for the 1% AEP catchment rainfall event (9 hour

duration). Table 7-8 shows the simulated peak flood level with no structure blockage, along with the
change from the assumed structure blockage flood conditions shown in brackets.

Table 7-8  Peak 1% AEP Flood Levels for Structure Blockage Sensitivity Tests
Peak Design Flood Level (m AHD)

Location
Base Blockage
US Ocean St Bridge 29 2.9(0.0)
US Pittwater Rd Bridge (Narrabeen Lagoon) 30 30(00)
US Pittwater Rd Bridge (Mullet Creek) 28 29(00)
US Jackson Rd Culvert (Mullet Creek) 30 32(+02)
US Garden St Culvert (Mullet Creek) 42 4.5(+03)
US Garden St Culvert (Fern Creek) ' 15 C 121(+08)
US Macpherson St Culvert (Narrabeen Creek) 33 | 3401
Narrabeen RSL Carpark (Nareen Creek) 53 | 56(03)
US Narroy Rd Culvert (Nareen Creek) 29 2.9(0.0)
US Pitwater Rd Culvert (Nareen Creek) 29 2.9(0.0)
US Deep Creek Bridge 30 3.0(0.0)
US Middle Creek Bridge 1 30 30(00)
US Middle Creek Bridge 2 95 9.6 (+0.1)
US Middle Creek Bridge 3 1.2 11.3(+0.1)
US Toronto Ave Bridge (South Creek) 47 55(+08)
US Carcoola Rd Culvert (South Creek) 83 6.4 (+0.1)
US Willandra Rd Culvert (South Creek) 129 132(+03)

Note: Bracketed value 15 change in peak food kevel from standard design condtions

As shown in Table 7-8 and the afflux mapping in Appendix A, the assumed blockage condition has
minimal impact on flood conditions in the lower catchment and main body of Narrabeen Lagoon, In
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this regard, the assumed blockage condition does not change the broader flooding behaviour in the
lower catchment.

7.7.3 Lagoon Entrance Condition

The Narrabeen Lagoon entrance condition is highly dynamic with potential for significant variation in
the degree of shoaling and the height of the entrance berm and subsequent impact on design flood
behaviour, The catchment flood scenarios adepted a 1.3m AHD berm height at the entrance for the
basefine conditions. Sensitivity tests on the berm condition have been undertaken for the 1% AEP
catchment rainfall event (9 hour duration) and 1% AEP ocean driven event. These sensitivity tests
include:
e A higher bemm height of 2m AHD - this berm height is representative of the height to which the
berm may build over a sustained peried of relatively low catchment rainfall and high coastal
storm activity (assumes no manual breakout of the Lagoon); and

« A fully open channel condition such that the entrance conveyance is not constrained. The
adopted condition utilises a post-dredged channel conditicn from the 2006 post-dredge

bathymetry survey.
Table 7-9  Peak 1% AEP Flood Levels for Lagoon Entrance Condition Sensitivity Tests
(Higher Initial Berm Height)
Peak Design Flood Level (m AHD)
Location Base (1.3m Berm) 2m Berm 8“01‘;" 3:;?‘"") 2;:; a;ég'
1% AEP 1% AEP X
Catohmisd Catchment Catchment + 5% Catchment + 5%
AEP Ocean AEP Ocean

US Ocean St Bridge 29 31(+02) 30 [ 32(+02) |
US Pittwater Rd Bridge (Narrabeen
bl I I T T T
US Pittwater Rd Bridge (Mulot Crook) 29 32(+0.3) 30 | 32(+0.2) |
US Jackson Rd Culvert (Mullet Creek) | 30 32(+0.2) 30 32(+0.2) |
US Garden St Culvert (Mullet Creek) 42 42(0.0) 42 42(0.0) \
US Garden St Culvert (Fern Creek) 115 | 11.5(0.0) 1.5 11.5(0.0) |
grsu“f")"p“m Sk Cubvnet. (Honrabingn 33 33(0.0) 33 | 33000 |
Narrabeen RSL Carpark (Nareen Creek) 53 53(0.0) 53 l 53(0.0)

US Narroy Rd Culvert (Nareen Creek) 29 32(+03) 30 | 32(+0.2) |
US Pittwater Rd Culvert (Nareen Creek) 28 | 32(+0.3) 30 32{+0.2) \
US Deep Creek Bridge 30 32(+0.2) 31 32(+01)
US Middie Creek Bridge 1 ; 30 | 32(+x02) , 31 32(+0.1) |
US Mldde Cmek Bridge 2 9.5_ 95 (0 0) i 95 : ; 9 5 (_0 0) ‘
USMddoCnd( dege?- 1.2 112(&0) 1.2 11 2(00)

US Toronto Ave Bndge (Sou!h Creek) 47 47 (0 0) 47 | 47 (0 0) i
US Cm:oola Rd Cuvert (South Omft) 6.37 6 4 (+0. 1) A8.4 ] 6. 4 (0 0)

us Wiilancra Rd Cutvert {South Creek) 129 12.9 (0.0) 129 l 12.9(0. 0)

Note: Bracketed value 5 change in peak Nood level Fom dandard desgn condtions

KWXTO_NARRASEEN LAGOON_FI000_STUDYOCCIR N20T0 006 (N FINALREFORT DOCY

+
.~ BMT WEM

388



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM NO. 8.5 - 22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

DesicN FLooD REsSULTS 121

The results of the sensitivity tests on higher intial berm hesght and lower initial berm height for the 1%
AEP design event are summarised in Table 7-8 and Table 7-10 respectively. The entrance condition
is shown to have some effect on peak flood levels, particularly around the Lagoon. Higher berm
conditions provide for higher peak flood levels for catchments events, conversely for ccean events,
an open condition provides for higher peak levels in the Lagoon. In upstream areas where typical 1%
AEP flood levels are in excess of 3.5m AHD, there is minimal influence on peak flood levels. In the
Lagoon area. it can be seen that higher berm levels equate to higher peak flood levels for catchment
events, however, the magnitude of the increase is somewhat limited by the expected scour
throughout the flood event that naturally breaks cpen the berm. The fully open entrance condition
provides for some reduction in peak levels in Narabeen Lagoon, with minimal influence however on

the tributary channels,
Table 7-10 Peak 1% AEP Flood Levels for Lagoon Entrance Condition Sensitivity Tests
(Lower Initial Berm Height)
Peak Design Flood Level (m AHD)
Base | FullyOpen Base1%AEP| "o/ :;,“‘ - ~
1% AEP 1%AEP | Catchment+ | o i e s 19 AEP Oceanl1®, l:\.:syPogfgm
Catchment Catchment 5% AEP Occanh% AEP Ocean ‘

US Ocean St Bridge 29 2.4(-05) 30 | 27(03) 19 20(+0.1)
US Pittwater Rd Bridge :
et ity 30 26(-04) 30 27(-0.3) 19 20(+0.1)
grs:k“)'““’ Rd Bridge (Must 29 25(-04) 3.0 27(-03) 19 20(+0.1)
grse;f;*”' RdCuvmt(viiet | 54 29(01) 30 29(0.1) 18 20(+02)
'US Garden St Culvert (Mullet
Cresl) 42 42(0.0) 42 \ 42(0.0) . -
gf‘:k')"’e“ St Culvert (Fem 115 11.5(0.0) 15 115(0.0) - -
'US Macpherson St Culvert = e e [ ————— ——]
btk | a3 33(00) 33 | 33000 18 19(+0.1)
Narrabeen RSL Carpark 1 5 >
iostimiyedion 53 53(0.0) 53 53(0.0)
gfs:'kT oy Rd Culvert (Nareen 29 25(-04) 3.0 27(-03) 19 20(+0.1)
gf:k")‘““' RdCulvert(Nareen | 5 25(-04) 30 27(:03) 19 20(+0.1)
US Deep Creek Bridge 30 27(03) 31 28(-03) 19 20(+0.1)
US Middle Creek Bridge 1 30 27(03) 31 28(-0.3) 18 20(+0.1)
US Middle Creek Bridge 2 95 9.5(0.0) 95 | 9500 . :
US Middle Creek Bridge 3 112 11.2(0.0) 12 112(0.0) = 2
gf;g"‘m Ave Bridge (South 47 47 (0.0) 47 47(0.0) 19 20(+0.1)
gmm‘ fd Culvert (South 63 83(0.0) 6.4 83(01) = =
grsee"}“)"’“*’ Rd Cubvert (South 120 12.9(0.0) 129 12.9(0.0) : :

Note: Bracketed valua s changa in peak Nlood levsl fom standard dasgn condtions
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7.7.4 Rainfall Losses

The hydrological model parameters adopted for the design floods were similar to those used in the
hydrological model calibration and validation. For the initial and continuing rainfall losses, values of
10mm and 2.5mm/r were used for pendous areas and 2mm and Omm/hr for impendous areas.
These are consistent with the recommended ranges for design event losses in AR&R (2001). Rainfall
losses are to some degree dependent on antecedent catchment conditions which vary between dry
and wet conditions.

Sensitivity tests on the adopted rainfall losses have been undertaken for the 1% AEP catchment
rainfall event (9 hour duration). These sensitivity tests provide for:

* Higher rainfall losses of 30mm inktial loss and 2. 5mm/hr continuing loss for previous surfaces;
and

* Lower rainfall lossas of Omm initial loss and Omm/hr continuing loss for previous surfaces

As shown in Table 7-11 and the afflux mapping in Appendix A, the assumed design rainfall losses
only has minorimpact on 1% AEP catchment flood conditions in the catchment,

Table 7-11 Peak 1% AEP Flood Levels for Design Rainfall Loss Sensitivity Tests

Peak Design Flood Level (m AHD)

Bl Rl
US Ocean St Bridge 29 28(0.1) 30(+0.1) ’
US Pittwater Rd Bridge (Narrabeen Lagoon) 30 29(-0.1) 310401 |
US Pittwater Rd Bridge (Mullet Creek) 29 29(00) | 31(02) |
_p_siJacksoL 5d Culvert (Mullet Creek) }0 29(01) 3_.1 (+0.1) }
US Garden St Culvert (Mullet Creek) 4.2 42(0.0) 1 421(00)
US Garden St Culvert (Fern Creek) 15 11.5(0.0) 115(0.0)
US Macpherson St Culvert (Narrabeen Creek) 33 33000 | 3300
Narrabeen RSL Carpark (Nareen Creek) 53 5.3 (0.0) 53(0.0)
US Narroy Rd Culvert (Nareen Creek) 29 29000 | 31(402) |
US Pittwater Rd Culvert (Nareen Creek) 29 29(0.0) 3.1(+02)
US Deep Creek Bridge 30 29(0.1) | 31(0.1)
US Middle Creek Bridge 1 30 29(-0.1) 3.1(+0.1)
US Middle Creek Bridge 2 95 9500 | 95(00)
US Middle Creek Bridge 3 112 1200 | 112(00)
US Toronto Ave Bridge (South Creek) 47 47(00) | 47(00)
US Carcoola Rd Culvert (South Creek) 63 63(0.0) 6.4 (+0.1)
US Willandra Rd Culvert (South Creek) 129 128(00) = 129(00) |
NolecBmsbtut vl onos nneeik ot Ronitase doansondiins - S—
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7.7.5 On-site Detention Policy

The Wamiewcod Valley in particular has had significant urban development since the late 1990's.
Incorporated into the development controls for this urban intensification were provisions for on-site
detention.

