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Figure v. PMF Peak Velocity — Risk Blockage Scenario
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This is close to the peak of the flood at the M1 Motarway.

Figure vi. 1% AEP Peak Velocity — Risk Blockage Scenario
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Figure vii. 20% AEP Peak Velocity — Risk Blockage Scenario
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Figure viii. PMF Provisional Hazard - Risk Blockage Scenario
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Annual Exceedance
Probability (AEP)

The chance of a flood of a given or larger size occurring in any one year,
usually expressed as a percentage. For example, if a peak flood discharge
of 500 m3 /s has an AEP of 5%, it means that there is a 5% chance (that is
one-in-20 chance) of a 500 m3 /s or larger event occurring in any one year
(see ARI).

Australian Height Datum
(AHD)

A common national surface level datum approximately corresponding to
mean sea level.

Average Annual Damage
(AAD)

Depending on its size (or severity), each flood will cause a different amount
of flood damage to a flood prone area. AAD is the average damage per
year that would occur in a nominated development situation from flooding
over a very long period of time.

Average Recurrence Interval
(ARI)

The long term average number of years between the occurrence of a flood
as big as, or larger than, the selected event. For example, floods with a
discharge as great as, or greater than, the 20 year ARI flood event will
occur on average once every 20 years. ARl is another way of expressing the
likelihood of occurrence of a flood event.

Catchment The land area draining through the main stream, as well as tributary
streams, to a particular site. It always relates to an area above a specific
location.

Discharge The rate of flow of water measured in terms of volume per unit time, for

example, cubic metres per second (m3 /s). Discharge is different from the
speed or velocity of flow, which is a measure of how fast the water is
moving for example, metres per second (m/s).

effective warning time

The time available after receiving advice of an impending flood and before
the floodwaters prevent appropriate flood response actions being
undertaken. The effective warning time is typically used to move farm
equipment, move stock, raise furniture, evacuate people and transport
their possessions.

Emergency management

A range of measures to manage risks to communities and the
environment. In the flood context it may include measures to prevent,
prepare for, respond to and recover from flooding.

Flash flooding

Flooding which is sudden and unexpected. It is often caused by sudden
local or nearby heavy rainfall. Often defined as flooding which peaks within
six hours of the causative rain.

Flood

Relatively high stream flow which overtops the natural or artificial banks in
any part of a stream, river, estuary, lake or dam, and/or local overland
flooding associated with major drainage before entering a watercourse,
and/or coastal inundation resulting from super-elevated sea levels and/or
waves overtopping coastline defences excluding tsunami.

Flood awareness

Flood awareness is an appreciation of the likely effects of flooding and a
knowledge of the relevant flood warning, response and evacuation
procedures.

! Definitions from the Floodplain Development Manual (2005)
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Flood education Flood education seeks to provide information to raise awareness of the
flood problem so as to enable individuals to understand how to manage
themselves and their property in response to flood warnings and in a flood
event. It invokes a state of flood readiness.

Flood fringe areas The remaining area of flood prone land after floodway and flood storage
areas have been defined.

Flood liable land Is synonymous with flood prone land (i.e. land susceptible to flooding by
the probable maximum flood (PMF) event). Note that the term flood liable
land covers the whole of the floodplain, not just that part below the flood
planning level (see flood planning area).

Floodplain Area of land which is subject to inundation by floods up to and including
the probable maximum flood event, that is, flood prone land.

Floodplain risk management | The measures that might be feasible for the management of a particular
options area of the floodplain. Preparation of a floodplain risk management plan
requires a detailed evaluation of floodplain risk management options

floodplain risk management | A management plan developed in accordance with the principles and
plan guidelines in this manual. Usually includes both written and diagrammatic
information describing how particular areas of flood prone land are to be
used and managed to achieve defined objectives.

Flood planning area The area of land below the flood planning level and thus subject to flood
related development controls. The concept of flood planning area
generally supersedes the flood liable land concept in the 1986 Manual.

Flood Planning Levels (FPLs) | FPL's are the combinations of flood levels (derived from significant
historical flood events or floods of specific AEPs) and freeboards selected
for floodplain risk management purposes, as determined in management
studies and incorporated in management plans. FPLs supersede the
standard flood event in the 1986 manual.

Flood proofing A combination of measures incorporated in the design, construction and
alteration of individual buildings or structures subject to flooding, to
reduce or eliminate flood damages.

Flood prone land Is land susceptible to flooding by the Probable Maximum Flood (PMF)
event. Flood prone land is synonymous with flood liable land.

