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1 Introduction

1.1 Background

The Hornsby Shire Council Local Government Area (LGA) covers a number of Sydney’s northern suburbs,
extending from North Epping in the south through to Wisemans Ferry in the north as shown in Figure 1-1 in
Appendix A. The total area of the LGA is approximately 499.6 km? of which about 10% is zoned urban, 15%
rural, 5% open space with the remainder being either National Park or Nature Reserve.

Mainstream flooding occurs through a number of creeks and tributaries within the LGA, as well as along the
Hawkesbury River. However, the majority of these creeks are contained within the National Parks and
Reserves, with only a relatively small number of properties affected by mainstream flooding. Overland flow
flooding generally affects the upper catchments areas. It may result from obstruction of overland flow paths
due to development, the conversion of natural creeks systems into piped systems, and other similar effects.

Cardno Pty Ltd (Cardno) was commissioned by Hornsby Shire Council to undertake a Floodplain Risk
Management Study and Plan (FRMSP) for the urban areas within Hornsby LGA in 2014. This study was
undertaken to define existing flood behaviour and associated hazards of the study area and to identify and
assess potential flood mitigation options to reduce flood damages and risk. The finalisation of the FRMSP had
to be put on hold until after the council amalgamation issue was settled.

In 2020 Hornsby Shire Council commissioned Cardno to update and finalise the 2014 Hornsby Floodplain Risk
Management Study and Plan based on the latest Australian Rainfall and Runoff 2019 (ARR2019) guidance
and data, and the 2.19 Light Detection and Ranging (LIDAR) topographical data.

1.2 Study Context

The NSW Floodplain Management process progresses through six stages in an iterative process as detailed
in the Floodplain Development Manual (2005):

Stage 1: Formation of a Floodplain Management Committee

Stage 2: Data Collection

Stage 3: Flood/Overland Flow Study

Stage 4: Floodplain Risk Management Study

Stage 5: Floodplain Risk Management Plan

Stage 6: Implementation of the Overland Flow/Floodplain Risk Management Plan

This report covers Stages 4 and 5 of the NSW Floodplain Risk Management process.

1.3 Study Objectives

The overall objective of this project is to develop a Floodplain Risk Management Study and Plan (FRMSP)
where management of flood related issues are investigated, assessed and recommendations made as to how
flood prone land within the study area is to be managed. It provides the basis for future management of
Hornsby Shire’s urban and riverine catchments that are liable to flooding. The FRMSP will provide an
assessment of:

> Previous flood investigations;
> Results of community consultation program undertaken as part of the study;

> Flood behaviour including hazard categorisation and the impacts of climate change on existing flood
behaviour;

> Estimated flood damages;
> Environmental, social and other planning issues related to the study;

> Council's existing stormwater drainage Works Program and identification of proposed floodplain
management measures to mitigate the impact of flooding and reduce risk within the study area; and

> Existing flood related planning measures and recommended planning controls for future development as
part of Council’'s adopted comprehensive Local Environmental Plan (LEP 2013).
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2 Study Area

2.1 Hornsby Shire LGA

Hornsby Shire Council LGA covers approximately 499.6 km? which consists of corridors of urban developed
areas along the main roads surrounded by rural land holdings and open spaces. The majority of the developed
urban areas where stormwater drainage systems are present is concentrated towards the south of the Shire
or is located along the Pacific Highway. The developed area which includes these stormwater systems is
approximately 93.6 km?.

2.2 Catchment Areas

In order to assess existing flood behaviour in the LGA, catchments have been broadly classified into two
depending on the dominating flooding type:

> The urban and rural area catchments that form the majority of the Shire; and

> The Hawkesbury River which generally forms the northern boundary of the Shire but whose catchment
extends well outside the Shire boundary.

The catchment classification is shown on Figure 2-1 in Appendix A.

2.2.1 Urban and Rural Areas

Urban and Rural areas have been divided into 14 major catchments and for administrative purposes these
have been further subdivided into 52 subcatchments. Of these subcatchments, 38 have an urban component
where a stormwater drainage system is present.

The dominating form of flooding in these areas is overland flow. The urban portion of these subcatchments
contain the majority of the Shire’s population and developed land and therefore is the main focus of this study.
Rural catchment areas are not included in this assessment. The rural areas of shire will be subject of a separate
study which will form an addendum to this report. An overview of these subcatchments is shown on Figure 2-
2 in Appendix A.