The regional detention basins constructed as part of the developments have been incorporated within
the existing models. However, the property scale measures such as on-site detention features, air
space within rain water tanks, nfiltration pifs and swales were conservatively considered to be
ineffective as detention devices within the hydrological modelling. This s related to uncertainties
associated with their long-term perfomance as well as their functionality in rare and extreme events.

A further sensitivity test has been undertaken to assess the potential cumulative impact of OSD
provisions at a regional scale within the Warniewood Valley. & is not possible to discretely model the
OSD provisions at each property. However, in the case of Warriewood Valley, the OSD padlicy
provisions have for provided specific detention volume targets relative to developed area (i.e. m? of
storage per hectare development). This storage volume can be simply represented in the existing
models by an additional reduction in effective rainfall from the catchment. Based on the on-site
detention volume targets for Wamiewood Valley, the cumulative OSD provisions are estimated to
provide for the additional storage of an equivalent of 50mm of catchment rainfall.

A mode! simulation was undertaken for the 1% AEP 2-hour duration event with an initial loss for the
developed areas (including impenious area) of SO0mm. The change in peak flood level for this
simulation compared to the baseline 1% AEP condition is shown in Figure 7-15. The impact of the
additional OSD provision on the 1% AEP s relatively modest in terms of changes in the peak flood
level. The largest reductions can be seen In the broader Warriewood Wetland area which is
significant temporary flood starage. The OSD provisions provide for an overall reduction in total runoff
volume and accordingly results in lower volumes discharging to the Wetlands.

7.8 Flood Planning Levels

Land use planning and development controls are key mechanisms by which The Coundls can
manage flood-affected areas within the study area. Such mechanisms will influence future
development (and redevelopment) and therefore the benefits will accrue gradually over time. Without
comprehensive floodplain planning, existing problems may be exacerbated and opportunities to
reduce flood risks may be lost.

The Flood Planning Level (FPL) is the level below which a Council places restricions on
development due to the hazard of flooding. Traditionally, floodplain planning has usually been based
on the 1% AEP flocd level + 0.5m freeboard.

Council's adopted FPLs and flood refated development controls are specified in existing Development
Control Plans. Further information can be found in the Narrabeen Lagoon Fleod Study - Flood
Ptanning Levels Report (September 2013).
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7.9 Model Uncertainties and Limitations

There are a number of inherent uncertainties and imitations with the modelling of environmental
phenomena such as flooding. Some of the key considerations include:

* Thedynamic nature of the entrance berm has a significant impact on flood levels within
Namabeen Lagoon and the surrounding floodplain areas. The resultant flooding from catchment
runoff of a given magnitude will vary depending on the entrance conditions at the onset of the
event. The design conditions modelied are based on the assumption of a maximum berm height
condition of 1.3m AHD in line with the existing entrance management palicy;

* Themodelled flood behaviour is driven by the model topography, derived primarily from the
LIDAR dataset and channel cross section sunvey. Local topographic features that have not been
captured by these datasets may have a local influence on flood behaviour and differ to that which
has been modelled;

* The study is focused on mainstream flooding and has not explicitly modelled stormwater
drainage network or overiand flow flooding conditions,

e Theland use in the catchment will change through time and changes in vegetation within the
channel and on the floodplain may impact on the local flood conditions.

The Flood Study has established existing design flood conditions to provide the basis for subsequent
analysis of fioodplain nsk management options. Outcomes of the Floodplain Risk Management
Study, which is the next stage of the floodplain risk management process, may provide for changes in
adopted design flood levels particularly considering modifications to existing entrance management
policies and implications of other potential climate change scenanos.
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8 CLIMATE CHANGE ANALYSIS

In 2009, the NSW Government incorporated consideration of potential climate change impacts into
relevant planning instruments. The NSW Sea Level Rise Pdlicy Statement (DECCW, 2009) was
prepared to support consistent adaptation to projected sea level rise impacts. The policy statement
incorporated sea level rise planning benchmarks for use in assessing potential impacts of sea level
rise in coastal areas, as well as in flood nsk and coastal hazard assessments. The benchmarks were
a projected rise in sea level, relative to the 1990 mean sea level, of 0.4 metres by 2050 and
0.9 metres by 2100.

Recently, the NSW Government announced its Stage One Coastal Management Reforms
{September, 2012). As part of these reforms, the NSW Government no longer recommends state-
wide sea level rise benchmarks for use by local councils, but instead provides councils with the
flexibilty to consider local conditions when determining future hazards within their LGA,

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

The NSW Chief Scientist and Engineer's Report (2012) acknowledges the evalving nature of climate
science, which is expected to provide a clearer picture of the changing sea levels into the future. The
report identified that:

e The science behind sea level nse benchmarks from the 2009 NSW Sea level Rise Policy
Statement was adequate;

* Historically, sea levels have been rising since the early 1880's;
* Thereis considerable vanability in the projections for future sea level rise; and
e The science behind the future sea |level rise projections is continually evolving and improving.

As the majority of analysis and modelling tasks associated with this current Flood Study were
completed prior to the announcement of the NSW Government's Coastal Management Reforms in
September 2012, the potential impacts of sea level rise have been based on sea level rise projections
from the 2000 NSW Sea Level Rise Policy Statement. Given that the Chief Scientist and Engineer’s
Report finds the science behind these sea level rise projections adequate, as discussed in
Section 1.4.1, t was agreed between The Councils and BMT WBM that the potential impacts of sea
level rise for the Namabeen Lagoon catchment were based on the best available information at hand
during preparation of this report.

Worsening coastal flooding impacts as a consequence of sea level rise in lowland areas such as
around Narrabeen Lagoon are of particutar concern for the future. Regional climate change studies
{e.g. CSIRO, 2004) indicate that aside from sea level nise, there may also be an increase in the
maximum intensity of extreme rainfall events. This may include increased frequency, duration and
height of flooding and consequently increased number of emergency evacuations and associated
property and infrastructure damage.
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The NSW Floodpiain Development Manual (DIPNR, 2005) requires consideration of climate change
in the preparation of Floodplain Risk Management Studies and Plans, with further guidance provided
in:

* Floodplain Risk Management Guideline — Practical Consideration of Climate Change (DECC,
2007); and

e Flood Risk Management Guide — Incorporating Sea Level Rise Benchmarks in Flood Risk
Assessments (DECCW, 2010).

Key elements of future climate change (e.g. sea level rise, rainfall intensity) have been assessed in
the Narrabeen Lagoon catchment for consideration in the ongeing floodplain risk management,

8.1 Potential Climate Change Impacts

The impacts of future climate change are likely to lead to a wide range of environmental responses in
coastal lagoons such as Namabeen Lagcon. These are likely to manifest throughout the physical,
chemical and ecological processes that drive local estuarine ecosystems.

The following changes in the physical characteristics of the Narrabeen Lagoon system have potential
influence on the flood behaviour of the system and implications for medium and leng term floodplain
management:

¢ Increase in ocean boundary water level — sea level projections provide for a direct increase in
tidal and storm surge water level conditions:

* Increase in entrance berm height — typical entrance bem levels are expected to increase
upward and move landward in responsa to sea level rise;

e Increase in initial Lagoon water level — linked to both the ocean water levels and berm
heighis: and

* Increase in rainfall intensity — the frequency and severity of extreme rainfall events is
expected to increase,

The model configuration and assumptions adopted for each of these potential ciimate change
impacts are discussed in the following sections.

8.1.1 Ocean Water Level

As discussed in Section 1.4.1, the sea level nise planning benchmarks provided in the NSW Sea
Level Rise Policy Statement (DECCW, 2009) have been adopted for this Flood Study.

The benchmarks are a projected rise in sea |evel, relative to the 1990 mean sea level, of 0.4 metres
by 2050 and 0.9 metres by 2100 (DECCW, 2009). Based on these guidelines, design ocean
boundary conditions were raised by 0.4 m and 0.9 m to assess the potential impact of sea level nise
on flood behaviour in the Narrabeen Lagoon catchment for the year 2050 and 2100 respectively.

The ocean water level boundary conditions for present day flood conditions were discussed in
Section 6.2. The sea level rise allowances provide for direct increases in these ocean water levels,
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Table 8-1 presents a summary of adopted peak ocean water levels for a range of design events for
existing water level conditions and the 2050 and 2100 sea level rise benchmarks.

Table 8-1 Design Peak Ocean Water Levels Incorporating Sea Level Rise

Wator Lovel (m AHD)

Event Magnitude
Existing 2050 (+04m) 2100 (+0.9m)
20%AEP | 19 I 23 ‘ 28 .
SHAEP | 225 [ 265 3.15 |
2% AEP 245 I 285 3.35 |
1%AEP | 260 IETE T
O0S%AEP | 2.75 ! 315 ; )

8.1.2 Entrance Berm Conditions

A change in entrance berm processes is likely to result from the projected sea level rise and changes
to coastal storm intensity, From this change, a net upward shift in typical berm heights at the entrance
may be expected, and therefore flood water levels will need to reach a higher level before inducing a
natural breakout to the ocean (Haines and Thom, 2007). The entrance berm s also expected to shift
landwards in association with sea level rise,

Lagaon lavel ae T
e e A
b 4
-

.......................... 5oz level 2
Bea avel |

Figure 8-1 Shoreline response to increasing sea level (Hanslow et al., 2000)

There are no government guidelines conceming the impact of future climatic change of entrance
berm geometries.

