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»» FOREWORD

The State Government’s Flood Policy is directed towards providing solutions to existing flooding
problems in developed areas and ensuring that new development is compatible with the flood
hazard and does not create additional flooding problems in other areas. The Policy is defined in
the NSW Government’s Floodplain Development Manual (NSW Government, 2005).

Under the Policy, the management of flood liable land remains the responsibility of Local
Government. The State Government subsidises flood mitigation works to alleviate existing
problems and provides specialist technical advice to assist Local Government in its floodplain
management responsibilities.

The Policy provides for technical and financial support by the State Government through the
following stages:

Floodplain Established by the
Risk local council, must
Management include community

. groups and state
Committee agency specialists

Floodplain Floodplain .
Risk Risk Implementation

of

Management Management Plan

Study Plan

Defines the nature and Determines options in Preferred options Flood, response and

extent of the flood consideration of publicly exhibited and property modification

problem, in technical social, ecological and subject to revision in measures including

rather than map form. economic factors light of responses. mitigation works, planning

Usually undertaken by relating to flood risk. Formally approved by controls, flood warnings,

consultants appointed Usually undertaken by the council after public flood readiness and

by the council. consultants appointed exhibition and any response plans,

by the council. necessary revisions environmental rehabilitation,

due to public ongoing data collection and
comments. monitoring.

The Ourimbah Creek Flood Study represents the first of the four stages in the process outlined
above. The aim of the Ourimbah Creek Flood Study is to produce information on flood
discharges, levels, depths and velocities, for a range of flood events under existing topographic
and development conditions. This information can then be used as a basis for identifying those
areas where the greatest flood damage is likely to occur, thereby allowing a targeted
assessment of where flood mitigation measures would be best implemented as part of the
subsequent Floodplain Risk Management Study and Plan.
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) GLOSSARY

acid sulphate soils

annual exceedance
probability (AEP)

Australian Height Datum
(AHD)

average annual damage
(AAD)

average recurrence interval
(ARI)

caravan and moveable home
parks

catchment

consent authority

Catchment Simulation

are sediments which contain sulfidic mineral pyrite which may
become extremely acid following disturbance or drainage as sulfur
compounds react when exposed to oxygen to form sulfuric acid.
More detailed explanation and definition can be found in the NSW
Government Acid Sulfate Soil Manual published by Acid Sulfate Soil
Management Advisory Committee.

the chance of a flood of a given or larger size occurring in any one
year, usually expressed as a percentage. Eg, if a peak flood discharge
of 500 m*/s has an AEP of 5%, it means that there is a 5% chance
(that is one-in-20 chance) of a 500 m?®/s or larger events occurring in
any one year (see ARI).

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

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.

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.

caravans and moveable dwellings are being increasingly used for
long-term and permanent accommodation purposes. Standards
relating to their siting, design, construction and management can be
found in the Regulations under the Local Governments Act.

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.

the council, government agency or person having the function to
determine a development application for land use under the EP&A
Act. The consent authority is most often the council, however
legislation or an EPI may specify

a Minister or public authority (other than a council), or the Director
General of OEH, as having the function to determine an application.
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development

disaster plan (DISPLAN)

discharge

ESD

effective warning time

emergency management

flash flooding
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is defined in Part 4 of the Environmental Planning and Assessment
Act (EP&A Act).

infill development: refers to development of vacant blocks of land
that are generally surrounded by developed properties and is
permissible under the current zoning of the land. Conditions such as
minimum floor levels may be imposed on infill development.

new development: refers to development of a completely different
nature to that associated with the former land use. For example, the
urban subdivision of an area previously used for rural purposes. New
developments involve rezoning and typically require major extensions
of existing urban services, such as roads, water supply, sewerage and
electric power.

redevelopment: refers to rebuilding in an area. For example, as
urban areas age, it may become necessary to demolish and
reconstruct buildings on a relatively large scale. Redevelopment
generally does not require either rezoning or major extensions to
urban services.

a step by step sequence of previously agreed roles, responsibilities,
functions, actions and management arrangements for the conduct of
a single or series of connected emergency operations, with the object
of ensuring the coordinated response by all agencies having
responsibilities and functions in emergencies.

the rate of flow of water measured in terms of volume per unit time,
for example, cubic metres per second (m>/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).

Ecologically Sustainable Development (ESD) using, conserving and
enhancing natural resources so that ecological processes, on which
life depends, are maintained, and the total quality of life, now and in
the future, can be maintained or increased. A more detailed
definition is included in the Local Government Act, 1993. The use of
sustainability and sustainable in this manual relate to ESD.

The time available after receiving advice of an impending flood and
before 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.

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.

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.
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flood

flood awareness

flood education

flood fringe areas

flood liable land

flood mitigation standard

floodplain

floodplain risk management
options

floodplain risk management
plan

flood plan (local)

flood planning area

flood planning levels (FPLs)
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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.

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

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.

the remaining area of flood prone land after floodway and flood
storage areas have been defined.

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

the average recurrence interval of the flood, selected as part of the
floodplain risk management process that forms the basis for physical
works to modify the impacts of flooding.

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

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

a management plan developed in accordance with the principles and
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.

A sub-plan of a disaster plan that deals specifically with flooding. They
can exist at state, division and local levels. Local flood plans are
prepared under the leadership of the SES.

the area of land below the FPL and thus subject to flood related
development controls.

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
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flood proofing

flood prone land

flood readiness

flood risk

flood storage areas

floodway areas

freeboard

hazard
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management studies and incorporated in management plans.

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.

land susceptible to flooding by the PMF event. Flood prone land is
synonymous with flood liable land.

Readiness is an ability to react within the effective warning time.

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.

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

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

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.

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.

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 flow, or a significant
increase in flood levels.

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.

a source of potential harm or a situation with a potential to cause
loss. In relation to this study the hazard is flooding which has the
potential to cause damage to the community.

Definitions of high and low hazard categories are provided in
Appendix L of the Floodplain Development Manual (2005).
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historical flood

hydraulics

hydrograph

hydrology

local overland flooding

local drainage

mainstream flooding

major drainage

mathematical / computer
models

Catchment Simulation

a flood which has actually occurred.

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

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

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.

inundation by local runoff rather than overbank discharge from a
stream, river, estuary, lake or dam.

smaller scale problems in urban areas. They are outside the definition
of major drainage in this glossary.

inundation of normally dry land occurring when water overflows the
natural or artificial banks of a stream, river, estuary, lake or dam.

councils have discretion in determining whether urban drainage
problems are associated with major or local drainage. Major
drainage involves:

e the floodplains of original watercourses (which may now be
piped, channelised or diverted), or sloping areas where overland
flows develop along alternative paths once system capacity is
exceeded; and/or

e water depths generally in excess of 0.3m (in the major system
design storm as defined in the current version of Australian
Rainfall and Runoff). These conditions may result in danger to
personal safety and property damage to both premises and
vehicles; and/or

e major overland flowpaths through developed areas outside of
defined drainage reserves; and/or

e the potential to affect a number of buildings along the major
flow path.

the mathematical representation of the physical processes involved
in 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.
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merit approach

minor, moderate and major
flooding

modification measures

peak discharge

probable maximum flood
(PMF)

probable maximum
precipitation (PMP)
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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 State’s 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 flood risk management policy and EPls.

Both the State Emergency Service and the Bureau of Meteorology use
the 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.

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

the maximum discharge occurring during a flood event.

the PMF is the largest flood that could conceivably occur at a
particular 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.

the PMP is the greatest depth of precipitation for a given duration
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.

Vi
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probability

risk

runoff

stage

stage hydrograph

survey plan

TUFLOW

velocity

water surface profile

wind fetch

XP-RAFTS
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A statistical measure of the expected chance of flooding (see annual
exceedance probability).

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.

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

equivalent to water level (both measured with reference to a
specified datum).

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.

a plan prepared by a registered surveyor.

is a 1-dimensional and 2-dimensional flood simulation software. It
simulates the complex movement of floodwaters across a particular
area of interest using mathematical approximations to derive
information on floodwater depths, velocities and levels.

the speed or rate of motion (distance per unit of time, e.g., metres
per second) in a specific direction at which the flood waters are
moving.

a graph showing the flood stage at any given location along a
watercourse at a particular time.

the horizontal distance in the direction of wind over which wind
waves are generated.

is a non-linear runoff routing software. It incorporates subcatchment
information such as area, slope, roughness and percentage
impervious and is used to simulate the transformation of historic or
design rainfall into runoff (i.e., discharge hydrographs).

Vi
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1 INTRODUCTION

1.1 Catchment Description

The Ourimbah Creek catchment is located on the Central Coast of New South Wales and
occupies a total area of 160 km?. The extent of the catchment is shown in Figure 1 (refer Flood
Study: Volume 2).

The headwaters of the Ourimbah Creek catchment are located within the Great Dividing Range
near Kulnura. The creek generally flows in an easterly direction through State Forest and rural
properties before passing beneath the Sydney-Newcastle (F3) Freeway and Pacific Highway
near Palmdale. It continues to flow in a northern and then easterly direction before passing
beneath the Main Northern Railway Line and Wyong Road and eventually discharging into
Tuggerah Lake at Chittaway Point.

The Ourimbah Creek catchment also incorporates a number of significant tributaries that are
typically contained east of the Sydney-Newcastle Freeway and Pacific Highway. This includes:

6

Bangalow Creek, originates in bushland between Tumbi Umbi and Ourimbah. It drainsin a
westerly and then northerly direction through the township of Ourimbah before joining
Ourimbah Creek. Bangalow Creek drains a subcatchment area of 27 km? to its confluence
with Ourimbah Creek.

Cut Rock Creek, which form part of the larger Bangalow Creek subcatchment. The creek
originates within the Gosford City Council Local Government Area and drains in a northerly
direction through Lisarow, beneath the Main Northern Railway Line, Pacific Highway and
Teralba Street before joining Bangalow Creek near Ourimbah. The Cut Rock Creek
subcatchment occupies an area of 10 km?.

Chittaway Creek, which has its headwaters along Brush Road and drains in a westerly
direction through Fountaindale before making its way north beneath Old Chittaway Drive
and then west beneath Enterprise Drive and the Main Northern Railway line before
entering Bangalow Creek. Chittaway Creek drains a subcatchment area of 6 km? to
Bangalow Creek.

Dog Trap Gully, which originates in bush land west of Ourimbah and drains in a northerly
direction before turning east and flowing through the township of Ourimbah, beneath the
Pacific Highway and Main Northern Railway and into Bangalow Creek. The Dog Trap Gully
subcatchment occupies an area of 5 km?.

Canada Drop Down Creek, which has its headwaters in State Forest and drains in an
easterly direction through Palmdale before joining Ourimbah Creek just upstream of the
Sydney-Newcastle Freeway. The Canada Drop Down Creek subcatchment occupies an area
of 22 km?.

Kangy Angy Creek, which originates in State Forest / bush land and drains in a south —
easterly direction though the village of Kangy Angy before flowing east beneath the

Catchment 1
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Sydney-Newcastle Freeway and Pacific Highway and into Ourimbah Creek. The Kangy Angy
Creek subcatchment drains an area of 4 km®.

The Ourimbah Creek catchment west of the Sydney-Newcastle Freeway is typically
characterised by State Forest and rural land uses. The catchment area on the eastern side of
the Freeway is significantly more developed and incorporates a range or residential,
commercial, industrial and rural land uses. A number of major transportation links also extend
across the eastern section of the catchment including the Main Northern Railway, Pacific
Highway, Wyong Road, Enterprise Drive and Chittaway Drive.

1.2 Purpose of Study

During periods of heavy rainfall across the Ourimbah Creek catchment, there is potential for
water to overtop the banks of the creek system and inundate the adjoining floodplain.
Accordingly, there is potential for inundation and damage to properties and roadways located
in close proximity to the creeks and drainage lines. Flooding has been experienced across the
catchment on a number of occasions in the past including 1953, 1974, 1977, 1990, 1992, 2007,
2011 and 2013.

A number of flooding investigations have previously been completed in an effort to understand
and define flood behaviour across different sections of the Ourimbah Creek catchment.
However, a comprehensive flood study of the entire Ourimbah Creek catchment using modern
computer models has not previously been prepared.

In recognition of this limitation and the significant damage and inconvenience that has been
caused by past flooding, Wyong Shire Council and Gosford City Council decided to revise the
Floodplain Risk Management Plan for the Ourimbah Creek catchment. The first stage in the
development of a Floodplain Risk Management Plan involves the preparation of a Flood Study.
The Flood Study provides a technical assessment of flood behaviour.

This report forms the Flood Study for the Ourimbah Creek catchment. It documents flood
behaviour across the catchment for a range of design floods for existing topographic and
development conditions. This includes information on flood discharges, levels, depths and flow
velocities for a range of design floods. It also provides estimates of the variation in flood hazard
and hydraulic categories across the catchment and provides an assessment of the potential
impacts of climate change on existing flood behaviour.

The Flood Study comprises two volumes:
& Volume 1: (i.e., this document) comprises the report text and appendices.

6 Volume 2: contains all accompanying report figures.

1.3 Additional Investigations

During the preparation of the Ourimbah Creek catchment Flood Study, additional investigations
were completed to quantify the impact that the proposed upgrade of the Pacific Highway at
Lisarow may have on existing flood behaviour. The outcomes of this investigation are
presented in Appendix P. Additional investigations were also completed to determine the
potential hydraulic benefits of channel modifications works in the vicinity of Tall Timbers Estate,
Lisarow. The outcomes of this assessment are presented in Appendix O.

Catchment 2



2 METHODOLOGY

2.1 Objectives

The objectives of the Ourimbah Creek Catchment Flood Study are:

é
é

to review available flood-related information and data for the Ourimbah Creek catchment;

to develop a hydrologic model to simulate the transformation of rainfall into runoff and
generate flow hydrographs across the catchment;

to develop a hydraulic computer model to simulate how the flows generated by the
hydrologic model would be distributed/move across the catchment;

to calibrate the hydrologic and hydraulic computer models to reproduce past floods;

to use the calibrated computer models to define peak discharges, water levels, depths and
velocities for the design 20%, 10%, 5%, 2%, 1% and 0.5% AEP floods, and the Probable
Maximum Flood (PMF);

to produce maps showing the extent, depth and velocity of floodwaters for the range of
design floods; and,

to produce maps showing flood hazard and hydraulic categories for the range of design
floods.

2.2 Adopted Approach

The general approach and methodology employed to achieve the study objectives involved:

é
é

compilation and review of available flood-related information (Chapter 3);

the development and calibration of a computer based hydrologic model to simulate the
transformation of rainfall into runoff (Chapter 4);

the development and calibration of a computer based hydraulic model to simulate the
movement of floodwaters across the Ourimbah Creek catchment (Chapter 5);

use of the computer models to determine peak discharges, water levels, depths, flow
velocities and flood extents for the full range of design events up to and including the PMF
(Chapter 6);

use of the computer model results to generate flood hazard and hydraulic category
mapping (Chapter 7),

assessment of potential climate change implications on existing flood behaviour
(Chapter 8).

testing the sensitivity of the results generated by the computer model to variations in
model input parameters (Chapter 9);

Identification of flooding “trouble spots” as well as key infrastructure and transportation
links impacted by floodwaters (Chapter 10).
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3 REVIEW OF AVAILABLE INFORMATION

3.1 Overview

A range of data were made available to assist with the preparation of the Ourimbah Creek
Flood Study. This included previous reports, hydrologic data, photographs and GIS data.

A description of each dataset along with a synopsis of its relevance to the flood study is
summarised below. Particular emphasis was placed on identifying information that could be
used to assist with the hydrologic and hydraulic model development and calibration.

3.2 Previous Flood Reports and Investigations

3.2.1 Lower Ourimbah Creek Floodplain Risk Management Study Review and Plan
(July, 2011)

The “Lower Ourimbah Creek Floodplain Risk Management Study Review and Plan” was
prepared for Wyong Shire Council by Paterson Consultants. The report was commissioned
to review the draft “Ourimbah Creek Floodplain Management Study” (Hyder Consulting Pty
Ltd, January, 2001) and then develop a floodplain risk management plan. The study covers
the lower 8 kilometres of Ourimbah Creek extending from the Wyong Road crossing of
Ourimbah Creek (i.e., Lees Bridge) upstream to the confluence of Ourimbah Creek and
Bangalow Creek. Only the section or Ourimbah Creek upstream of Wyong Road was
considered as flood levels downstream of Wyong Road are dominated by Tuggerah Lake.

This study is the most recent flood-related investigation completed across the Ourimbah
Creek catchment. It incorporates a review of previous flooding investigations across the
lower Ourimbah Creek catchment. It notes that a number of flood studies have been
prepared for the catchment although the investigations have been conducted over a variety
of different study areas. It goes on to say that each of the previous studies can be criticised
for:

6 failing to adequately represented the routing of flow through the catchment;

é failing to consider all available historic information in the calibration and verification of
models;

& adopting high Manning’s ‘n’ coefficients in the hydraulic model; and/or,

é trying to represent the complex 2-dimensional movement of floodwaters using
simplified 1-dimensional hydraulic models.

The report also notes that large spatial variations in rainfall are common across the Central
Coast area during storms and available stream gauging stations are not reliable at high
stages. Accordingly, this hampers hydrologic and hydraulic model calibration and
verification.

The report also provides comparisons between peak 1% AEP flood discharges and flood
levels at various locations throughout the Ourimbah Creek catchment from a range of
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previous Ourimbah Creek flood studies. This information is reproduced in Tables 1 and 2
respectively. However, as all of the studies were completed over ten years, the discharge
and associated flood level estimates may not provide a reliable description of contemporary
design flood conditions.

Table 1 Summary of peak 1% AEP discharges from previous flooding investigations
Peak 1% AEP Discharge (m*/s)
Location
SsKp! WMA? pC? Hyder® Hyder®
Bangalow Creek @ Ourimbah - 220 - 260 260
Ourimbah Creek @ Pacific Highway - - - 677 550
Ourimbah Creek @ Stn 211005 850 - 990 930 750
Ourimbah Creek @ Wyong Road 870 - - 960 740
Notes:  1: “Lower Ourimbah Creek Flood Study, Preliminary Report” (Sinclair Knight & Partners, 1990)
2: “Bangalow Creek and Cut Rock Creek Flood Study” (Webb McKeown & Associates, 1994)
3: “Catamaran Drive Flood Study” (Paterson Consultants, 1989)
4: “Ourimbah Creek Floodplain Management Study” (Hyder Consulting, 2001) using ARR temporal patterns
5: “Ourimbah Creek Floodplain Management Study” (Hyder Consulting, 2001) using adjusted temporal patterns
Table 2 Summary of peak 1% AEP flood levels from previous flooding investigations
Peak 1% AEP Flood Levels (mAHD)
Location
SKP! pC’ Hyder3 Wyong Council’
Ourimbah Creek @ Pacific Highway 12.73 - 12.28 12.61
Ourimbah Creek @ Stn 211005 11.01 11.3 10.46 11.40
Ourimbah Creek @ Corella Close 5.86 6.6 6.2 6.50
Ourimbah Creek @ Wyong Road 4.23 4.0 4.5 4.5

Notes:  1: “Lower Ourimbah Creek Flood Study, Preliminary Report” (Sinclair Knight & Partners, 1990)
2: “Catamaran Drive Flood Study” (Paterson Consultants, 1989)
3: “Ourimbah Creek Floodplain Management Study” (Hyder Consulting, 2001)
4: Wyong Shire Council: Flood Level Sheets

3.2.2 Tuggerah Lakes Floodplain Risk Management Study — Public Exhibition Draft
(November, 2010)

The “Tuggerah Lakes Floodplain Risk Management Study” was prepared by WMAwater for
Wyong Shire Council. The study was prepared to examine a range of measures that could
potentially be implemented to reduce the impact of flooding across the floodplains of the
Tuggerah Lakes system (i.e., Tuggerah Lake, Budgewoi Lane and Lake Munmorah). The
study was mainly concerned with land that is located below 3 mAHD. That is, it did not
consider flooding along each of the major tributary inflows to the lake system, including
Ourimbah Creek. Nevertheless, it does provide useful information regarding flooding
mechanisms across Tuggerah Lake. As shown in Figure 1, Ourimbah Creek discharges into
Tuggerah Lake. Accordingly, the prevailing water levels in Tuggerah Lake can strongly
influence flood behaviour along the downstream reaches of Ourimbah Creek.

The study notes that Tuggerah Lake discharges to the Pacific Ocean across a sandy beach
berm at The Entrance, which is intermittently open and closed. The severity of flooding
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across the lake system is influenced by the level of the beach berm and whether there are
elevated ocean levels at the time of a flood (elevated ocean levels may prevent the egress of
floodwaters from the lake). The report also notes that rainfall over a period of 2 to 5 days is
typically required to elevate lake levels significantly.

The study notes that the non-flood water level within the lake is typically 0.3 mAHD with no
apparent tidal fluctuation. However, the water level can typically fluctuate from 0.1 to
0.5 mAHD depending on the volumes of inflow from the contributing catchments at the
time.

The study includes a summary of peak lake water levels for significant historic floods, which
is reproduced below in Table 3.

Table 3 Summary of peak historic Tuggerah Lake levels extracted from “Tuggerah Lakes Floodplain Risk
Management Study”
Rank Date Peak Lake Water Level (mAHD)
1 18" June 1949 2.1
2 Easter 1946 1.9
3 2" May 1964 1.9
4 1927 1.8
5 1931 1.8
6 10" June 2007 1.65
7 4™ February 1990 1.6
8 4" March 1977 1.6
9 1963 1.5
10 1953 1.5

The study provides an overview of previous flooding investigations that have been
completed for the lake system. This includes the “Tuggerah Lakes Flood Study” (Lawson &
Treloar, September, 1994), which included the development of a WBNM hydrologic model
of the entire Tuggerah Lakes catchment (including Ourimbah Creek) and a MIKE-11
hydraulic model of the lake system. The models were calibrated/verified using historic data
for the February 1992, February 1990 and May 1974 floods.

The flood study provides design flood levels for Tuggerah Lake which were prepared based
on frequency analysis and hydrologic/hydraulic computer modelling (refer Table 4). The
peak design lake levels compare favourably with those documented in the “Lower Ourimbah
Creek Flood Study” (Sinclair Knight and Partners, October, 1986). The design flood levels
listed in Table 4 are based on an entrance breach model that was calibrated against historic
floods. However, the outcomes of sensitivity analysis showed that peak 1% AEP water levels
could change by up to 0.1 metres if alternate breach parameters were adopted.
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Table 4 Summary of peak design flood levels for Tuggerah Lake taken from “Tuggerah Lakes Flood Study”

Peak Lake Water Level (mAHD)

Location Maximum
0, 0, 0, 0,
50% AEP 20% AEP 5% AEP 1% AEP Probable Flood
Tuggerah Lake 091 1.36 1.80 2.23 2.70

3.2.3 Upper Ourimbah Creek Flood Study (June, 1997)

The “Upper Ourimbah Creek Flood Study” was prepared by Webb McKeown & Associates
for Wyong Shire Council. The purpose of the report was to define the nature and extent of
the existing flooding problem along Ourimbah Creek upstream of the Pacific Highway.

The report outlines that the February 1992 flood is the largest on record for Ourimbah
Creek and that a comprehensive data collection and survey exercise was carried out
following the flood. This includes 76 surveyed flood marks across the Upper Ourimbah
Creek floodplain. Five surveyed flood marks were also available for the August 1995 flood.

The report notes that negligible flood mark information is available from flood events prior
to the February 1992 flood. Therefore, resident surveys were completed in an attempt to
uncover additional historic flood information. The survey provided several descriptive
estimates of the March 1977 flood relative to the February 1992 (the 1977 flood being
between 0.1 and 1.0 metre lower than the 1992 flood). All historic flood level information
extracted from the report is provided on Figure 4.

The report identifies significant floods have occurred across the Upper Ourimbah Creek
catchment on the following dates:

6 14-18" April 1927;
17-19" June 1930;
17-19" June 1949;
8™ May 1953;

4™ June 1974;

4™ March 1977;

6™ July 1988;

10" February 1992;

L S S S N N N

A hydrologic model of the Ourimbah Creek catchment draining to the Main Northern
Railway was developed using the WBNM software as part of the study. The hydrologic
model was not calibrated as there was no reliable stream flow data available for any
significant historic floods. Therefore, the WBNM model parameter values were populated
based on values extracted from similar hydrologic models for nearby catchments (e.g.,
Chittaway/Bangalow Creeks).

A hydraulic model of the Upper Ourimbah Creek catchment was developed using the
RUBICON software. The hydraulic model was calibrated against historic flood mark
information for the February 1992 event. An estimate of the March 1977 flood was also
simulated and the resulting flood profile was found to be significantly lower than the 1992
event. However, given the uncertainty associated with the 1977 flood mark information, no
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definitive conclusions could be drawn from this simulation as to the suitability of the model
calibration.

A range of design events were simulated from the 20% AEP flood up to and including the
1%AEP event. The probable maximum flood (PMF) was also simulated, however, it is
uncertain whether the PMF estimate was derived using actual probable maximum
precipitation calculations or whether an approximation was employed.

The study also includes floor level elevations for 52 buildings within the Upper Ourimbah
Creek catchment. The peak design flood level information extracted from the hydraulic
model was extracted and used with the available floor level information to provide an
indication of the number of buildings subject to inundation during each of the design floods.
This determined that approximately 24 buildings would be subject to inundation during the
design 1% AEP flood and a further 24 buildings are located less than 300 mm above the
predicted peak 1% AEP flood level.

It should be noted that the study was prepared fifteen years ago. Although the upper
Ourimbah Creek catchment is still largely undeveloped, changes to the upstream catchment
(e.g., clearing of vegetation, construction of farm dams) may mean the discharge and flood
level estimates presented in the report no longer provide a reliable description of
contemporary flood behaviour.

3.2.4 Bangalow Creek and Cut Rock Creek Floodplain Management Study (January,
1996)

The “Bangalow Creek and Cut Rock Creek Floodplain Management Study” was prepared by
Webb McKeown & Associates for Wyong Shire Council and Gosford City Council. The study
outlines a range of flood mitigation measure that could potentially be implemented to
reduce the existing flood problem across the Bangalow, Cut Rock and Chittaway Creek
catchments and ensure future development is completed in a manner that recognises the
variation in flood hazard across different sections of the floodplain.

The results of design flood simulations completed as part of the “Bangalow Creek and Cut
Rock Creek Flood Study” (Webb McKeown & Associates, December, 1994) were used to
define the nature and extent of the existing flooding problem. The following locations were
identified as areas where significant flood damages are likely to be incurred:

® Pluim Park / Tall Timbers Estate / Manning Road (12 buildings inundated in 1% AEP
flood);

Donna Close / Janine Close / Narelle Close (1 building inundated in 1% AEP flood);
Subdivisions east of Tuggerah Street (1 building inundated in 1% AEP flood);
Brands Place / Lisarow Street (23 buildings inundated in 1% AEP flood);

Shirley Street (1 building inundated in 1% AEP flood);

Mill Street Industrial Area (2 buildings inundated in 1% AEP flood);

Dog Trap Gully (1 building inundated in 1% AEP flood); and,

Chittaway Creek (3 buildings inundated in 1% AEP flood).

o o000
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This study does not provide any new survey or historic flood information relative to the
1994 flood study. Accordingly, there was little additional information that could be
extracted and used as part of the current study.

3.2.5 Bangalow Creek and Cut Rock Creek Flood Study (December, 1994)

The “Bangalow Creek and Cut Rock Creek Flood Study” was prepared by Webb McKeown &
Associates for Wyong Shire Council and Gosford City Council. The purpose of the flood
study was to define the nature and extent of the existing flood problem across Bangalow
Creek (including Cut Rock Creek and Dog Trap Gully) and Chittaway Creek downstream to
their confluence with Ourimbah Creek. Combined, the Bangalow and Chittaway Creek
catchments occupy approximately 20% of the overall Ourimbah Creek catchment.