Flood readiness Flood readiness is an ability to react within the effective warning time.
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Flood risk Potential danger to personal safety and potential damage to property
resulting from flooding. The degree of risk varies with circumstances across
the full range of floods. Flood risk in this manual is divided into 3 types,
existing, future and continuing risks. They are described below.

e existing flood risk: the risk a community is exposed to as a result of its
location on the floodplain.

e future flood risk: the risk a community may be exposed to as a result of
new development on the floodplain.

e continuing flood risk: the risk a community is exposed to after
floodplain risk management measures have been implemented. For a
town protected by levees, the continuing flood risk is the
consequences of the levees being overtopped. For an area without any
floodplain risk management measures, the continuing flood risk is
simply the existence of its flood exposure.

Flood storage areas Those parts of the floodplain that are important for the temporary storage
of floodwaters during the passage of a flood. The extent and behaviour of
flood storage areas may change with flood severity, and loss of flood
storage can increase the severity of flood impacts by reducing natural
flood attenuation. Hence, it is necessary to investigate a range of flood
sizes before defining flood storage areas.

Floodway areas Those areas of the floodplain where a significant discharge of water occurs
during floods. They are often aligned with naturally defined channels.
Floodways are areas that, even if only partially blocked, would cause a
significant redistribution of flood flows, or a significant increase in flood
levels.

Freeboard Freeboard provides reasonable certainty that the risk exposure selected in
deciding on a particular flood chosen as the basis for the FPL is actually
provided. It is a factor of safety typically used in relation to the setting of
floor levels, levee crest levels, etc. Freeboard is included in the flood
planning level.

Hazard A source of potential harm or a situation with a potential to cause loss. In
relation to this manual the hazard is flooding which has the potential to
cause damage to the community. Definitions of high and low hazard
categories are provided in the Manual.

Hydraulics Term given to the study of water flow in waterways; in particular, the
evaluation of flow parameters such as water level and velocity.

Hydrograph A graph which shows how the discharge or stage/flood level at any
particular location varies with time during a flood.

Hydrology Term given to the study of the rainfall and runoff process; in particular, the
evaluation of peak flows, flow volumes and the derivation of hydrographs
for a range of floods.

Local overland flooding Inundation by local runoff rather than overbank discharge from a stream,
river, estuary, lake or dam.

Local drainage Smaller scale problems in urban areas. They are outside the definition of
major drainage in this glossary.
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Mainstream flooding Inundation of normally dry land occurring when water overflows the
natural or artificial banks of a stream, river, estuary, lake or dam.

Mathematical/computer The mathematical representation of the physical processes involved in
models runoff generation and stream flow. These models are often run on
computers due to the complexity of the mathematical relationships
between runoff, stream flow and the distribution of flows across the
floodplain.

Merit approach The merit approach weighs social, economic, ecological and cultural
impacts of land use options for different flood prone areas together with
flood damage, hazard and behaviour implications, and environmental
protection and well being of the States rivers and floodplains. The merit
approach operates at two levels. At the strategic level it allows for the
consideration of social, economic, ecological, cultural and flooding issues
to determine strategies for the management of future flood risk which are
formulated into Council plans, policy and EPIs. At a site specific level, it
involves consideration of the best way of conditioning development
allowable under the floodplain risk management plan, local floodplain risk
management policy and EPIs.

Minor, moderate and major | Both the State Emergency Service and the Bureau of Meteorology use the
flooding following definitions in flood warnings to give a general indication of the
types of problems expected with a flood:

minor flooding: causes inconvenience such as closing of minor roads and
the submergence of low level bridges. The lower limit of this class of
flooding on the reference gauge is the initial flood level at which
landholders and townspeople begin to be flooded.

Moderate flooding: low-lying areas are inundated requiring removal of
stock and/or evacuation of some houses. Main traffic routes may be
covered.

Major flooding: appreciable urban areas are flooded, and/or extensive
rural areas are flooded. Properties, villages and towns can be isolated.

Modification measures Measures that modify either the flood, the property or the response to
flooding.

Peak discharge The maximum discharge occurring during a flood event.