The adopted berm height conditions for design events were discussed in Section 6.3, For catchment
derived flooding, a typically shoaled entrance at an approximate level of 1.3m AHD was adopted. The
1.3m AHD entrance berm level corresponds to the water level in the Lagoon that triggers a
mechanical. breakout to be initiated as outiined in the Narrabeen Lagoon Entrance Management
Operational Management Standard (OMS).

Current entrance management policies were largely adopted to protect existing low-lying
development from inundation. With gradual sea level rise, current trigger levels will eventually be
reached by normal tidal vanability such that opening the entrance at existing levels will not be
possible. The impact of sea level rise on current entrance management would in fact be seen much
sooner, with the effectiveness of artificial breakouts gradually diminishing as high tailwater conditions
limit the formation of an effective scour channel. The trigger level for future entrance cpenings is
recommended to be a significant focus of the subsequent Floodplain Risk Management Study.
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For the purpose of this Study, a berm height increase of 0.4m and 0.9m has been adopted for the
2050 and 2100 benchmarks respectively, This increase has been applied to the adopted 1.3m AHD
shoaled entrance condition for existing conditions. This provides for a berm height of 1.7m AHD and
2.2m AHD for the 2050 and 2100 benchmarks respectively,

8.1.3 Initial Lagoon Water Levels

Typical initial water levels in the Lagoon are a function of the natural tidal variability and condition of
the entrance channel, For catchment flooding conditions, a closed entrance condition has been
simulated as typically provading for higher flood water level conditions. In periods of entrance closure,
water levels in the Lagoon may build to a level of the order of 1.3m AHD before a mechanical
opening is triggered. In line with the assumptions discussed above regarding increasing entrance
berm levels with sea level nise. corresponding increases in initial Lagoon water levels have been
adopted. Accordingly, initial Lagoon water levels of 1.7m AMHD and 2.2m AHD have been adopted for
the 2050 and 2100 benchmarks respectively.

Far ocean derived flooding, an open entrance condition is assumed, such that Lagoon water levels
are driven by the ocean tidal condition. Initial Lagoon water levels therefore reflect the refative ocean
tide level at the start of the simulation period, For future flooding conditions, these levels incorporate
the sea level rise allowances as discussed in Section 8.1.1.

8.1.4 Design Rainfall Intensity

Current research predicts that a kikely outcome of future climatic change will be an increase in flood
producing rainfall intensities. Climate Change in New South Wales (CSIRO, 2007) provides projected
increases in 2.5% AEP 24h duration rainfall depths for Sydney Metropolitan catchments of up to 12%
and 10%, for the years 2030 and 2070 respectively,

The NSW Government has also reteased a guideline (DECC, 2007) for Practical Consideration of
Climate Change In the floodpiain management process that advocates consideration of increased
design rainfall intensities of up to 30%. In line with this guidance ncte, additional tests incorporating
10%, 20% and 30% increases in design rainfall have been undertaken

8.2 Climate Change Model Conditions

A range of design event simulations have been undertaken incorporating combinations of increases
in ocean water levels, berm heights, initial Lagoon levels and rainfall intensities. A summary of the
modelled scenarios for the 1% AEP design event condition is provided in Table 82

Similar combinations have also been modelled for the nominal 5% AEP design event condition.
The modelled scenanios incorporate a full range of combinations of the impacts of:
* increases in rainfall intensity of 10% 20% and 30%; and

* sealevel rise allowance of 0.4m and 0.9m,
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In considering the sea level rise impacts, the modelled scenarics incorporate the appropriate
Increases in ocean water level, berm height and Inttial lagoon water |levels (dependent on berm
condition) as discussed in Sections 8.1.1, 8.1.2 and 8.1.3 respectively.

As shown in Table &2, the impacts of the cimate changes scenarios have been simulated for both
catchment derived and ocean derived flooding conditions. Joint catchment and ocean flooding
scenarios have also been simulated corresponding to the combinations assessed for existing
conditions as discussed in Section 7.1.3,

As per the modelling of existing conditions, the climate change scenarios for catchment denved
flooding use a closed berm condition, whilst for ocean derived events an open entrance condition is
adopted, As discussed, these entrance conditions provide for the worst case condition for each of the
fiooding mechanisms. Given that catchment derived flooding is the dominant mechanism in terms of
peak flood levels for the broader Narrabeen Lagoon catchment, a closed berm condition has also
been adopted for the simulation of the joint catchment and ccean event scenarics.
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Table 8-2 Summary of Design Model Runs for Climate Change Considerations
Catchment Events
1% AEP 9-hour duration +10% rainfall Increase (closed entrance)
.1% AEP 8-hour duration +20% rainfall increase (closed entrance)
1% AEP 8-hour duration +30% rainfall increase (closed entrance)
1% AEP S-hour duration +0.4m sea level rise (closed entrance)
1% AEP &-hour duration +0.9m sea level rise (closed entrance)
1% AEP S-hour duration +10% rainfall increase + 0.4m sea level rise (closed entrance)
1%AEP B-hour duration + 20% rainfall increase + 0.4m saaM rise {closed entrance)
19 AEP &-hour duration +30% rainfall increase + 0.4m sea level rise (closed entrance)
;‘I%AEP S-hour duration +10% rainfall increase + 0.9m sea level rise (closed entrance)
.1% AEP &-hour duration + 20% rainfall increase + 0.9m sea level rise (closed entrance)

f‘l% AEP S-hour duration +30% rainfall increase + 0.9m sea level rise (closed entrance)

|

1%AEPoceanevent+ 04msealevel nse (open enlranoe)
1% AEP ocean wem + 09m sea level nse (open entrance)

oincident Events
1% AEP S-hour duration +10% rainfall increase + 5% AEP ocean event (closed entrance)
1% AEP S-hour duration +20% rainfall increase + 5% AEP ocean event (closed entrance)
1% AEP 8-hour duration +30% rainfall increase + 5% AEP ocean event (closed entrance)
1% AEP S-hour duration + 5% AEP ocean event + 0.4m sea level rise (closed entrance)
_;El% AEP S-hour duration + 5% AEP ocean event +0.6m sea level rise (closed entrance)
1% AEP S-hour duration +10% rainfall increase + 5% AEP ocean event +0.4m sea level rise {closed entrance)
§1%AEP S-hour duration + 20% rainfall increase + 5% AEP ocean event + 0.4m sea level ise (closed entrance)
;% AEP 8-hour duration +30% rainfall increase + 5% AEP ocean event + 0.4m sea |level rise (closed entrance)
{'I%AEP S-hour duration +10% rainfall increase + 5% AEP ocean event + 0,9m sea level nse (closed entrance)
1% AEP 8-hour duration + 20% rainfall increase + 5% AEP ocean event + 0. Qm sea level rise (closed entranoe)

1%AEP9-hou' duration mml increase + 5% AEP ocean event + 0.9m sea level nse(olosedenmoe)

KWXTO_NARRASEEN LAGOON_FI000_STUDYOCCIR N20T0 006 (N FINALREFORT DOCY

+
.~ BMT WEM

399



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM No. 8.5 -22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

CLIMATE CHANGE ANALYSIS 132

8.3 Climate Change Results

The potential impacts of future climate change were considered for a range of design event scenanocs
as defined in Table 8-2. The impact of potential cimate change scenarios on the 5% AEP and
1% AEP design fiood condition is presented in Appendix A as a series of maps showing increase in
peak flood inundation extents from the baseline (existing) conditions. Further discussion on relative
increases from existing peak flood levels is provided hereunder.

The modelled peak ficod levels for the catchment derived floading considering Increases in design
rainfall and sea level in isclation are presented in Table &3. The selected reporting locations were
previously presented in Figure 7-1. The most significant climate change impact for Namabeen
Lagoon will be from the predicted increase in berm height, which is in ine with the 0.4m and 0.9m
sea |evel rise benchmarks for 2050 and 2100. This impact can be cbserved In Table 83 for the
locations typically within or arcund the foreshore of the Lagoon. Typical increases in flood level
around the Lagoon are 0.3m and 0.6m for the simulated 2050 and 2100 berm height levels. The
berm height conditions only affect the lower catchment, with upstream locations along the tributary
channels unaffected by berm height conditions.

The upstream areas are more so impacted by increases in rainfall intensities, For increases in rainfall
intensity from 10% up to 30%, peak flcod level increases of between 0.1m to 0.5m are typical,
depending on the nature of the channel or creek section. These increases are of similar order when
comparing the difference between the existing 1% and 0.5% AEP peak flood levels as reported in
Table 7-1.

Table 8-4 shows the combined impacts of increased rainfall intensity and sea level rise for various
combinations. Broadly speaking, the impact in the lower Narrabeen Lagoon catchment is a
summation of the individual influence of increased rainfall intensity and sea level nse as shown in
Table 8&3. For example, a 20% increase in rainfall intensity provides for approximately a 0.2m
increase in peak Lagoon flood levels, whilst a 0.4m sea level rise provides for a similar 0.2m
increase. The combined impact of 20% rainfall increase and 0.4m sea levels nise on the exiting
1% AEP flood level as shown in Table 8-4 is generally around 0.4m. In the upper tributary areas,
beyond the influence of the general Lagoon flooding height. there is no impact associated with sea
level rise, such that the combined scenario Is representative of the impact of rainfall increase only.