2.2.2 Hawkesbury River

The areas of the Shire adjacent to the Hawkesbury River are predominately affected by riverine flooding (also
commonly referred to as mainstream flooding). The rainfall resulting in mainstream flooding from the
Hawkesbury River primarily falls on catchment areas located outside of the Hornsby LGA. In addition, the
behaviour of flooding from the Hawkesbury River within the Hornby LGA, is affected by numerous processes
upstream. As such, the regional flooding issues associated with this mainstream flooding have not been
modelled as part of this Floodplain Risk Management Study. Impacts of mainstream flood behaviour affecting
the northern part of Hornsby LGA have been referenced from existing studies as discussed in Section 3.2.
Infrastructure NSW (INSW) has undertaken a major flood study of the Hawkesbury-Nepean River
(Hawkesbury-Nepean Valley Regional Flood Study, 2019); however the results of this, which will update
mapping in this Flood Risk Management Study (FRMS), will not be available to Council until mid-2022.

2.3 Available Data

2.3.1 Previous Reports and Studies

The reports and studies that have been reviewed are outlined in Appendix B.

2.3.2 LiDAR Survey Data

LiDAR aerial survey data collected in 2010 was used as part of the Hornsby Overland Flow Study. Overland
flow analysis in urban areas is complicated by terrain modifications such as the filling of some natural creeks
and depressions for development and other modifications such as construction of underground drainage
system to convey runoff to receiving watercourses. It is noted that the accuracy of LIDAR in areas of dense
vegetation or standing water is significantly less than on hard surface and the need for additional survey is
required in order to better define existing terrain. To address this, a number of locations have been identified
as part of the preliminary option identification phase and have been surveyed.
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2.3.3 Detailed Survey

Detailed feature survey of channel alignments, road and culvert crossings was undertaken in 2012 at a number
of locations to refine expected flood behaviour during the Hornsby Overland Flow Study (Cardno 2010).

2.34 Floor Level Survey

A survey of property floor levels within the study area that comprised those properties considered to be
significantly affected by overland flow was conducted in February and March 2014 with a total of 484 floor
levels surveyed. Properties requiring survey were identified in consultation with Council and based on habitable
buildings located within the 100 Year Average recurrence Interval! (ARI) or 1% Annual Exceedance
Probability? (AEP) flood extents.

2.35 Geographic Information System Data

The following data was supplied by Council as part of this assessment:
> 2m contour information;

> Stormwater channel, pipe and pit information;

> Cadastral information;

> Local Environmental Plan zoning information;

> Heritage areas; and

> Vegetation areas.

! Average Recurrence Interval (ARI): The long-term average period between occurrences equalling or exceeding a given value. For
example, a 20 year ARI flood would occur on average once every 20 years.

2 Annual Exceedance Probability (AEP): The probability of an event occurring or being exceeded within a year. For example, a 5% AEP
flood would have a 5% chance of occurring in any year. An approximate conversion between ARI and AEP is provided. The AEP
terminology has been adopted for this FRMSP.

AEP ARI

63.2 % 1 year
39.3% 2 year
18.1 % 5 year
10 % 10 year
5% 20 year
2% 50 year
1% 100 year
0.5% 200 year
0.2 % 500 year
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3 Existing Flood Environment

3.1 Background

Hornsby Shire’s urban development pattern is typical of many other urban LGAs in the Sydney basin. In older
areas of the Shire, land development practices at the time were to either fill in and pipe watercourses or simply
leave natural watercourses and build around them. Generally, where piped systems were employed their
capacity was normally at a 5 year Average Recurrence Interval (ARI) event (or 20% Annual Exceedance
Probability (AEP)) capacity or less. As urban drainage practice developed and with the introduction of
major/minor drainage systems, such as has been the case in newer areas of Cherrybrook, the impact on
overland flow flooding has been largely controlled. Today Council generally requires the provision of a 5% AEP
piped drainage system and a dedicated overland flow path to convey floods up to the 1% AEP event. The older
development pattern at best has resulted in nuisance overland flows through yards and at worst has resulted
in serious flooding of and damage to both habitable and non-habitable areas.