The report included a significant review of historic flood information. This included a review
of information from various local and state government agencies, newspapers, previous
reports as well as resident interviews. The report did note that prior to the mid-1970s the
guantity and quality of historic data was insufficient for the purposes of model calibration.

The review identified a total of nineteen flood events between 1974 and 1992. The most
significant floods for which significant information is available included:

6 29" January 1978;
7" February 1981;
8" November 1984;
14" October 1985;
30" April 1988;

7" January 1989;
2-4" February 1990;
7™ February 1990;
10" February 1992;

o o000

Historic flood level information extracted from the report is provided on Figure 4. This
includes peak water levels extracted from maximum height recorders, automatic water level
recorders and surveys completed after the February 1992 flood by Wyong Council and after
the February 1990 flood by Gosford City Council.

A hydrologic model of the Bangalow Creek and Chittaway Creek catchments was developed
using the WBNM software. The hydrologic model could not be calibrated independently as
there were no stream gauges located in either catchment.

A hydraulic model of Bangalow Creek, Cut Rock Creek, Dog Trap Gully and Chittaway Creek
was also developed as part of the study using the RUBICON software. The report includes
details of major hydraulic structures (i.e., bridges and culverts) including invert elevations
and dimensions as well as roadway centreline elevations. The extent of this information is
shown in Figure 3 and can be extracted and used to assist with the development of the
hydraulic model for this study. The January 1989, February 1990 and February 1992 floods
were used to calibrate / verify the hydraulic model.
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The computer models were used to simulate the 10%, 2% and 1% AEP floods. An
approximation of the probable maximum flood (PMF) was also made by doubling the 1%
AEP design flows.

It should be noted that subsequent investigations completed by Paterson Consultants for
the “Bangalow Creek near Shirley St & Brush Rd Ourimbah Flood Analysis” (Paterson
Consultants Pty Ltd, September, 1998) identified some anomalies in design flood results
generated as part of this flood study in the vicinity of Sohier Park. In particular, the
Paterson Consultant report identified the need to incorporate additional “branches” in the
hydraulic model layout to reliably model overland flow paths and “break outs” across the
floodplain during large floods. As the study was completed twenty years ago, it is also
considered that the hydrologic and hydraulic parameters and associated discharge and
design flood estimates may not provide a reliable representation of contemporary flood
behaviour.

3.2.6 Lower Ourimbah Creek Flood Study - Draft (October, 1986)

The draft “Lower Ourimbah Creek Flood Study” was prepared by Sinclair Knight & Partners
for the NSW Public Works Department. The flood study was prepared to define design flood
levels, velocities and discharges along Ourimbah Creek between the Pacific Highway and
Tuggerah Lake. Main stream flooding as well as flooding from elevated water levels in
Tuggerah Lake was considered as part of the investigation.

The report explains that the Tuggerah Lake system has a typical water level of between 0.2
and 0.3 mAHD and a very small tidal range. The report goes on to say that flood levels along
the lower reaches of Ourimbah Creek are strongly influenced by the water levels in
Tuggerah Lake. The lake levels rise in response to rainfall over the lake area and can be
exacerbated by catchment runoff, the constriction in The Entrance channel and/or elevated
ocean levels, which reduce the potential for excess water to escape from the lake to the
ocean.

The design water levels listed in Table 5 are provided in the report for Tuggerah Lake:

Table 5 Summary of peak design flood levels for Tuggerah Lake taken from “Lower Ourimbah Creek Flood
Study”

Peak Lake Water Level (mAHD)

Location Maximum
0, 0, 0,
5% AEP 2% AEP 1% AEP Probable Flood
Tuggerah Lake 1.9 2.2 2.4 2.7

The report notes that peak flood levels during low to medium recurrence events are
sensitive to the formation or opening of sandbars across The Entrance channel. Accordingly,
when these lake water levels were derived (i.e., 1974), it was assumed that the entrance
would function in a similar manner to other historic floods. However, since 1993, Wyong
Shire Council has employed a policy of maintaining a permanently open entrance to allow
for tidal interchange. Accordingly, the levels presented in Table 5 may be overestimated.
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The report discusses a report prepared by Weatherex (Weatherex Meteorological Services,
August, 1982) that investigates the interaction between ocean storm surge conditions and
high rainfall events over the lake catchment. The outcomes of this investigation determined
that conditions which maximise storm surge are unlikely to result in major flood producing
rainfall over the catchment.

The report also investigated the relative timing/coincidence of peak flood levels within
Tuggerah Lake and Ourimbah Creek. It notes that during catchment runoff events lake
levels rise because the capacity of The Entrance channel is less than the flow entering the
lake from the various tributary inflows (e.g., Wyong River, Ourimbah Creek). The study
determined that the lake levels listed in Table 6 would be appropriate to adopt at the peak
of an Ourimbah Creek flood.

Table 6 Summary of peak design flood levels for Tuggerah Lake at time of Ourimbah Creek flood peak
taken from “Lower Ourimbah Creek Flood Study”

Peak Lake Water Level (mAHD)

Location
5% AEP 2% AEP 1% AEP

Tuggerah Lake 0.6 0.7 0.9

Although the report does provide a significant amount of useful information, the study was
never finalised. In addition, a significant amount of development has occurred in the
catchment since the report was prepared. Accordingly, it is likely that contemporary flood
conditions will now differ from those documented in the report.

3.2.7 Cut Rock Creek Valley Flood Plain Management Study (June, 1982)

The “Cut Rock Creek Valley Flood Plain Management Study” (June, 1982) was prepared by
Cameron McNamara Consultants for the NSW Department of Public Works. The report
outlines the results of investigations into various floodplain management strategies aimed
at reducing the losses and disruption caused by flooding within the Cut Rock Creek
catchment. The study area incorporated the Bangalow Creek, Dog Trap Gully, Chittaway
Creek and Cut Rock Creek catchments, which are all major tributaries of Ourimbah Creek.

A hydrologic computer model of the various catchments was developed using the RORB
software. A hydraulic model of the major watercourses within the study area was also
developed using the HEC-2 software. It is considered that the 1-dimensional HEC-2 software
would fail to represent the complex 2-dimensional movement of floodwaters that can occur
across the floodplain of the creek system. In addition, the results produced by the
hydrologic and hydraulic model are no longer considered to be reliable due to the significant
development that has occurred across the catchment since the models were originally
produced (i.e., over 30 years ago).

The report incorporates some information for a flood that occurred overnight on 6" and 7™
of February 1981 as well as 29" January 1978. Although the study mentions that flood level
information was collected for the 1981 flood, this information does not appear to be
reproduced in the report. The report does document peak flows for the 1978 and 1981
floods, however, they are flows simulated by a hydrologic model using recorded rainfall data
rather than flows recorded at stream gauging stations.
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The study identified several flooding problem areas including Brands Place (Lisarow), Sohier
Park (Ourimbah), Chittaway Road area (Ourimbah) as well as the lower reaches of Chittaway
Creek. A total of 15 of 35 residences were identified as being flood liable across these areas.

This study was prepared thirty years ago. Accordingly, it is considered that changes that
have occurred in the catchment over that period (e.g., increased development,
bridge/culvert replacements) will result in changes in rainfall-runoff and flood behaviour.
Therefore, the results presented in this study are not considered to provide a reliable
description of contemporary flood behaviour.

3.2.8 Flood Impact Assessments

In addition to the major flood studies, floodplain risk management studies and floodplain
risk management plans described above, a number of smaller flood impact assessments
have also been prepared. The flood impact assessments were typically prepared to assess
the flood-related impacts of various developments that were proposed across the Ourimbah
Creek catchment. Flood impact assessments that were provided include:

é Gutteridge Haskins & Davey Pty Ltd (GHD) (August 1993), Roads and Traffic Authority
Lot 11 DP 748273, Old Maitland Road, Ourimbah, Flood Report, prepared for Roads and
Traffic Authority, NSW

& Hyder Consulting Pty Ltd (June 2010),HW10 Pacific Highway - Narara to Ourimbah
Upgrade - Flood Impact Assessment Report, prepared for Roads and Traffic Authority,
NSW

® Kinhill Engineers (March 1989), Chittaway Road Crossing Design, prepared for Wyong
Shire Council

® Parsons Brinkerhof (December 2008), University of Newcastle, Ourimbah Campus
Central Tributary Flood Study, prepared for the University Of Newcastle for submission
to Wyong Shire Council

& Parsons Brinckerhoff (PB) (July 2008), University of Newcastle, Ourimbah Campus
Flooding Assessment for Proposed Car Park Facilities, prepared for University Of
Newcastle, Ourimbah Campus for submission to Wyong Shire Council

& Paterson Consultants (September 1990), Extension of Enterprise Dr Drain Review of
Design Discharges Catchment 2JA, prepared for Wyong Shire Council

® Paterson Consultants, (May 1993), Flood Study Lot 1 DP 499720, Teralba St, Ourimbah,
prepared for Mr R.Davis for submission to Wyong Shire Council

é Paterson Consultants Pty Ltd (September 1998), Bangalow Creek near Shirley St & Brush
Rd Ourimbah Flood Analysis Amended Final report, prepared for Wyong Shire Council

& Paterson Consultants Pty Ltd (October 1998), Bangalow Creek at Shirley St Ourimbah
Flood Analysis Supplementary Report, prepared for Wyong Shire Council

& Paterson Consultants (August 1989), Ourimbah Creek 2JA Interconnection Study
Development DP 615308, prepared for Wyong Shire Council

6 Paterson Consultants (May 1989), Ourimbah Creek 2JA Interconnection Study, prepared
for Wyong Shire Council

& PPK Consultants (September 1991), University of Newcastle and Ourimbah College of
TAFE Central Coast Campus Flood Study Report
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& Webb McKeown & Associates (April 1993), Bangalow Creek University of Newcastle
Ourimbah Campus Hydraulic Report, prepared for Central Coast Campus of the
University of Newcastle and the Ourimbah College of TAFE

® Webb McKeown & Associates (October 1994), Bangalow Creek Arterial Flood
Investigation, prepared for Wyong Shire Council

& Webb McKeown & Associates (March 1995), Hydraulic impacts Sohier Park Community
Hall, Ourimbah, prepared for Wyong Shire Council

& Willing and Partners (Aug 1983), Bangalow Creek Ourimbah Preliminary Flood Plain
Drainage & Culvert study for road crossing, prepared for Wyong Shire Council

& Willing and Partners (February 1985), Bangalow Creek Burns Rd Crossing Report on
Hydraulic Effects of Alternative Culvert Design, prepared for Wyong Shire Council

& Willing and Partners (October 1986), Chittaway Rd Ourimbah Road Alignment Study,
prepared for Wyong Shire Council

Most of the flood impact assessments were prepared based on computer models that were
developed as part of previous flood studies or floodplain risk management studies. As a
result, they typically did not include the development of any new computer models (or used
simplified hydrologic/hydraulic calculations), incorporated only small amounts of new
survey/hydraulic structure information and contained no additional historic flood
information.

Nevertheless, some of the flood impact assessments did incorporate some additional
information that could be of use in this study. A brief synopsis of these reports is presented
below.

HW10 Pacific Highway - Narara to Ourimbah Upgrade - Flood Impact Assessment Report
(June, 2010)

The “HW10 Pacific Highway - Narara to Ourimbah Upgrade - Flood Impact Assessment
Report” was prepared by Hyder Consulting for the NSW Roads and Traffic Authority. The
report was prepared to quantify the potential flood impacts associated with a proposed
upgrade of the Pacific Highway between Lisarow and Ourimbah, which traverses Cut Rock
Creek.

The study included the development of a hydrologic model of the Cut Rock Creek catchment
that was developed using the XP-RAFTS software. As there are no stream flow gauges
located within the catchment, calibration of the hydrologic model was not completed. It
was also noted that initial and continuing loss rates of zero were adopted in the hydrologic
model for design conditions, which is not strictly in accordance with procedures set out in
“Australian Rainfall and Runoff - A Guide to Flood Estimation”.

The study also included the development of a fully 2-dimensional 5 metre grid TUFLOW
hydraulic model (the only 2-dimensional that has been developed within the Ourimbah
Creek catchment). The hydraulic model was calibrated against the February 1990 and
February 1992 floods based on peak flood level data extracted from previous flood studies.

The computer models were used to simulate flood behaviour along Cut Rock Creek for the
1% AEP event for a variety of different durations. The TUFLOW model was used to generate
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estimates of peak floodwater depths, levels and extents for existing conditions as well as for
the proposed highway upgrade scenario.

The report notes that detailed ground survey of the creek and drainage structures was also
gathered. However, this information was not reproduced in the report.

“University of Newcastle, Ourimbah Campus Central Tributary Flood Study” and
“Ourimbah Campus Flooding Assessment for Proposed Car Park Facilities”

The “University of Newcastle, Ourimbah Campus Central Tributary Flood Study” and
“Ourimbah Campus Flooding Assessment for Proposed Car Park Facilities” were prepared by
Parsons Brinkerhoff for the University of Newcastle. The reports were prepared to quantify
the impact that various developments across the Ourimbah campus may have on existing
flood behaviour along Bangalow Creek, which adjoins the campus, as well as a major
tributary of Bangalow Creek, which bisects the campus.

The study included the development of a HEC-RAS hydraulic model of the tributary and
Bangalow Creek. The models were developed using surveyed cross-section of the tributary
and Bangalow Creek channels. The location of the cross-sections is shown in Figure 3. Each
of the surveyed cross-sections is provided in the report and were extracted and used as part
of this flood study. The details of the Chittaway Road culvert crossing of Bangalow Creek
were also provided.

3.2.9 Summary

This section has presented an overview of all flood-related investigations that have
previously been completed for the Ourimbah Creek catchment. It shows that a large
number of studies have been completed to better define the nature of the flooding problem
across catchment over the past 30 years. However, the review shows that a single flood
study of the entire catchment has not been completed. In addition, the previous studies
typically used simplified 1-dimensional hydraulic models to simulate flood behaviour and
did not fully satisfy the requirements of the NSW Government’s “Floodplain Development
Manual” (2005) (e.g., did not consider climate change impacts).

Nevertheless, the previous flooding investigations did provide considerable amount of
information that could be used to assist with this current flood study. This includes survey
information (e.g., creek cross-sections and bridges/culverts), areas where flood damages
have been incurred in the past, as well as flood marks for historic floods.

3.3 Hydrologic Data

3.3.1 Historic Rainfall Data

A number of daily read and continuous (i.e., pluviometer) rainfall gauges are located within
and adjacent to the Ourimbah Creek catchment. The location of each gauge is shown in
Figure 5. Key information for each gauge is summarised in Table 7.

The information provided in Table 7 indicates that daily rainfall records are available dating

back to 1885, while continuous rainfall records are available from 1965 onwards. Table 7
also shows that most of the gauges have a relatively complete record of rainfall data.
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Table 7 Available rain gauges in the vicinity of the Ourimbah Creek catchment
Gauge Period of Record Percentage of Temporal Availability and Percentage of
8 Gauge Name Gauge Type | Source* Total Record Annual Record Complete
Number .
Complete source: http://www.bom.gov.au/climate/data/
From To
. “100%
61378 Bateau Bay (Rotherham St) Daily BOM 29/09/1993 | 31/10/1997 99 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
Berkeley Val Berkely Val
561134 RE; de ey Vale at Berkely Vale | . tinuous | MHL 24/11/1988 | 30/06/2011 N/A
561072 Chittaway at Enterprise Drive Continuous | MHL 31/12/1989 | 09/08/2010 N/A
“100%
61383 Gears (Wyong River) Daily BOMNS | 01/12/2000 97 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
“100%
61023 Gertrude Place Daily BOM 01/05/1877 31/8/1993 96 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
~100%
61087 Gosford (Narara Research Stn) Continuous BOM 01/07/1917 58 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
100%
61319 Gosford North (Glennie St) Daily BOM 01/12/1971 80 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
100%
61355 Kariong (Greenway Close) Daily BOM 01/01/1986 | 30/11/1997 55 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
100%
61380 Jilliby (Jilliby Ck) Daily BOMNS | 01/12/2000 99 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
100%
61384 Kangy Angy (Ourimbah Ck) Daily BOMNS | 01/12/2000 95 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
~100%
61029 Kulnura (William Rd) Daily BOM 30/01/1969 9/09/1981 90 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
561078 Kulnurra Continuous MHL 21/06/1989 NA
561079 Lisarow at Fagans Rd Continuous MHL 06/04/1989 NA
561082 Mardi Dam at Old Maitland Road | Continuous MHL 5/10/1988 NA
“100%
61381 Wyong (Mount Elliot) Daily BOMNS 01/12/2000 93 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ 0%
~100%
61093 Ourimbah (Dog Trap Rd) Daily BOM 14/5/1985 30/6/2012 99 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
100%
61351 Peats Ridge (Waratah Rd) Continuous | BOM 30/09/1981 97 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
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NOTE: * BOM = Bureau of Meteorology (Australia), BOMNS = Bureau of Meteorology (NSW), MHL = Manly Hydraulics Laboratory
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e Period of Record Percentage of Temporal Availability and Percentage of
Numﬁer Gauge Name Gauge Type | Source* Total Record Annual Record Complete
Complete source: http://www.bom.gov.au/climate/data/
From To
“100%
61369 Terrigal Memorial Country Club Daily BOM 19/08/1990 91 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%
“100%
61074 The Entrance (Eloora Street) Daily BOM 27/02/1943 | 30/6/2012 93 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%
“100%
61362 Warnervale (Hakone Rd) Daily BOM 30/05/1988 | 29/12/1993 96 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%
100%
61253 Wattle Tree Rd Daily BOM 29/04/1968 | 29/12/1971 94 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
“100%
61083 Wyong (Wyong Golf Club) Daily BOM 01/01/1885 | 29/3/2010 94 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%
“100%
61386 Wyong U/S Bridge (Wyong River) | Daily BOMNS | 21/05/1999 | 29/3/2010 96 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%
“100%
61220 Yarramalong (Lewensbrook) Daily BOM 29/11/1962 89 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | 0%



http://www.bom.gov.au/climate/data/

A review of the available rainfall data was completed to identify when significant historic
rainfall events have occurred and, consequently, when flooding may have been experienced in
the catchment. The details of the top ten rainfall events, based on accumulated daily total
rainfall depths, are summarised in Table 8. Note that the dates provided in Table 8 are the
dates on which the rain fell and may not necessarily coincide with when flooding was
experienced.

As shown in Table 8, the most significant rainfall event on record occurred in February 1992,
where over 300 mm of rain fell within a 24 hour period. It was also preceded with over
150 mm of rainfall, indicating the catchment would have been saturated prior to the main
rainfall event.

Table 8 also indicates that significant rainfall events also occurred in February 1990 and June
2007. Accordingly, the three largest rainfall events since records commenced have occurred
relatively recently.

Table 8 Significant Historic Rainfall Events
1 1992 9" February 320 173 1
2 1990 2" February 279 28 126
3 2007 8" June 263 135 60
4 1946 15" April 239 50 90
5 1942 22" March 212 0 0
6 1956 9" February 212 16 77
7 1977 3 March 207 26 0
8 1927 15" April 205 0 0
9 1985 13" October 170 10 6
10 1978 28" January 155 19 0

NOTE: Information in the above table is based upon interrogation of long term daily rainfall records from Wyong (Wyong Golf
Club) and Ourimbah (Dog Trap Road) rain gauges.

3.3.2 Historic Stream Gauge Data

Five stream gauges are located within the Ourimbah Creek catchment, although only four of
the gauges are currently operational. The stream gauges record the time variation in water
height (referred to as a “stage hydrograph”). The location of each stream gauge is shown in
Figure 5. Key information for each stream gauge is summarised in Table 9.

When combined with a rating curve, the stage hydrograph at each stream gauge can be
converted to a discharge hydrograph describing the time variation in discharge throughout a
particular flood event. The rating curve provides a relationship between the stage at the gauge
location and the corresponding stream discharge and is developed based upon manual
recordings of stream discharges for a range of different water levels (the manual recordings are
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referred to as a “gauging”). Therefore, the reliability of the rating curve is largely dependent on
the number of individual gaugings collected as well as the range of water levels over which the
gaugings were collected.

Table 9 Available Stream Gauge Data
Gauge Period of Record
& Gauge Name Source Rating Curve?
Number
From To
211425 Ourimbah Creek at Lees Bridge MHL 05/1993 30/6/2011 No
. 119 gaugings
211013 | Ourimbah Creek at U/S Weir NSW Office 11/1976 30/6/2012 between 1976 and
of Water
2010
. . 28 gaugings
h k f | NSW Offi
211015 | Ourimbah Creek  downstream of | NSW Office 10/2003 30/6/2012 between 2003 and
Bangalow Creek of Water
2010
242464 Lisarow at Fagans Road MHL 07/2009 30/6/2011 No
211005 | Ourimbah Creek at Ourimbah NSW Office 1965 1989 No
of Water

Table 9 shows that only two of the stream gauges contain rating curves. The rating curve for
gauge #211013 was developed from over 100 gaugings. This includes approximately 20
gaugings over 1 metre, six gaugings over 2 metres and 1 gauging over 5 metres. Accordingly,
the rating curve and the associated discharge estimates are likely to be reliable although
discharge estimates at very high stages (i.e., above 5.0 metres) will be prone to some
uncertainty. Conversely, the rating curve for gauge #211015, was developed from less than 30
gaugings over a limited range of stages. Accordingly, the discharge estimates for gauge
#211015 may be less reliable, particularly at high stages.

As shown in Table 9, most of the stream gauges in the Ourimbah Creek catchment have a
relatively short length of record. Only gauge #211013 comprises more than 30 years of data. A
review of the available stream gauge data indicates the largest flood at gauge #211013
occurred in February 1992 and generated a peak discharge of approximately 370 m?/s.

3.3.3 Historic Flood Mark Data

Gosford City Council completed a survey of peak water elevations at several locations within
the Ourimbah Creek catchment during the 2007 and 2011 floods. Wyong Shire Council also
collected flood mark information following the 2007 flood. The flood marks are shown on
Figure 4.

3.3.4 Flood Photographs

Wyong Shire Council and Gosford City Council also provided a range of flood photographs
showing the extent of inundation across the Ourimbah Creek catchment during the 2007 and
2011 floods. The photos are reproduced in Appendix A.

It should be noted that the photos may not have been taken at the peak of the flood.

Therefore, they may not reliably represent the maximum extent of inundation during each
flood.
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3.4 Survey Data

3.4.1 Light Detection and Ranging (LiDAR) Survey
LiDAR data across different sections of the Ourimbah Creek catchment was collected on the
following dates:

& May 2005: Gosford City Council section of Ourimbah Creek catchment;

6 January 2007: Wyong Shire Council section of Ourimbah Creek catchment located east of
F3 Freeway;

6 April 2011: Wyong Shire Council section of Ourimbah Creek catchment located west of F3
Freeway.

The extent of each LiDAR coverage is shown in Figure 2. The LiDAR data was subsequently
combined to form a Digital Elevation Model (DEM) of the Ourimbah Creek catchment. The
DEM is also shown in Figure 2.

The Wyong Shire Council LiDAR has a stated absolute horizontal accuracy of better than
0.3 metres and an absolute vertical accuracy of better than 0.3 metres. The Gosford City
Council LiDAR has a stated absolute horizontal accuracy of better than 1.25 metres and an
absolute vertical accuracy of better than 0.3 metres. According the absolute vertical accuracy
of both LiDAR datasets is similar, although the Gosford Council LiDAR has a lower horizontal
accuracy. Nevertheless, it is considered that the vertical and horizontal accuracy provided by
the LiDAR data is suitable for use in this study.

It should be noted that the Wyong Council LiDAR data provides a complete, unfiltered dataset
of all LiDAR strikes (including ground and non-ground points). This provides an average point
spacing of 0.8 metres. However, the Gosford Council LIDAR comprises a filtered and thinned
dataset which provides only ground elevation points at a regular spacing of 5 metres.
Accordingly, the level of topographic detail provided by the Gosford Council LiDAR is
considerably lower than the Wyong Council data and may limit the potential hydraulic model
resolution across the Gosford City Council LGA.

The 2011 LiDAR was collect relatively recently, so should provide a reliable representation of
contemporary topographic conditions. However, the 2005 and 2007 LiDAR was collected over 5
year ago, so would not reflect any topographic modifications that have been completed across
the catchment since this time. Although major topographic modifications across the catchment
during this time have generally been limited, some recent developments were identified that
may impact of flood behaviour. This includes:

& Cut Rock Creek Detention Basin at Lisarow, which was constructed in 2009;

Accordingly work-as-executed survey information for the Cut Rock Detention basin was
obtained and used to supplement the LiDAR information to ensure a reliable representation of
contemporary conditions was provided.

LiDAR can provide a less reliable representation of the terrain in areas of high vegetation
density as well as water bodies. This is associated with the laser ground strikes often being
restricted by the vegetation canopy and not being able to penetrate water. Errors can also
arise if non-ground elevation points (e.g., vegetation canopy) are not correctly removed from
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the raw LiDAR dataset. Therefore, additional checks were completed along the vegetated creek
corridors to confirm if the terrain representation was reliable.

Plate 1 provides an example of the LiDAR point density along Chittaway Creek. It shows the
point density is much higher across the non-vegetated sections of the floodplain relative to the
creek channel. Accordingly, there are concerns that the point density along the creek corridors
may be insufficient to reliably define the conveyance capacity of the main creek system.

Therefore, cross-sections were extracted along Chittaway Creek (where vegetation density is
high) and Cut Rock Creek (where vegetation density is considerably lower) from the LiDAR-
based DEM and these cross-sections were compared against surveyed creek cross-sections.
This check aimed to determine if there were sufficient LiDAR data points along the creeks to
reliably define the geometry of the creek channel. The cross-sections are presented in Plates 2
and 3.

Plate 2 shows that although the general shape of both cross-sections is similar, there are some
noticeable differences, namely:

& The LiDAR cross-section does not reliably define the invert of the main channel. This is
likely associated with the smaller number of ground strikes in the main channel as well as
the presence of water within the creek at the time the LiDAR was captured.

& The surveyed cross-section provides only a simplified representation of the cross-section.
The LiDAR provides a more detailed representation of the topography.

Accordingly, the LiDAR appears to provide a relatively poor representation of the creek
geometry in areas of high vegetation density. However, it provides a more detailed
representation of the variation in topography across the broader floodplain areas, where
vegetation density is lower.

Although the LiDAR generally provides a poor topographic representation across highly
vegetated areas, Plate 3 shows that in areas of low vegetation density, the LiDAR provides a
good reproduction of the surveyed cross-section. Accordingly, it should be possible to extract
creek cross-sections from the LiDAR information in areas that aren’t obstructed by vegetation
or significant depths of water. However, it should be noted that the Gosford Council LiDAR
data only provides elevation data points at a 5 metre spacing. Accordingly, this dataset won't
be sufficiently detailed to extract creek cross-sections. That is, creek cross-sections can only be
extracted across the Wyong Council LGA in areas of low vegetation density and water depths.

Further comparisons between creek cross-sections were also completed based on surveyed
creek cross-sections from 1997 and 2011 along with a creek cross-section extracted from 2011
LiDAR (refer Plate 4).