Probable Maximum Flood The PMF is the largest flood that could conceivably occur at a particular

(PMF) location, usually estimated from probable maximum precipitation, and

where applicable, snow melt, coupled with the worst flood producing
catchment conditions. Generally, it is not physically or economically
possible to provide complete protection against this event. The PMF
defines the extent of flood prone land, that is, the floodplain. The extent,
nature and potential consequences of flooding associated with a range of
events rarer than the flood used for designing mitigation works and
controlling development, up to and including the PMF event should be
addressed in a floodplain risk management study.
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Probable Maximum The PMP is the greatest depth of precipitation for a given duration
Precipitation (PMP) meteorologically possible over a given size storm area at a particular
location at a particular time of the year, with no allowance made for long-
term climatic trends (World Meteorological Organisation, 1986). It is the
primary input to PMF estimation.

Probability A statistical measure of the expected chance of flooding (see AEP).

Risk Chance of something happening that will have an impact. It is measured in
terms of consequences and likelihood. In the context of the manual it is
the likelihood of consequences arising from the interaction of floods,
communities and the environment.

Runoff The amount of rainfall which actually ends up as streamflow, also known
as rainfall excess.

Stage Equivalent to water level. Both are measured with reference to a specified
datum.

Stage hydrograph A graph that shows how the water level at a particular location changes

with time during a flood. It must be referenced to a particular datum.

Water surface profile A graph showing the flood stage at any given location along a watercourse
at a particular time.
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Abbreviations

1D

2D
AHD
ARI
ARF
ARR
BoM
DCP
DECCW
DEM
DPE

EPI

IFD

FPL
FRMP
FRMS
FPRMSP
ha

km

One Dimensional

Two Dimensional

Australian Height Datum
Average Recurrence Interval
Areal Reduction Factor
Australian Rainfall and Runoff
Bureau of Meteorology

Development Control Plan

Department of Environment, Climate Change & Water (now OEH)

Digital Elevation Model

Department of Planning and Environment
Environmental Planning Instrument
Intensity Frequency Duration

Flood Planning Level

Floodplain Risk Management Plan
Floodplain Risk Management Study
Floodplain Risk Management Study & Plan
hectare

kilometres

Square kilometres

Local Environment Plan

Local Government Area

Light Detection and Ranging

metre

Square metres

Cubic metres

metres to Australian Height Datum
millimetres

metres per second

New South Wales

On-site Stormwater Detention

Office of Environment and Heritage (NSW)

Probable Maximum Flood

Duck Creek Flood Study
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SES State Emergency Service (NSW)
SWC Sydney Water Corporation

WBNM Watershed Bounded Network Model
WCC Wollongong City Council
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1 Introduction

The Duck Creek Flood Study has been prepared for Wollongong City Council (Council) to define the existing
flood behaviour in the Duck Creek catchment and establish the basis for subsequent floodplain management
activities.

1.1 Study Location

The Duck Creek catchment encompasses an area of approximately 19km? located in the Yallah region on the
New South Wales South Coast as shown in Figure 2-1. Duck Creek flows in a general east direction from its
headwaters below the lllawarra Escarpment to its confluence with Lake Illawarra at Yallah.

The extent of existing development in the catchment is somewhat limited. The catchment is extensively
undeveloped rural floodplain, with minor pockets of development around Yallah and Haywards Bay. Other
rural residential property is scattered through the catchment largely along the main access roads including
Yallah Road, Marshall Mount Road and North Marshall Mount Road.

The higher concentrations of development, predominantly in the lower reach of the catchment are generally
located on higher ground. Most of the existing property with significant flood risk is rural property that
potentially becomes isolated in major flooding events.

The upper slopes of the catchment remain natural bushland, with the middle and lower reaches predominantly
consisting of rural pasture with small pockets of forested areas.

1.2 Study Objectives

The overall objective of this study is to improve understanding of flood behaviour and impacts, and better
inform management of flood risk in the study area through consideration of the available information, and
relevant standards and guidelines. The study will also provide a sound technical basis for any further flood risk
management investigations in the area. The study will update the previous 2012 Flood Study (BMT WBM 2012)
to current industry best practise through incorporating Council’s recently adopted blockage policy and the
latest available data for the catchment.

This project is a flood study, which is a comprehensive technical investigation of flood behaviour that provides
the main technical foundation for the development of a robust floodplain risk management plan. It aims to
provide a better understanding of the full range of flood behaviour and consequences. It involves
consideration of the local flood history, available collected flood data, and the development of hydrologic and
hydraulic models that are calibrated and verified, where possible, against historic flood events and extended,
where appropriate, to determine the full range of flood behaviour.

The project provides an understanding of, and information on, flood behaviour and associated risk to inform:

e relevant government information systems;

e government and strategic decision makers on flood risk;

e the community and key stakeholders on flood risk;

e flood risk management planning for existing and future development;

e emergency management planning for existing and future development, and strategic and
development scale land-use planning to manage growth in flood risk; and

e decisions on insurance pricing (where the information is utilised by insurance companies).