The combined 30% increase in rainfall and 0.9m sea level nse represents the most severe of the
climate change scenarios modelled. The most significant impacts are from sea level rise and affect
the broader Lagoon area and accordingly for property located on these lower foreshore areas. For
this scenario, Increases of up to 0.9m would be realised above the existing 1% AEP design flood
level. As mentioned above, the upper reaches of the tributary channels beyond the influence of the
broader Lagoon flooding are not affected by the sea level rise component but do however have
increased flood levels in association with the rainfall intensity increases.
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Table 8-3 Modelled Peak Flood Levels for Catchment Derived Climate Change Events
Modelled Peak Flood Level (m AHD)

401

Location Existing  +10% + 20% +30% +04m +0.9m
1% AEP Rainfall Rainfall Rainfall SLR SLR
US Ocean 5t Bridge 29 30(+0.1) 31(+02) 32(+03) 32(+03) 3.5(+086)
‘fm"‘dm” {Narrabeen 30 31(+01) 32(+02) 33(+03) 32(+02) 35(+05)
R Tt et 28 31(+02) 32(+03) | 33(+0.4) | 32(+03) | 35(+0.6)
g:‘;"“" ARIES A 30 31(+0.1) 32(+02) 33(+03) 32(+02) 3.5(+05)
| US Garden St Culvert (Mullet Creek) 42  43(+01) 43(+01) 44(+02)  42(00) 42(00)
US Garden St Culvert (Fem Creek) 15 11.e(+o.1>;11.7(+o.z)'11.7(+o.z)i 1500 11500
::i?:::::’g::; Cubvart 33 33(00) 34(+01) | 35(+0.2) | 33(00)  35(+02)
NO:;)"““ RALCapaec hiammn 53  54(+01) 54(+01) 54(+01) 53(00) 53(0.0)
gig;""’ Rekaiver (Natosn 29 31(+02) 32(+03) | 33(+04) 32{(+03)  35(+06)
g‘s.:)‘“"" o Cutvart (heacom, 29 31(+02) 32(+03) 33(+04) 32(+03) 35(+06)
US Deep Creek Bridge 30 31(+01) 32(+02) 33(+03) 32(+02)  3.6(+06)
US Middle Creek Bridge 1 30 31(+01) 32(+02) 33(+03) 32(+02)  3.6(+086)
US Middle Creek Bridge 2 95  96(+0.1) 09(+04) 100(+05) 95(00) 09.5(00)
US Middle Creek Bridge 3 112 113(+01) 115(+03) 116(+0.4) 11.2(00) 11.2(0.0)
gi;")m’“ Ayw Beidge (South 47  48(+01) 49(+02) 50(+03) 47(00)  48(+01)
| gig;’m“ it Cutvedt (Soutty 63  64(+01) 65(+02) 65(+02) 63(00) B64(+01)
g‘g‘;‘"""" Rt Cltvart (Soulh 120 129(00) 129(00) 130(+0.1) 129(00) 129(0.0)
Note: Bracketed value B change in pesk Nood level Yom standand desygn condiions
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Table 84 Modelled Peak Flood Levels for Catchment Derived Climate Change Events
Modelled Peak Flood Level (m AHD)

Location

+0.4m SLR +0.4m SLR +0.4m SLR +0.9m SLR +0.9m SLR|+#0.9m SLR

f",‘;i‘gg +10%  +20%  +30%  +10%  +20% | +30%
Rainfall Rainfall  Rainfall  Rainfall  Rainfall | Rainfal
US Ocean St Bridge 20  33(+04) 33(+04) 34(+05) 36(+07) 36(+0.7) 37(+0.8)
US Pittwater Rd Bridge
ok 30 33(+03) 34(+04) 35(+05) 36(+06) 37(+0.7) 3.8(+0.8)
US Pittwater Rd Bridge
R 29  33(+04) 34(+05) 35(+06) 36(+07) 37(+0.8) 3.8(+09)
US Jackson Rd Culvert |
e o) 30  33(+03) 34(+04) 35(+05) 36(+08) 37(+07) 38(+08)
US Garden St Culvert
gt 42  43(+01) 43(+01) 44(+02) 43(+01) 43(+0.1) 4.4(+0.2)
US Garden St Culvert
sl 116 11.6(+01) 11.7(+02) 11.7(+02) 116(+0.1) 11.7(+02) 11.7(+0.2)
US Macpherson St
Culvert (Narrabeen 33 34(401) 34(+01) 35(+02) 36(+03) 37(+04) 3.8(+05)
Creek)
Namrabeen RSL
Campark (Nareen 53  54(+01) 54(+01) 54(+01) 54(+01) 54(+0.1) 55(+02)
Creek)
US Narmoy Rd Culvert
ik iy 29  33(+04) 34(+05) 35(+06) 36(+07) 37(+0.8) 3.8(+0.9)
US Pittwater Rd
Cuvert (Nareon Creeky | 29 33(H04) 34(:05) 35(:08) 36(:07) 37(+08) 38(+09)
US Deep Creek Bridge =~ 30  34(+04) 35(+05) 36(+06) 37(+07) 37(+07) 38(+08)
‘éfd':‘:f" Gk 30 33(+03) 34(+04) 35(+05) 36(+06) 37(+07) 38(+08)
gsid’;ﬁdg'e Creek 95  96(+01) 99(+04) 100(+05) 9.6(+01) 09(+0.4) 10.0(+05)
gsw'::’g'“’”‘" 112 113(+0.1) 115(+03) 11.6(+0.4) 113(+0.1) 11.5(+03) 11.6(+0.4)
US Toronto Ave Bridge
(South Creek) 47 48(+01) 49(+02) 50(+03) 48(+02) 49(+02) 51(+04)
US Carcoola Rd
it (S ol 63  64(+01) 65(+02) 65(+02) 64(+01) 65(+02) 65(+02)
US Willandra Rd
Cabit (St Grookd 129 129(00) 129(00) 130(+01) 129(00) 129(00) 13.0(+0.1)
Nate Bracketsd valua is changs in pesk flood level Fom standard dasgn condgions
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Table 83 and Table 8-4 show the sensitivity of the 1% AEP design flood condition to potential climate
change scenaros. The relative impacts on other design event magnitudes show similar
characteristics in terms of increases in peak flood levels and area of influence. Additional inundation
mapping for the 5% AEP design events under varicus ciimate change scenarios is included in
Appendix A,

The climate change impacts on ocean derived flooding conditions are summarised in Table &5,
These simulations are for a pure ocean flooding condition without additional rainfall inputs from the
catchment. Accordingly, only lecations within the Lagoon foreshores are shown with upper catchment
locations excluded. As with ocean flooding results for existing conditions, there is a significant
attenuation of the ocean surge through the entrance channel. For example, for the peak 2100
condition, the ocean peak level of 3.5m AHD attenuates to approximately 3.0m AHD in the Lagoon,

Table 8-5 Modelled Peak Flood Levels for Ocean Derived Climate Change Events

Modelied Peak Flood Level (m AHD)

Location Existing 1% 1% AEP + 2050 1% AEP + 2100
AEP SLR (+0.4m) SLR (+0.9m)

US Ocean St Bridge 19 2.4 (+40.5) 3.0(1.1)

| US Pittwater Rd Bridge | '
(Narrabeen Lagoon) 19 | 24 (+0.5) | 3.0(1.1)
US Pittwater Rd Bridge
(Maliet Creek) 19 23(+0.4) 30(1.1)
US Jackson Rd Cutvert
(Mullet Cresk) 18 23(+0.5) 30(1.2)
US Macphersan St
Culvert (Narrabeen Creek) 18 23(+0.5) 30(1.2)
US Narroy Rd Culvert
(orwsn Craek) 19 23(40.4) 3.0(1.1)
US Deep Creek Bridge 19 2.4(+0.5) 3.0(1.1)
US Middle Creek Bridge 1 19 24 (+0.5) 3.0(1.1)

| US Toronto Ave Bridge | ' '
(South Creek) 19 24(+0.5) 3.0(+1.1)

Comparing the peak levels for catchment and ocean derived flooding under climate change
scenarios, the catchment flooding scenarnios remain the dominant flooding mechanism for Narrabeen
Lagoon.

The results of the climate change analysis highlight the sensitivity of the peak flood level conditions in
Narrabeen Lagoon fo potential impacts of climate change. Future planning and floodplain risk
management in the catchment will need to take due consideration of the increase In flood risk under
possible future climate conditions. The most significant impacts of climate change are associated with
sea level rise and the corresponding increases in ocean water |evels and entrance berm heights.
Figure 8-2 shows the increase in flood level under a 0.9m sea level rise from the existing peak 1%
AEP catchment fiood level. The area of influence is significant, encompassing the entire Lagoon and
foreshore areas and extending a short distance up the tributary channels.
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9

CONCLUSION

The objective of the Flood Study has been to undertake a detailed flooding assessment of the
Narrabeen Lagoon catchment and establish models as necessary for accurate flood level prediction.
Central to this is the development of appropnate hydrological and hydraulic modets.

The study program provided for a staged approach in undertaking the Flood Study, incorporating
STAGE 1 - Data Compilation and Initial Community Consuiltation

STAGE 2 — Hydrological modelling

STAGE 3 ~ Hydraulic modelling

STAGE 4 - Climate Change Analysis

STAGE 5 ~ Draft Flood Study and Public Exhibition

Intenm reports at these stages were produced within the study duration, culminating in the Draft
Flood Study which was placed on Public Exhibition. During the public exhibition period, comment
was invited from the public and incorporated into the Final Report where appropriate (refer to Section
3.6).

The Final Report provides full documentation of the Flood Study incorpeorating all interim stages. In
completing the flood study, the following activities have been undertaken:

« Compilation and review of existing information pertinent to the study and acquisition of addtional
data including survey as required,

* A community consultation and participation program that included the Identification of local
flooding concerns, collection of information on histonical fliood behaviour and engagement of the
community in the on-going floodplain management process;

« Development and calibration of appropriate hydrological and hydraulic models,

+ Determination of design flood conditions for a range of design events including the Probable
Maximum Flood (PMF), 0.1%, 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20% and 50% AEP events for
catchment derived flooding and the 0.5%, 1%, 2%, 5%. 10% and 20% AEP events for ocean
derived flooding: and

* Assessment of the potential impact of climate change using the latest guidelines.