The comparison provided in Plate 4 shows a reasonably close agreement between the surveyed
cross-sections despite the fact that they were surveyed fourteen years apart. The surveyed
cross-sections indicate that some sediment may have been despotised during this fourteen year
period leading to a slight increase in the channel invert elevation. But otherwise the surveyed
cross-sections are very similar.
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Plate 1 LiDAR data points along Chittaway Creek immediately upstream Chittaway Road showing reduced point
density in areas of high vegetation density
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Plate 2 Comparison of LiDAR-based creek cross-sections with surveyed cross-sections extracted from
“Ourimbah Campus Flooding Assessment for Proposed Car Park Facilities” (Parsons Brinckerhoff, 2008)
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Plate 3 Comparison of LiDAR-based creek cross-sections with work-as-executed cross-sections extracted from
“Cutrock Creek — Teralba Street to Pacific Highway: Proposed Creek Improvement Works” (Web McKeown &

Associates, 1998) plans
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Plate 4 Comparison between 2011 LiDAR cross-section, 2011 surveyed cross-section and 1997 surveyed cross-

section for Ourimbah Creek upstream of Pacific Highway
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Plate 4 also shows that the LiDAR cross-section does not provide a reliable representation of
the main creek channel relative to the surveyed cross-sections (although the creek banks and
floodplain appears to be reasonably well reproduced). As shown in Plate 5, this section of
Ourimbah Creek contains water as well as dense vegetation. This tends to confirm that the
LiDAR provides a relatively poor representation of the creek channel in areas where water or
dense vegetation is present.

Plate 5 Pacific Highway crossing of Pacific Highway showing water and vegetation in creek channel

It should be recognised that a large proportion of the creeks within the catchment are obscured
by vegetation. It should also be recognised that the LiDAR data will not pick up the details of
topographic and drainage features that are obscured from aerial survey techniques, such as
culvert invert/obvert elevations. Accordingly, it was considered necessary to supplement the
LiDAR data with additional survey to ensure a reliable representation of the conveyance
capacity of the various watercourses and hydraulic structures was provided.

3.4.2 Structure Survey

Detailed survey of twenty three (23) bridges and culverts was completed by Consulting
Surveyors, Barry Hunt Associates in June, July and August 2011. The location of the structures
that were surveyed is shown in Figure 3.

The survey provides bridge and culvert dimensions, invert and obvert elevations,

roadway/railway embankment elevations, bridge/culvert guardrail and handrail details as well
as details of the creek geometry immediately upstream and downstream of the bridge/culvert.
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It is considered that this information is sufficient to define these structures in the hydraulic
model.

However, this information does not cover all structures within the catchment. Accordingly, it
was necessary to collect additional structure survey to ensure the conveyance capacity of each
structure was reliably defined (refer Section 3.8).

3.5 Engineering Plans

Several sets of engineering plans were provided by Wyong and Gosford Council that included
work-as-executed survey information as well as information on drainage structures. This
included:

6 “Cut Rock Creek — Teralba to Pacific Highway: Proposed Creek Improvement Works” (Webb

McKeown & Associates, 1998) — Provides work-as-executed cross-sections of Cut Rock
Creek between Teralba Street and the Pacific Highway at Lisarow

& “Cut Rock Creek — Teralba Street, Lisarow: Proposed Timber Bridge Replacement & Road
Approaches” (Webb McKeown & Associates, 1998) — Provides design drawings of the
proposed replacement of a timber bridge with a triple cell box culvert at Teralba Street,
Lisarow. Construction work for the replacement commenced in October 2012.

6 Design Drawings for the Extension of Timber Drive to The Ridgeway at Lisarow (Bannister &
Hunter Pty Ltd, 2011) — provides work-as-executed creek cross-sections for an unnamed
tributary of Cut Rock Creek that drains beneath a newly constructed bridge that links
Timber Drive to The Ridgeway at Lisarow.

3.6 GIS Data

A number of GIS data layers were also provided by Wyong Shire Council and Gosford City
Council to assist with the study. This included:

é Aerial Photography — provides 2010 ortho-rectified aerial imagery at a 0.1 metre pixel size;

6 Cadastre — provides property boundary polygons;

6 Contours — 0.5 metre contours derived from LiDAR data covering the Wyong Shire Council
section of the catchment and 2 metre and 10 metre contours covering the Gosford City
Council section of the catchment;

6 Vegetation — provides polygons representing the extent of major vegetation groupings
across the catchment;

& Watercourses — GIS layer identifying major creek lines; and,

6 Zoning — GIS layer showing extent of Local Environmental Plan zones.

3.7 Community Consultation

A key component of the flood study involves development and calibration of hydrologic and
hydraulic computer models. Calibration involves using the computer models to replicate floods
that have occurred in the past.

Although a significant amount of historic flood information could be sourced from the previous
investigations, additional information on past flooding was sought from the community.
Accordingly, several community consultation devices were developed to inform the community
about the study and to obtain information from the community about their past flooding
experiences. Further information on each of these consultation devices is provided below.
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3.7.1 Flood Study Website

A flood study website was established for the duration of the study. The website address is:
http://www.ourimbah.floodstudy.com.au/

The website was developed to provide the community with detailed information about the
study and also provide a chance for the community to ask questions and complete an online
questionnaire (this online questionnaire was identical to the questionnaire distributed to
residents and business owners, as discussed below).

During the course of the study (up to April 2013), the website was visited 680 times by 515
unique visitors.

3.7.2 Community Information Brochure and Questionnaire

A community information brochure and questionnaire was prepared and distributed to
approximately 3,500 households and businesses within the Ourimbah Creek catchment. A copy
of the brochure and questionnaire is included in Appendix A.

The questionnaire sought information from the community regarding whether they had
experienced flooding, the nature of flood behaviour, if roads and houses were inundated and
whether residents could identify any historic flood marks. A total of 435 questionnaire
responses were received. Approximately 17% of questionnaires were completed online via the
website. A summary of all questionnaire responses is provided in Appendix A. The spatial
distribution of questionnaire respondents is shown in Figure Al, which is also enclosed in
Appendix A.

The following information was gleaned from the responses to the questionnaire:

& The majority of respondents have lived in or around the catchment for over 10 years. The
average length of residence within the catchment was 20 years and the average length of
residence in the general area was 24 years. Accordingly, most respondents experienced
flooding in 2007 and 2011, however, were not living in the catchment during the 1992 flood
(i.e., the largest flood on record).

® Nearly a quarter of respondents have experienced some form of disruption as a result of
flooding in the catchment. Approximately 20% of respondents have experienced traffic
disruption, 10% of respondents have had their back or front yard flooded, 3% of respondents
have had their house or business inundated and 3% of respondents have had the sewer or
water to their property cut-off as a result of flooding. The spatial distribution of respondents
that have reported past flooding problems at their property is shown in Figure Al (refer red
dots).

® The responses to the questionnaire indicate that flooding can occur as a result of creeks
overtopping their banks was well as from overland flows when the stormwater system
capacity is exceeded. However, the majority of respondents identified main stream flooding
from major creeks in conjunction with elevated water levels in Tuggerah Lake as the major
source of flooding.

& A number respondents consider that flooding is exacerbated by lack of routine maintenance
along heavily vegetated creeks, increased development in the catchment, build-up of debris
(e.g., tree branches) on bridges/culverts, insufficient stormwater system capacity, excessive
siltation in Tuggerah Lake and elevated water levels in Tuggerah Lake resulting from the lack
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of a sufficiently sized opening at The Entrance. Tuggerah Lake and the associated entrance
conditions were the most readily identified cause of excessive flooding by respondents.

A number of respondents provided photos of past flood events. The majority of respondents
provided photos of the 2007 flood as well as two separate floods that occurred in June and
December 2011. A selection of these photographs is provided in Appendix A.

3.8 Additional Data Collection

3.8.1 Cross-Section and Structure Survey

To enable development of a hydraulic model capable of providing reliable estimates of flood
behaviour within the study area it was necessary to collect additional survey across the
Ourimbah Creek catchment. Consulting surveyors, Lawrence Group, collected the additional
survey information.

The additional data collection comprised the survey of 7 creek cross-sections and 38 hydraulic
structures (i.e., culverts and bridges). Additional cross-sections were also surveyed upstream
and downstream of each structure. The location of cross-sections and structures that were
surveyed is shown in Figure 6.
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4 HYDROLOGIC MODEL

4.1 General

The most common method of quantifying flood flows (i.e., discharges) at a particular location in
a catchment is via a hydrologic computer model. A hydrologic model is a mathematical
representation of the various processes that transform rainfall into runoff. The model is
developed so that it incorporates key hydrologic characteristics of the catchment such as area,
slope and roughness. The model can then be used to simulate the transformation of rainfall
into runoff for either historic or statistically derived (i.e., design) rainfall.

The XP-RAFTS software was used to develop a hydrologic computer model of the Ourimbah
Creek catchment. XP-RAFTS is a lumped hydrologic software product that is developed by XP
Software (XP Software, 2009) and is used extensively across Australia for deriving discharge
estimates. The following sections provide a summary of how the model was developed, the
adopted input parameters and the outcomes of the model calibration and verification.

4.2 Hydrologic Model Development

4.2.1 Subcatchment Parameterisation

The Ourimbah Creek catchment was subdivided into 426 subcatchments based on the
alignment of major flow paths and topographic divides. The subcatchments were delineated
with the assistance of the CatchmentSIM software (Catchment Simulation Solutions, 2011)
using a 5 metre Digital Elevation Model (DEM). The subcatchment layout is presented in
Figure 7.

The eastern sections of the Ourimbah Creek catchment include significant urban areas that are
relatively impervious. Urbanisation effectively separates the catchment into two hydrologic
systemes, i.e.,:

& rapid rainfall response and low infiltration potential across impervious areas; and,

6 slower rainfall response and high infiltration potential across pervious areas.

In recognition of the differing characteristics of the two hydrologic systems, each XP-RAFTS
subcatchment was subdivided into two sub-areas. The first sub-area was used to represent the
pervious sections of the subcatchment and the second sub-area was used to represent the
impervious sections of the subcatchment. The division of each subcatchment into pervious and
impervious sub-areas allows different rainfall losses and roughness coefficients to be specified,
thereby providing a more realistic representation of rainfall-runoff processes from the two
different hydrologic systems.

Key hydrologic properties including area and average vectored slope were calculated

automatically for each subcatchment using CatchmentSIM. The adopted subcatchment slopes
and areas are provided in Appendix B.
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The catchment was also subdivided into different land use types based on 2010 aerial imagery.
Percentage impervious and Manning’s ‘n’ values were assigned to each land use and are
summarised in Table 10. The percentage impervious and Manning’s ‘n’ values were
subsequently used to calculate weighted average percentage impervious and ‘n’ values for each
subcatchment. The adopted pervious and impervious areas and weighted ‘n’ values are
provided in Appendix B. A summary of key hydrologic statistics for each of the major
subcatchments within the Ourimbah Creek catchment is also provided in Table 11.

Table 10 Adopted Impervious Percentage and Manning’s ‘n’ Values for Hydrologic Model
Land Use Description Manning’s ‘n’ Imp?;)\;ious
Concrete 0.015 100
Roads 0.016 85
Ibnuc:;jjsl:;; & Commercial Areas (excluding roadways and 0.020 90
Car Parks 0.022 100
Buildings 0.025 100
Residential Areas (excluding roadways and buildings) 0.030 30
Water bodies (e.g., dams) 0.030 100
Short Grass 0.030 2
Streams with Sandy Bed 0.035 100
Railway Corridor 0.045 50
Grass with Sparse Trees 0.050 5
Grass with Medium Trees 0.075 2
State Forest / Dense Trees 0.100 2
Table 11 Subcatchment Parameters for Major Ourimbah Creek Subcatchments
Area Impervious Main Stream Main Stream
Subcatchment Length Slope
m® | %" v (k) %)

Bangalow Creek* 26.9 17 14.4 14.6 0.32
Canada Drop Down Creek 22.1 14 2.8 12.6 0.67
Chittaway Creek 5.92 3.7 8.68 7.1 0.38
Cut Rock Creek 9.94 6.2 17.8 6.9 0.57
Dog Trap Gully 4.97 3.1 11.0 6.4 1.38
Kangy Angy Creek 4.12 2.6 8.0 4.8 1.27
Ourimbah Creek 160 100 7.5 46 0.20

NOTE: *. The Bangalow Creek subcatchment includes the Cut Rock Creek and Dog Trap Gully subcatchments
#: refers to the percentage of the overall Ourimbah Creek catchment area covered by this particular subcatchment
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4.2.2 Stream Routing

In addition to local subcatchment runoff, most subcatchments will also carry flow from
upstream catchments along the main watercourses. The flow along the watercourses in XP-
RAFTS is represented using a “link” between successive subcatchment “nodes”.

“Routing” type links were used to represent the routing of runoff along the main watercourses
into downstream subcatchments. The routing links employ Muskingum-Cunge routing
procedures and require a representative cross-section, slope, length and Manning’s ‘n’ values
to be defined for each channel reach. Cross-sections were extracted from the available ALS
data and main stream slopes and lengths were calculated automatically by CatchmentSIM.
Manning’s ‘n” values for the main channel and overbank areas were defined by hand based on
inspection of aerial photography in conjunction with the Manning’s ‘n’ values listed in Table 11.

In addition to the “routing” links, a diversion link was included in the model to represent the
potential for water to discharge from Ourimbah Creek along the Bangalow Creek “flood runner”
during large floods. Manning’s calculations determined that water will start to spill out of
Ourimbah Creek and into the flood runner once the discharge reaches 265 m3/s. Once the
discharge exceeds this threshold, approximately 60% of the excess flow is predicted to be
conveyed along Ourimbah Creek and the residual flow would be conveyed along the flood
runner.

4.2.3 Rainfall Loss Model

During a typically rainfall event, not all of the rain falling on a catchment is converted to runoff.
Some of the rainfall may be intercepted and stored by vegetation, some may be stored in small
depressions and some may infiltrate into the underlying soils.

To account for rainfall “losses” of this nature, the hydrologic model incorporates a rainfall loss
model. For this study, the “Initial-Continuing” loss model was adopted, which is recommended
in “Australian Rainfall and Runoff — A Guide to Flood Estimation” (Engineers Australia, 1987) for
eastern NSW.

This loss model assumes that a specified amount of rainfall is lost during the initial
saturation/wetting of the catchment (referred to as the ‘Initial Loss’). Further losses are
applied at a constant rate to simulate infiltration/interception once the catchment is saturated
(referred to as the ‘Continuing Loss Rate’). The initial and continuing losses are deducted from
the total rainfall over the catchment, leaving the residual rainfall to be distributed across the
catchment as runoff.

Initial and continuing losses were applied based on standard design values documented in
“Australian Rainfall and Runoff — A Guide to Flood Estimation” (Engineers Australia, 1987). The
losses were then refined as part of the model calibration process, which is discussed in Section
4.3.

4.2.4 Flood Storage Basins

The Ourimbah Creek catchment incorporates one formal flood detention basin along Cut Rock
Creek (located immediately north of McDonalds Road) that was constructed in 2009. This basin
is designed to attenuate downstream flows during significant storm events by temporarily
storing runoff from the upstream catchment. Due to the potential for the basin to impact on
downstream flows, it was incorporated as a flood storage basin in the XP-RAFTS model.
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The representation of flood storage basins in XP-RAFTS requires the outflow and storage
characteristics of the basin to be defined. The outflow characteristics were specified using a
stage-discharge relationship and the storage characteristics were defined using a stage-storage
relationship. The stage-storage relationship was developed based upon work-as-executed
survey for the basin.

The basin outlet comprises 2 separate box culverts as well as a weir to cater for high flows. The
stage-discharge relationship for this outlet configuration was developed with the assistance of
the HY-8 software (version 7.2), which automates the hydraulic calculations for pipes, culverts
and weirs in accordance with ‘Hydraulic Design Series Number 5 — Hydraulic Design of Highway
Culverts’ (U.S. Federal Highway Administration, 2005). The stage-storage and stage-discharge
relationship that was developed for the Cut Rock Creek basin are provided in Figure B1, which
is enclosed in Appendix B.

4.3 Hydrologic Model Calibration

4.3.1 General

Hydrologic computer models are developed using parameters that are not known with a high
degree of certainty and/or are subject to natural variability. This includes imperious
proportions, rainfall losses and catchment roughness. Accordingly, the model should be
calibrated using rainfall and stream flow data from historic flood events to ensure the adopted
parameters are producing reliable estimates of rainfall-runoff behaviour. Calibration is typically
completed by routing recorded rainfall through the hydrologic model. Simulated discharge
hydrographs are extracted from the model results at locations where recorded stream flow
records are available. Calibration is completed by adjusting model parameters to achieve the
best match possible between recorded and model-generated hydrographs.

4.3.2 Calibration Events

Available Rainfall Data

Continuous rainfall data are required to define the temporal (i.e., time-varying) distribution of
rainfall in the hydrologic computer model for the nominated calibration / verification event.
There are several continuous rainfall gauges located within or adjacent to the Ourimbah Creek
catchment. Data for one continuous gauge dates back to 1981, however, the majority of the
continuous gauges came into service between 1988 and 1990.

There are also several daily read rainfall gauges located in close proximity to the catchment.
The daily read rainfall records can be used to provide an indication of the spatial variation in
rainfall during any historic event. At least seven daily read gauges have been in operation since
1990 in close proximity to the catchment. When this daily data is combined with the
continuous gauge data, there is sufficient information to describe the spatial and temporal
variation in rainfall during any significant rainfall event that has occurred since 1990.

Available Stream Flow Data

Recorded stream flow records are required to perform a meaningful hydrologic model
calibration. Recorded stream flow data are generally obtained using gauges that record the
time variation in stream water height in conjunction with a suitable rating curve to convert the
stream heights to an equivalent discharge. Although four stream height gauges are located
within catchment, only two have rating curves. Of the two gauges with rating curves, one
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gauge has records dating back to 1976 and has a good rating curve available. The other gauge
only dates back to 2003 and has more limited rating data. Accordingly, this gauge may provide
less reliable flow estimates, particularly at high stages.

Therefore, there are historic stream flow data available for floods dating back to 1976. An
additional stream gauge was installed in 2003, however, the flow estimates may be less reliable
during large floods.

Adopted Events
The following criteria were employed to select events suitable for the purpose of model
calibration and verification:

& A minimum of three significant flood events;

é Floods after 1990 preferred as it provides the most complete stream flow and rainfall
information;

& Events where flood marks are available are preferred so the same events can be used for
both hydrologic and hydraulic model calibration.

Based on these criteria, the following events were selected for model calibration and
verification:

é February 1992;
& June 2007; and,
é June 2011.

The February 1990 flood was also considered. However, it was not selected as the only
recorded flow hydrograph for the event was incomplete.

4.3.3 Results of Calibration and Verification Simulations

February 1992 Simulation

Rainfall pluviographs for the February 1992 event are provided in Figure C1, which is enclosed
in Appendix C. A review of the rainfall records indicates that approximately 350 mm of rain fell
over a 2 day period between the 8™ and 10" of February 1992. It is the largest event on record
at the “Ourimbah Creek Upstream of Weir” stream gauge (Gauge #211013), where it produced
a peak discharge of approximately 370 m>/s early on 10%" February, 1992. Key hydrologic
statistics for the February 1992 flood are provided in Table 12 and Intensity-Duration curves for
the 1992 event are provided in Figure C4 in Appendix C.

Accumulated daily rainfall totals for each rainfall gauge that was operational during the 1992
event are provided in Figure 8. The accumulated daily rainfall totals were also used to develop
a rainfall isohyet map for the 1992 event, which is also included on Figure 8.

The isohyet map indicates that there was significant spatial variation in rainfall across the
catchment during the 1992 event. Accordingly, the isohyet maps were used to calculate
average rainfall depths for each subcatchment. The average rainfall depths were applied to
each XP-RAFTS subcatchment. That is, unique rainfall depths were applied to each
subcatchment to ensure the historic spatial distribution of rainfall was represented in the XP-
RAFTS model.
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Table 12 Hydrologic Statistics for Calibration and Verification Events

Accumulated Accumulated Runoff Depth Approximate Flood Lag
#
Event Average (mm) (hours) A Approximate
Rainfall Depth AEP*
(mm) #211013 #211015 #211013 #211015
February 1992 369 157 NA 2.5 NA 2%->1%
June 2007 327 178 380 4.25 5.6 ~5%
June 2011 130 88 279 9.8 10.1 ~50%

NOTE: #: Runoff depth was calculated as the area under the discharge hydrograph at each gauge location divided by the
catchment area draining to the same gauge location

A Flood lag was calculated as the difference in time between the peak rainfall intensity and peak discharge at each
gauge location

* AEP is approximate and is based on consideration of continuous rainfall data only. It does not reflect the influence of
other factors that can impact on AEP such as antecedent moisture conditions (refer to Figure C4 for IFD curves)

The temporal distribution of rainfall that was applied to each subcatchment was defined based
on Thiessan polygons. That is, the closest continuous rainfall gauge to the centroid of each

subcatchment was used to describe the temporal distribution of rainfall applied to that
subcatchment.

A review of the daily read rainfall records indicates the 1992 event was preceded by between
10 and 20 mm of rainfall. Therefore, the catchment would have been wet at the start of the
main storm event. Accordingly, an initial loss at the lower end of the suggested “Australian
Rainfall and Runoff” range was applied to pervious areas for the 1992 event. A summary of the
adopted initial losses is provided in Table 13.

Table 13 Adopted XP-RAFTS Parameters for Calibration and Verification Simulations

Rainfall Losses
Event Pervious Pervious Impervious Impervious Bx
Initial Loss Continuing Loss Initial Loss Continuing Loss
(mm) (mm/hr) (mm) (mm/hr)
February 1992 10 4.5 1 0 1.00
June 2007 10 4.0 1 0 1.05
June 2011 15 4.0 1 0 1.05

The continuing loss rates were modified to replicate the recorded volume of runoff (i.e., the
area under the hydrograph). The XP-RAFT storage coefficient (i.e., Bx) was adjusted to replicate
the shape of the hydrograph, the timing of the peak discharge and magnitude of the peak
discharge. A summary of the adopted input parameters are provided in Table 12. It should be
noted that the Cut Rock Creek Basin was excluded from the 1992 simulation as construction of
the basin was not completed until 2009.

The simulated discharge hydrograph at Gauge #211013 is provided in Figure 9. The recorded
hydrograph is superimposed for comparison. Table 14 provides a comparison between the
simulated and recorded peak discharge and the relative timings of the peak discharges. A
summary of peak discharges that were generated by the XP-RAFTS model at the downstream
end of each subcatchment for the 1992 simulation is also provided in Appendix C.
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Table 14 Summary of XP-RAFTS Model Calibration to 1992 Event

Peak Discharge (m%/s) Timing of Peak
Gauge #
Recorded Simulated Recorded Simulated
211013 372 374 10/2/1992 3:27am 10/2/1992 2:54

Figure 9 indicates that the simulated hydrograph generally provides a good reproduction of the
recorded hydrograph at Gauge #211013. The magnitude of the peak discharge as well as the
timing of the peak discharge is well replicated by the XP-RAFTS model.

June 2007 Simulation

The June 2007 storm event was associated with an East Coast Low that formed off the coast of
NSW, just north of Newcastle. The storm produced strong winds, elevated ocean levels and
sustained heavy rainfall and caused widespread damage across the Central Coast and Hunter
regions (Bureau of Meteorology, 2007).

Rainfall pluviographs for the June 2007 event are provided in Figure C2, which is enclosed in
Appendix C. A review of the rainfall records indicates that over 300 mm of rain fell over a 3 day
period between the 8" and 10" of June 2007 (refer Plate 6). Although the overall rainfall depth
during the 2007 event was only slightly lower than the 1992 event, the rainfall occurred over a
period of 3 days instead of just 2 days. As a result, the 2007 event only produced a peak
discharge of approximately 170 m>/s at the “Ourimbah Creek Upstream of Weir” stream gauge
(Gauge #211013). Key hydrologic statistics for the June 2007 flood are provided in Table 12 and
Intensity-Duration curves for the 2007 event are provided in Figure C4.
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Plate 6 Accumulated rainfall depths across NSW for the June 2007 storm (Bureau of Meteorology, 2007)
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Accumulated daily rainfall totals for the 2007 event for each rainfall gauge are provided in
Figure 10. The accumulated daily rainfall totals were used to develop a detailed rainfall isohyet
map, which is also included on Figure 10.

The isohyet map indicates that there was over 150 mm variation in rainfall across the
catchment between the 7™ and 10™ June 2007. Accordingly, the isohyet maps were used to
calculate average rainfall depths for each subcatchment. The average rainfall depths were
applied to each XP-RAFTS subcatchment. That is, unique rainfall depths were applied to each
subcatchment to ensure the historic spatial distribution of rainfall was represented in the XP-
RAFTS model. The closest continuous rainfall gauge to the centroid of each subcatchment was
used to describe the temporal distribution of rainfall applied to each subcatchment.

A review of the daily read rainfall records indicates the 2007 event was preceded by around 30
mm of rainfall. Therefore, the catchment would have been relatively “wet” at the start of the
main storm event. Accordingly, an initial loss at the lower end of the suggested “Australian
Rainfall and Runoff” range was applied to pervious areas for the 2007 event. A summary of the
adopted initial losses is provided in Table 13.

The same XP-RAFTS input parameters that were adopted for the 1992 simulation were
generally retained for the 2007 simulation. However, the following modifications were
completed to the 1992 XP-RAFTS model to ensure a reliable representation of 2007 conditions
was provided:

& The XP-RAFTS storage factor (Bx) was increased by 5% to reflect the potential for increased
vegetation density between 1992 and 2007; and,

& The continuing loss rates were reduced to ensure the recorded volume of runoff was
replicated.

A comparison between simulated and recorded discharge hydrograph at Gauge #211013 and
Gauge #211015 is provided in Figure 11 and Figure 12 respectively. Table 15 also provides a
comparison between the simulated and recorded peak discharges and timings of the peak
discharges. A summary of peak discharges generated by the XP-RAFTS model for each
subcatchment is also provided in Appendix C.

Table 15 Summary of XP-RAFTS Model Verification to 2007 Event

Peak Discharge (m3/s) Timing of Peak
Gauge #
Recorded Simulated Recorded Simulated
211013 166 167 9/6/2007 7:30am 9/6/2007 7:36am
211015 347 306 9/6/2007 8:45am 9/6/2007 9:00am

Figure 11 shows that the recorded 2007 hydrograph at Gauge #211013 comprises three peaks.
All three peaks are also reproduced by the simulated hydrograph, although the timing of the
second peak is not particularly well reproduced by the XP-RAFTS model. Nevertheless, the
magnitude and the timing of the main peak is well replicated by the XP-RAFTS model.
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Figure 12 shows that the XP-RAFTS model provided a poor reproduction of the recorded
hydrograph at Gauge #211015. Further inspection on the rainfall depths and runoff depths
provided in Table 12, indicates the runoff volume at Gauge #211015 actually exceeds the
rainfall volume. As this is unlikely to be correct, it may indicate that water levels and therefore,
discharge estimates, may be influenced by elevated downstream water levels (e.g., from
Tuggerah Lake). As discussed in Section 3.3.2, the rating curve for Gauge #211015 may not be
reliable at high stages. Accordingly, it is considered that it would be difficult and unproductive
to reproduce the recorded hydrograph at this gauge. Nevertheless, it can be used to evaluate
the timing of the main peak discharge, which is well replicated by the XP-RAFTS model.

June 2011 Simulation

The most recent significant storm occurred in June 2011. Rainfall pluviographs for the June
2011 event are provided in Figure C3, which is enclosed in Appendix C. The rainfall records
indicate that approximately 130 mm of rain fell over a 2 day period between the 11" and 13™
of June 2011. Accordingly, the 2011 event comprised a significantly lower rainfall relative to
the 1992 and 2007 events and only produced a peak discharge of approximately 50 m*/s at the
“Ourimbah Creek Upstream of Weir” stream gauge (Gauge #211013). Key hydrologic statistics
for the June 2011 flood are provided in Table 12 and Intensity-Duration curves for the 2011
event are provided in Figure C4.