The first significant rainfall event that was well documented within Hornsby Shire was a major storm event that
occurred in April 1988. This has been estimated to be a 2% AEP event. In July 1990 another sever storm
event estimated to be between 5% AEP and 2% AEP occurred. These two events resulted in serious flooding
and property damage in many of Council’s older urban areas. Following the 1990 event and to address the
identified overland flow flooding that occurred, Council undertook a large scale resident survey in affected
areas. Council subsequently implemented a 10 Year Drainage Improvement Program with the objective of
increasing drainage system capacity in the worst affected areas.

As better quality drainage data became available and with the widespread introduction of computer based
analytical methods, Council has sought to update its knowledge of the capacity and quality of its urban piped
drainage system. This process was accelerated by undertaking a series of Catchment Management Plans
(CMPs) for its 37 major piped urban subcatchments. This commenced in 1997 and was completed in 2003.
This process identified further areas of under capacity in the piped stormwater network and enabled Council
to continue its Drainage Upgrade Program in a rational way to build on the 10 Year Program which addressed
the issues that arose from the 1988 and 1990 storm events.

With the inclusion of overland flow flooding in the 2001 version of the Floodplain Development Manual (FDM),
giving it similar status to mainstream flooding, Council resolved to undertake a broad scale overland flow study
of the Shire’s urban areas in 2008. Since that time Council has steadily progressed through the various steps
shown in the FDM noted in Section 1.2 that has resulted in the production of this Floodplain Risk Management
Study and Plan. Details of this progress through these steps are detailed below.

3.2 Review of Previous Modelling

3.2.1 Hornsby Overland Flow Study (2010)

Although Hornsby Council had recorded a large amount of information on flooding extents from surveys
following the 1988 and 1990 storms, and system capacity from the CMP program, this was not adequate to
meet the requirements of a rigorous flood study as defined in the FDM (2005). To meet these requirements
overland flow paths of the floodways need to be defined and superimposed on a cadastral plan to identify all
the properties affected by flows modelled by this analytical technique.

To meet the main objective of identifying the urban properties affected by either overland flow or mainstream
flooding, it was necessary to identify the areas to be modelled. Once these were defined, the appropriate type
of modelling could then set up for each area:

> Urban areas affected by overland flow/flooding; and
> Urban areas affected by mainstream flooding.

Cardno completed a broadscale Overland Flow Study of all urban areas within the LGA in 2010 to identify
properties potentially affected by overland flow and flooding. Hydrological modelling was undertaken using:

> Direct Rainfall on grid — for all urban areas within the Hornsby LGA
> Traditional hydrological modelling using XPRAFTS — for areas outside of the Hornsby LGA.

Based on the best technical advice currently available, the 1% AEP rainfall event has been adopted to
determine flood planning levels within areas to be designated as flood planning areas. Note that no freeboard
has been applied to the flow depths determined in the modelling process of the overland flow affected areas
to define the flood planning level (FPL). While the addition of 0.5m freeboard to define FPL is normally applied
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in riverine flooding, Council does not consider this appropriate in overland flow flooding, particularly for steep
catchments such as in Hornsby Shire. This scale of freeboard is reasonable above wide floodplain and
significant variations in the surface levels may occur. In urban overland flow however shallow and narrow flow
paths are common and the addition of a significant freeboard, such as 0.5m, may exceed the actual calculated
flow depth. This can extend the limits of the flood planning areas well beyond the physical flow paths. This will
encumber many adjacent properties that will never experience overland flow. Where this level of freeboard
has been applied in some LGAs it has been necessary to apply artificial cut-off limits for this. As these cut-off
limits are not supported by any empirical evidence their use is highly questionable and not supported by any
observational evidence.

For this analysis, Council has adopted the actual physical flow limits where the model has determined greater
than 150mm depth of flow has been calculated. The FPA depicted on the FPMs are thus considered to be the
physical limits of overland flows where flow depth exceeds 150 mm and are considered to provide the most
accurate representation of the areas where flood planning controls are to be applied.