The key study cutputs include design flood mapping incorporating peak fleod inundation extent, flood
depth, flood velocity and flood hazard for the full range of return period magnitudes assessed. This
report and the mapping outputs help to define the flcod behaviour in the Narrabeen Lageon
catchment and establish the basis for subsequent flocdplain management activities.
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Provided below is a summary of the key findings of the Flood Study, in particular some of the
Important considerations for future floodplain risk management in the catchment:

« The design flood conditions documented in the report typically provide for a small increase in
previously adopted design flood conditions for Narrabeen Lagoon. The main contributing factor to
this change is the way the entrance condtion has been modelled, In addition to advances in the
software to simulate entrance breakout response, the initial conditions in respect to bem
elevations and inttial water levels in the Lagoon have been represented more conservatively in
the current study.

e Longer duration events {9-36 hours) typically provide for the worst case flooding conditions in
Narrabeen Lagoon. With the Lagoon waterbody being a significant flood storage, events of longer
duration are required to generate sufficient flood runoff volumes from the catchment to elevate
Lagoon water levels. In the lower reaches of all the tributary catchments, ficod levels are
dominated by the Lagoon flocoding conditions. However, the shorter duration events (~2 hours)
still provide for significant fiooding in the lower reaches of local catchments, The peak flood water
level in the Lagoon extends a significant distance up the tributary channels, In the upper reaches
of the tributary catchments, shorter duration events of the order of 2-hours provide the critical
flood condition in terms of peak flcod water level.

e The rise in flood water levels can be relatively fast from the catchment's response to rainfall.
Even for the longer duration events prowiding for the highest peak flood water levels in the
Lagoon. the main period of rise in Lagoon water level can occur over a few hours. The April 1988
flood event (used for model calibration in the current study) is an example of such a response in
the catchment. Flood levels in the tnbutary catchments may also rise significantly faster owing to
the shorter critical durations in these catchments, This potential rapid inundation has implications
for flood waming and emergency response, particularly in ficod stuations where property and
access roads may be quickly inundated.

e Caichment derived flooding events represent the dominant flooding mechanism in Narrabeen
Lagoon. Whilst some ocean flooding scenarios will provide for inundation of some foreshore
areas, the extent and severnty of flooding is significantly less than the corresponding catchment
derived event magnitude. The entrance condition has some influence on catchment flood
behavicur with higher entrance berm levels providing for higher peak flood levels. The existing
entrance management policy provides for manual breakout of the Lagoon entrance at defined
trigger levels in preparation for imminent flooding. Irrespective of the successful implementation
of @ manual entrance breakout, significant flood inundation may be expected during major
catchment flood events,

e There are a number of areas within the Narrabeen Lagoon catchment which represent the most
significant flood risk exposure to existing property. The worst affected areas are typically in the
lower parts of the catchment and most severely impacted on by major flooding in Narabeen
Lagoon. These areas include the foreshore areas of the Lagoon (e.g. Lakeside Park, Wimbledon
Avenue, west of Lagoon Street) and the low-lying floodplain areas adjacent to Nareen Creek (e.g.
Gondola Road, Nareen Parade) and Mullet Creek (e.g. Garden Street, Warraba Road).

e Peak design flood water levels are expected to progressively increase as the impacts of climate
change manifest. For the Narrabeen Lagoon catchment, potential sea level rse will provide for a

KWATO_NARRASEEN LAGOOH FIO00_STUDYOCGSR A2070006 04 FNALREFORT DOCY

g
- BMT WBM

406



COUNCIL Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04
ITEM NO. 8.5 - 22 OCTOBER 2013

\A WARRINGAH ATTACHMENT 1

CONCLUSION 139

worsening of existing flood conditions through higher ccean water levels (tide and storm surge),
higher entrance berm and higher initial water levels in the Lagoon. Robust land use planning and
development policies will be required to ensure future flood risks are not unduly exacerbated in
light of predicted flood behavicur under potential climate change scenarios.

* Wamngah Council's existing Entrance Management OMS is to open the entrance at a defined
trigger water level (currently 1.3m AHD). With potential sea level rise, narmal tide levels in the
Lagoon will approach and eventually exceed the current trigger levels. Future openings would
need to be at significantly higher trigger levels to be effective. Low-lying land cumrently impacted
by flooding may also be subject to regular (or permanent) tidal inundation at some time in the
future,
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APPENDIX A: DESIGN FLOOD MAPPING

Refer to Mapping Compendium
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APPENDIX B: CONSULTATION MATERIAL
* Media Release
* Manly Daily Advertisement
o  Community Newsietter
* Community Questionnaire
* Public Exhibition Media Release
e Public Exhibition Manly Dally Advertisements

e Public Exhibition Brochure
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ANz Warringah
daal Council

Media Release

August , 2011

Flood Studles for Narrabeen and Manly Lagoons

Warringah Councl is seekong the community's assstance with its flood studies for Manty
and Narrabeen Lagoon catchments.

If you have information or photos of Hlooding around these lagoons or in their catchments,
we would love to hear from you," said Warringah Mayor Michael Regan,

Warringah Councll, in pannership with Manly and Pittwater Councils, is undertaking
detaded llood studies of the Manly and Narrabeen Lageon calchments 1o improve cur
undarstanding of tlood banhaviour and identity preblem areas.

The aim of the studies is 10:
* deline axisting Nood behaviour
« help dentify llooding problem areas in Manly and Narrabeen Lagoon catchments
* assess lhe impacls of climale change

The studies wiil also identdy the impact sea level rise and rainfall Intansity will have on the
flcod behaviour of the catchments.

"The studies will help improve council's planning and management, such as selling flood
levels for development control and improving flood emergency responses.

“You can heip by posting information and photos of flooding on the websiles sol up
specifically for the Narrabeen Lagoar and Manly Lagoon flood studies,” said Mayor
Regan

For more information visit warnngah.nsw.gov.au

Information provided is strictly confidential and will only be used for the study.
For more information please contact the Communications Team

on 9942 2221 or media@warringan nsw.gov.au
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(S PeYeYe @ Scnd us your flooding photos

Help your local councils
to improve flood
management in Manly
and Narrabeen

The information gathered from your
photos will help in verfying flood
predictions and managing nsks to our
community,

To help or find out more visit
gis.wbmpl.com.au/narrabeenlagoon
gis.wbmpl.com.au/manlylagoon

or call 9942 2381,

PITTWATER
COUNCIL

Ir\

Wt Councll
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Narrabeen Lagoon Flood Study

Community Newsletter September 2011

What is the study about?

Warringah and Pittwater Councils are carrying out
a flood study to understand flood risks in the
Narrabeen Lagoon catchment.

This Includes the areas draining to Narrabeen
Creek, Mullet Creek, Deep Creek, Middle Creek,
Snake Creek, South Creek and Narrabeen Lagoon.

This study will update previous studies on the
individual streams and provide a holistic
assessment of flooding within the catchment. The
study is being prepared to meet the objectives of
the NSW State Government’s Flood Policy.

Who is responsible?

Warringah Council is working in partnership with
Pittwater Council.

Narrabeen Lagoon Floodplain Risk Management
Working Group / Community Committee will
oversee the study, providing regular input and
feedback on key outcemes. The Committee has a

broad representation including Councillors,
Council Staff, State Government Department
representatives, stakeholder goups and

cormmunity representatives .

BMT WBM, an independent company specialising
in flooding and floodplain risk management, will
undertake the study.

The NSW Office of Environment and Heritage Is
providing financial and technical assistance.

Potential Flood Risks

Flooding in Narrabeen Lagoon comes from three
general sources: significant catchment rainfall,
oceanic inundation (tide and storm surge) and
low-level, persistent flooding from backed up lake
water when the lake entrance is closed.

The Flood Study will assess flooding behaviour
in the catchment to identify the critical or
worst case flood conditions for a range of
flood events for both catchment and ocean
floading.

For different locations within the catchment,
and for different size flood events, the
dominant flooding mechanism can vary, being
either catchment rainfall or ocean flooding.

The condition of the entrance may have a
significant influence on fiood behaviour in
Narrabeen Lagoon. For catchment flooding, an
effective open entrance provides for lower
flood levels in comparison to a heavily shoaled
or closed entrance. However, generally for
ocean flooding, an open entrance condition
will provide worst case conditions, through
greater penetration of ocean water into the
estuary under storm surge (ocean flocding)
conditions.

As part of the current study, we are
investigating a range of entrance conditions,
both open and in various states of closure to
assess the Impact on flooding (under current
conditions and future conditions considering
potential sea level rise). Accordingly there will
be some quantification of potential changes in
flood conditions for various entrance states

frequent “nulsance” §
events with significy

wle PITTWATER
BYE COUNCIL

Warringah Council

flood risk expo:
~o

/|
. b

7 BMT WBM

N

/t
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Climate Change

The primary impacts of climate change in
coastal areas are likely to result from sea level
rise, which, coupled with storms, may lead to
increased coastal erosion, tidal inundation and
flooding.

The NSW Government recently adopted sea
level rise planning benchmarks to ensure
consistent consideration of sea level rise in
coastal areas of NSW. These planning
benchmarks are an increase above 1990 mean
sea levels of 40cm by 2050 and 90cm by 2100.

For Narrabeen Lagoon, rising sea level is
expected to increase the frequency, severity
and duration of flooding. This is particularly
the case when the entrance is open, with
potentially more ocean water flowing through
the entrance and into the main body of the
Lagoon.

Projected sea level rise will also result in
higher sand levels at the entrance when it is
closed. This means that lake levels will need to
be even higher in the future in order to initiate
effective break-out channels.

Ancther potential impact of climate change to
be investigated is an increase in design rainfail
intensities, which may result in increased
flood flows and volumes in the catchment,

During the course of the study, the changes to
flood inundation patterns under climate
change scenarios will be identified to
determine the increased flood risk.

Wave penetration into Lagoon, 2006
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Key Study Outputs

The main objective of the study is to
characterise the flooding behaviour in the
catchment detailing appropriate flood water
level, depth and velocity distributions across
the floodplain for historical and hypothetical
fiood event conditions.

By assessing a range of flood magnitudes, both
the severity and frequency of potential flooding
for individual properties can be ascertained,

Detajled computer models are developed
specifically for the catchment to simulate flood
behaviour. Historical flood information such as
rainfall depths, peak water levels, flooded
property details etc, are used to ensure the
computer models are representative of the real
catchment behaviour,

Flood maps across the catchment will be
produced using the model results which will
show the predicted extent of flooding .

The flood study results will be used to provide
more effective flood planning in the catchment
and will assist Councils in:

*Setting appropriate levels for development
control;

*|dentifying potential works to reduce existing
fiooding; and

*iImproving flood emergency response and
recovery.

| errance

1A

Histor ning



WARRINGAH
COUNCIL

W

Community input

Community involvement in managing flood
risks is essential to improve the decision
making process, to identify local concerns and
values, and to inform the community about the
consequences of flooding and potential
management options. The success of the flood
planning In the Narrabeen Lagoon catchment
hinges on the community’s input and
acceptance of the proposals.