Accumulated daily rainfall totals for the 2011 event for each rainfall gauge are provided in
Figure 13. The accumulated daily rainfall totals were also used to develop a rainfall isohyet
map, which is also included on Figure 13.

The isohyet map indicates that there was a significant spatial variation in rainfall during the
2011 flood. Accordingly, the isohyet maps were used to calculate average rainfall depths for
each subcatchment. The average rainfall depths were applied to each XP-RAFTS subcatchment
to ensure a reliable spatial representation of the variation in rainfall was provided. The closest
continuous rainfall gauge to the centroid of each subcatchment was used to describe the
temporal distribution of rainfall applied to each subcatchment.

A review of the daily read rainfall records indicates the 2011 event was preceded by
approximately 10mm of rainfall. Therefore, it is unlikely that the catchment would not have
been completely saturated at the start of the main storm event. Accordingly, an initial loss in
the middle of the suggested “Australian Rainfall and Runoff” range was applied to pervious
areas for the 2011 event. A summary of the adopted initial losses is provided in Table 13.

The same XP-RAFTS input parameters that were adopted for the 2007 simulation were
generally retained for the 2011 simulation. However, the following modifications were
completed to the 2007 XP-RAFTS model to ensure a reliable representation of 2011 conditions
was provided:

® The Cut Rock Creek detention basin was included within the XP-RAFTS model as
construction of the basin was completed in 2009.

A comparison between simulated and recorded discharge hydrograph at Gauge #211013 and
Gauge #211015 is provided in Figure 14 and Figure 15 respectively. Table 16 also provides a
comparison between the simulated and recorded peak discharges and timings of the peak
discharges. A summary of peak discharges for each the XP-RAFTS model subcatchment for the
2011 event is also provided in Appendix C.
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Figure 14 shows that the simulated 2011 hydrograph at Gauge #211013 provides a reasonable
reproduction of the recorded hydrograph. The timing of the second peak is also replicated well
by the XP-RAFTS model.

Figure 15 shows that the XP-RAFTS model provided a poor reproduction of the recorded
hydrograph at Gauge #211015. As with the 2007 event, the rainfall and runoff depths listed in
Table 12 for this gauge indicates the runoff volume at Gauge #211015 exceeds the rainfall
volume. Accordingly, it is unlikely that the recorded hydrograph can be reproduced by the XP-
RAFTS model. Nevertheless, the XP-RAFTS model appears to provide a reasonable reproduction
of the timing of the peak discharge.

Table 16 Summary of XP-RAFTS Model Verification to 2011 Event

Peak Discharge (m3/s) Timing of Peak
Gauge #
Recorded Simulated Recorded Simulated
211013 52 58 13/6/2007 1:30am 13/6/2007 1:42am
211015 110 339 12/6/2007 23:48pm 13/6/2007 12:15am

4.3.4 Summary

The previous sections have presented the outcomes of the XP-RAFTS model calibration. In
general, the XP-RAFTS model provides a good reproduction of recorded hydrographs at Gauge
#211013 for the 1992, 2007 and 2011 floods. The reproduction of recorded hydrographs at
Gauge #211015 for the 2007 and 2011 floods is not as reliable. However, it is considered that
this may be associated with unreliable recorded stages and rating curve for this gauge.

It is noted that the continuing loss rates adopted for each of the historic simulations are higher
than standard ‘design’ values listed in “Australian Rainfall and Runoff — A Guide to Flood
Estimation”. However, the continuing loss rates are similar to median recorded loss rates for
the Hunter River catchment (located approximately 40 km north of the Ourimbah Creek
catchment), which are also listed in “Australian Rainfall and Runoff”. Accordingly, it is
considered that the adopted loss rates are reasonable and the XP-RAFTS model provides a
reliable description of rainfall-runoff behaviour across the Ourimbah Creek catchment.
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5 HYDRAULIC MODEL

5.1 General

Hydraulic computer models are the preferred method of simulating flood behaviour through a
particular area of interest. They can be used to predict flood characteristics such as peak flood
level and flow velocity and the results of the modelling can also be used to define the variation
in flood hazard and hydraulic categories across the study area.

The TUFLOW software was used to develop a hydraulic computer model of the Ourimbah Creek
catchment. TUFLOW is a fully dynamic, 1D/2D finite difference model developed by BMT WBM
(BMT WBM, 2012). It is used extensively across Australia to assist in defining flood behaviour.

The following sections describe the model development process as well as the outcomes of the
model calibration and verification.

5.2 Hydraulic Model Development

5.2.1 Model Extent

A linked 1-dimensional/2-dimensional hydraulic model of the creek, floodplain and overland
flow system was developed for the Ourimbah Creek catchment using the TUFLOW software.
The model extends across 65.8km? of the Ourimbah Creek catchment downstream to Tuggerah
Lake. The extent of the hydraulic model is shown in Figure 16.

The TUFLOW software uses a uniform grid to define the spatial variation in topography and
hydraulic properties (e.g., Manning’s ‘n’) across the 2D model domain. As shown in Figure 16, a
multi-domain model was developed for the study. A 4 metre grid size was adopted for the
urbanised areas to the east of the F3 Freeway where manmade flow obstructions (e.g.,
roadway embankments, buildings) are more prevalent. A less detailed 8 metre grid size was
adopted across the rural areas to the west of the F3 Freeway. The adoption of a variable grid
geometry helps to ensure that the model resolution and associated terrain representation is
cognisant of the spatial variation in development and topography across the entire model area,
while ensuring simulation times are kept to a reasonable level.

A dynamically linked 1-dimensional (1D) network was embedded within the 2D domain to
represent areas that would not be well represented by the 4 metre/8metre grid (e.g., narrow
creek channels). The hydraulic structures (e.g., bridge/culvert crossings at roads and railway
lines) were also represented as a separate 1D domain. The extent of the 1D (i.e., channels,
culverts and bridges) and 2D model domains are shown in Figure 16.

5.2.2 Model Topography

Elevations were assigned to grid cells within the 2D domain based on the Digital Elevation
Model derived from 2005, 2007 and 2011 LiDAR data. As the LiDAR data was collected in 2005,
2007 and 2011, the terrain representation in TUFLOW is representative of topographic
conditions at that time. That is, any topographic modifications completed since 2011 will not
be reflected in the model.
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The 2011 LiDAR should provide a reliable representation of contemporary topographic
conditions since it was collected relatively recently. However, the 2005 and 2007 LiDAR was
collected over 5 years ago, so would not reflect any topographic modifications that have been
completed across the catchment in this time. Therefore, the DEM was also updated to include
the Cut Rock Creek Detention Basin at Lisarow, which was constructed in 2009.

The elevations assigned to grid cells located within building footprints were elevated by
0.3 metres based on the assumption that the floor level of houses will typically be elevated
above the natural ground surface.

The details of hydraulic structures and creek cross-sections within the 1D domain were defined
based on information contained in previous flood studies, work-as-executed survey plans,
previous ground survey as well as additional survey completed by Lawrence Group specifically
for this study.

5.2.3 Material Types / Manning’s ‘n’ Roughness

The TUFLOW software employs material polygons to define the variation in hydraulic roughness
(i.e., Manning's 'n' values) across the study area. Aerial photography was used as a basis for
subdividing the catchment into different material types. Different Manning’s ‘n’ values were
assigned to each material type to define the resistance to flow afforded by the different
material types. The spatial distribution of the different material types is shown in Figure 16.

1D cross-sections, pipes and culverts within the 1D domain of the TUFLOW model also require
the specification of Manning's 'n' values. These values were defined based on field assessments
and inspection of high resolution aerial photography of the creek channels.

The adopted materials types and the corresponding Manning's 'n' values are provided in
Table 17.

5.2.4 Culverts/Bridges

Culverts and bridges can have a significant influence on flood behaviour. For circular or
rectangular culverts, the physical dimensions and invert elevations of the structures were
included directly in the TUFLOW model. Entry and exit loss coefficients were defined based on
default values provided in the TUFLOW Manual (BMT WBM, 2012). Typically, an entry loss
coefficient of 0.5 and an exit loss coefficient 1.0 were adopted for all culverts.

The Ourimbah Creek catchment also includes three irregular shaped arch culvert crossings
(refer Plate 7). The irregular shape of the crossings was defined using a flow height versus flow
width relationship. An entry loss coefficient of 0.5 and an exit loss coefficient of 1.0 were also
adopted for irregular culverts.

The catchment also includes a number of bridge crossings. The available waterway area
beneath the bridge deck was specified using a surveyed cross-section. Energy losses were
defined using a height versus loss coefficient relationship that was developed based on
procedures outlined in “Hydraulics of Bridge Waterways” (Bradley, 1978).
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Table 17 TUFLOW Manning's 'n' Roughness Values

Material Description Manning's 'n'
Grass 0.035
Grass with isolated trees 0.040
Grass with sparse trees 0.060
Grass with medium density trees 0.080
Dense tree coverage 0.120
Concrete surfaces 0.015
Car Park (with parked cars)
Depth < 0.3m - water in contact with vehicle tyres only, Depth < 0.3m =0.08
Depth > 0.3m - water in contact with vehicle bodies Depth >0.3m = 0.50
Roadways 0.020
Waterbodies (e.g., Dams) 0.040
Railway corridor 0.060
Buildings 3.0
Creek channels 0.030-0.080
Concrete pipes/culverts 0.015

Plate 7 Arch culvert draining water beneath Ourimbah Creek Road

Catchment Simulation Solutions



Ourimbah Creek Catchment Flood Study

The location of bridges and culverts included within the TUFLOW model is shown in Figure 16.

5.2.5 Water Storages

The Ourimbah Creek catchment includes a number of farm dams, water bodies and remnant
creek channels that have the potential to store water and attenuate flows during floods. To
ensure the hydraulic model provided a conservative estimate of flood behaviour across the
catchment, it was assumed that all water storages were full at the start of each simulated flood.

5.2.6 Bridge/Culvert Blockage

During a typical flood, sediment, vegetation and urban debris (e.g., shopping trolleys, fences)
from the catchment can become mobilised leading to blockage of downstream culverts and
bridges (refer Plate 8). Consequently, bridges and culverts will not operate at full efficiency
during most floods. This can increase the severity of flooding across areas located adjacent to
these structures.
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Plate 8 View showing build-up of debris on upstream side of culvert

In recognition of this, blockage factors were applied to all bridges and culverts. The blockage
factors were applied based on findings documented by Rigby et al (2002) following the 1998
Wollongong floods. This paper notes that bridges/culverts with a diagonal dimension greater
than 6 metres showed minimal blockage (ranging from no blockage to 20% blockage).
Accordingly, all structures with a diagonal dimension of greater than 6 metres were assigned
10% blockage.

Rigby et al (2002) also determined that structures with a diagonal dimension less than 6 metres
have the potential to suffer considerable blockage during large floods (ranging from no
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blockage to 100% blockage). In recognition of this, a blockage factor of 50% was applied to all
structures with a diagonal dimension less than 6 metres.

5.2.7 Fences

Fences can provide a significant impediment to flow in urbanised catchments (refer Plate 9).
Therefore, it was also considered important to include a representation of fences within the
TUFLOW model. An automated approach was employed to extract approximate fence
alignments across urbanised sections of the floodplain based on information contained in
cadastre, roadway and LEP GIS layers. The extent of fence lines that were generated based on
this approach is shown in Plate 10.

Plate 9 Example of wire mesh fence that has collected debris during a flood, which may cause blockage of
flow paths in urban environments (Engineers Australia, 2009).

It was recognised that even relatively permeable fence types can become partially blocked
during the course of a flood. During the early stages of a flood, debris (e.g., leaves, branches)
will be mobilised and conveyed down major flow paths until it reaches an obstruction whose
aperture is too small to transmit the debris. Therefore, by the peak of the flood there is a
significant probability that most fences will be at least partially blocked with debris. In
recognition of this, all fences were implemented with a blockage of 75%. That is, a 75%
reduction in conveyance capacity is provided through the fence lines. Although there is likely to
be considerable variability in the degree of blockage provided by different fence types, it was
felt that a 75% blockage factor provided a conservatively realistic estimate of the average
degree of blockage provided by all fence types across the Ourimbah Creek catchment. It was
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also assumed that all fences were 1 metre high since the hydrodynamic forces associated with
water depths over 1 metre was considered sufficient to cause failure of the fences.
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Plate 10 Extent of fences (yellow lines) extracted using cadastre, zoning and roadway GIS layers

5.2.8 Levees
The Ourimbah Creek catchment incorporates two levees:

& Tuggerah Business Park Levee: located on the northern floodplain of Ourimbah Creek
between Wyong Road and the Main Northern Railway. The levee provides protection to
the Tuggerah Business Park, which is located on the northern side of the levee. Itis
understood that the height of the levee was designed to protect the business park during
all floods up to and including the 1% AEP event (Paterson Consultants, 2011).

6 Railway Levee: Located on the western side of the Main Northern Railway line, directly
west of the Berkley Vale Industrial area. The levee is designed to prevent overtopping and
subsequent “wash out” of the railway line ballast.

Work-as-executed / design plans for both levees were provided by Wyong Shire Council.

Elevations along the crest of both levees were extracted from the plans were used as the basis
for including a representation of the levees systems in the hydraulic model.
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5.3 Hydraulic Model Calibration

5.3.1 General

Hydraulic computer models are developed using parameters that are not known with a high
degree of certainty and/or are subject to natural variability. This includes catchment roughness
as well as blockage of hydraulic structures. Accordingly, the model should be calibrated using
flow and flood mark information from historic floods to ensure the adopted parameters are
producing reliable estimates of flood behaviour.

Calibration is typically completed by routing flows from historic floods through the hydraulic
model. Simulated flood levels are extracted from the model results at locations where
recorded flood marks are available. Calibration is completed by iteratively adjusting hydraulic
model parameters to achieve the best possible match between recorded flood marks and
simulated flood levels.

5.3.2 Calibration/Verification Events

The following criteria were employed to select events suitable for the purpose of model
calibration and verification:

& A minimum of three significant flood events;

& Contemporary floods preferred as the currently available topographic datasets are likely to
provide a good reproduction of topographic conditions at the time of the floods; and,

6 Events also used for hydrologic model calibration preferred.

Based on these criteria, the following events were selected for the hydraulic model calibration
and verification:

é February 1992;
& June 2007; and,
é June 2011.

5.3.3 Model Boundary Conditions

Flow Boundary Conditions

Upstream boundary conditions define the variation in flows with respect to time across the
hydraulic model domain. Inflows to the TUFLOW hydraulic model were defined using discharge
hydrographs extracted from the XP-RAFTS hydrologic modelling discussed in Section 4.3.

Tuggerah Lake Boundary Conditions

Hydraulic computer models also require the adoption of a suitable downstream boundary
condition in order to reliably define flood behaviour throughout the area of interest. The
downstream boundary is typically defined as a known water surface elevation (i.e., stage).

As shown in Figure 16, the downstream boundary of the TUFLOW model is located at the point
where Ourimbah Creek drains into Tuggerah Lake. Accordingly, the downstream water
elevation will be governed by the water surface elevation within Tuggerah Lake at the time of
the flood.

Therefore, historic stage hydrographs for each historic flood were obtained from a MHL water

level recorder located on Tuggerah Lake at Long Jetty (Long Jetty is located directly opposite
the Ourimbah Creek entrance into Tuggerah Lake). The adopted Tuggerah Lake stage
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hydrographs for the 1992, 2007 and 2011 simulations are included in Appendix D as Figures D1
to D3.

5.3.4 Moaodifications to Represent Historic Floodplain Conditions
A number of modifications were completed to the “existing” conditions TUFLOW model in
order to represent catchment and floodplain conditions at the time of each historic flood.

February 1992

As the F3 freeway wasn’t constructed in 1992 it was necessary to remove all embankments
and/or cuttings associated with the freeway from the DEM. The Tuggerah Business Park levee
and Cut Rock Creek channel remediation works between Teralba Street and the Pacific Highway
were also removed from the model.

The Cut Rock Creek Retarding Basin at Lisarow was constructed in 2009. Therefore, the basin
and associated structures were removed from the hydraulic model of 1992 conditions.

June 2007
The Cut Rock Creek Retarding Basin at Lisarow was not constructed until 2009. Therefore, the
basin and associated outlet structures were removed from the 2007 TUFLOW model.

The Cut Rock Creek channel remediation works between Teralba Street and the Pacific Highway
were also removed from the model for the 2007 simulation.

June 2011
No modifications were completed to the “existing” conditions model for the 2011 simulations.

5.3.5 Results of Calibration and Verification Simulations

February 1992 Simulation

Calibration of the TUFLOW hydraulic model was attempted using 55 flood marks for the
February 1992 flood. The calibration was undertaken by routing the discharge hydrographs
generated by the XP-RAFTS model for the 1992 event through the TUFLOW model and
adjusting roughness parameter values until a reasonable agreement between simulated flood
levels to the recorded flood marks was achieved.

The roughness values listed in Table 17 were ultimately adopted for the 1992 flood simulation.
All roughness parameter values are within reasonable limits.

A comparison between the peak flood levels generated by the TUFLOW model and the
recorded flood marks for the 1992 flood is provided in Figure 17. A comparison between
recorded flood marks and simulated flood levels is also presented in Table 18.

Peak floodwater depths and flow velocity vectors were also extracted from the results of the
1992 simulation. The depths and velocity vectors are also included on Figure 17.

The comparison provided in Table 18, shows that there is generally a good agreement between
recorded flood mark elevations and simulated flood levels for the 1992 event. Most simulated
and recorded flood levels agree to within 0.15 metres and the average difference is -
0.09 metres
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Table 18 Comparison between simulated flood levels and recorded flood marks for 1992 flood simulation
Recorded Simulated Difference
Location Flood Mark | Flood Level (metres)
(MAHD) (MAHD)
Upstream Shirley Street Bridge, Ourimbah 16.62 16.52 -0.10
Cnr Shirley St & Ourimbah St, Ourimbah 16.37 16.46 0.09
g Upstream Chittaway Rd, Ourimbah 16.19 15.85 -0.33
t;j Upstream Chittaway Rd, Ourimbah 15.86 15.79 -0.07
T£° Upstream Burns Rd, Ourimbah 14.39 14.33 -0.06
@ grz)r;f;usgr:ﬁe?angalow Creek and Ourimbah Creek 12.36 12.26 -0.10
rurmpertine R Railway underpas 228 | 1223 | 008
;’sﬁcg);r)ah St Bridge (downstream of Lisarow Public 53.82 23.76 -0.07
'srlcfgﬁlr)ah St Bridge (downstream of Lisarow Public 93,73 9373 0.00
o 44 Lisarow St, Lisarow 21.45 21.36 -0.09
g 51 Lisarow St, Lisarow 20.94 20.69 -0.25
g 47 Lisarow St, Lisarow 20.94 20.82 -0.12
5 55 Lisarow St, Lisarow 20.66 20.58 -0.08
49 Lisarow St, Lisarow 20.66 20.64 -0.02
16A Teralba St, Lisarow 20.48 20.52 0.04
Upstream Main Northern Railway 19.55 19.77 0.12
> Dog Trap Rd, Ourimbah 20.97 20.62 -0.35
(E_ Dog Trap Rd, Ourimbah 20.75 20.57 -0.18
'i Upstream Pacific Hwy, Ourimbah 17.99 18.05 0.06
8 Downstream Pacific Hwy, Ourimbah 17.07 17.21 0.14
4.6km upstream of Moores Point Rd 26.50 26.54 0.04
4.3km upstream of Moores Point Rd 26.00 26.08 0.08
4km upstream of Moores Point Rd 25.55 25.72 0.18
3.3km upstream of Moores Point Rd 25.10 25.19 0.09
g 3km upstream of Moores Point Rd 24.70 24.73 0.03
E 1.5km upstream of Moores Point Rd 22.80 22.92 0.12
§ Confluence of Brumbles Creek and Ourimbah Creek 22.50 22.44 -0.06
300m downstream of Moores Point Rd 21.40 20.28 -0.12
2.1km upstream Footts Rd West 20.90 20.81 -0.09
1.75km upstream Footts Rd West 20.50 12.42 -0.08
900m upstream Footts Rd West 18.70 18.64 -0.06
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Recorded Simulated Difference
Location Flood Mark | Flood Level (metres)
(mAHD) (mAHD)

850m upstream Footts Rd West 18.60 18.48 -0.12
Footts Road Bridge West 17.70 17.48 -0.22
800m upstream of Old Footts Bridge East 17.30 16.57 -0.73
Upstream Old Footts Road 16.80 16.02 -0.78
Footts Road Bridge West 16.10 15.92 -0.08
Footts Road East 15.00 14.91 -0.09
250m downstream Footts Road 14.50 14.43 -0.07
Upstream Bangalow Creek Flood Runner 14.35 14.17 -0.18
Upstream Palmdale Rd Bridge 13.10 13.04 -0.06
gcr):ef:(uence Canada Drop Down Creek & Ourimbah 12.40 12.38 -0.03
Pacific Hwy Bridge 11.80 11.76 -0.04
Confluence Bangalow Creek & Ourimbah Creek 11.70 11.55 -0.15
gc::ef:(uence Windy Drop Down Creek & Ourimbah 11.20 11.13 -0.07
i(())r(:;’lrl'ei(;\;vnstream of Windy Drop Down Creek 705 6.89 0.16
Main Northern Railway Bridge 391 3.66 -0.25
Wyong Road (Lees) Bridge 2.06 2.04 -0.02
Southern end of Sunshine Avenue, Chittaway Point 26.50 26.54 0.04
Fg;:}:;;eDingggifn Creek) 16.22 16.05 017

Average: 0.09

Some more significant differences occur at isolated locations. This includes:

® Upstream of the old Footts Road bridge crossing of Ourimbah Creek. During the 1992 flood,
there was a bridge crossing at this location which has since been removed. Efforts were
made to include this bridge within the hydraulic model, however, plans could not be
uncovered. As a result, this bridge was not included in the 1992 hydraulic model. Flood
marks upstream and downstream of the old bridge suggest this crossing caused around
0.7m afflux during the 1992 flood. Accordingly, it is suggested that if this bridge was
included in the TUFLOW model and the 0.7 m afflux was reproduced, a much closer
correlation between simulated and recorded flood levels would be achieved (i.e., better
than 0.1 m). The backwater effects of the old Footts Road bridge also appears to impact on
some additional flood marks located upstream of the old bridge location.

& A 0.33 m difference was identified along Bangalow Creek, upstream of Chittaway Road.
However, another flood mark immediately adjoining this location shows a comparatively
good agreement (i.e., 0.07 m). Given the agreement between simulated and recorded
flood levels at this additional flood mark location as well as generally good agreements
upstream and downstream of this location, it is considered that this recorded flood mark
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may not be a true representation of the peak flood level at this location during the 1992
flood.

& There is a 0.25 m difference between simulated and recorded flood levels at 51 Lisarow
Street, Lisarow. However, this area has a number of other flood marks, which generally
show a good correlation between simulated and recorded flood levels. Accordingly, it is
suggested that this flood mark may also be less reliable.

June 2007 Simulation

The TUFLOW hydraulic model was verified using 14 historic flood marks for a flood that
occurred in June 2007. The verification was completed by routing the discharge hydrographs
generated by the XP-RAFTS model for the 2007 event through the TUFLOW model while
retaining the same roughness parameter values that were adopted for the 1992 calibration
simulation.

A comparison between the peak flood levels generated by the TUFLOW model and the
recorded flood levels for the 2007 flood is provided in Figure 18. A comparison between
recorded flood marks and simulated flood levels is also presented in Table 19. Peak floodwater
depths and velocities were also extracted from the results of the 2007 simulation and are
included on Figure 18.

The flood level comparisons provided in Table 19 indicate that the simulated flood levels are
typically within 0.2 metres of recorded flood levels. Table 19 also shows that the average
difference between simulated and recorded flood levels is -0.11 metres.

However, there were two historic flood marks that could not be well reproduced by the
hydraulic model. Both flood marks are located in close proximity to one another on Kangy Angy
Creek. At this location the simulated flood levels are over 0.4 metres lower than recorded flood
levels. Given that both flood marks are located in reasonably close proximity and are of a
similar order of magnitude, it is considered unlikely that both flood marks would be in error.

The nearest flood mark to this location is located approximately 1000 metres downstream,
which is reasonably well reproduced by the TUFLOW model. Accordingly, it is considered that
the Ourimbah Creek receiving water elevation is reasonably well defined. Therefore, the
differences may be attributed to a poor reproduction of 2007 discharges along Kangy Angy
Creek. That is, there may have been more intense rainfall over the Kangy Angy Creek that was
not represented by the rainfall distribution adopted in the XP-RAFTS hydrologic model.
However, in the absence of more detailed spatial descriptions of rainfall in the vicinity of the
Kangy Angy Creek subcatchment for the 2007 event, it is unlikely that this discrepancy can be
rectified.

June 2011 Simulation

The TUFLOW hydraulic model was also verified using 4 historic flood marks for the June 2011
event. The verification was completed by routing the discharge hydrographs generated by the
XP-RAFTS model for the 2011 event through the TUFLOW model while retaining the same
parameter values that were adopted for the 1992 and 2007 simulations.
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Table 19 Comparison between simulated flood levels and recorded flood marks for 2007 flood simulation
Recorded Simulated Difference
Location Flood Mark Flood Level (metres)
(mAHD) (mAHD)

Western end of Bristowe Cl 18.46 18.31 -0.15
g Chittaway Road Bridge, Ourimbah 15.80 15.66 -0.14
r_%: Shirley St (near Sohier Park) 15.78 15.80 0.02
E Burns Road underpass of Main Northern Railway 13.31 13.44 0.13
Unnamed underpass of Main Northern Railway 12.85 12.68 -0.17
g 322 Palmdale Road, Palmdale 21.38 21.26 -0.12
:‘: § Palmdale Road Bridge 16.02 15.86 -0.16
E 5 Palmdale Road near Crematorium 15.62 15.48 -0.14

Tuggerah St Bridge (downstream Lisarow Public

5 School) 23.78 23.69 -0.09
é Railway Culvert 21.88 21.95 0.07
§ Upstream of Teralba Rd Bridge 20.75 20.59 -0.16
5]
Downstream of Teralba Rd Bridge 20.68 20.53 -0.15
?:>5 §§ Downstream Pacific Hwy, Kangy Angy 10.23 9.71 -0.52
2<0 Downstream Pacific Hwy, Kangy Angy 10.09 9.68 -0.41
ié‘, x Eastern end of Orchard Road 9.21 9.57 0.16
§ § 136 Geoffrey Rd, Chittaway Point 1.65 1.69 0.04
(11?010by5 Cr(:-‘;-Dka)lmdale Road, Palmdale 16.8 16.78 -0.02
Average: -0.11

A comparison between the peak flood levels generated by the TUFLOW model and the
recorded flood levels for the 2011 flood is provided in Figure 19. Peak floodwater depths and
velocities for the 2011 simulation are also included on Figure 19. A comparison between
recorded flood marks and simulated flood levels is also presented in Table 20.

The results presented in Table 20 shows that there is generally a good agreement between
recorded flood mark elevations and simulated flood levels for the 2011 event. Simulated peak
flood levels are typically within 0.1 m of recorded flood mark elevations, with the average
difference being 0.03 metres.