The outputs of the study outlined in Sections 7 to 10 will assist this by:




R h @m Duck Creek Flood Study

e providing a better understanding of the:
o variation in flood behaviour, flood function, flood hazard and flood risk in the study area;
o impacts and costs for a range of flood events or risks on the existing and future
community;
o impacts of changes in development and climate on flood risk;
o emergency response situation and limitations; and
o effectiveness of current management measures.
e facilitating information sharing on flood risk across government and with the community.

The study outputs will also inform decision making for investing in the floodplain; managing flood risk through
prevention, preparedness, response and recovery activities; pricing insurance, and informing and educating
the community on flood risk and response to floods.

1.3 Study Background

A flood study for Duck Creek was completed in 2012 (BMT WBM 2012). The Floodplain Development Manual
(NSW Government 2005) recommends that a flood study should be reviewed regularly (approximately every
five years) or a review may be triggered earlier for a variety of reasons including the occurrence of a significant
flood event, changes to relevant policy, legislation or guidelines or development occurring or proposed in the
catchment.

In addition to a period of more than 5 years having elapsed since the flood study was complete, changes to
policy, guidelines, modelling approaches and development in the catchment have also occurred. As such,
Wollongong City Council (Council) determined that a review and update of the Duck Creek Flood Study (BMT
WBM 2012) was required. In July 2017 Council commissioned Rhelm to undertake this review and update. The
findings and outcomes of the flood study review are presented in this document.

The following changes, which have occurred since the adoption of the 2012 Flood Study, and additional issues
that have been assessed in this revised Flood Study include:

e The effect of climate change on the catchment both increasing rainfall and ocean level;

e The availability of newer survey data and greater detailed ground survey / LiDAR data;

e Advances in computational capacity and modelling technology (particularly in the 2D modelling
sector);

e Information available from subsequent flood events since the initial studies were finalised;

e The changes to development and proposed development within the catchment;

e The standard of all study results submitted in the WaterRide™ format;

e Change in AR&R guidance in 2016 (e.g. IFD’s, temporal patterns, ARF etc.) which will be further
investigated at in the next stage of the Floodplain Risk Management process; and

e Implementation of Council’s New Blockage Policy, May 2016 (as outlined in the Final Technical
Report — Review of Conduit Blockage Policy, May 2016).
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2 Study Area

2.1 Catchment Description

The Duck Creek catchment encompasses an area of approximately 19km?, extending from the lllawarra
escarpment, and flowing generally east to its confluence with Lake lllawarra at Haywards Bay (refer to Figure
2-1 and Figure 2-2).

The upper portion of the Duck Creek catchment is dominated by bushland and steep ephemeral streams
characteristic of the Illawarra Escarpment. From an elevation of around 600m AHD at the top of the catchment,
the topography grades steeply from the upper slopes to the broader and flatter floodplain approximately
4.5km downstream.

The catchment is principally drained by Duck Creek and a series of minor tributaries. The watercourses
(including Duck Creek) in the upper and middle catchments are typically small with heavily vegetated riparian
corridors. The main channel of Duck Creek is fed by minor steep ephemeral streams that drain the sides of the
valley and by sheet flow from the surrounding agricultural land. Downstream of the M1 Motorway and Princes
Highway Bridges, the creek widens and deepens along the lower floodplain to the confluence with Lake
Illawarra.

Land use within the catchment primarily consists of rural pasture (69%), bushland (30%) and urban
development (1%). The floodplain area principally remains undeveloped and largely occupied by rural farming.
However, rezoning, neighbourhood planning and major road infrastructure projects are being planned
(Section 3.7).

The main urban communities within the catchment are parts of South Dapto and Haywards Bay. Other
residential property is scattered through the catchment largely along the main access roads including Yallah
Road, Marshall Mount Road and North Marshall Mount Road. The main urban communities are generally
located on higher ground. Most of the existing property with significant flood risk is rural property that
potentially becomes isolated in major flooding scenarios.

The Duck Creek catchment is traversed by a number of major transport corridors. These are predominantly
located in the lower catchment and include the M1 Motorway, Princes Highway and the South Coast (lllawarra)
Rail Line. In order to provide transport routes with a degree of flood immunity, most of the transport routes
are elevated above the natural floodplain levels, constructed on embankments with major waterway openings
(bridges/culverts) at appropriate cross drainage locations.