There are a number of ways you can be
involved in the study:

*Please take a few minutes of your time to
complete and return the questionnaire. This
will greatly assist in collating people’s
knowledge and experience about previous
flooding history and existing flood problem
areas.

*A community information session is planned at
a later stage following assessment of available
floodplain management options and to collect
people’s ideas and opinions before coming up
with the recommended plan.

*A website has been established to keep the
community informed on the study progress.
The website has further information on
flooding In Narrabeen Lagoon and will be
updated throughout the study as new
information becomes available. Community
members will also be able to post thelr views
and comments on the website so they can be
considered during the course of the study,
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Study timetable

Comprehensive flood studies of this nature
take some time to complete, incorporating
detailed technical analysis, community
consultation activities, study documentation
and review processes,

Set out below is an indicative timetable which
the project will follow, with key project
stages/milestones and their proposed
completion dates,

STAGE 1 — Data Compilation and Initial
Community Consultation

Completion by September 2011
STAGE 2 — Hydrological modelling

Completion by October 2011
STAGE 3 — Hydraulic modelling

Completion by April 2012
STAGE 4 — Climate Change Analysis

Completion by August 2012
STAGE 5 - Draft Flood Study and Public

Exhibition
Completion by October 2012

The completion of the study will see the
adoption by Council of the Final Flood Study
Report following appropriate review and
feedback from stakeholders.
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Want more information? Important Terms

For more information about the Narrabeen

Lagoon Flood Study , please contact: Catchment flooding: is the inundation of land

due to significant rainfall in the catchment,
The runoff generated from the catchment

Warringah Council :
flows into Narrabeen Lagoon from local

Ms Deborah Millener

Floodplain Management Officer streams.
Ph 9942 2111 Ocean flooding: is the inundation of land by
sea water and results from one or a

BMT WBM (Consultant) combination of storm surge, wave set-up and

Mr Darren Lyons tidal conditions.

Project Manager Low-level persistent flooding: s the

Ph 4340 8882 inundation of land due to elevated lake levels
) in periods of entrance closure, with lake

Website:

water level fluctuations due to local

http://gis.wbmpl.com.au/NarrabeenLagoon/ catchment rainfall and lake evaporation,

ICOLLs: Intermittently Closed and Open
Lakes and Lagoons (such as Narrabeen
Lagoon) are separated from the ocean by a
sand beach barrier or berm, 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.

Natural breakout: Following heavy rainfall,
water levels in the ICOLL rise and may
eventually spill over the entrance sand berm
and with sufficient force can scour an
entrance channel through the beach and
reopen the ICOLL to the ocean.

Flooding in Narrabeen, April

1927
T 1Y ,.' ".

Artificial opening: Artificial breaching of the
entrance barrier is undertaken to ‘drain’ the
ICOLL to the ocean and lower water lev

Wheeler Park, March 2011
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Narrabeen Lagoon Flood Study

Community Questionnaire September 2011

Your views and experiences are important to the study

Warringah Council (in partnership with Pittwater Council) is undertaking a detailed flood study of the
Narrabeen Lagoon catchment to help identify flooding problem areas. We are seeking the community’s
nelp by collecting inforrmation on any fiooding or drainage problems that you may have experienced in
the past. Please take a minute or two to read through these questions and provide responses wherever
you can. Please return this form to Warringah Council In the enclosed envelope (no stamp required), All
information provided is confidential and used only for the purposes of the study.

Contact and Property Details

Please tick your type of property :
D House

D Business

O Unit/Flat/Apartment

D Other (please specify)

How long have you been at this property?

sasaareesasss YOAIS

Please keep me Informed on study progress?
D Yes D No

Previous Flooding Experience

Have you ever experienced flooding at this
property?

D Yes D Ne

If yes, what dates or years did this happen?

Do you think your property could be flooded in
the future?

D Yes D No

ey

] e PITTWATER

- = N ‘@‘
Al 27 COUNCIL 3.5 BMT WBM

Warringah Council

419

Previous Flooding Experience

Are you able to indicate the depth that flood
waters reached on your property or elsewhere
such as roads?

A map Is provided on the back, please mark up
your property or known flooding areas. Additional
space is provided to add other comments.

Photographs and Video

Do you have any photographs or video of flooding
that you are willing to share with Council?

D Yes D No

Photographs and video can be
questionnaire or emailed to;

with the
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Please provide any additional comments or information that you think will help the study

-

THANK YOU FOR YOUR ASSISTANCE IN COMPLETING THE SURVEY. PLEASE PROVIDE ANY ADDTIONAL
INFORMATION YOU FEEL IS RELEVANT TO THE STUDY
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Media Release - Draft Narrabeen Lagoon Flood Study
Friday, July 12, 2013
Draft Narrabeen Lagoon Flood Study

Warringah and Pittwater Councis are exhibiting the Draft Narrabeen Lagoon Fleod Study and you are invited to
have your say.

The final Draft Narrabeen Lagoon Flood Study will update the 1990 flood study and define current and future
flood behaviour of the catchment, which extends as far as Mona Vale to the north, Belrose to the west and
Beacon Hill to the south.

The draft study, which Is being prepared to meet the objectives of the NSW State Government's Flood Prone
Land Policy, will establish the basis for subsequent floodplain management activities and is on public exhibition
until Monday 12 August,

Under the State Policy, NSW Local Governments are responsible for identifying and managing the risk to life
and property from flooding.

One of the most important steps in this process is increasing our community's awareness of fiooding so that
people are better able to understand and plan for the flood risks they face.

Far most people, there will be no immediate change to their situation.

However, property owners who are planning redevelopment of their property may need to take some additional
steps as part of the consent process because flood-related development controls will apply. For example, the
construction of new buildings will need to be set at or above the Flood Planning Level (1 in 100 year fiood plus
0.5m) and out of flood danger.

Community Information Sessions are being held during the public exhibition to give people whose properties
may be affected by the study the chance to have a 15-minute, one-on-one talk with Council Officers. The
information sessions will be held on:

Saturday 20, Friday 28, Tuesday 30 July, 9.30am ~ S5pm

Coastal Environment Centre, Pelican Way, Lake Park Rd, North Narrabeen

Monday 22 July, 9.30am — 5pm

Tramshed Arts and Community Centre, 1395A Pittwater Rd, Narrabeen

Bookings essential on:

Warringah Council area: Valene Tuk on 9842 2111 or valerie.tuk@warnringah.nsw.gov.au
Pittwater Council area: Debbi Millener on 9970 1111 or floodplain@pittwater nsw.gov.au

The Draft Narrabeen Lagoon Flood Study is on public exhibition at warringah.nsw.gov.au; pittwater. nsw.gov.au,
Warringah Council Chambers, Fittwater Council Offices, and Council libraries,

This study has been prepared for Warnngah and Filtwater Councils with financial assistance from the NSW
and Commonweath Governments through the Natural Disaster Resilience Program,

KWATO_NARRASEEN LAGOOH FIO00_STUDYOCGSR A2070006 04 FNALREFORT DOCY
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Manly Daily Notices — Public Exhibition

PURLIC EXHIBITIONS [2=m——————————ae—
Draft Narrabeen Lagoon Flood Study PITTWATER/WARRINGAH
Warringah and Pittwater Councils have prepared

the Draft Narrabeen Lagoon Flood Study to define Hm y” say

current and future flood behaviour and you are m ﬂm M

invited 10 have your say. Exhibition period

13 july - 12 August.
PITTWATER and Warrin-

Community information sessions
20, 26, 30 July, 9 30am - Spm gah Councils are exhibiting
Coastal Environment Centre the Draft Narrabeen Lagoon
{off Lake Park Rd, North Narrabeen) Flood Study and you are in-
vited to have your say.
22 July, 9,30am - Spm The draft study, which 1s
Tramshed - Lakeview Room being prepared to meet the
(Pistwater Rd, Narrabeen) objectives of the NSW State
Bookings essential Government's Flood Prone
Warringah Council area: Valerie Tuik on Land Policy, will establish
9942 2111 or valerie tulk@warringah nsw.gov.au the basis for subsequent
Pittwater Council area: Debbi Millener on flood management activitles
9970 1111 or floodplain@pittwater.nsw.gov.au and will be put on public
The above draft and accompanying documents ;xulg:;?;); until Monday,
are available at warringah nsw.qov au, Civic F y inf tion o
Cenlre, pittwater.nsw.qov au, Pittwater Cauncil o' MOTY 05800 bz
Offices and Council libraries. Submissions are howto v;few the slt:tgz a&%
invited In writing to Warringah Coundil, - p;rt au‘;c h e
725 Pittwater Rd, Dee Why NSW 2099 or E?bb?;ﬂmsee::r%?lsém&z%%e

council@warnngah nsw.gov.au or; Pittwater
Council, PO Box 882, Mona Vale NSW 1660 or

pittwater_councll@pittwater.nsw.gov.au [ =——————— —=— ]
marked ‘Drafl Narrabeen Lagoon Flood Study'.
Manly Daily 13™ and 20" July 2013 Manly Daily 17" July 2013
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COMMUNITY GUIDETO
NARRABEEN LAGOON FLOOD STUDY
JULY 2013

WARRINGAH
N o
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Introduction

Warningah and Pittwater Councils are carrying out 3 flood study
to understand flood risks in the Narrabeen Lagoon catchment
The study includes areas draining to Narrabeen Lagoon such

a5 South Creek, Middie Creek, Deep Creek, Mullet Creek and
Namabeen Creek. This study updates the 1990 Narabeen
Lagoon Faod Study as well as flcod studies for inddual
creeks, and provides a holistic assessment of flooding within the
catchment

The Draft Narrabeen Lagoon Flood Study ts on publc exhibition
from Monday 15 July to 12 August and you are inwted to have
your say

Flooding in the Narrabeen Lagoon Catchment
The main aim of the study is ta define current and future flocd
vehaviour In the Narrabeen Lagoon catchment

FAocding in Narrabean Lagoon comes from two man sources:
1, sgnificant catchment rainfal|
2, ocearic mundation (Ude and storm surge)

Floodplain Risk Management Process

Under the NSW Governmernit's Flood Prone Lared Policy, counals
have the prmary responsiility for managing flood prone areas,
with financial and technical support provided by the State
Government

Aocdplam nsk management considers the conseguences of
fiooding on the community and ams to develop appropriate
actons to minimise and mitigate the impacts of floading

The Flcod Prone Land Policy specihies a staged approach 1o the
figogplain managerment process

focnplun Rk Maragement
Stuty & Man

Inplementation of Plan

What happens next?