The most significant difference occurs near the Ourimbah Rugby club where the simulated
flood level is 0.2 metres higher than the recorded flood mark elevation. However, it should be
noted that this flood mark is based upon a photograph taken before the peak of the flood.
Accordingly, the agreement between the simulated flood level and recorded flood mark
elevation at this location would likely be much closer if the photograph had been taken at the
peak of the flood.
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Table 20 Comparison between simulated flood levels and recorded flood marks for 2011 flood simulation
Recorded Simulated Difference
Location Flood Mark Flood Level (metres)
(mAHD) (mAHD)
W % Shirley St (near Sohier Park) 15.55 15.614 0.06
S o
& S | Ourimbah Rugby Club* 15.35 15.552 0.20
3 Orange Rd 14.40 14.378 -0.02
]
§ Old Chittaway Road 12.74 12.699 -0.04
§ Turpentine Rd railway underpass 10.59 10.637 0.05
B < Tall Timbers Estate 20.98 21.037 0.06
x o
3 © | Teralba Street Bridge 20.02 19.898 -0.12
Average: 0.03

Note: * Flood mark is based upon a photograph taken before the peak of the flood. Accordingly, the actual peak flood level at this location is
likely to be higher.

5.3.6 Summary

The outcomes of the hydraulic model calibration indicate that the TUFLOW hydraulic model
provides a realistic description of recorded flood levels across the Ourimbah Creek catchment.
In general, simulated flood levels are within 0.15 metres of recorded flood mark elevations,
with the average difference being better than 0.1 metres.

There are some more significant differences at isolated locations, however, these are generally
associated with flood marks that are thought to be less reliable.

Overall, it is considered the hydraulic model provides a reliable description of flood behaviour

across the Ourimbah Creek catchment and provides a suitable tool to assist in defining design
flood behaviour.
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6 DESIGN FLOOD SIMULATIONS

6.1 General

Design floods are hypothetical floods that are commonly used for planning and floodplain
management investigations. Design floods are based on statistical analysis of rainfall and flood
records and are typically defined by their probability of exceedance. This is typically expressed
as an Annual Exceedance Probability (AEP).

The AEP of a particular flood level or discharge at a particular location is the probability that the
flood level/discharge will be equalled or exceeded in any one year. For example, a 1% AEP
flood has a 1% chance of being equalled or exceeded in any one year.

Design floods can also be expressed by their Average Recurrence Interval (ARI). For example,
the 1% AEP flood can also be expressed as a 1 in 100 year ARI flood. That is, the 1% AEP flood
will occur, on average, once every 100 years.

It should be noted that there is no guarantee that a 1% AEP flood will occur just once in a 100
year period. It may occur more than once, or at no time at all in the 100 year period. This is
because design floods are based upon a long-term statistical average. For example, there is a
50% chance that a 1% AEP flood will occur once within a 70 year period and a 15% chance that
it will occur twice within the same 70 year period. Therefore, it is prudent that the community
understands that the occurrence of recent large floods does not preclude the potential for
another large flood to occur in the immediate future.

Design floods are typically estimated by applying design rainfall to the hydrologic model to
develop design flood hydrographs at various locations throughout the catchment. The design
flood hydrographs are then routed through the hydraulic model to derive design flood level,
depth and velocity estimates. The procedures employed in deriving design flood estimates for
the Ourimbah Creek catchment are outlined in the following sections.

6.2 Hydrology

6.2.1 Design Rainfall

Design rainfall for the 20%, 10%, 5%, 2%, 1% and 0.5% AEP events were derived using standard
procedures outlined in ‘Australian Rainfall and Runoff — A Guide to Flood Estimation’ (Engineers
Australia, 1987). This involved extracting design intensity-frequency-duration values from
Volume 2 of ‘Australian Rainfall and Runoff — A Guide to Flood Estimation’ (Engineers Australia,
1987) (refer Table 21). This base design rainfall information was used as the basis for
interpolating design rainfall for other design rainfall frequencies and durations. Adopted
rainfall intensities for each design storm and duration are summarised in Table 22.

For all design storms up to and including the 0.5% AEP event, it was assumed that the design

rainfall was evenly distributed across the entire catchment. That is, there was no spatial
variation in design rainfall across the catchment.
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Table 21 Design IFD Parameters

Parameter Value Parameter Value
2, 37.2 0, 71.7
%1, 9.2 1, 18.1
2, 3.1 0, 6.4
F2 431 Skew 0.01
F50 15.9 Temporal Pattern Zone 1

The design rainfall estimates were then used in conjunction with standard design temporal
patterns to describe how the design rainfall varies with respect to time throughout each design

storm.
Table 22 Design Rainfall Intensities
AEP / Average Rainfall Intensity
(mm/hr)
DURATION
20% 10% 5% 2% 1% 0.5% PMP
30 minutes 69 78 89 105 116 126 320
45 minutes 56 62 71 83 92 102 280
1 hour 47.4 54 62 72 80 88 250
2 hour 31.5 35.6 411 48.3 54 60 185
3 hour 24.6 27.9 32.1 37.7 42.0 48.1 153
6 hour 16.1 18.2 21.0 24.7 27.5 32.7 100
12 hour 10.6 12.0 13.8 16.3 18.1 223 66
24 hour 6.99 7.93 9.17 10.8 12.0 15.3 45.8
48 hour 4,51 5.14 5.96 7.05 7.88 10.3 29.8
72 hour 3.39 3.88 4.50 5.33 5.96 7.97 24.9

6.2.2 Probable Maximum Precipitation (PMP)
As part of the flood study it was also necessary to define flood characteristics for the Probable
Maximum Flood (PMF). The PMF is estimated by routing the Probable Maximum Precipitation
(PMP) through the hydrologic and hydraulic modela. The PMP is defined as the greatest depth
of precipitation that is meteorologically possible for a given duration at a specific location at a
particular time of year. Accordingly, it is considered the largest quantity of rainfall that could
conceivably fall within a particular catchment.

PMP depths were derived for the Ourimbah Creek catchment for a range of storm durations up
to and including the 6 hour event based on procedures set out in the Bureau of Meteorology's
“Generalised Short Duration Method” (GSDM) (Bureau of Meteorology, 2003).
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For storm durations in excess of 6 hours, the Generalised Southeast Australia Method (GSAM)
(Bureau of Meteorology, 2006) or Generalised Tropical Storm Method Revised (GTSMR)
(Bureau of Meteorology, 2005) must be used to develop PMP estimates. The Ourimbah Creek
catchment falls within the GSAM-GTSMR Coastal Transition Zone. Therefore, PMP depths were
calculated using both approaches and the highest overall PMP depth was adopted.

Spatially varying rainfall was applied to all PMP rainfall estimates in accordance with
recommendations in each of the Bureau of Meteorology documents. That is, the PMP rainfall
estimates varied temporally as well as spatially.

The GSDM, GSAM and GTSMR PMP calculations are included in Appendix E. The final PMP
intensities are also summarised in Table 22.

6.2.3 Rainfall Loss Model

In a typical rainfall event, not all of the rainfall that falls onto the catchment is converted to
runoff. Depending on the prevailing “wetness” of the catchment at the commencement of the
storm some of the rainfall may be lost through infiltration into the soil, or may be intercepted
by vegetation and stored.

To account for rainfall losses of this nature, the Initial-Continuing Loss Model was utilised. This
rainfall loss approach is recommended in ‘“Australian Rainfall and Runoff — A Guide to Flood
Estimation’ (1987) (Engineers Australia, 1987) for design flood estimation.

The adopted rainfall losses are summarised in Table 23. The adopted rainfall losses for all
design events were consistent with those adopted in the calibration / verification simulations.

Table 23 Adopted XP-RAFTS Design Rainfall Losses

. Initial Loss Continuing Loss
Land Use Description (mm) (mm/hr)
Pervious 15.0 4.0
Impervious 1.5 0.0

6.2.4 Peak Discharges
The XP-RAFTS model was used to simulate the 20%, 10%, 5%, 2%, 1% and 0.5% AEP events as
well as the PMF.

A range of storm durations were modelled for each design storm to establish the critical storm
duration for each Ourimbah Creek subcatchment. Peak discharges were extracted from the XP-
RAFTS model for each subcatchment and each storm duration, and are provided in Appendix F.
Peak discharges at select locations throughout the Ourimbah Creek catchment are also
summarised in Table 24.

The results presented in Appendix G indicate that the critical storm duration throughout the

catchment varies between 2 hours and 48 hours for all events up to and including the 0.5% AEP
event. The most common critical storm duration is 6 hours.
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Table 24 Peak Design Discharges for Existing Conditions

. 3
' XP-RAFTS Peak Discharge (m™/s)
Location D
20% 10% 5% 2% 1% 0.5% PMP
Lyrebird Lane 1.28 286 353 441 536 625 825 2,820
Moores Point Rd 136 297 369 470 586 688 937 3,350
Footes Rd* 1.42 312 369 472 600 709 984 3,580
4
[0}
g Palmdale Rd* 1.47 312 371 471 600 709 990 3,620
-
1+
< Sydney Newcastle 1.49 336 393 454 534 610 819 2,860
= Freeway
3
Main Northern 157 486 583 715 832 972 1,320 | 5,280
Railway
Wyong Road 1.59 499 599 735 857 1,000 | 1,340 | 5410
Tuggerah Lake" 1.60 492 593 730 853 998 1,340 | 5,370
© Palmdale Rd 89.13 70.2 84.6 110 133 153 212 8,58
2853
c = o 9 .
§ © o G| Ourimbah Ck 89.17 102 122 148 177 211 297 1,320
Confluence
% > | OldTuggerah Rd 171.02 8.69 103 126 14.5 16.7 22.7 79.0
c Po
© s
2 <O | pacific Hwy 171.06 203 241 29.4 336 38.9 53.0 187
>
€ « | Enterprise Dr 163.05 255 30.4 36.9 43.2 50.2 70.0 224
29
=0
S Old Chittaway Rd 163.07 26.8 32.1 39.2 46.0 53.9 75.3 246
Coachwood Dr 119.08 283 337 425 51.1 59.6 80.0 245
Rock Ck
Cut Rock € 119.10 34.1 40.5 51.1 61.9 73.0 98.2 315
x confluence
(0]
g Shirley St 119.14 75.0 88.6 108 128 153 213 746
(o]
S Chittaway Rd 119.18 112 134 164 190 220 305 1,140
c
5]
@ Burns Rd 119.20 112 134 164 191 221 307 1,150
Ourimbah Ck 119.23 137 166 229 283 346 494 2280
Confluence
Detention Basin 137.03 4.86 5.65 7.17 8.11 9.62 139 44.8
Outflow
®
] Tuggerah St 128.03 27.9 32.7 41 50 59.3 79.9 263
(@)
4
S Railway Upstream 128.07 38 44.6 55.2 67.3 79.3 108 368
o
3 Teralba St 128.08 393 46.1 57.2 68.8 80.9 111 376
Railway Downstream 128.11 42.1 49.7 61.4 72.9 85.2 117 402
o Q>
8 £ 3 | pacific Hwy 153.06 26.7 318 40.1 48.1 56.2 75.4 286

NOTE: * The peak discharges for Ourimbah Creek at Palmdale Road are lower than at Footes Road for some AEPs. This is
associated with some of the flow being diverted from Ourimbah Creek via the Bangalow Creek flood runner and,
therefore, bypassing Palmdale Road.

# Reductions in peak discharge are also evident downstream of Wyong Road. This is associated with the very flat
channel slope along this section of Ourimbah Creek which serves to attenuate the peak discharge.
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6.2.5 Verification of Peak Design Discharges

Previous Studies

To help verify the veracity of the XP-RAFTS model results, the peak 1% AEP discharges
generated by the XP-RAFTS were compared against peak 1% AEP discharges documented in
previous flooding investigations at various locations across the Ourimbah Creek catchment.
This comparison is presented in Table 25.

Table 25 Comparison between peak 1% AEP XP-RAFTS discharges and peak 1% AEP discharges documented
in previous flooding investigations

Peak 1% AEP Discharge (m®/s)
Location
SKP! WMA? pC Hyder’ WMA® XP-RAFTS
Cotoc st o
o el » .
D@oﬁﬂzzipN(;l:t”gern Railway 25 >6
B@a?)gjrlmbg;ece: confluence ) 220 ) 260 302
@ pacite Hghway : - : 677 610
%“;it:’tﬁq glrgek 850 - 990 930 944
%”\r/i/'cssg E:;Zk 870 - - 960 1,000

Notes:  1: “Lower Ourimbah Creek Flood Study, Preliminary Report” (Sinclair Knight & Partners, 1990)
: “Bangalow Creek and Cut Rock Creek Flood Study” (Webb McKeown & Associates, 1994)

: “Catamaran Drive Flood Study” (Paterson Consultants, 1989)

: “Ourimbah Creek Floodplain Management Study” (Hyder Consulting, 2001)

: “Upper Ourimbah Creek Flood Study” (Webb McKeown & Associates, 1997)

u b WN

The comparison presented in Table 25 indicates that the XP-RAFTS model produces peak
discharges that are generally within £ 10% of previous investigations. Some more significant
differences occur at some locations including:

& The peak 1% AEP XP-RAFTS discharge is approximately 20% lower than the peak discharge
documented in the “Bangalow Creek and Cut Rock Creek Flood Study” (Webb, McKeown &
Associates, 1994). This reduction in peak 1%AEP discharge relative to the 1994 study is
considered to be associated with:

- the construction of the Cut Rock Creek Detention basin;
- higher overall loss rates adopted in this study; and,
- lower adopted impervious proportion for this study.

& There is a ~15% difference between peak 1% AEP discharges at the Pacific Highway
crossing of Ourimbah Creek and the downstream end of Bangalow Creek. It is likely that
this difference is associated with the inclusion of a “diversion” link in the XP-RAFTS model
to represent the Bangalow Creek flood runner, which wasn’t represented in the previous
hydrologic model. As a result, a proportion of the flow from Ourimbah Creek is diverted
into Bangalow Creek, leading to a decrease in peak discharge along Ourimbah Creek and an
increase in peak discharge at the downstream end of Bangalow Creek.
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& The XP-RAFTS model typically produces peak 1% AEP discharges that are over 10% higher
than those documented in the “Lower Ourimbah Creek Flood Study (Sinclair Knight and
Partners, October, 1986). This is considered to be primarily associated with the increase in
development and, therefore, impervious surfaces that have occurred across the catchment
over the past 20 years. It should be noted that all other previous studies also predict
higher peak 1% AEP peak discharges than the 1986 study.

Overall, the XP-RAFTS model typically produces peak 1% AEP discharges that are comparable to
those documented in previous studies. Where more significant differences occur, this is
typically associated with physical changes in the catchment (e.g., detention basin, increase in
development) or differences in the representation of the catchment within the hydrologic
model (e.g., Bangalow Creek flood runner).

Probabilistic Rational Method

Peak 1% AEP discharges produced by the XP-RAFTS model were also verified against peak
discharges calculated using the Probabilistic Rational Method (PRM). A complete listing of 1%
AEP XP-RAFTS discharges and PRM discharges at the outlet of each subcatchment are provided
in Appendix G.

In general, the XP-RAFTS and PRM discharges provided in Appendix G show a reasonable
correlation. The average difference between XP-RAFTS and PRM discharges is 11%. The PRM
typically predicts lower discharges relative to the XP-RAFTS model, particularly across the
urbanised section of the catchment. This is not unexpected as the PRM fails to account for the
increased runoff potential across impervious sections of the catchment.

Overall, the verification shows that the XP-RAFTS model is producing realistic design 1% AEP
discharge estimates.

6.3 Hydraulics

6.3.1 General

The calibrated TUFLOW hydraulic model was used to simulate design flood behaviour across
the Ourimbah Creek catchment for the 20%, 10%, 5%, 2%, 1% and 0.5% AEP events as well as
the Probable Maximum Flood (PMF).

The procedures employed in developing the design flood estimates are outlined in the
following sections.

6.3.2 Model Boundary Conditions

Flow Boundary Conditions

Flow boundary conditions provide a description of the spatial and time variation of flows across
the hydraulic model area. They are defined by the design discharge hydrographs generated by
the XP-RAFTS hydrologic model.

As shown in Figure 16, the TUFLOW hydraulic model extends across all of the local catchments
located east of the F3 Freeway. However, the hydraulic model does extend across all of the
Ourimbah Creek catchment to the west of the F3 Freeway (a significant proportion of the
catchment located west of the Freeway is State Forest and was not required to be included as
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part of the study brief). Therefore, flows entering the upstream boundaries of the hydraulic
model west of the F3 Freeway as well as flows from the local catchments located east of the
Freeway must be accounted for using boundary conditions.

Accordingly, 'total' inflow hydrographs (i.e., hydrographs describing the total upstream
contributing flow) were applied to all watercourses with an upstream contributing catchment
area that was not fully contained within the hydraulic model extent. This included:

& Ourimbah Creek;

Brumbles Creek’

Lowes Gully;

Footes Gully;

Canada Drop Down Creek;
Toobys Creek;

Windy Drop Down Creek; and,

oo

Kangy Angy Creek.

In addition, 'local' discharge hydrographs (representing flows from the local subcatchments
only) were also extracted from XP-RAFTS and were used to represent inflows from local
catchment runoff. This approach was used to define inflows for all catchments fully contained
within the hydraulic model domain. This included:

& Dog Trap Gully;

& Cut Rock Creek;

& Bangalow Creek; and
6 Chittaway Creek.

The local inflow hydrographs were applied to the lowest point within each subcatchment.

Tuggerah Lake Boundary Conditions

Hydraulic computer models also require the adoption of a suitable downstream boundary
condition in order to reliably define flood behaviour throughout the area of interest. The
downstream boundary is typically defined as a known water surface elevation (i.e., stage).

As shown in Figure 16, the downstream boundary of the TUFLOW model is located at the point
where Ourimbah Creek drains into Tuggerah Lake. Therefore, the water elevation at the
downstream end of Ourimbah Creek during any flood will be influenced by the prevailing water
elevation within Tuggerah Lake at the time of the flood. It is important to define a reliable
“design” stage hydrograph for Tuggerah Lake to ensure the interaction between catchment
runoff induced flooding and flooding from elevated Tuggerah Lake levels is reliably represented
during each of the design flood simulations.

A review of previous studies as well as historic stage hydrographs was completed in an effort to
define a reliable design tailwater estimate for Tuggerah Lake for each design flood. A detailed

description of the outcomes of the investigations is provided in Appendix H.

As noted in Appendix H, the peak outflow from Ourimbah Creek does not typically coincide
with the peak stage within Tuggerah. As a result, it would be unrealistic to assume that peak
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Tuggerah Lake stages occur at the same time as peak outflows from Ourimbah Creek.
Nevertheless, it is important that the potential for both flooding mechanisms is represented
realistically. As a result, a time-varying (i.e., dynamic”) tailwater was thought to provide the
best way to represent the interaction between catchment runoff and Tuggerah Lake flooding.

Accordingly, design stage hydrographs were developed to represent the variation in Tuggerah
Lake level during the course of each design flood. The adoption of a dynamic lake water level
in conjunction with dynamic inflow hydrographs should ensure that:

é both flooding mechanisms are represented; and,

é design flood elevations are not overestimated along the lower reaches of the creek by
assuming peak catchment runoff induced flood levels and Tuggerah Lake levels occur at
the same time.

The resulting design stage hydrographs for Tuggerah Lake are provided in Appendix H as
Figures H4 to H10. Adopted Tuggerah Lake design stages (peak Tuggerah Lake stage and
Tuggerah Lake stage at peak Ourimbah Creek outflow) are presented in Table 26.

Table 26 Tuggerah Lake Design Water Levels

AEP / Peak Stage (mAHD)
Time
20% 10% 5% 2% 1% 0.5% PMF
Peak Tuggerah Lake Stage 1.36 1.60 1.80 2.05 2.23 2.30 2.70
Tuggerah Lake Stage at Peak
Ourimbah Creek Outflow 1.02 1.20 1.35 1.54 1.67 1.73 2.03

6.3.3 Bridge and Culvert Blockage

As noted during the hydraulic model calibration, debris from the catchment can become
mobilised during floods leading to blockage of downstream bridges and culverts. As a result,
most bridges and culverts will not operate at full efficiency during most floods. This can
increase the severity of flooding across areas located adjacent to these structures.

Only a limited amount of literature is available documenting blockage of hydraulic structures
during floods. Blockage factors were applied as part of the hydraulic model calibration based
on information documented in Rigby et al (2002) following the 1998 Wollongong floods. The
blockage factors were applied based on the following criteria:

® all structures with a diagonal dimension of greater than 6 metres were assigned 10%
blockage;

# all structures with a diagonal dimension of less than 6 metres were assigned 50% blockage

The outcomes of the calibration indicated that these blockages assumptions provided a
reasonable reproduction of recorded flood levels. Accordingly, these blockage assumptions are
supported by the limited amount of literature available and are known to provide a reasonable
reproduction of past peak flood levels in the vicinity of structures. Therefore, they were also
considered to be appropriate for design conditions.
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However, the blockage factors applied to the Railway and Pacific Highway culverts immediately
downstream of Tall Timbers Estate (Lisarow) were reduced from 50% to 10% as it was deemed
unlikely that both culverts would be subject to increased levels of blockage given their close
proximity to each other and the potential for the Tall Timbers access road bridge to collect the
majority of upstream debris.

6.3.4 Design Flood Envelope

The TUFLOW hydraulic model was used to simulate flood behaviour across the Ourimbah Creek
catchment for a range of design floods and a range of storm durations. The model produced
information on flood levels, depths and velocities across the Ourimbah Creek catchment for
each design flood and each duration.

As discussed, a range of critical durations are evident across the study area. Therefore, a single
storm duration will not necessarily produce the “worst case” flooding across all sections of the
catchment.

An important requirement of this study was to ensure that the "worst case" flooding conditions
were defined across the Ourimbah Creek catchment. Therefore, a design flood envelope was
developed for each design flood based on analysis of each storm duration, at each TUFLOW
grid cell. This involved extracting and comparing peak flood levels, depths and velocities at
each TUFLOW model grid cell for each simulated duration and the highest depth, level and
velocity at each grid cell was subsequently adopted. It is this ‘design flood envelope’,
comprising the worst case depths, velocities and levels at each grid cell that forms the basis for
the results documented in the following sections.

Accordingly, it is important to recognise that the following design flood results are a composite
of results from a range of different durations. It is also important to note that the peak flood
levels, depths and velocities do not necessarily occur at the same time.

6.3.5 Floodwater Depths, Levels and Velocities

Peak flood levels, depths and velocities for the 20%, 10%, 5%, 2%, 1% and 0.5% AEP events as
well as the Probable Maximum Flood (PMF) were extracted from the results of the TUFLOW
model. Peak floodwater depths, levels and velocity vectors are presented in Figures 20 to 25.
It should be noted that the depths, levels and velocities are maximum values based on
consideration of all storm durations and may not necessarily occur at the same time.

Peak flood levels were also extracted from the results of the modelling and are presented in
Table 27 at various locations throughout the Ourimbah Creek catchment. Design stage
hydrographs were extracted at key stream gauge and road crossing locations and are presented
in Appendix I. The stage hydrographs also include bridge/culvert roadway and obvert
elevations to allow the flood proneness of the various roadway crossings to be evaluated.

6.3.6 Verification of Peak Design Flood Levels

To help verify the reliability of the TUFLOW design flood level estimates, the peak 1% AEP flood
levels were compared against peak 1% AEP flood levels documented in previous flooding
investigations at various locations across the Ourimbah Creek catchment. This comparison is
presented in Table 28.
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Table 27 Comparison between peak 1% AEP TUFLOW flood levels and peak 1% AEP flood levels
documented in previous flooding investigations

Peak 1% AEP Flood Levels (mAHD)
Location Wvon
SKP! pc Hyder® WMA® yong, pB° TUFLOW
Council
Cut Rock Creek
@ Main Northern 22.94 22.60 22.42
Railway
Cut Rock Creek
@ Teralba St 21.16 20.92 20.70
Dog Trap Gully
@ Main Northern 17.06 16.87
Railway
Chittaway Creek
@ Chittaway Rd 16.38 16.10
Ourimbah Creek
@ Pacific Highway 12.73 12.28 12.61 12.24
Ourimbah Creek
@ Stn 211015 11.01 11.3 10.46 11.40 11.20
Ourimbah Creek
@ Corella Close 5.86 6.6 6.2 6.50 6.35
Ourimbah Creek
@ Wyong Road 4.23 4.0 4.5 4.5 4.49

Notes: 1: “Lower Ourimbah Creek Flood Study, Preliminary Report” (Sinclair Knight & Partners, 1990)
2: “Catamaran Drive Flood Study” (Paterson Consultants, 1989)
: “Ourimbah Creek Floodplain Management Study” (Hyder Consulting, 2001)
: Wyong Shire Council: Flood Level Sheets
: “Bangalow Creek and Cut Rock Creek Flood Study” (Webb McKeown & Associates, 1994)
6: “Upgrade or HW10 Pacific Highway Stage 3 Ourimbah Street, Lisarow to Glen Road, Ourimbah — Hydrology and
Hydraulic Assessment Report” (Parsons Brinckerhoff, 2012)

vl b w
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Table 28 Peak Design Floodwater Elevations
Peak Stage (mAHD)

Tributary Location
20% 10% 5% 2% 1% 0.5% PMF
Platypus Creek Road 33.70 34.03 34.41 34.75 34.93 35.30 39.04
Lyrebird Lane 29.20 29.37 29.63 29.88 30.03 30.32 33.81
Moores Point Road 20.95 21.14 21.37 21.60 21.79 21.99 25.75
x Footes Road 16.14 16.34 16.59 16.88 17.14 17.40 21.39
S Palmdale Road 13.11 13.42 13.72 14.00 14.22 14.44 17.83
§ Sydney-Newcastle Freeway 11.33 11.55 11.88 12.15 12.41 12.94 17.32
% Pacific Highway 11.24 11.45 11.74 12.00 12.25 12.48 16.65
© Main Northern Railway 5.40 6.02 6.72 7.30 7.80 8.30 10.86
Wyong Road 2.99 3.33 3.72 4.11 4.49 4.82 6.91
EaSter(:::rch:Sgeggg Road 1.76 1.80 1.85 2.11 2.31 2.42 3.46
> o~ Prestons Road 11.04 11.14 11.29 11.39 11.53 11.74 14.09
E: 5" § Sydney-Newcastle Freeway 9.98 10.13 10.40 10.77 11.11 11.40 14.06
Pacific Highway 9.42 9.89 10.35 10.70 11.01 11.29 14.00

3353

§ g 58 Sydney-Newcastle Freeway 10.71 10.85 11.09 11.33 11.59 11.86 16.24
x Berrys Lane 19.27 19.36 19.48 19.59 19.73 19.90 21.09
S Orange Road 15.02 15.18 15.37 15.50 15.62 15.74 17.03
§ Old Chittaway Road 13.08 13.16 13.25 13.32 13.38 13.45 14.89
£ Enterprise Drive 11.63 11.85 12.05 12.18 12.30 12.42 14.77
S Main Northern Railway 11.62 11.84 12.03 12.16 12.28 12.40 14.74
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Peak Stage (mAHD)
Tributary Location
20% 10% 5% 2% 1% 0.5% PMF
z Sydney-Newcastle Freeway 12.03 12.53 12.99 13.44 13.78 14.07 17.69
E?;, E £ Pacific Highway 11.84 12.23 12.67 13.11 13.41 13.67 16.88
§ - Bridge Street 11.76 11.99 12.18 12.30 12.41 12.53 14.74
% . Dog Trap Road 19.67 19.74 19.83 19.91 19.98 20.05 21.65
'go g Pacific Highway 17.11 17.60 17.76 17.83 17.90 17.96 18.93
e Main Northern Railway 15.33 15.47 15.95 16.44 16.85 17.13 18.45
Detention Basin (near Chamberlain Rd) 24.32 24.34 24.41 24.44 24.48 24.51 24.81
Tuggerah Street 23.57 23.67 23.76 23.81 23.86 23.90 24.59
§ Tall Timbers Estate Bridge 21.75 21.93 22.14 22.29 22.47 22.65 23.81
ot Main Northern Railway (upstream) 21.57 21.78 22.02 22.18 22.38 22.57 23.69
é Pacific Highway (upstream) 21.34 21.51 21.70 21.83 21.99 22.12 23.31
3 Teralba Street 20.27 20.38 20.51 20.61 20.68 20.84 22.15
Pacific Highway (downstream) 19.68 19.87 20.08 20.23 20.34 20.55 21.72
Main Northern Railway (downstream) 19.61 19.79 19.99 20.13 20.24 20.44 21.38
Pryor Road 24.96 25.06 25.25 25.38 25.70 25.87 27.24
x Coachwood Drive 23.35 23.56 23.88 24.01 24.15 24.27 25.72
8 Baileys Road 21.03 21.15 21.36 21.47 21.62 21.75 22.97
3 Shirley Street 16.22 16.30 16.40 16.50 16.59 16.67 18.63
b Chittaway Road 15.80 15.85 15.92 15.99 16.09 16.21 18.40
& Main Northern Railway 14.27 14.45 14.68 14.85 15.05 15.23 17.59
Burns Road 14.12 14.28 14.49 14.65 14.84 15.00 17.09
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The comparison indicates that the TUFLOW model is producing peak 1% AEP flood levels along
the downstream reaches of Ourimbah Creek (i.e., between Wyong Road and the Pacific
Highway) that are comparable to previous investigations. Elsewhere across the catchment, the
TUFLOW model is producing 1% AEP discharges that are slightly lower than previous
investigations. It is considered that this could be a result of:

6 Generally: The majority of previous investigations made use of simplified 1-dimensional
hydraulic models. In general, the ability of 1-D models to account for floodwaters to
“escape” along secondary flow paths / flood runners is reliant on the representation of
those flow paths in the setup of the model. For example, Plate 11 shows how secondary
flow paths were represented in the ‘Bangalow and Cut Rock Creek Flood Study’ (1994) in
the vicinity of Sohier Park. However, this was the only location in this particular 1D model
where secondary flow paths were specifically accounted for. Accordingly, any other
locations across the catchment where “breakouts” could occur (in particular, upstream of
rail/road embankments) would not be represented by the 1D model (refer Plate 12
showing an example of a location where breakouts across the floodplain occur that were
not previously represented by the 1D model schematisation). The 2D model uses the
terrain model to determine how floodwaters move across the catchment. Accordingly, 2D
models can better represent these secondary flow paths as well as flood storage areas.
The representation of the additional flow paths and full floodplain will typically produce
lower flood levels as the flows are not restricted to just the main creek cross-sections.