The structures associated with these transport routes spanning Duck Creek and its floodplain have a significant
influence on the flooding behaviour in the Duck Creek catchment. The significant length of embankment for
some of the transport lines provides impedance to out-of-bank floodplain flows in major flood events. In
addition, the potential for blockage at major hydraulic structures may exacerbate flood risk to upstream
property. Given the major structures are located on the lower floodplain with relatively flat topography; the
extent of backwater influence is extensive.

2.2 Historical Flooding

Details of historical flooding in Duck Creek catchment are limited. Most of the historical events identified in
the catchment coincide with the larger regional events experienced in the Wollongong/lllawarra Region
including the events of March 1978, February 1984, March 2011 and the more recent March 2017 event. Apart
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from the March 2011 and March 2017 event, availability of historical flood data is limited for the Duck Creek
catchment.

2.3 Future Development
While the catchment is largely undeveloped at present, development is expected to occur over the following
years, including:

e Albion Park Rail Bypass — this is a Roads and Maritime Services project and will involve an upgrade of
the M1 Motorway and Al Princes Highway in a portion of the catchment (refer Section 3.7.3);

e West Dapto Masterplan — a draft zoning has been prepared for the West Dapto area, inclusive of the
Duck Creek Catchment (refer Section 3.7.1). This zoning envisages up to 4,000 dwellings over time. An
overview of the draft zoning is provided in Map G201.

e Tallawarra Concept Plan — this covers the lands currently owned by Energy Australia and was
developed by the Department of Planning (now Department of Planning and Environment) (refer
Section 3.7.2). This zoning envisages up to 1000 new dwellings in the Duck Creek catchment over
time. An overview of the concept plan prepared on behalf of the Department of Planning is provided
in Figure 3-4.

Further details on these future developments are provided in Section 3.7.
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3 Review of Available Data

3.1 Site Inspections

Site inspections of the catchment were undertaken at the inception of the project over two days (5 — 6 July
2017). The site inspections were attended by Rhelm, OEH and Council staff and aimed to provide an overview
of the catchment, an appreciation of key features impacting flood behaviour and identify any flood marks (e.g.
debris or damage) from the recent minor flood event in March 2017.

The locations inspected, field notes and key site photos are provided in Appendix A.

3.2 Previous Studies and Reports

3.2.1 Duck Creek Flood Study (BMT WBM 2012)

This project is a review and update of the 2012 Flood Study, and therefore this reference is a key input to the
study. The information and data used from the 2012 Flood Study is identified throughout this report. A detailed
review of the hydrological and hydraulic modelling presented in the 2012 Flood Study is provided in Appendix
D.

3.2.2 Duck Creek Flood Study (Cardno Forbes Rigby [CFR] 2007)

To facilitate the preparation of a local environmental plan (LEP) and local environment study (LES) for land
owned by TRUenergy Australia Pty Ltd at Tallawarra, Cardno Forbes Rigby (CFR) was engaged to prepare a
flood study of the land in 2006 (CFR 2007). The Tallawarra site is located on the western foreshore of Lake
Illawarra, north of Haywards Bay, in the lower Duck Creek catchment.

The objectives of the study were to predict the extent of flooding from Duck Creek throughout the Tallawarra
site for a range of ARIs, under both existing and post-development (comprising developments as per the
TRUenergy Master Plan and the ultimate development scenario in the upper catchment) conditions; and
assess the provisional flood hazard across the Tallawarra site for the 1% AEP and PMF events.

A limited calibration was undertaken of the developed hydrologic (WBNM) and hydraulic (HECRAS) models
using a single peak flood level for the March 1978 flood upstream of the Princes Highway Bridge over Duck
Creek.

Unlike the 2012 Flood Study, the WBNM model adopted three representative design rainfall IFDs across the
catchment (an upper, middle and lower IFD). This is in recognition of the spatial variation in rainfall that occurs
in the vicinity of the lllawarra escarpment.

The reach of Duck Creek represented in the one-dimensional (1D) hydraulic model was originally restricted to
the downstream side of the Princes Highway Bridge over Duck Creek and subsequently extended to the
confluence of Duck Creek and Lake Illawarra. The model was further extended to include the Princes
Highway/F6 Freeway (now M1 Motorway) and railway bridges to ascertain the effect these structures have
on attenuating flood peaks.

The results of the hydraulic modelling indicate that floodwaters are confined to the channel of Duck Creek
upstream of the historical bridge for all design events simulated (including the PMF event).




























































































































