After the public exhibrtion of the Draft Narrabean Lagoon Flood
Study, all comements will be reviewed and final amendments
made 10 the study. Once adopted by bath Warringah and
Fittwater Councils, The stusy will be used in the preparation of
the Narrabeen Lagoon Floodpan fisk Managemen: Study and
Plan.

The Flcodplain Risk Management Study will outline what can be
dene to manage flooding in the Narrabeen Lagoon catchment
through the idantification, assessment and comparison of
various risk management options

The Acodplan Risk Management Pan will contain several
management measures and strategies. These will help guide
and coordinate the responsilities of government and the
community In undertaking flood management works and
intatives, Preferred opuons will be publicly exhibited andg subsect
to ravision in fight of community response

How am | affected?

The Flood Study Map shows (he extent of Niood prane nd,
which is defined as the area alected by the Probabie Maxnmum
Flood (PMF, 1e. the largest flood that could concetvably occur)
Propertes affected by the Flood Panming Level, e the 1.1n 100
year flood plus 0.5m freeboard, (see image and explanaton in
FAQs below) are shaded on the map

Certam flood related deveiopment contiols may apply 1o floed
prone propertes. For instance, residental properties affected by
the Fload Planning Level may be subject to mirimum floor [evel
requiremants. For further information visit warringan nsw gav au
Of pittwater. nsw.gov.au

Community Input

Community invalement in managing flood risks is essental for

«  raising awareness in the community about the potential for
fooding in the catchement

o improving the decision making progess

< idenufying bocal concerns and values

As part of the community consu'tanon, the Draft Narrabaen
Lagoon Flood Stugy will be on putlic exhibition from Monday 15
July o Monday 12 August, 2013, You are invited 1 participate
iy the study by praviding camment on the araft report, avaliable
from warringah nsw.govau, pittwater nsw gov.ay, Warningah
Counal Chambers and Pittwater Counal offices and libranes.
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What can | do?
To make a submission on the Draft Narrabeen Lagoon Flood
Study, write 10 the General Manager of your local Councd

marked
'Submission - Draft Narrabeen Lagoon Flood Study”

Warnngah Council

725 Pitwater Road

Dee Why

NSW 2099

or email council@warrngah nsw.qQov.au

Pitwater Council

PO Box 882

Mona Vale

NSW 1660

or email pittwater_council@pittwater nsw.gov.ay

Subrnissions close Monday, 12 August, 2013
One-on-one community information sessions

Saturday 20th, Friday 26th, Tuesday 30th July
9.30am - S5pm

Coastal Environment Centre, Pelican Way, Lake Park Road

North Narrabeen

Monday 22nd July
9.30am - 5pm

Tramshed Arts & Community Centre, 1395A Pittwater Road,

Narrabeen

BOOKINGS ARE ESSENTIAL

Frequently Asked Questions

Why does Council study flooding?

NSW Local Governments have responsibility for identifying

and then managing the nsk to life and property from flooding,
and have a duty of care 1o disclose this information to the
community, Local Governments must act in accordance with the
NSW Flood Prone Land Poicy, whch aims to reduce the impact
of flooding and flood labdity on individual owners and occupiers
of flood prone property. One of the most important steps in this
process is increasing our community’s awareness of flooding so
that people are better able to understand and plan for the flood
risks they face

What areas are included in the Draft Narrabeen Lagoon
Flood Study?

Narrabeen Lagoon is fed primanly by South Creek, Middle Creek.
Deep Creek, Mullet Creek and Narrabeen Creek. As a result the
study area extends 1o include parts of Mona Vale in the north,
Befrose in the west and Beacon Hil in the south

Which areas could be flooded?

The Draft Narrabeen Lagoon Flood Study map shows land that
would be affected by the Probable Maximum Flood (1.e. the
largest flood that could concevably accur). Properties affected
by the Flood Planning Level (i.e. the 1 in 100 year fiood plus
0.5m freeboard) are also shaded on the map.

What is a 1 in 100 year flood?

A 1n 100 year flood occurs on average once every 100 years,
i.e. there is a 1% chance of a flood of this size occurring at a
particular location in any qven year. This does not mean that
if a location floods one year, it will definitety not flood for the
next 99 years. Nor, if it has not flooded for 99 years that it will
necessarily flood the next year. Some parts of Australia have
received a couple of 1 in 100 year floods within & decade of
@ach other

What is Freeboard?

Freeboard 15 included in the Flood Planning Level as a buffer,
to account for factors such as wind, waves, unforeseen
blockages, other localised hydraulic effects and uncertainties in
the modelling and determination of flood levels. Freeboard is
typically 0.5m above a fiood level
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What does this mean for property owners?

For most pecple, there 15 nothing for you 10 do in response

to this flood study, as there is no immediate change to

yaur situation. However property owners who are planrng
redevelopment of their property may needt to take some
additional steps as part of the consent process because

fiood related development controls apply. This could include
the requirement to have the flocr levels of new residential
develcpments set al or above the Flood Planning Level and out
of flood danger

My property was never classified as ‘flood prone’ or
‘flood liable' before. Now it is. Why?

The flood levels from this draft flood study are shghtly tigher
i some areas than those prevously adopted for the 1990
Narrabeen Lagoon Flood Study. The main reasons for this
difference include mare advanced madels and calibration data,
betier understanding of entrance condilions, mproves surveys
and changes in land use

What are councils doing to manage flood risk?

Counals prepare flood studies and plans according to the NSW
Government's Floodplain Development Manual (2005). and
implement assocated recommendations with the financal and
technical assstance of NSW Government through its Flood
Prone Land Policy. Lanc use planning Iirough development
cantrois is one of the most effective means of managing flood
risk (0 the catchment. Additional fisod mitgation measunes

n the catchment currently inciude: the management of the
Narrabeen Lagoon entrance, implamenting a flood warning
network and rasing flood awareness i the community.

Will this affect property values?

Studies show that an actual flood event, rather than a flaod
planning notation on a Section 149 Certificate, s more ikely to
have an effact on property velues.

Will this affect my insurance premiums?
Indwidual insurance companies typikally identity Food Prone
Land and assess rsk through ther own flood studies, analysis

and flood magping exercises, imespective of whether Council
has undertaken a flood study. These cakculations are outside
Council’s control, The information 5 then used to set policies
and premuwms. Flood studies conducted by councis may be used
by insurance companies to refine thesr Hood profiles, potentially
excluding propertes that would otherwise be induded threugh
more risk-averse calculations

Council’s prnmarty responsibiity s to identify and then manage
the risk 10 life and property from flooding, and has a duty of
care to disclose this information to the community, The Draft
Narrabeen Lagoon Flood Study represents sgnificant advances
since previous fload studies in the catchment and s a public
document, which all members of the community, nciuding
Inswrance companies, are able 10 access

What can | do to prepare in case of a flood?

The State Emergency Servce has a useful websie providing
advice on how to manage fload sk, Visit www: floodsate.com,
au for more information,

What should | do in the event of a flood?

If it 15 @ life threatening situation, call 000, In the event of floods,
storms Or tsunames, please contact the State Emergency Service
(SES) on 132 500 or visit their websie at wWvww,Ses.nsw.qov.au.

Where can | find out about Council's flood related
development controls?

Links to flood related development controls can be found at
warnnaah nsw.gov.au and pittwater nsw.gav.au

Further information

The Draft Narrabean Lagoan Fiood Study and more Frequently
Asked Questions can be found at warnngah nsw.gov.au and
pettwater nsw.gov.au

FASECH | s prrwaTER COUNCIL | M ot | il
AL Aty adima Coomt monunt

Tnis project is supported by the NSW and Commonweaith Governments through the Natural Disaster Resslience Program
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Introduction

Warmnngah and Pittwater Councils are carmying oul @ foad study
10 understand lood rsks n the Nerrsbeen Lisgoon cotchment
The study Includes araas drainng to Narrabeen Lagoon such as
Muliet Creek, Narrsbeen Crees, South Creek, Middle Cresk ang
Deep Creek Thus study updates the 1990 Karabeen Lagoon
Food Study a6 well as Hood studies for indedual creeks, and
PrOvaaEs & BOHSHC assessment of Nooding with tha Catchment
The Draft Narrabeen Lagoon Flood Study is on public exhitstion
from Monday 15 July 10 12 August and you aré iInwted 10 have
your sy

Flooding in the Narrabeen Lagoon Catchment
The man am of the study » to define current and future fiood
pehadour In the Narabeen Lagoan caichment.

Flooding m Narrabeen Lagoon comes from two ma:n sources:
1. sgnificant catchment ramdall
7 cxeare nundation (Lde and s1omm surge)

Floodplain Risk Management Process

Under the NSW Government’s Flood Prame Land Rolicy, councls
have the primary sesponsibilay for managing flood srone areas,
with fnancial and technical sunport peoveded by the State
Government

Foodplen risk management conscders the consequences of
floodmg on the community and &ms to develop aporoapnate
ACLENS 10 mnimise and mingate the mpacts of fooing

The Flood Frone Land Policy specifies  staged approach 1o the
flongplain management process

What happens next?

After the pudiic exhibetion of the Dra’t Narrabeen Lagoon Flood
Study, all comments wil be revesed and final amendments
made 10 the study. Once adopted by both Pittwater and
Waningah Councils, the study will be used n the preparation of
the Narrabeen Lagoon Floodplain Rek Managemant Study and
Plan
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Tre Hooaplsin st Maragement Study wil outline what <an be
done 10 manage flooding in the Narrabesn Lagoon catchment
through the wentification. aysessment and comparson of
vanous risk management oplions,

The Aoodplain Risk Maragement Plan will contain several
management measures and syrateges.  These will help guida
and Conianate e fasponsilities of govemment and the
commursy in undestaking flood management works and
nitatves. Preferred opticns will be publicly exhicitad and subject
10 region in bght of comemunity responie

How am | affected?