BBRUSH1
BBRUSH2
gRUSH
BTENNIS
«\ BBANG3
DO BOURIM
BBRUSHUP1
P
BSOHIER
BBRUSHUP2
w) BFROST
g BBRUSHUP3

Plate 11 Example of 1D model “branches” setup to represent “break outs” and secondary flow paths
across the floodplain (Webb McKeown & Associates, December, 1994)
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Plate 12 1% AEP floodwater depths and velocities in the vicinity of Ourimbah showing secondary flow
paths (highlighted) across floodplains of Dog Trap Gully and Bangalow Creek

& Cut Rock Creek: lower flood levels in the vicinity of Teralba Street and Tall Timbers estate
relative to previous investigations could be attributed to:
- lower design peak discharges (refer Section 4.3.5)
- construction of the Cut Rock Creek Detention Basin
- the “breakout” of water that occurs upstream of the Main Northern Railway along the
eastern side of the railway embankment (refer Figure 24.17); and,
- full representation of the available flood storage area upstream of the Main Northern
Railway Line (the hydraulic model cross-sections in the 1994 flood study don’t appear to
extend laterally to fully ‘contain’ the 1% AEP flood extent, artificially increasing flood levels
in this area - refer Plate 13).

Accordingly, although some difference in peak 1% AEP flood levels are observed across the
catchment, it is considered these are generally associated with lower peak design discharges as
well as more advanced hydraulic modelling software. Overall, it is considered that the
outcomes of the verification indicate that the TUFLOW model is producing realistic design flood
level estimates.
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Plate 13 Cross-sections from ‘Bangalow and Cut Rock Creek Flood Study (1994) (red lines) and % AEP
floodwater depths in the vicinity of Tall Timbers Estate. The cross-sections do not extend far enough to fully
contain the 1% AEP extent leading to increases in design floodwater levels.
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7 FLOOD HAZARD AND HYDRAULIC

CATEGORISATION

7.1 Flood Hazard

Flood hazard effectively defines the impact that flooding will have on development and people

across different sections of the floodplain.

The determination of flood hazard at a particular location requires consideration of a number

of factors, including (NSW Government, 2005):
é depth and velocity of floodwaters;

size of the flood;

effective warning time;

flood awareness;

rate of rise of floodwaters;

duration of flooding; and,

[ N BN S W S

potential for evacuation.

Consideration of the depth and velocity of
floodwater in isolation is referred to as the
provisional flood hazard. The provisional flood
hazard at a particular area of a floodplain can be
established from Figure L2 of the ‘Floodplain
Development Manual” (NSW Government, 2005).
This figure is reproduced on the right.

As shown in Figure L2, the ‘Floodplain Development
Manual” (NSW  Government, 2005) divides
provisional hazard into two categories, namely high
and low. It also includes a “transition zone”
between the low and high hazard categories. The
provisional hazard categories can subsequently be
modified based on consideration of the other
factors listed above to form true hazard categories.

Velocity (V m/sec)

08 1.0 12 20

02 04

Depth of Flood at Site (D metres) |

Notes

The degree of hazard may be either -

. reduced by establishment of an effective flood evacuation
procedure

. increased if evacuation difficulties exist.

In the transition zone highlight by the median colour, the

degree of hazard is dependant on site conditions and the
nature of the proposed development.

Example:

If the depth of flood water is 1.2 m

and the velacity of floodwater is 1.4 m/sec
then the provisional hazard is high

FIGURE L2 - Provisional Hydraulic Hazard
Categories

Further discussion on the derivation of provisional and preliminary true hazard categories is

provided in the following sections.

7.1.1 Provisional Flood Hazard

The TUFLOW hydraulic software was used to automatically calculate the variation in provisional
flood hazard across the Ourimbah Creek catchment based on the criteria shown in Figure L2 for
the 1% AEP flood and PMF. These hazard categories are shown in Figures 29 and 30.
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It needs to be reinforced that the hazard represented in this mapping is provisional only. This is
because it is based only on an interpretation of the flood hydraulics and does not reflect the
effects of other factors that influence flood hazard (refer following sections).

7.1.2 Flood Emergency Response Planning Classifications

The provisional hazard mapping presented in Figures 29 and 30 can provide an indication of the
risk to life and property across different sections of the floodplain based on the depth and the
velocity of floodwaters. Those areas subject to a low flood hazard can, if necessary, be
evacuated by trucks and able-bodied adults would have little difficulty wading to safety (NOTE:
evacuation by car may not be possible). Those areas of the floodplain exposed to a high flood
hazard would have difficulty evacuating by trucks, there is potential for structural damage to
buildings and there is possible danger to personal safety (i.e., evacuation by wading may not be
possible).

Accordingly, the provisional hazard categories provide an initial appraisal of the variation in
flood hazard across the Ourimbah Creek catchment based on the depth and velocity of
floodwaters. However, a number of other factors need to be considered to determine the
potential vulnerability of the community during specific floods.

In an effort to quantify the other factors that impact on the vulnerability of the community
during floods, the Office of Environment and Heritage (formerly Department of Environment
and Climate Change), in conjunction with the State Emergency Service (SES) developed the
“Flood Emergency Response Planning Classification of Communities” (2007). The guideline was
also developed to assist the SES in planning and implementing response strategies for different
sections of the floodplain.

The guideline provides a basis for the categorisation of floodplain communities into various
Emergency Response Planning (ERP) classifications. The ERP classifications are summarised in
Table 32 and can be used to provide an indication of the type of emergency response required.

Table 29 Response Required for Different Flood ERP Classifications (Department of Environment & Climate
Change, 2007)
Response Required
Classification
Resupply Rescue/Medivac Evacuation
High Flood Island Yes Possibly Possibly
Low Flood Island No Yes Yes
Area with Rising Road Access No Possibly Yes
Area with Overland Escape Routes No Possibly Yes
Low Trapped Perimeter No Yes Yes
High Trapped Perimeter Yes Possibly Possibly
Indirectly Affected Areas Possibly Possibly Possibly
Not Flood Effected No No No
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Plate 14 Flood Emergency Response Classification Flow Chart (Department of Environment & Climate
Change, 2007)

Each allotment within the Ourimbah Creek catchment was classified based upon the flow chart

provided in the ERP guideline for both the 1% AEP and PMF (refer Plate 14). This was

completed in an automated fashion using proprietary software based upon consideration of:

& whether evacuation routes/roadways get “cut off” and the depth of inundation (a 200mm
depth threshold was used to define a “cut” road);

& whether evacuation routes continuously rise out of the floodplain (based upon roadway
alignments provided by Gosford and Wyong Council’s and a 2m LiDAR-based DEM
developed for this study);
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& whether an allotment gets inundated during the nominated design flood and whether
evacuation routes are cut or the lot becomes completely surrounded (i.e., isolated) by
water before inundation (a lot was considered inundated when there was less than 250 m?
of “dry” land area available);

6 if evacuation by car was not possible, whether evacuation by walking was possible (a
800mm depth threshold was used to define when a route could not be traversed by
walking).

The resulting ERP classifications for each design flood are provided in Figures 31 to 37. A range
of other datasets were also generated as part of the classification process to assist the SES. This
includes the locations were roadways first become cut by floodwaters, the time at which the
roadways first become cut, the length of time the roadways are cut as well as the maximum
depth of inundation. A selection of this information is also presented in Figures 31 to 37.

7.1.3 Preliminary True Flood Hazard

The provisional hazard mapping presented in Figures 29 and 30 was used in conjunction with
the ERP classifications to prepare preliminary true hazard categories for the Ourimbah Creek
catchment. The preliminary true hazard categories reflect consideration of the depth and
velocity of floodwaters as well as other factors that influence flood hazard, including the
potential for isolation and evacuation difficulties.

In general, the provisional hazard categories were retained in the preliminary true hazard
mapping. However, the “transitional” provisional flood hazard was changed to a high true flood
hazard when subject to the following ERP classifications (due to the flood liability of the land in
conjunction with potential evacuation difficulties):

é Low Flood Island;
& Low Trapped Perimeter Area; and,

& Overland Refuge area on Low Flood Island or Low Trapped Perimeter Area.

The preliminary true hazard mapping is presented in Figures 38 and 39.

It should be noted that the true hazard categories provided in Figures 38 and 39 are preliminary
and will be finalised during the subsequent Floodplain Risk Management Study for the
Ourimbah Creek catchment.

7.2 Hydraulic Categories

The NSW Government’s ‘Floodplain Development Manual’ (NSW Government, 2005) also
characterises flood prone areas according to the hydraulic categories presented in Table 30.
The hydraulic categories provide an indication of the potential for development across different
sections of the floodplain to impact on existing flood behaviour and highlight areas that should
be retained for the conveyance and storage of floodwaters.

7.2.1 Adopted Hydraulic Categories

Unlike provisional hazard categories, the “Floodplain Development Manual” (NSW Government,
2005) does not provide explicit quantitative criteria for defining hydraulic categories. This is
because the extent of floodway, flood storage and flood fringe areas are typically specific to a
particular catchment.
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However, the “Floodplain Development Manual” (NSW Government, 2005) does provide
qualitative guidelines to assist in the delineation of hydraulic categories. The “Floodway
Definition” guideline (Department of Environment and Climate Change, 2007) also provides
additional guidance for the definition of floodway extents. These qualitative guidelines are
summarised in Table 30.

Table 30 Qualitative and Quantitative Criteria for Hydraulic Categories
Hydraulic Category Floodplain Development Manual Definition Adopted Criteria*
Floodway 6  those areas where a significant volume of water flows during | The following criteria
floods were used to provide
6 often aligned with obvious natural channels and drainage an initial appraisal of
depressions floodway extents.
2
-VxD>1m"/s
6 they are areas that, even if only partially blocked, would /
L ) -D>0.5mand
have a significant impact on upstream water levels and/or
-V>1m/s

would divert water from existing flowpaths resulting in the

development of new flowpaths. Based on this

6 they are often, but not necessarily, areas with deeper flow information, floodways
or areas where higher velocities occur. were delineated by
hand.
6 those parts of the floodplain that are important for the Areas that are not
Flood Storage .
temporary storage of floodwaters during the passage of a floodway and where
flood the depth of inundation
6 if the capacity of a flood storage area is substantially is greater than
reduced by, for example, the construction of levees or by 0.3 metres
landfill, flood levels in nearby areas may rise and the peak
discharge downstream may be increased.
6  substantial reduction of the capacity of a flood storage area
can also cause a significant redistribution of flood flows.
. 6 the remaining area of land affected by flooding, after Areas that are not
Flood Fringe )
floodway and flood storage areas have been defined. floodway where the

depth of inundation is

6 development (e.g., filling) in flood fringe areas would not
velop (e-g, filling) i ringe areas wou less than 0.3 metres

have any significant effect on the pattern of flood flows
and/or flood levels.

NOTES: Hydraulic categories were only applied to areas subject to inundation (i.e., D > 0m)
*The adopted criteria were developed specifically for the Ourimbah Creek Catchment only and may not be appropriate
for any other areas.

The results of the design flood simulations were interrogated to assess the potential extent of
floodway areas based on the qualitative guidelines listed in Table 30. In general, floodways
were defined as an area where there was a significant velocity depth product (VxD >1 m?%/s),
floodwater depths (i.e., > 0.5 metres) and/or velocities (i.e., >1 m/s). This aimed to identify
areas where the majority of flood flows were being conveyed. However, hand delineation of
the floodway extents was subsequently completed to refine the final floodway extent and to
help ensure continuity of floodways.

The remaining areas of the floodplain (i.e., those areas not designated as floodways) were
subdivided into either flood storage or flood fringe areas. Flood storage areas were designated
as areas where the depth of floodwater was greater than 0.3 metres and flood fringe areas
were designated as areas where the depth of water was less than 0.3 metres.
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The resulting hydraulic category maps for the 1% AEP flood and PMF are shown in Figures 40
and 41.

7.2.2 Hydraulic Category Verification

Floodway

In order to verify the suitability of the delineated floodways, additional checks were performed
in accordance with recommendations outlined in the former DECC (now OEH) “Floodway
Definition” (Department of Environment & Climate Change, 2007) guideline. This involved
blocking sections of the delineated floodways and quantifying the impact that this blockage had
on peak flood levels as well as the distribution of floodwaters in the vicinity of the blockage
during the 1% AEP flood. The outcomes of this assessment are presented in AppendixJ as
Plates J1 to J4 (blockage locations are highlighted in Black/Red).

The flood level difference mapping shows that partial blockage of the delineated floodway
extents would increase peak flood levels by ~0.3 metres in most instances. This is considered
to be a “significant impact” on upstream water levels. The depth and velocity mapping also
shows that the blockages would cause a significant redistribution of floodwaters in most
instances. That is, a significant proportion of floodwaters would be forced into areas that
weren’t previously conveying a significant amount of the total flow.

The results depicted in Plates J1 to J4 are considered to be consistent with the qualitative
floodway descriptions outlined in the 'Floodway Definition' guideline and indicate that the
delineated floodway extents are reasonable.

Flood Storage

The “Floodplain Development Manual” (NSW Government, 2005) states that flood storages are
areas that are important for the temporary storage of water during the passage of a flood.
Therefore, they are areas that are typically exposed to deep, but slow moving water.

The suitability of the delineated flood storage areas was verified by increasing the Manning’s ‘n’
value assigned to storage areas to 0.2 and re-simulating the 1% AEP flood. The results of the
simulations were then reviewed to determine if the increases in Manning’s ‘n’ produced an
unacceptable increase in flood level. Flood level difference mapping was prepared and is
presented in Appendix J as Plates J5 to J6.

The difference mapping indicates that increasing the roughness of all flood storage areas will
increase peak 1% AEP flood levels by less than 0.25 metres. In most cases, the increases in
peak 1% AEP flood level are between 0.05 and 0.15 metres. Given the significant increase in
Manning’s ‘n’ across the flood storage areas it is considered that increases in peak flood level of
this magnitude are reasonable. Accordingly, it is suggested the extent of the flood storages is
appropriate.

Flood Fringe

Flood fringes are areas that, by definition, can be completely filled without having a significant
impact on flood behaviour. Therefore, in order to verify the suitability of the delineated flood
fringe areas, an additional 1% AEP simulation was completed incorporating filling of all flood
fringe areas. Flood level difference mapping was prepared based on the outcomes of the
additional simulation and is presented in Appendix J as Plate J7.

Catchment 74



Ourimbah Creek Catchment Flood Study

The difference mapping indicates complete filling of all flood fringe areas will typically increase
peak 1% AEP flood levels by between 0.05 and 0.08 metres. The maximum increase in peak
flood in predicted to be about 0.12 metres. This is considered to be a relatively minor impact
and indicates that adopted flood fringe extents are reasonable.
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8 CLIMATE CHANGE ASSESSMENT

8.1 General

Climate change refers to a significant and lasting change in weather patterns arising from both
natural and/or human induced processes. The Office of Environment and Heritage’s (formerly
Department of Environment, Climate Change and Water) 'Practical Consideration of Climate
Change' states that climate change is expected to have adverse impacts on sea levels and
rainfall intensities into the future.

Increases in rainfall intensities would produce increases in runoff volumes and discharges
across the catchment. This, in turn, would likely produce an increase in the depth, extent and
velocity of floodwaters.

Although the lower reaches of Ourimbah Creek are not influenced by the tide, it is likely that an
increase in ocean level would produce a commensurate increase in Tuggerah Lake level. This
has the potential to increase the depth and extent of inundation across the lower reaches of
the Ourimbah Creek catchment during flood and non-flood times. Elevated lake levels would
also make it more difficult for water from the Ourimbah Creek catchment to drain into
Tuggerah Lake during floods.

This flood study will form the basis for defining flood behaviour for a number of years into the
future. It will also form the basis for the future Floodplain Risk Management Study, where a
range of flood risk mitigation measures will be evaluated. Therefore, it is important that
potential climate change impacts are quantified so that development decisions and the
robustness of flood risk mitigation measures can be assessed in an informed manner.

The following sections describe the process that was employed to quantify potential climate
change impacts on flooding across the Ourimbah Creek catchment.

8.2 Rainfall Intensity Increases

8.2.1 General

It is forecast that the projected frequency of weather patterns responsible for the formation of
east coast lows (the main flood producing weather mechanism for the Ourimbah Creek
catchment) will increase in the future. This will likely produce a commensurate increase in the
frequency of high rainfall events (Blackmore & Goodwin, 2009). Available information indicates
that extreme rainfall intensities could increase by between 2% and 24% by 2070 (Department
of Environment and Climate Change, 2007).

Due to the wide potential variability of future increases in rainfall intensities, the 'Practical
Consideration of Climate Change' (Department of Environment and Climate Change, 2007)
provides guidelines for quantifying the potential impacts of these changes. The guideline states
that additional simulations should be completed with 10%, 20% and 30% increases in rainfall
intensities to quantify the potential impacts associated with climate change on future rainfall.
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8.2.2 Increase in Rainfall Intensity Simulations

The XP-RAFTS model was used to perform additional simulations incorporating increases in
rainfall intensity of 10%, 20% and 30% of the 1% AEP design rainfall in accordance with the OEH
guideline. Complete listings of peak discharges for each subcatchment for each simulation are
provided in Appendix K.

The results provided in Appendix K show that a 10% increase in peak 1% AEP design rainfall
intensities will increase peak 1% AEP discharges by about 14%, on average. The results also
show that a 20% and 30% increase in design rainfall intensities will increase peak 1% AEP
discharges by about 29% and 44% respectively. Accordingly, increases in future rainfall
intensities of this magnitude have the potential to significantly increase design discharge
estimates across the catchment. The most significant increases in design discharge are
predicted to occur across the developed sections of the catchment, where there is less
opportunity for rainfall infiltration/interception.

The discharge hydrographs from the XP-RAFTS simulations were also applied to the TUFLOW
hydraulic model to determine the impact of increases in rainfall intensity on peak 1% AEP flood
levels. Peak flood levels at select locations were extracted from the results of the modelling
and are included in Appendix L.

The peak flood levels provided in Appendix L indicate that increases in rainfall intensity of 10%,
20% and 30% have the potential to increase average peak 1% AEP flood level estimates by
0.2m, 0.4m and 0.5m respectively. Accordingly, if increases in rainfall intensity at the upper
end of this range do occur in the future, it does have the potential to cause a significant
increase in the severity of flooding across the entire catchment. The most significant increases
in flood level are predicted to occur across the downstream sections of the catchment (i.e., east
of the Pacific Highway) and, in particular, in the vicinity of bridges/culverts where the increased
flows in conjunction with partial blockage of structures amplifies the flood level impacts.

8.3 Sea Level Rise Impacts

8.3.1 General

Historic analysis of sea levels between 1870 and 2001 indicate that global mean sea levels rose
by 0.2 metres. However, the current global average rate of increase is approximately twice the
historical average and sea levels are expected to continue rising throughout the twenty first
century (New South Wales Government, October 2009). The best projections of sea level rise
along the NSW coast are for an increase of 0.4 metres by 2050 and an increase of 0.9 metres by
2100 (New South Wales Government, October 2009).

In recognition of the potential for increases in sea level to increase the flood risk across the
downstream reaches of Ourimbah Creek, additional analyses were completed. This involved
assessing the potential impact of the following sea level rise scenarios on flooding across
Ourimbah Creek catchment.

6 2050 projected sea level rise: 0.4 metres; and,
6 2100 projected sea level rise: 0.9 metres.
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8.3.2 Sea Level Rise Simulations

To assess the potential for sea level rise to increase the severity of flooding across the
catchment, additional 1% AEP simulations were completed incorporating the projected 2050
and 2100 sea level increases. Accordingly, the ‘base’ 1% synthetic stage hydrographs for
Tuggerah Lake were modified to incorporate the 0.4 metre and 0.9 metre sea level increase and
were used to re-simulate the 1% AEP flood. A summary of the adopted Tuggerah Lake design
stages for both scenarios are included on Table 31.

Table 31 Tuggerah Lake Design Water Levels for Sea Level Increase Analysis
AEP / Peak Stage (mAHD)
Time
‘Base’ Conditions 0.4m Sea Level Increase 0.9m Sea Level Increase
Peak Tuggerah Lake Stage 2.23 2.63 3.13
Tuggerah Lake Stage at Peak
Ourimbah Creek Outflow 1.67 2.07 2.57

The resulting depth and velocity vector mapping is presented in Figures 42 (0.4m sea level
increase) and Figure 43 (0.9m sea level increase). The predicted extent of inundation for
"baseline" 1% AEP conditions is superimposed on Figures 27 and 28 for comparison. Peak flood
levels at select locations were also extracted from the results of the modelling and are included
in Appendix L.

The inundation extents presented in Figure 42 and 43 show that extensive lake foreshore,
roadways and residential properties are predicted to be inundated across the lower reaches of
Ourimbah Creek (i.e., downstream of Wyong Road). Increases in the extent and depth of
inundation are predicted to extend upstream to Janian Close (500m downstream of Wyong
Road) for the 0.4 metre increase scenario and to Wyong Road for the 0.9 metre scenario.
Upstream of these locations, sea level/Tuggerah Lake stage increases are predicted to have
negligible impact on existing flood behaviour.

Accordingly, sea level rise and the associated rise in Tuggerah Lake level does have the
potential to increase the number of properties exposed to inundation. However, the impacts
are generally restricted to that section of the Ourimbah Creek floodplain located downstream
of Wyong Road.
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O SENSITIVITY ANALYSIS

9.1 General

Hydrologic and hydraulic computer models require the adoption of several parameters that are
not necessarily known with a high degree of certainty. Each of these parameters can impact on
the results generated by the model.

Hydrologic and hydraulic computer models are typically calibrated using recorded rainfall,
stream flow and/or flood mark information. Calibration is achieved by adjusting the
parameters that are not known with a high degree of certainty until the computer models
reproduce the recorded flood information. Calibration is completed in an attempt to ensure
the adopted model parameters are generating realistic estimates of flood behaviour.

As discussed in Section 4.3 and 5.3, the XP-RAFTS hydrologic and TUFLOW hydraulic models
were calibrated and verified against three past floods. In general, the models were found to
provide a reasonable reproduction of past floods.

Nevertheless, it is important to understand how any uncertainties in model input parameters
may impact on the results produced by the model. Therefore, a sensitivity analysis was
undertaken to establish the sensitivity of the results generated by the computer model to
changes in model input parameter values. The outcomes of the sensitivity analysis are
presented below.

This section also includes a discussion on the confidence limits that can be expected based on
statistical assessment of the sensitivity analysis and climate change simulation results.

9.2 Hydrologic Model

9.2.1 Initial Loss / Antecedent Conditions

An analysis was undertaken for the 1% AEP storm to assess the sensitivity of the results
generated by the XP-RAFTS model to variations in antecedent wetness conditions (i.e., the
dryness or wetness of the catchment prior to the design storm event). A catchment that has
been saturated prior to a major storm will have less capacity to absorb rainfall. Therefore,
under wet antecedent conditions, there will be less “loss” of rainfall and consequently more
runoff.

The variation in antecedent wetness conditions was represented by increasing and decreasing
the initial rainfall losses in the XP-RAFTS model and re-simulating the 1% AEP flood. A complete
listing of peak discharges for each XP-RAFTS subcatchment is provided in Appendix M.

The results of the initial loss sensitivity analysis show that decreasing the initial losses (i.e.,
representing a “saturated” catchment) would typically increase the peak discharges generated
by the model by 8%, on average. Increasing the initial losses (i.e., representing a “dry”
catchment) would decrease peak discharges by 5% (on average).
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Therefore, it can be concluded that the XP-RAFTS model is moderately sensitive to changes in
the adopted initial losses. 'Australian Rainfall & Runoff' (Engineers Australia, 1987) suggests
adopting an initial loss of between 10 mm and 30 mm for design flood estimation. The adopted
initial loss of 15 mm is towards the lower end of the suggested range and would, therefore,
provide reasonably conservative design flood discharge estimates.

9.2.2 Continuing Loss Rate

An analysis was also undertaken to assess the sensitivity of the results generated by the XP-
RAFTS model for the 1% AEP event to variations in the adopted continuing loss rates.
Accordingly, the XP-RAFTS model was updated to incorporate increased and decreased
continuing loss rates and was used to re-simulate the 1% AEP flood. A complete listing of peak
discharges for each XP-RAFTS subcatchment is provided in Appendix M.

The results of the sensitivity analysis show that the XP-RAFTS model is relatively insensitive to
changes in continuing loss rates. Increasing the adopted continuing loss values is predicted to
decrease peak 1% AEP discharges by an average of 2%. Decreasing the adopted loss rates is
predicted to increase peak discharges by an average of about 3%.

Therefore, it can be concluded that any uncertainties associated with the adopted continuing
loss rates are not predicted to have a significant impact on the results generated by the XP-
RAFTS model.

9.3 Hydraulic Model

9.3.1 Bridge/Culvert Blockage

As discussed in Section 6.4.3, blockage factors ranging between 10% and 50% were applied to
all bridges and culverts in the TUFLOW hydraulic model. Additional TUFLOW simulations were
completed to determine the impact that alternate blockage scenarios would have on simulated
flood behaviour. Specifically, additional 1% AEP simulations with no blockage as well as
complete blockage of culverts/bridges at the following locations were completed:

& Wyong Rd Bridge crossing of Ourimbah Creek

Railway Bridge crossing of Ourimbah Creek (Upstream of Tuggerah Business Park)
Pacific Hwy crossing of Ourimbah Creek

Northbound Sydney Newcastle Freeway crossing of Ourimbah Creek

Footes Rd crossing or Ourimbah Creek

Palmdale Road culvert crossing of Canada Drop Down Creek

Railway Crossing of Chittaway Creek (near Turpentine Road underpass)

Burns Road crossing or Bangalow Creek

Chittaway Road crossing of Bangalow Creek

Pacific Highway crossing of Dog Trap Gully

Shirley Street crossing of Bangalow Creek

e & o o o o

Teralba Street crossing of Cut Rock Creek
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& Pacific Hwy crossing of Cut Rock Creek
6 Railway crossing of Cut Rock Creek)

6 Tuggerah St crossing of Cut Rock Creek (immediately downstream of Lisarow Public School)

Peak floodwater depths, levels and velocity vectors were extracted from the results of the
modelling and are presented in Figure 27 (no blockage) and Figure 28 (complete blockage). The
predicted extent of inundation for "baseline" 1% AEP conditions is superimposed on Figures 27
and 28 for comparison. Tabulated flood level comparisons are also provided at select locations
across the catchment in Appendix N.

The results documented in Figure 27, Figure 28 and Appendix N show that complete blockage
typically increases the severity of flooding upstream of blocked bridges and culverts, while
decreasing the severity of flooding downstream of blocked bridges and culverts. For example,
complete blockage of the Pacific Highway / Main Northern Railway crossings of Cut Rock Creek
at Lisarow is predicted to significantly increase the extent and depth of inundation across Tall
Timbers Estate. However, the “damming” effect caused by this blockage is predicted to reduce
the extent of flooding downstream of the Pacific Highway (e.g., Teralba Street) (refer
Figure 28.17).

With complete blockage of bridges and culverts, water must typically “build up” behind the
road/rail embankment until it overtops. Accordingly, the magnitude of the flood level increase
is largely driven by the height of the embankment. As a result, the most significant increases in
flood level associated with blockage typically coincide with locations where the embankment
height is greatest (e.g., Wyong Road, Main Northern Railway). Peak 1% AEP flood level
increases of over 2 metres are predicted at some of these locations. It is noted that upstream
of the Pacific Highway/F3 Freeway crossing, water does not actually overtop the roadway
embankments, but is forced along the Bangalow Creek flood runner. Accordingly, blockage of
structures not only has the potential to increase peak water levels, but it also has the potential
to divert water along other flow paths.

The no blockage scenario typically increases the severity of flooding downstream of the
pipes/culverts and decreases the severity of flooding upstream of pipes/culverts. The
magnitude of the reduction in peak 1% AEP flood level is typically less than 50 mm, although
decreases of over 0.5 metres are predicted at isolated locations. The smaller magnitude of the
flood level decreases is associated with the majority of bridges and culverts having just 10%
blockage applied. Accordingly, a reduction in blockage of just 10% is predicted to have only a
relatively small impact on peak 1% AEP flood levels.

The results of the blockage simulations show some significant changes in 1% AEP flood levels at
some locations relative to the “standard” blockage scenario. Accordingly, it is considered that
the hydraulic model is relatively sensitive to variations in culvert and bridge blockage. This
outcome emphasises the need to ensure key drainage infrastructure and bridges/culverts are
well maintained (i.e., debris is removed on a regular basis).

9.3.2 Manning’s ‘n’

2.0 4 )

Manning’s’ ‘n’ roughness coefficients are one of the primary hydraulic model inputs and
calibration parameters. They are used to describe the resistance to flow afforded by different
land uses / surfaces across the catchment. However, they can be subject to variability (e.g.,
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vegetation density in the summer would typically be higher than the winter leading to higher
Manning’s ‘n’ values). Therefore, additional analyses were completed to quality the impact
that any uncertainties associated with Manning’s ‘n’ roughness values may have on predicted
design flood behaviour.

The TUFLOW model was updated to reflect an increase and a decrease in the adopted design
Manning’s ‘n’ values of 20% and additional 1% AEP simulations were completed. Peak flood
levels were extracted from the results of the modelling at select locations across the catchment
and are presented in Appendix N.

The results listed in Appendix N show that increasing or decreasing the Manning’s ‘n’ values by
20% will alter peak 1% AEP flood levels by around 0.1 metres, on average. More significant
changes in peak flood level are predicted in the vicinity of bridges and culverts, where the
combined effect of increases in Manning’s ‘n” and culvert/bridge blockage amplify the flood
level differences.

In general, it is considered that the model is relatively insensitive to changes in Manning’s ‘n’
values. However, flood level differences in the vicinity of bridges and culverts can be more
substantial. Therefore, care should be taken when interpreting flood level results in the vicinity
of hydraulic structures.

9.3.3 Tailwater / Tuggerah Lake Level

Hydraulic models require the adoption of a suitable downstream water level as part of any
flood simulation. Synthetic design stage hydrographs were derived for each design simulation
based upon observations of past floods. However, it is unlikely that all future floods will be
consistent with these assumptions. Therefore, the results of the climate change ocean increase
simulations were reviewed to quantify the potential for the adopted tailwater to impact on
peak flood level estimates.

As previously discussed in Section 8.3, increases in Tuggerah Lake level do have the potential to
increase 1% AEP flood levels. However, the increases are restricted to the lower reaches of
Ourimbah Creek located downstream of Wyong Road.

9.4 Computer Model Confidence Limits

As discussed, the development of computer models requires the specification of parameters
that are not always known with a high degree of certainty. The computer models that were
created as part of this study were developed based upon best estimates of model parameters.
The models were subsequently shown to produce realistic results relative to available historic
flood information. Accordingly, the computer models are considered to provide a reasonable
estimate of design flood behaviour across the catchment for existing conditions.

However, the outcomes of the climate change assessment and sensitivity analysis indicate that
the design flood level estimates may be subject to variations if one or more of the input
variables change (e.g., culvert blockage, rainfall intensities, hydraulic roughness). Accordingly,
the model input parameters and design flood level estimates presented in this report are
subject to some uncertainty.
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In recognition of this uncertainty, additional statistical analyses were completed based upon
the outcomes of the various sensitivity and climate change analyses in an attempt to assign
“confidence limits” to the peak 1% AEP flood level estimates. Peak 1% AEP flood levels from
each sensitivity/climate change run were extracted at each TUFLOW model grid cell and
compared with “base” 1% AEP flood levels. This enabled flood level differences to be
calculated at over three million different locations across the catchment which, in turn, enabled
basic flood level difference statistics to be calculated (e.g., mean flood level difference and
standard deviation of difference). Assuming a normal distribution of flood level differences, the
95% confidence limits can be estimated as the mean flood level difference + two standard
deviations.

Plate 15 shows an example of the distribution of flood level differences from one of the
sensitivity analyses. It indicates the normal flood level distribution assumption is a reasonable
approximation. It also shows that small differences in water levels are much more common
than large differences.
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Plate 15 Distribution of differences in 1% AEP flood levels between 20% increase in Manning’s ‘n
simulation and “base” 1% AEP flood simulation

The outcomes of this analysis are summarised in Table 32. It shows that the mean difference in
flood levels across most of the sensitivity / climate change simulations is typically less than 0.3
metres.

The outcomes of the blockage sensitivity analysis show that blockage of structures has a
potential to cause some large differences in peak 1% AEP flood levels (refer Section 9.3.1).
Consequently, the 95% confidence limits are quite large. However, it should be noted that in
most circumstances, bridges and culverts will not be completely blocked during a flood.
Accordingly, the 100% blockage scenario is considered to be conservative. Nevertheless, it
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does show the large impact that blockage of structures has on flood behaviour and the key role
that these blockage assumptions have on flood behaviour.

Table 32 Summary of Peak Flood Level Confidence Limits
Flood Level Difference Statistics* 95 %
Sensitivity Analysis (m) Confidence
Mean Std Deviation Limits
+0.23
10mm 0.09 0.07
-0.04
Initial Loss
+0.05
30mm -0.08 0.06
-0.20
+0.25
2.5mm/hr 0.10 0.07
-0.05
Continuing Loss
+0.07
5.0mm/hr -0.08 0.07
-0.22
-20% 0.11 0.10 +0.09
H VY '031
Manning’s ‘n
+20% 0.15 0.10 +0.35
-0.05
No Blockage -0.04 0.12 +0.20
Bridge / Culvert -0.28
Blockage
Complete Blockage 0.35 0.65 +1.65
--0.95
0, 1 0,
10% Ir?crease in llﬁ AEP 016 013 +0.42
Rainfall Intensity -0.10
0, 1 0,
20% Ir?crease in llﬁ AEP 0.30 0.20 +0.70
Rainfall Intensity -0.10
30% Increase in 1% AEP +1.09
Climate Change Rainfall Intensity 045 0-32 0.19
9 i +0.22
1% AEP Eyent with 0.4m 0.02 0.10
Increase in Ocean Level -0.18
9 i +0.54
1% AEP Eyent with 0.9m 0.08 0.3
Increase in Ocean Level -0.38
Adopted 95% Confidence Limits (excluding climate change) 0.3
Adopted 95% Confidence Limits (including climate change) 0.5

NOTE: * Flood level difference statistics were calculated based upon the difference in peak flood level estimates
from the various sensitivity analyses relative to the ‘base’ 1% AEP flood results documented in Section 6.4. The
flood level comparisons were completed at every TUFLOW model grid cell (i.e., every 8m west of F3 Freeway and

every 4m east of F3 Freeway).

Catchment Simulation 86




Ourimbah Creek Catchment Flood Study

The mean difference for the 30% increase in rainfall intensity climate change assessment does
approach 0.5 metres. This confirms the outcomes of the climate change sensitivity analysis
discussed in Section 8.3, which indicates that increases in rainfall intensity of 30% has the
potential to significantly increase the severity of flooding across the Ourimbah Creek
catchment.

Table 32 also indicates that the 95% confidence limits for the non-climate change sensitivity
simulations is generally less than + 0.3 metres. That is, if considering computer model-related
uncertainties only, the 1% AEP flood levels presented in Section 6.4 are reliable to within +
0.3 metres. However, as previously discussed, blockage of structures does have the potential
to increase flood levels beyond these confidence limits. Accordingly, larger confidence
freeboard limits should be considered in the vicinity of structures to account for blockage
potential.

When climate change uncertainties are also considered, there is also a greater level of
uncertainty. Specifically, if increases in rainfall intensity of 30% do occur in the future, it has
the potential to increase flood levels significantly in some locations leading to comparatively
large confidence limits. Current best estimates indicate extreme rainfall intensities in the
Hunter/Central Coast will increase by up to 12% by 2030 and 10% by 2070 with a decrease in
rainfall intensity just as likely as an increase (Department of Environment and Climate Change,
2007). So it is considered that the 30% increase in rainfall intensity and potentially the 20%
increase in rainfall intensity scenarios may be overly conservative for establishing climate
change confidence limits. As more information becomes available regarding climate-change
induced rainfall impacts, more definitive confidence limits can be provided. However, based on
current knowledge it is suggested that confidence limits of + 0.5 metres be adopted for
consideration of climate change uncertainties (based on the outcomes of the 10% increase in
rainfall results). Larger confidence limits may be considered across the lower reaches of
Ourimbah Creek (i.e., downstream of Wyong Road) where climate change —induced increases in
Tuggerah Lake levels may cause increase in 1% AEP flood levels of up to 0.9 metres by 2100.

As previously discussed, the confidence limits are based upon a comparison of flood levels at
each TUFLOW model grid cell (i.e., 8m intervals for the hydraulic model area west of the F3
Freeway and 4 metre intervals for the model area east of the Freeway). Localised increases
beyond the 95% limits may occur at some locations. Therefore, consideration of larger
confidence limits/freeboard may be considered in particularly sensitive areas of the catchment
(e.g., in the immediate vicinity of bridges/culverts where blockage may be prevalent).
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10 DISCUSSION

10.1 General

The results of the design flood modelling show that:

& Flood behaviour across the lower reaches of Ourimbah Creek is strongly influenced by the
prevailing water level in Tuggerah Lake at the time of the flood. During the 1% AEP flood,
design flood levels are influenced by Tuggerah Lake as far upstream as Wyong Road.
However, it is only the lower 1.5 km of Ourimbah Creek where Tuggerah Lake generates the
“worst case” flood levels relative to catchment runoff-induced flood levels.

6 Floodwaters are predicted to impact on a number of properties, key infrastructure and

transportation routes. Areas that are particularly susceptible to inundation include:

- Cut Rock Creek between Teralba Street and Pluim Park (including Tall Timbers Estate).

- Rural residential properties serviced by Enterprise Drive/Orchard Road.

- Sohier Park/University of Newcastle area.

- Isolated rural properties upstream of the Sydney-Newcastle Freeway (e.g., Palmdale
Crematorium).

- Chittaway Point (this area can be impacted by flooding from catchment runoff as well as
elevated water levels within Tuggerah Lake).

& The Tuggerah Business Park and railway levees are predicted to offer protection during all
events up to the 1% AEP flood. The railway levee is predicted to overtop during the PMF
and the Tuggerah Business Park levee is predicted to be overtopped during the 0.5% event.

6 Significant depths of inundation and velocities are predicted across large sections of the
catchment during the 1% AEP flood. Accordingly, a large proportion of the catchment
would be exposed to a high flood hazard.

Further detailed discussion on the impact of flooding on key infrastructure and transportation
routes is provided below.

10.2 Impact of Flooding on Key Facilities

10.2.1 Key Infrastructure

There is significant infrastructure located within the Ourimbah catchment that can play a key
role in emergency response management during floods. As such, it was considered important
to assess the impact of flooding on these facilities to determine their suitability for use during
floods.

Such infrastructure includes:
® Fire Stations:

e Berkeley Vale Fire and Rescue (8 Craftsman Avenue, Berkeley Vale): not predicted to
be directly impacted by floodwaters during the 1% AEP flood. However, it is predicted
to be inundated to depths of around 2 metres during the PMF. Accordingly, it may not
be suitability for use during very rare floods.
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Ourimbah Rural Fire Brigade (10 Ourimbah Creek Road, Ourimbah): not predicted to
be directly impacted by floodwaters during the 1% AEP flood or PMF. However, access
along the Pacific Highway and Ourimbah Creek Road to the fire station may be cut
during both events.

Police Stations: There are no police stations located within the catchment;

State Emergency Service: There are no SES buildings located with the catchment;
Ambulance Stations: There are no ambulance stations located within the catchment;
Hospitals: There are no hospitals located within the catchment;

Schools:

Lisarow High School (Chamberlain Road, Lisarow): this school is not predicted to be
inundated during any design flood up to and including the PMF. However, access to
and from the school may be cut for a period during large floods due to overtopping of
Chamberlain and Taylor Roads.

Lisarow Public School (Macdonalds Road, Lisarow): although the habitable areas of the
school are predicted to remain flood free at the peak of the 1% AEP flood, the school is
predicted to be completely surrounded by water. Accordingly, access to the school
may be prevented during the 1% AEP flood for several hours.

University of Newcastle (The Boulevard, Ourimbah): Although the majority of buildings
across the campus are predicted to remain above the peak 1% AEP flood level, the
main access roads to/from the campus (i.e., Shirley Street, Chittaway Road) are
predicted to be inundated. The southern car park is also predicted to be inundated.
Accordingly, there is potential for evacuation difficulties and/or damage to cars.

During the PMF a significant number of campus buildings are predicted to be
inundated.

Ourimbah Public School (Pacific Highway, Ourimbah): A small watercourse drains
through the middle of the school and is predicted to overtop its banks during the 1%
AEP flood. Accordingly, floodwaters are predicted to surround several buildings during
the 1% AEP event. Access to/from the school may also be prevented for a few hours
due to inundation of the Pacific Highway on either side of the school.

Chittaway Bay Public School (Chittaway Road, Chittaway Bay): The school is not
predicted to be inundated during the 1% AEP flood. However, depths of 1-1.5 metres
are predicted at the peak of the PMF.

6 Aged Care Facilities

The Orchard Retirement Village (Taylor Road, Lisarow): Habitable areas of the
retirement village are predicted to remain “flood free” during all floods up to an
including the PMF. However, the water feature near the north-eastern corner of the
development would function as a high hazard floodway during the 1% AEP and PMF
events. Access to the village may also be cut for a period due to inundation of
Chamberlain and Taylor Roads.

& Other Facilities

Chickadee Factory (off Cut Rock Road): is predicted to remain above the peak level of
the PMF. Accordingly, it has the potential to serve as a local evacuation refuge during
all floods. The main access to the property is predicted to be overtopped by
floodwaters during the 1% AEP flood. However, the depths of inundation are typically
less than 0.3 metres indicating they could potentially be traversed by vehicles.
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The outcomes of this assessment are also summarised in Table 33.

Table 33 Impact of Flooding on Key Infrastructure
1% AEP Flood PMF
Key Infrastructure
Inundated? | Access Cut? | Inundated? | Access Cut?
Berkeley Vale Fire and Rescue | |
(8 Craftsman Avenue, Berkeley Vale)
Fire Stations
Ourimbah Rural Fire Brigade | |
(10 Ourimbah Creek Road, Ourimbah)

Police Stations

There are no police stations located within the
catchment

State There are no SES buildings located with the
Emergency
. catchment
Service
Ambulance There are no ambulance stations located within the
Stations catchment
. There are no hospitals located within the
Hospitals
catchment
Lisarow High School o
(Chamberlain Road, Lisarow)
Lisarow Public School
. %} ™M %} 4|
(Macdonalds Road, Lisarow)
University of Newcastle
Schools 4| 4] 4| 4|
(The Boulevard, Ourimbah)
Ourimbah Public School
. . A ] ™ ™
(Pacific Highway, Ourimbah)
Chittaway Bay Public School | |
(Chittaway Road, Chittaway Bay)
Aged Care The Orchard Retirement Village M |
Facilities (Taylor Road, Lisarow)
Chickadee Factor
Other Facilities Y 4|
(off Cut Rock Road)

10.2.2 Transportation Links

There are several major roadways within the Ourimbah Creek catchment which may be
required for evacuation or emergency services access during floods. It is important to have an
understanding of the impacts of flooding on these roads so that appropriate emergency
planning can occur.

6 Sydney-Newcastle Freeway: The freeway is predicted to remain largely flood free during
the 1% AEP flood. Some water is predicted to extend across the road near the Kangy Angy
Creek crossing, however, the depths of inundation are generally predicted to be less than
0.15 metres. More extensive inundation is predicted during the PMF, whereby the
Freeway would be “cut” for approximately 6 hours.

& Pacific Highway: The Pacific Highway is predicted to be inundated at several locations
during the 1% AEP flood. This includes:
- near Kangy Angy Creek crossing where maximum depths are predicted to be around
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1 metre.

- near Ourimbah Freeway Interchange where depths of inundation are less than

0.15 metres.

- At Dog Trap Gully crossing where maximum depths of inundation are around 0.5 metres.
- Near Glen Road intersection, Ourimbah, where maximum depths of inundation are
predicted to be about 0.6 metres.

Teralba Street: Teralba Street runs off the Pacific Highway near Lisarow. Cut Rock Creek
discharges beneath Teralba Street via a newly constructed culvert. Teralba Street provides
access to a number of residential properties on the western side of Cut Rock Creek. The
street is predicted to be inundated during all design floods considered as part of the study.
The maximum depth of inundation during the 20% AEP flood is predicted to be around

0.5 metres. Accordingly, vehicular access along Teralba Street would not be possible
during any of the simulated design floods and a number of residential properties would
also be subject to inundation.

Tall Timbers Estate: Tall Timbers Estate is located immediately upstream of where Cut
Rock Creek first discharges beneath the Main Northern Railway and Pacific Highway at
Lisarow. Access to Tall Timbers Estate is provided via an access road/low level bridge
crossing of Cut Rock Creek, which runs off Tuggerah Street near the intersection with
Baileys Road. The low level bridge crossing is predicted to be inundated during all of the
design events considered as part of this study. The maximum depth of inundation during
the 20% AEP flood is predicted to be around 1 metre. Accordingly, vehicular access to Tall
Timbers Estate would be prevented during relatively frequent floods (i.e., <20% AEP event).
Correspondence received from Tall Timbers Estate residents as part of the community
guestionnaire indicates that access is cut at least once a year, on average. Accordingly,
residents at Tall Timbers Estate are frequently isolated as a result of flooding posing a
significant risk to residents and emergency services should evacuation become necessary.

Enterprise Drive: some shallow depths of inundation are predicted near the intersection
with Wyong Road during the 1% AEP flood (<0.2 metres). Accordingly Enterprise Drive
would likely remain trafficable during all design events up to and including the 1% AEP
flood.

Turpentine Road: Turpentine Road provides access to a number of rural properties located
on the western side of the Main Northern Railway from Enterprise Drive. The Turpentine
Road railway underpass is predicted to be inundated during floods as frequent as the 20%
AEP event. The depth of inundation across turpentine Road during the 20% AEP event is
predicted to be about 3 metres. Accordingly, vehicular access along Turpentine Road
would not be possible during any of the simulated design floods.

Burns Road: Burns Road provides access between the main commercial and residential
areas of Ourimbah and Chittaway Road via a railway underpass. It is predicted to be
overtopped during floods as frequent as the 20% AEP flood, where water depths are
predicted to exceed 2 metres. Accordingly, Burns Road would not be trafficable at the
peak of any of the design floods considered as part of this study.

Howes Road: Howes Road is located off the eastern end of Burns Road and provides
access to several rural properties located on the western side of the Main Northern
Railway. It is predicted to be inundated during the 20% AEP flood where the typical
maximum depth of inundation is around 1 metre. Therefore, vehicular access along Howes
Road would not be possible at the peak of any of the design floods considered as part of
this study.
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6 Chittaway Road: Predicted to be inundated at several locations including near the Burns
Road railway underpass (maximum depth = 0.5 metres) and University of Newcastle
(maximum depth = 0.6 metres) during the 1% AEP flood. The roadway is also prepdicted to
be inundated around the University of Newcastle during floods as frequent as the 20% AEP
flood.

& Ourimbah Creek Road. This roadway is predicted to be overtopped at a number of
locations. The maximum depth of inundation is typically between 1 and 2 metres during
the 1% AEP flood. Sections of the roadway are also predicted to be inundated during
relatively frequent floods, including the 20% AEP event.

& Wyong Road: is predicted to be inundated to depths of less than 0.15 metres during the
1% AEP flood. Accordingly, the roadway would remain trafficable. However, during the
PMF, depths of over 2 metres are predicted.

& Main Northern Railway: The railway line is predicted to be overtopped at the following
locations during the 1% AEP flood:
- near Lisarow Railway station, where the depth of inundation is around 0.3 metres.
- near Ourimbah Railway station, where the maximum depth of inundation is predicted to
be 0.4 metres.

The outcomes of this assessment are also summarised in Table 34. As discussed in Section 9,
the degree of blockage can significantly impact flood levels in the vicinity of bridge and culvert
crossings. Accordingly, roadway crossings may be cut more frequently if structures become
partially or fully blockage during the course of a flood. Conversely, the level of service may
improve if the structures remain free from blockage.

Table 34 Impact of Flooding on Key Transportation Links
Roadway Access Cut During Access Cut During Access Cut During
20% AEP Flood? 1% AEP Flood? PMF?

Sydney-Newcastle Freeway 4]
Pacific Highway ] 4|
Teralba Street 4| 4| |
Tall Timbers Estate 4| 4| 4|
Enterprise Drive 4] 4|
Turpentine Ropad ] 4] 4]
Burns Road 4| 4| 4|
Howes Road

Chittaway Road 4] 4] 4|
Ourimbah Creek Road 4| 4| 4|
Wyong Road 4]
Main Northern Railway 4] 4|
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10.3 Levees

The Ourimbah Creek catchment includes two levees:

6 Tuggerah Business Park Levee: Located on the northern floodplain of Ourimbah Creek
between Wyong Road and the Main Northern Railway. It affords protection to the
Tuggerah Business Park area during all design floods up to the 1% AEP event. Overtopping
and inundation of the Tuggerah Business Park is predicted during the PMF and 0.5% AEP
flood. It is noted that a drainage channel adjoining Wyong Road, which drains local runoff
from the Tuggerah Business Park is predicted to be exposed to “backwater” flooding from
Ourimbah Creek during the 1% AEP flood. However, this is predicted to cause only minor
inundation of roadways adjoining the drain age channel.

6 Railway Levee: Located on the western side of the Main Northern Railway line, directly
west of the Berkley Vale Industrial area. It is designed to prevent overtopping and
subsequent “wash out” of the railway line ballast. It offers protections to the railway line
and Berkley Vale Industrial area during all design events up to and including the 1% AEP
flood. During the PMF, the levee and railway line is predicted to be overtopped and
exposed to very high velocities (up to 10 m/s).
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11 CONCLUSION

This report documents the outcomes of investigations completed to quantify contemporary
flood behaviour across the Ourimbah Creek catchment for a full range of design. It provides
information on design flood discharges, levels, depths and velocities as well as hydraulic and
flood hazard categories.

Flood behaviour across the study area was defined using a hydrologic computer model of the
Ourimbah Creek catchment as well as a two-dimensional hydraulic model of the lower 60 km?
of the catchment. The hydrologic computer model was developed using the XP-RAFTS software
and the hydraulic model was developed using the TUFLOW software.

The computer models were calibrated/verified using rainfall data, stream flow records and
historic flood marks for floods that occurred in 1992, 2007 and 2011. The models were
subsequently used to simulate a range of design floods including the 20%, 10%, 5%, 2%, 1% and
0.5% AEP floods as well as the PMF. The following conclusions can be drawn from the results of
the investigation:

6 Flooding across the Ourimbah Creek catchment can occur as a result of major watercourses
overtopping their banks as well as inundation from elevated water levels within Tuggerah
Lake.

6 Flooding has been experienced across the catchment on a number of occasions in the past
including 1953, 1974, 1977, 1990, 1992, 2007, 2011 and 2013.

é Flooding can occur as a result of a variety of different storm durations. However, a storm
duration of 6 hours typically produces the worst case flooding conditions across most of
the catchment. Longer storm durations (up to 48 hours) tend to produce higher flood
levels across the downstream reaches of Ourimbah Creek (e.g., around Chittaway Point).
Historic evidence indicates that most floods across the Ourimbah Creek catchment occur as
a result of east coast lows.