The Flood Study Map shows the extent of fiood prone land,
which s defined as the area 2ffectad by the Probstie Masemum
Flood (PMF, (e the largest flood that coud conceivably occur)
Properties affected by the Hood Planning Leved, 1.e the 1 in 100
yeat food plus 0.5m frosboand, fsee image and explanation in
FADs below) are shadad on the map

Certam flood related gevelopment controls may apply 10 floed

prone propertses. For instance, residential properties affected by
the Fiood Aanning Level may be subject to minemum foor kevel
requinements. For further information w4t pittwater néw govau

Community laput
Coerenunity svohverment in managng ficod risks is essential for:

+ rEISNG BNENENSss in the community about the patental for
fiooding in the catchment

o improning the decsion making process

+dentilying ksl concerns and values

As pant of the community consuitation, the Draft Namabeen
Lagoon Fread Study vill be on public exhidition from Nanday 15
July 1o Monday 12 Sugust, 2013, You are invted to participste
In the study by praviding comment on the diaft repart. avalabile
from pittwater ned Qowsu, O Customey service centres, libiraties
at 1 Park Street, Mona Vale, 594 Old Barrenyoey Road. Avadon
and the Coastal Envitoment Centre
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What can | do?

TO make 3 submission on the Dafl Naratbeen Lagoon Flood
Study. write 1o the General Manoget of your logal Coundl
marked

Submisson ~ Draft Narabeen Lagoon Flood Shudy

Pratwater Councl

PO Box 832

Mora Vale

NSW 1660

OF emal peitwaler_CONOIEDIPITwater niw 9oV iU

Wamngah Councs
775 Pittwater Road
Dee Why

NSW 2099

Of emdil COUNCREDWRTINGAN NYW QOv.au

Submyssions close Mondoy, 12 August, 2013

One-on-one community information sessions
Saturday 20th, Friday 26th, Tuesday 30th Ay

9.30am - Spm

Coastal Environment Centre, Pelcan Wiy, Lake Park Road
North Narrabeen

Monday 22na July

9 30am - Sp

Tramshed Arts & Community Contre, 1395A Pitwater Road
Namabeen

BOOKINGS ARE ESSENTIAL
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Frequently Asked Questions

Why does Council study flooding?

NSW Local Goverrenents have responubiity for dentifying
aNd then managing the nsk 10 Me and property from flooding,
and have & duly of care 10 dadiose ths information 10 the

community. Local Governments must act in accordance with the
NSW Flood Frone Land PoiCy, which aims 10 féduce the smpact
of fiooding ard Rood kability on ndividual owners and accupiers
of ficod prone property. One of the most mportant steps n the
PIOCeSS 15 INCIeasing Our Community’s awarmness of fiooding 10
that peopie are Detter abtie 10 understand and plan for the tlood
roks they face

What areas are included in the Draft Narrabeen Lagoon
Flood Study?

Narrabeen Lagoon & fed primanly by South Cresk, Midde Creek
Deep Creek, Muliet Creck and Nomrabeen Creek As 2 result the
study atea extends 1o nclude parts of Mona Vake in the north
Beliote In the west and Baacon Hill in the touth

Which areas could be flooded?

The Draft Narrabeen Lagoon Flood Study map thows land that
would be alfected by the Probable Maxmum Food (¢ the
largest flood that could concevably occur), Propertes affected
by the Fiood Panning Level (& the 1 in 100 year Rood plus
0.5m freeboard) are also shaded on the map

What is a 1 in 100 year flood?

A 1in 100 yoor Bood occurs on average once every 100 yoars,
Le. there 1S 3 1% chance of 3 flood of this see odcurmng at a
particular JOCAton in Ay given year This Soes NOt mean that
# 3 ‘ocanon floods one your. it will definitely not flood for the
next 99 years. Noe i it has not flooded 1or 99 gears that a wil
necessarily Hood the neal year Some parts Of Austeala have
recewved 3 couple of 1in 100 year Boods within a decade of
ach Other

What is Freeboard?

Freeboard o indiuded in the Flood Panning Leve! 34 3 buffe

10 account for fAC1ors such a3 wind, waves, unforeseern
biockages, other localsed hyorauls effects and uncertantes n
the modeling and determination of flood levels Freebond o
typecally O Sm above 2 0od leved
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What does this mean for property owners?

For most people, there is nothing for you 10 do In response

to this fload stugy aa there is na mmedate change o

YOur SNUATIoN. However property owrers who are plannmg
recewHopmant of their proparty May need 10 1ake seme
addmenal steps as part of the consent grooess because

fiood relazed development controls apply. Ths could include
the rénurement 10 have the floor levels of new resdential
developments set at o above the Flood Plarning Lewel and out
of flood dange,

My property was nover classified as “flood prone’ or
“flood liable' before. Now it is. Why?

The flood kevals rom ths draft flood study are shghtly lghet
in some areas than those preiousty adopted for the 1990
Nafrabeen Lagoon Food Study The main reasons for this
difference miclude more advanced modess and calibeation dats,
better understanding of entrance conditions. smproved sunays
and changes (n land use

What are councils doing to manage flood risk?

Councils prepare flood studies and plans accordang to tha NSW
Government's Foadpisn Devetopment Mandal (2005), arvd
Impiement assodated secommendations with the financial and
techmical assistance of NSW Govemnment through s Flood
Prone Land Polkcy. Landd wse planting through development
contros is one of the most effectve means of managing flood
risk In the carchment Additional flood mitgation measures

I the catchment curfently incude: the management of the
Narrabeen Lagoon entrance, rmplementing a flood warming
netwark and raigng fiood awarensss in the community,

Will this affect property values?

Stiadies Show that an actual flaad event, rather than a fload
planning natation on a Section 149 Certifizate, 15 more [ikely to
have an effect on propesty values.

Will this affect my insurance premiums?
Indivdual Insurance cornpanies typically dentify Food Prone
Land and agsass risk through thesr awn ond studes, analyss

ATTACHMENT 1

Final Report - Narrabeen Lagoon Flood Study - R.N2070.005.04

ITEM No. 8.5 - 22 OCTOBER 2013

and flood mappng exercises, respective of whether Cound

has undertaken a flood study These calculations ae outsde
Cowncil's contral. The information i then used 10 st polces
ana premumis. Flood studies conducied by cowncils may be used
by isuranca comparees 10 réfme ther ood probles, potantally
excluding propertes that would othersise be incuded thraough
more Fk-averse caltulations.

Cowncil's primary responsitslity s to identidy and then manage
the rek to Ife and property from floodng, and has & duty of
cafe 10 disciose this nformabon 10 the communily The Drant
Narrateen Lagoon Flood Study represents sgnificant advances
since prevsous flood studies in the catchment and s & publc
gacumient, whch ol mambers of the cammunilty ndludag
Insurance companies. are able 10 access,

What can | do to prepare in case of & flood?

The State Ermergency Service has a useful websie providing
advce on how 1o manage flood rsk. Vall waww floodsale com,
au o Mo informaton

What should | do In the event of a flood?

If it s & [ife thepatening situation, call 000, in the event of floods,
SE0ms of tsunamis, please contact the State Emergancy Sarice
[SES) an 132 500 of visit thek weba1e ST WWW 58S NEw gou.au.

Where can | find out about Council's flood related
development controls?

(ks to flood related development controls can be found at
ptwates now oov.au and warrngah.nsw gov au

Further information

The Draft Nadrabeen Lagoon Flood Study and mars Fréquently
Asked Questions can be found a1 patwaternsw govau and
wanngah, rsw.qov.éy

## PITTWATER COUNCIL | \A/ 235884 | g Eniroiment | £

This project is supported by the NSV and Commonwealth Goverarnents through the Natutal Dsaster Resitence Program
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APPENDIX C: RATIONAL METHOD CROSS CHECKS

The Raticnal Method is a simplistic technique used to estimate a design peak discharge volume from
a small to medium sized catchment for a given design storm event. The Rational Method
recommended for use in eastern New South Wales is the probabilistic rational method (AR&R, 2001).
The probabilistic Rational Method is based on data from 308 gauged catchments and is applicable to
catchment areas of up to 250km”. Further information on the probabilistic Rational Method can be
found in AR&R (2001).

The probabilistic Rational Method has been used in the current study as a means to cross check the
design peak discharge values estimated by the TUFLOW hydraulic model. Table C-1 provides the
parameter values adcpted for the probabilistic Rational Method calculations as well as the estimated
design peak flow values for the three tributaries upstream of Wamewood Wetlands (namely Mullet
Creek, Narrabeen Creek and Fern Creek).

Table C-1 Probabilistic Rational Method Calculation

Mullet Ck Narrabeen Ck Fern Ck (U/S
(U/S Garden St) (U/S Ponderosa Warriewood
Pde) Wetlands)
Catchment Area (ha) 368 ha 93 ha 61 ha
Critical Duration (t;) 10hrs 0.75hrs 0.5
| 1 1 1
i Design Rainfall Intensity (k) ~ 95.4mm/h 1120 mmhm 136.0 mm/h
Cy (10% AEP runoff coefficient) 0.75 0.75 0.75
1 FF 0 (frequency factor) 1.39 1.39 1.39
| Coo (1% AEP runeff coefficient) 1.04 1.04 1.04
Qi (peak 1%AEP discharge) | 101.7m’s 03m%s | 240ms

Table C-2 shows a comparison between the design discharge values extracted from the TUFLOW
meodel developed in the cument study, the probabilistic Rational Method estimate and the design
discharge value presented in the Wamiewood Valley Flood Study (Lawson and Treloar, 2005) for the
three tributaries upstream of Warriewood Wetlands, There is a good correlation between the design
discharge values extracted from the TUFLOW model and the probabilistic Rational Method, however,
these values are higher than the coresponding estimated flow condition reported in Wamiewood
Valley Flood Study. This difference in design discharge volumes between the current and previous
study results in a significant difference in design ficod water levels (as discussed in Section 7.4 in the
main body of the report),

KWXTO_NARRABEEN JAGOCN_FIO00_STUDVOCGER K070 006 04 FINALREFORT DOCY
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Table C-2 Comparison of Estimated Peak Design 1% AEP Discharge

Current Study

Rational Warriewood Valley
(T"l::(lj'g;,v Method Flood Study
| Mullet Ck (U/S Garden Sty 1038 ] 07 | 443
4 -
Narrabeen Ck (U/S Ponderosa Pde) 345 303 125
’ Fern Ck (U/S Warriewood Wetlands) 167 ‘ 240 [ 73
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