6 Significant floodplain areas are predicted to be inundated during large floods within the
catchment. This is predicted to inundate 670 properties during the 1% AEP flood (out of a
total of ~4,500 properties located within the catchment). The most notable flooding
‘problem areas’ include:

- Cut Rock Creek between Teralba Street and Pluim Park (including Tall Timbers Estate) at
Lisarow. Access to Tall Timbers Estate and along Teralba Street is predicted to be cut off
during very frequent floods (i.e., less than 20% AEP event)

- Sohier Park / University of Newcastle area near Ourimbah

- Rural properties in the vicinity of Turpentine Road and Howes Road (access to these
properties is predicted to be cut off during very frequent floods, i.e., less than 20% AEP
event)

- Chittaway Point

& A number of roadways as well as the Main Northern Railway are predicted to be
overtopped during the 1% AEP flood. This would typically render the roadways/railway
impassable for at least 2 hours.
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& The catchment incorporates a large number of bridges and culverts to convey flood flows.
The results of a blockage sensitivity analysis shows that the severity of flooding upstream
of these structures can be significantly increased due to blockage. This highlights the

importance of routine maintenance on this infrastructure, particularly immediately after a
flood.
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JUNE 2007 FLoOD PHOTOS

Chittaway Point Chittaway Point

Chittaway Point

Chittaway Point

Chittaway Point
Chittaway Point



Geoffrey Road, Chittaway Point Geoffrey Road, Chittaway Point

Teralba Street, Lisarow Teralba Street, Lisarow

Turpentine Road underpass of Railway Ourimbah Road (western end)
Line



Old Chittaway Road, Kangy Angy Chittaway Road, Ourimbah

Moores Point Lane, Palm Grove Moores Point Lane, Palm Grove

hirl i h
Palmdale Road, Palmdale Shirley Street, Ourimba



Chittaway Road near Burns Road Orange Road, Fountaindale



JUNE 2011 FLooD PHOTOS

Peach Orchard Road, Fountaindale Teralba Street, Lisarow

Peach Orchard Road, Fountaindale

Tall Timbers Estate, Lisarow



Old Chittaway Road crossing of Chittaway

Creek Pluim Park, Lisarow

Brands Place, Lisarow
Pluim Park, Lisarow

Burns Road, Ourimbah
Knight Close, Ourimbah



DEcCemMBER 2011 FLOOD PHOTOS

Teralba Street, Lisarow Teralba Street, Lisarow
Teralba Street, Lisarow Turpentine Road underpass of Railway
Line

Orchard Road, Kangy Angy

Knight Close, Ourimbah



MISCELLANEOUS FLOOD PHOTOS

1992 Flood at Orchard Road, Lisarow Unknown date, Knight CI, Ourimbah



JOINT MEDIA RELEASE 31 July 2012

Councils call for resident input to Ourimbah Creek Flood Study

Wyong Shire Council and Gosford City Council are calling on residents and business owners within the
Ourimbah Creek catchment to provide information to assist with the preparation of a flood study for the
area.

The catchment includes a number of rural, commercial and residential areas including Lisarow,
Fountaindale, Kangy Angy, Ourimbah, Chittaway Bay and Chittaway Point.

The Councils have jointly resolved to prepare a flood study for the Ourimbah Creek catchment as part of
their Floodplain Risk Management Programs, which aim to reduce the impact of flooding on the
community.

“By understanding the potential risks of flooding to our region, we can better prepare our community
against significant flood damage and possible loss of life,” says Wyong Shire Council Mayor, Bob
Graham.

“Flooding can place a significant financial burden on communities, so we must be proactive in
understanding the potential impacts on our catchment areas.”

Local residents and businesses can get involved in the flood study by sharing their local flood knowledge
via a questionnaire that will be sent to them shortly, or via the online questionnaire at
www.ourimbah.floodstudy.com.au

Both Councils will also be seeking nominations from members of the community to be part of the
Floodplain Risk Management Committee which will ensure that the diverse range of issues encountered
in formulating a floodplain risk management plan are considered through all stages of the project.

Gosford City Council’s Mayor, Laurie Maher, says the involvement of local residents will enable both
Councils to better understand, plan and manage the risk of flooding across the catchment.

“Local residents may have historical information, photographs and experiences of past floods which will
be a valuable contribution to the flood study,” says Mayor Maher.

“We would encourage residents to complete the questionnaire or get involved in the Committee to ensure
all their knowledge and recommendations are captured.”

Residents interested in becoming a committee member or who would like additional information about the
study can contact Wyong Shire Council’s Shah Alam on (02) 4350 5710 or email
Shah.Alam@wyong.nsw.gov.au or Gosford City Council’s Sue Stanford on (02) 4325 8818 or email
sue.stanford@gosford.nsw.gov.au.

-Ends-

Media contacts: Alison McLeod (Gosford) 4325 8262
Janine Crawford (Wyong) 4350 5705
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Community Questionnaire Responses - Ourimbah Creek Flood Study

How long have your lived in

Have you been affected by flooding in the past?

Can you provide historic flood information?

area? R
4 - House / e Are you worried Your property could be Any additional nformation?
At Current In General Traffic Yard flooded in the future?
. Business water was Other Description Flood Descriptions Source of Flooding Rainfall Records
Address Area Disrupted Flooded
Flooded turned off
1 3.5 years 5 years Yes Yes No No No
Traffic was banked up due to road closure Heavy rain and creeks overflowing causing closure of underpass Living fairly high up on a hill the direct impacts of water haven't been felt on the
2 2 years 7 years Yes No No No No property but access roads and underpasses have been affected which in turn caused
access issues for me
Moderate floods cut Ourimbah Creek Rd. 1992 flood Council staff measured flood height on the poles supporting our East coast low developing subsequent to a period of steady rain Unfortunately, our Yes. We are accustomed to floods and, over |Experiencing floods showed how they can deposit nutrient-rich material on the
disrupted my son's business (he subsequently moved away). |house after the 1992 flood, so these should be in the archives rain gauge was swept |the years have adapted to them floodplain. Our property is covered by rainforest that responds positively to this.
4 25 years 25 years Yes Yes Yes No Yes Tank v‘vaiter wa§ OK. Sgptlc tank rec?vered OK: Other‘ impacts: away by the 92 flood
deposition of fine sediment - a +ve impact as it nourishes our
floodplain rainforest. Main impact: alerted us to adapt to
living with floods.
We moved to this address in July 2001. Since that time we We moved to this address in July 2001. Since that time we have The issue at hand is the free flow of water in Cut Rock Creek to prevent flooding of properties. Cut Yes. This issue at hand is the free flow of  [This also has a knock on effect south of our property, and we have been in contact with
have been flooded numerous times. 2003 - Cut Rock Creek been flooded numerous times. 2003 - Cut Rock Creek flooded, Rock Creek runs across Teralba Street, between 12 & 14 Teralba Street, and then into 1 Teralba water in Cut Rock Creek to prevent numerous neighbours in surrounding areas, and all agree that this area is one of the
flooded, street covered with water, water reached under our |street covered with water, water reached under our house, water  |Street. This block of land is covered in vegetation, and this vegetation is constricting the natural flooding of properties. Cut Rock Creek major problem areas. If this area was resolved, then a lot of the flooding problems
house, water flooded into garage, destroyed landscaping in  [flooded into garage, destroyed landscaping in yard. 2007 - Cut Rock |flow of water in Cut Rock Creek. The result of this build up of vegetation is innundation/flooding of runs across Teralba Street, between 12 & experienced in this area and adjacent areas could be alleviated.
yard. 2007 - Cut Rock Creek flooded, street covered with Creek flooded, street covered with water, water reached under our |Teralba Street & Lisarow Street, and the resultant damage to residential property in these streets. 14 Teralba Street, and then into 1 Teralba
water, water reached under our house and was only approx |house and was only approx 2cm off flooding the inside of our Gosford Shire Council have done creek remediation works on Cut Rock Creek up to the bridge at B . .
. o . X L . - - Street. This block of land is covered in
2cm off flooding the inside of our house, garage was flooded. [house, garage was flooded. (Our house is elevated approximately  |Teralba Street. This includes clearing the creek, and building retaining walls to allow for free flow . ] o
(Our house is elevated approximately 600mm) Destroyed 600mm) Destroyed landscaping in yard. 2010 - Cut Rock Creek of water. Over the past 7 years, | have had numerous phone conversations with staff at WSC, VegEta_tID_n’ and this vegetation is .
landscaping in yard. 2010 - Cut Rock Creek flooded, street flooded, street covered with water, water destroyed landscaping in |requesting that WSC complete creek remediation works on Cut Rock Creek from Teralba Street to constricting the natural flow of water in
covered with water, water destroyed landscaping in yard, yard, garage was flooded. 2011 - June - Cut Rock Creek flooded, Pacific Highway, with no result. | have been told that the block of land is private property, and as Cut Rock Creek. The result of this build up
garage was flooded. 2011 - June - Cut Rock Creek flooded, street covered with water, water destroyed landscaping in yard. such WSC cannot do anything. In answer to this, Lot 104 DP 876413 is owned by Wyong Shire of vegetation is innundation/flooding of
street covered with water, water destroyed landscaping in 2011 - July - Cut Rock Creek flooded, street covered with water, Council, and is zoned 7a (Conservation Zone). | am not asking for the natural vegetation of this Teralba Street & Lisarow Street, and the
yard. 2011 - July - Cut Rock Creek flooded, street covered with |water destroyed landscaping in yard. Photos and video available piece of land be destroyed. All | am asking is that the waterway be cleared so as to allow the water resultant damage to residential property
5 11 years Yes Yes Yes No No water, water destroyed landscaping in yard. and can be emailed. flow to get away. In the 11 years that we have owned this property, Cut Rock Creek has flooded 4 in these streets. The flooding in the
times. The first time the water was low lying, yet it covered our entire block of land. The second Teralba Street area could be alleviated if
time, in the June 2007 floods, the water was mid thigh height, and was only 1 inch off coming into Wyong Shire Council were to finish the
our house. The third and fourth times the water was low lying, and reached into our yard. This remediation of Cut Rock Creek from
cou.ld all be prevented by WSC.carrymg out creek remed.la.tlon \.NOI'kS. on Lf“ 104 DP 876413. The Teralba Street to Pacific Highway on Lot
residents of Teralba Street & Lisarow Street have been living with this major problem for many
104 DP 876413.
years, and the damage that water has caused to our homes. In our case, our fences have rotted,
and the joists and flooring under our house have suffered water damage. Our garage has been
flooded, and equipment ruined, and vehicles have been submerged. Hot water systems and air
conditioning units etc have been submerged. We have had to re-landscape our garden twice due
to the damage incurred by flood waters.
Flotsem and debris left after water flooded our property. Every time there is heavy rain constant for several hours to a excess water entering the creek causing banks to overtop and possibly as aslo meeting with the yes the excess debris and rubbish pollution may have some photos that we will email later
Creek bank constantly faces erosion after each flooding. day.Several times a year, and raises approx 1.8 to 2 meters above  |tides with the lake left behind and the errosion of the creek beds
6 3 years 45 years Yes Yes No No Yes Debris blocking normal creek flow after flooding. Cuts the creek bed level. passing through our poroperty also cuts
property in half for days to weeks after, can't access due to traffic access not permitting us to our
high level of water in creek bed destination
have photos of the flood in 1942 which was bigger than the one in the water in the river |Yes. The couincil does nothing to preventit. [the amount of change to the lake floor, areas which were once 5' deep are now 1' deep
2007, and information from my farther who lived here at that time. rising and not being all the sediment that was dredged from the  [thus not allowing any water flow out to the blocked channel , out to sea.
Pictures of the river showing concrete fixtures which are still in the able to get out of the [channel at Ourimbah creek mouth is STILL
same place today as well as the current buildind showing boats tied river mouth due to the sitting in a 20 foot high pile at the end of
to the rear deck, Ourimbah creek in the background channel at the lake Geoffrey rd. some 20 or more years after it
being silted up, also was pumped there !!!! the water used to flow
escapping out at the  [through that area, but nolonger can.Also the
7 83 years 83 years Yes Yes No Yes No entrance channelto  [amount of surage and chemicals that are
the ocean, due to it flushed into the creek each time it rains.
being silted up too,
and not big enough to
let the large volume of
water escape.
Burns Road closed when Bangalow Creek rises several times a [Burns Road Bangalow creek flooding. I.5 metres at various times Burns Road - heavy run off to Bangalow Creek under and over Burns Road small traffic bridge Routine clean up of the Bangalow Creek banks, removal of rubbish, old timbers,checking
year - blocking access to Enterprise Drive by car or pedestrian |through the year during flooding rains. Backyard swilleys 20 cm and |which sometimes gets clogged by tree branchs, old logs, rubbish. Tidal movement in the lake of drainage pipes under roads through which the creek passes would enable a better
as the water level is strong enough to wash vehicles away water creep 5 -10 cm during very heavy rain would also have some causative effect. In backyard - heavy runoff from adjacent properties and flow of water and lessen the risk of property damage during flooding rains. Mapping and
(including 4x Wheel Drives). Our backyard gets swilleys in the hill at the back of the area. monitering of where the creeks seep underground and where they surface would also
8 8 years 26 years Yes Yes No No No . . . . . . B
right hand corner, and takes some time to drain away. Water enable maintenace and clearing of these areas. Expensive process and it would take a
creep occurs onto back patio, but drains away over a short designated team from council to be assigned the work
time when rain eases.
Ourimbah University was closed due to flooding around the Over flowing creek after heavy rain Yes. | am concerned that a student enrolled in|The current creek running beside the University is congested with reeds etc. This shows a
campus. Several vehicles were still in the main car park. The courses at the Ourimbah University may healthy water catchment and is an appealing area to sit and watch but unfortunately the
fact that a small creek flows beside the campus has always suffer the loss of a vehicle or is stranded at University was not built high enough to prevent flood waters entering the grounds and
9 15 years 50 years Yes No No No Yes . . . . .
caused a problem when heavy rains occur. the University until the water level decreases. |car park. My only suggestion would be to construct an earthen mound along the creek
edge (if that is possible?) to prevent flooding.
Burns Rd underpass Intersection is constantly closed (when above the top of the yellow "give way" sign before the bridge on the |tuggerah lake overflow. It's kind of normal | guess Yes, when this intersection is closed,, it would be nice if more signage was available (eg,
pretty much a bee burps!) freeway side, which is way over the 2m mark. before the turn right onto chittway rd from the station) as it is near impossible to turn
around once you've made the fateful turn and you end up at Tuggerah pretty much.
10 2 years 16 years Yes No No No No Also, perhaps lockable boom gates near the bridge would be good to stop the fruitcakes
who think it's okay to drive their dinky cars and 4wds through 2m of water and get stuck.
(A helicopter rescue this time last year comes to mind). Such simple things, yet council
doesn't respond. They do it in the Wakehurst Parkway in Sydney, so it's not that hard!
The acreage was flooded the following areas, Chittaway Road, | Photos | can provide but not the exact depth sorry. Creek banks full and no retraining walls, rugby oval full of water and water running over to our Yes. The fact that there is no retraining The comments | wish to let you know is that we are concerned for future flooding if the
Rugby oval, the areas backing onto Bangalow Creek and water property and no where else to go. Storm water drain that goes through soccer oval and walls around the creek or any retraining |retraining walls are not put up by the council and if the storm water drain is not fixed
all coming over to our property. The storm water drain that surrounding properties and through our property cannot handle the amount of water because walls around the storm water drain or with retraining walls or a much wider drain for the water to flow through. That the
starts at Chittaway Road soccer oval and the surrounding the storm water drains are not wide enough for the strong flow of the water. Therefore it runs wide enough for the amount of water. bridge surrounding the Bangalow Creek area will callapse due to the amount of water
properties at the rear was flooded over onto the property due onto our property. The fact that the rugby oval has no that can be build up on Chittaway Road. Our drive way that keeps getting flooded and
to inadequate drainage wide enough to take the pressure of . still has water out the front and mud which has not be fixed by the council since they
) - drainage there and there water comes 3 . - 3
the water. It then went to the next property which the drain is . made the road higher due to fixing the road. That the debris in the creek is not cleaned
1 25 v v N N v not wide enough to take the flow. Therefore it was flooded on dlre.ctly of'\to our ;_)roperty. Inadequ_ate out so often for the flow of the water to run.
-2 years s s ° ° es the property. The cabana, garage sheds, sheds, bird avairies, drainage in the this area and we pain for
chicken sheds, gardens, surrounding pool area, dam were all drainage on our council rates.
affected. When we had showers or baths, the drains were full
and the bathroom had excess water and took a while to go
down the drain. Debris was left on our property and within
the creek making the flow of water slower.
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How long have your lived in
area?

Have you been affected by flooding in the past?

Can you provide historic flood information?

At Current
Address

In General
Area

Traffic
Disrupted

Yard
Flooded

House /
Business
Flooded

Sewer or
water was
turned off

Other

Description

Flood Descriptions

Source of Flooding

Rainfall Records

Are you worried your property could be
flooded in the future?

Any additional nformation?

12 21 years

Run-off from the hill behind Red Cedar Close impacts a
number of properties in this location, including houses in
Jarrah Court which at times are severly effected. Most of the
run off finds its way onto an old fire trail, then decends down
the hill and flows into an easement drain on our property at
no. 7. Over time, the fire trail has been blocked by falling trees
etc causing rain water to leave the fire trail and impact local
properties, albiet mostly just backyard flooding. This fire trail
is not maintained in any way so this flooding will only
continue. We believe this fire trail should be cleared and steps
taken to ensure rain water stays on the fire trail. Council will
have records of past flooding events in this location, however,
with the fire trail in its current state, the next big storm will no
doubt cause problems.

During a storm, the easement drain referred to above has at times
been completely covered by debris brought down the hill by water
run off, blocking the drain and causing local flooding. Council is
supposed to inspect this easement on a regular basis, however we
have not noticed a team here for some time now. Might by worth
checking on this stuation. (We do have photos which | will dig out
and provide to council.)

Storm water run-off from hill behind Red Cedar Close, Ourimbah.

Yes. As stated above, run-off from the fire
trail behind Red Cedar Close, Ourimbah
will cause mainly backyard flooding for
our property, but may cause more trouble
for other properties in this location.

13 2 years 10 years Yes

Traffic - flooding on main road and side road to our house
Yard - flood everytime there is a large amount of rain

photos & video will be emailed. Taken end of May or beginning of
June 2011

run off from surrounding area

Yes. nothing in the area has changed

14 13 years No No

No

No

Rain

You guys have to be
kidding, LOL

Yes. Are you for real? Just what do you
think it is that concerns me?

Yes! Stop wasting our rates on stupid surveys which will result in the blatenly obviuos,
rate payers are now doing the councils work. A reduction in rates would be very much

apprieciated...have a nice day is there an election coming up?

15 5 years 5 years

Yes. There is a creek at the rear of our
property which rises quickly in heavy rain.
It is within 15 metres of the house.

16 5 years 21 years No

No

No

No

Heavy rain | am unable to get to my home due to McDonalds
Rd, Cutrock Rd Lisarow and Shirley Street Ourimbah been
flooded.Some occasions the road is closed at the roundabout
at the railway bridge on Chittaway Rd due to Enterprise Dr
and the Uni been flooded. On the overall I can have trouble
getting in or out of my home.

No. | don'thave any photos.

Flooded roads half due to blocked drains.

Yes. | no longer have
them

When Shirley Street Floods it can flood the whole of Sohier Park through to the carpark

and tennis courts

17 1.5 years 1.5 years Yes

The road/bridge outside has been under water at least 5
times in the time we have been here and water has come into
the front yard of our property on two of those ocasions.

The flood depth indicater on the bridge has been under water to a
depth of at least 0.4 on 12 June 2011 and again on 12 Dec 2011

Creek banks overflowing

Yes. As our front yard has been
underwater already, i am concerned that
water may rise and damage property in
and around the house

| will email some photo's shortly

18 3 years 3 years No

No

No

My place of work (University) has been closed a few times in
the last few years due to flooding

creek banks overtopping

19 13 years

Shirley Street and Mcdonalds Road flooded so very difficult to
getout.

Due to maintenance not being carried out by council drains are blocked, creeks are full of weed
and fallen trees, pipes are full of rubbish and road side open drains full of rubbish including,
shopping trollies, signs, grass clippings, for sale signs and silt.

Start cleaning up the drains and creeks so the water can flow. Repair the drains that are
falling apart. Clean out the road side drains that are full of silt and rubbish and we would
not have this problem. Happy to meet and show you the problems anytime.

20 10 years 23 years

21 10 years 23 years Yes

In the june 2006 floods our backyard was dry but the front
yard was 50% under water another 400 to 600mm would
have seen the garage become water logged.we lost a tree due
to the water logged grounds we lost power for approx 5 days.
My thoughts are to open the lake to releave the flood water
tension, | know there are some properties that are very low
but with the amount of land that is infront of these properties
there is a great deal of room to place leavey banks and some
for of pump system to releave preasure during flood times.
The lake as a kid | remember was so white and clear we would
run in the water beside the long jetties while our parents
walked them , NOW | would not even put my small dinge
there !!! | think one thing they ( the council) have missed is
that with every home that goes on a block there is more silt
running into the lake which should or has to be flushed, the
other benifit is that the tourist from Newcastle and Sydney
would come to enjoy just like Forster. | have more thoughts
on this matter if would be so kind to ask.

WATER COULD NOT GET OUT OF THE LAKES ENTRANCE ... JUST SILTED UP !!!

YES IF THEY DO NOT DO ANYTHING WITH THE

central coast tourist web site of the airial
veiw of the lake , that will tell the story. P.S
hope this helps and would love to talk to
somebody about this matter.

22 2.5 years 2.5 years No

No

No

No

Road closures around Ourimbah university (Chittaway Road)
and Burns Road underpass. Ponding to local streets and
intersections.

Elevated creek and lake levels.

23 2.5 years 20 years

Creek at Erina via the ridgeway

With Chambeline road open to the Ridgeway, major roadworks are required, especially

during wet season

24 10 years 10 years Yes

Living on Enterprise Dve my concern if flood are higher than
2007 and 2011 how we can leave our property as at the
Ourimbah end the roads are closed and at the Chittaway end,
there is flooding also. On both these occasions, the road at
Ourimba end was closed due to flood waters. Getting to
highter ground may be impossible? as Chittaway Creek is the
rear boundary of our property and our only access out is
north on Enterprise Dve. Our back paddock and yard were
both flooded in both the 2007 and 2011 but no water entered
our house. If it was to go higher, then that is an absolute
likelihood. Our 2 neighbours to the north are affected much
more quickly than us. Our other issue is that being on tank
water, that much rain overflows the tanks, and then the
excess water is dumped around the house, making the water
on the ground situation much worse. |

| will email some photos. However, the water levels arent as high in
the photos as they really were as the peak of the tidal waters
coming back into the property occured in the night-time periods,
and once the tide goes down, the flooding levels decrease quite
quickly - in a matter of hours.

| do believe that creek cleaning of debris is important. Just 20 meteres down the creek from us is a
small bridge on our rear neighbours property and also about 200 metres down the creek is
another bridge (on Old Chittaway Rd - ourimbah end) and these get blocked very quickly with
debris from the flood waters. Mainly trees branches etc. Chittaway creek in its natural state is
quite small and therefore excess rain causes it to overtop its banks very easily. When the lake is at
high tide, this causes the worst of the flooding as the creek waters have no where to go.

Yes. The fact that we have come so close
to flooding now twice in 2007 and 2011

no. but thankyou for looking in to this.

25 1.6 years 4 years Yes

Yes

Could not access my property for up to 8 hours each time.
Fisrt flood experienced was Nov 2010, then had a further 8
floods in 2011 where we could not access our property on
each occasion. Water quality was compromised i.e. running
red and brown from the taps

20th July 2011 where Lisarow Station 561079 recorded 21mm in 24
hours which blocked access for over 8 hours, clearly it does not take
much rain for us to get flooded out. On all 8 occasions in 2011, the
water reached the first and secound railing of the bridge leading
into Tall Timbers Estate.

Incorrect flood water direction in my opinion. Cut Rock creek is simply not capable of holding so
much runoff flood water, it should be channeled else where.

I will try and locate
them and send them
to the email address
advised.

Yes. Every time we have a downpour, our
property floods.

You need to understand exactly where all this run off water is coming from and make
arrangements for it to be captured and directed away from peoples properties, | believe
redirecting the flood water through a pipeline from Pluim park along the railway line to
join up with the creek on the same side will eliviate all the flooding issues experienced by

residents at Tall Timbers estate and Teralba Str.
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How long have your lived in

Have you been affected by flooding in the past?

Can you provide historic flood information?

area? R
4 - House / e Are you worried Your property could be Any additional nformation?
At Current In General Traffic Yard flooded in the future?
. Business water was Other Description Flood Descriptions Source of Flooding Rainfall Records
Address Area Disrupted Flooded
Flooded turned off
Burns road has been cut off By water many times and every  [The water was flowing at i would estimate 5 Klms an hour at about |in my opinion there is insignificant area for the water to go.Maybe try checking the creek to see if Yes. | concerns me that we might loose
2% 2 years 9 years Yes No No No Yes time it is flooded the prc?perty behind me floods to about 150 2 metres deep..June 2012 long weekend ‘ab‘out th‘e‘12Fh and again |it can be widened down near kangi angi our beautiful location to the floods
cm below our property line and about 200 cm from our fence [in December about the 4th.and then again in april i think
line
Howes Rd floods on a regular basis due to the run-off flowing |l will email photographs. The main flooding occurs during high tide periods. At the point, | believe that the tidal flow back Yes. The only changes occurring are the
from Enterprise Drive (through the railway underpass) and up Ourimbah creek, reduces the creeks ability to dispense with the water entering from the build up of rubbish and debri in the creek
meeting the swollen causeway at Burns Rd. Flood waters over flooded Bangalow creek. Bangalow creek is extremely clogged with debri and rubbish and doubles system, hindering the flow of water.
the roadway (Howes Rd) have peaked at 1.3metres on several back on itself at least 5 or 6 times as it passes through our property alone, reducing it's ability to
occasions in the last 12 months. Flood waters over the clear the flooded water.
roadway at Burns Rd have reached levels of more than 2
z 2 years 7 years ves ves No No Ne metres on several occasions in the last 12 months. Flood
waters flow through our property at a level of at least
1.2metres. This results in the destruction of stock fencing and
the risk of stock drownings on a regular basis.
Yes. No stormwater drains on Geoffrey In the past 3 years, in heavy rains, we have had sewerage back up in our drains and
Road, Chittaway Point Increased levels in [overflow. We have been informed by council workers, that this is because the pump
28 3 years 24 years No No No No No Ourimbah Creek, due to increased rains/ |stations are unable to cope and have not been upgraded in some time. | believe that this
storms needs urgent attention, as it is a direct result of heavy rains in the area.
We where flooded across our land which came into our Our land at 286 Geoffrey Road was covered by water as the river It was a masive storm which hit a huge area. That much water has to go somewhere until it Yes. Not really concerned as such, as we
garage and half way up the side of my car. We lost the car as |burst its banks at 4am on Saturday morning of the June Long reaches sea level. Ourimbah Creek became a masive storm water drain and once the level in the are in a flood area and we have built
a result. However as we were a newbuild in 2002 we were weekend 2007. Our home was only effected by water coming into  |lake filled to it's capacity it has nowhere else to go but up and over the low lying land. If the accordingly. But as nothing has changed if
well above the flood level. The water only covered up to the |the garage as it is on ground level. we have photos which | can email | Entrance had been properly open then the water could have escaped, or if a second entrance to we where to get hit by another storm of
second steps of our entry. No water entered the main part of |to the above address. The water became much faster as the level the lake was open as it used to be. Provided the sea level was lower than the lake level of course. N . N
29 10 years 12 years Yes Yes Yes No No i X that magitude or a rain event that will
the house, only the garage. The road of course was grew as to be expected but we were still able to walk around with
) N drop the same amount of water then we
underwater for a few days which meant no real access other |care. It was not enough to sweep an adult off their feet but would R .
than by boat or 4WD. have been dangerous for a small child, until the water level peaked will be flooded again.
then it was calm.
Access to the Pacific Highway via the University or Shirley probably low lying area and creeks overflowing Yes. The fact that the whole area is cut off
Road cut off on numerous occassions. In the last ?12 to 18 is of major concern
months access to Pacific Highway via MacDonalds Road also
cut off. McDonalds Road only seems to be a problem at high
30 9 years 9 years Yes No No No No tide and only since work/excavations has been effected along
the east side of the Pacific Highway between MacDonalds
Road and Lisarow Railway Station. Effectively this means the
whole area is cut off in times of excessive rain.
Any minor flooding to the area which | live in, is caused by Any water ingress to my property has been marked at heights and | previously explaned No. What records Yes. Peviousley explained. Council should |Yes but it would be a waste of time, as these issues have been brought to councils
insuficient creek and road gutter management by council to  [dates at datum spots around my property. Note all datums are no dos'e council keep on  |do more to reduce flooding areas attention in the past and with the response from council that we are not interested
keep debris clear to