Two dimensional (2D) hydraulic modelling was carried out using TUFLOW to estimate overland flow behaviour
within the 93.6 km? of urban areas for the 1% AEP event. As noted above, aerial survey data using LIDAR
supplied by Council was used to create a 6m x 6m and 5m x 5m terrain grid and eight separate hydraulic
models were created, based on the existing catchment boundaries at the time of study and are shown in Figure
3-1in Appendix A. Major culverts and hydraulic structures were incorporated into the hydraulic models as 1D
elements. The existing stormwater channel and pipe networks were assumed to be fully blocked in this rainfall
event and were not modelled as part of this overland flow study. This assumption would produce the maximum
possible overland flow volume during the 1% AEP storm event.

It is noted that an overland flow depth in excess of 150 mm was selected as the critical depth for the study
area due to the relatively steep terrain of the Shire. This threshold depth or greater, in conjunction with the
steep terrain and the relatively high velocity of overland flow would cause significant storm damage and create
a hazard for the community. Overland flow extents defined by this criteria are high risk areas where
development controls would be appropriate — Refer to Chapter 8 for further discussion of this.

The selected overland flow depth of 150 mm is less than the 300 mm depth stated in then Department of
Planning (DoP) (now Department of Planning, Industry and Environment (DPIE)) guidelines for the preparation
of Flood Planning Maps (FPMs). The FDM (2005) does however note that local drainage problems invariably
involve shallow depths (less than 300 mm) with generally little danger to personal safety. As a result of the
150 mm overland flow depth was selected, a greater number of potentially flood prone properties have been
identified which would not benefit from the NSW Government’s complying development provisions, than if a
300 mm overland flow depth was used. The adopted overland flow depth in excess of 150 mm has been
discussed and endorsed by the Hornsby Shire Flood Risk Management Committee (FRMC) as being more
appropriate than 300 mm for urban areas of the Shire.

The following criteria were considered for use in identification of properties that would be potentially affected:

> Criterion 1 — the property is shown to have a piped or open drainage line through any part of the property
as shown in the GIS stormwater asset information provided by Council;

> Criterion 2 — the property (or part thereof) is inundated by overland flow to a depth greater than 150 mm
during a 1% AEP design storm event; and

> Criterion 3 — any part of the property that lies within five metres (5m) of a piped or open drainage line
identified under Criteria 1, provided the drainage line is not located in a road reserve.

Criterion 2 was considered the most effective way to identify affected properties and this decision was also
endorsed by the FRMC.

In this study, a total of 4,879 urban properties out of the 45,062 urban properties within the Shire were identified
as properties that may experience flooding due to overland flow (i.e. 10.3% of properties). A summary of the
number of properties identified under Criterion 2 and Criteria 1 and 3 is tabulated below. It is noted that there
are a number of properties which have been identified under both Criteria 1 and 3 and
Criterion 2. Table 3-1 compares the number of flood prone properties under different criteria.

Table 3-1 Criteria to Determine Flood Prone Properties(2010 Study)
Criteria 1 and 3 6,170 13.7%
Criterion 2 4,879 10.8%
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Draft FPMs, based on the assessment using Criterion 2, were proposed to be included as an amendment to
the Hornsby Shire Comprehensive LEP when gazetted (i.e. the FPMs were to be progressed as a separate
Planning Proposal). The overland flow maps resulting from the assessment for all of the above three criteria
are presented in Cardno (2010) to provide general stormwater management information to the community.

The Overland Flow Study and draft FPMs were placed on public exhibition from November 2010 to February
2011. The underlying assumption of the study is that during a 1% AEP event the local stormwater network is
fully blocked, except for major hydraulic crossings such as culverts through railway embankments. This
modelled scenario represents the worst case conditions for Hornsby Shire catchments and places an upper
bound limit on the expected flood extents for the 1% AEP event. Further details of the methodology used can
be found in Cardno (2010).

Flood extent mapping for mainstream flooding adopting Criterion 2 was also prepared for areas adjacent to
the Hawkesbury River. This mapping is based on flood level information provided by Council from previous
regional studies of the Hawkesbury River (AWACS, 1997) and resulted in a further 554 properties along the
river being identified as subject to inundation from overland flow (Table 3-2).

Table 3-2 Summary of Properties Identified as Flood Prone

4,879 554 5,433

3.2.2 Hornsby Overland Flow Study Review (2011)

When Council exhibited the broad scale Overland Flow Study in November 2010 it received 644 written
submissions. Many of these submissions questioned the approach adopted to flood mapping and the resulting
classifications of properties.

Just after the close of the Public Exhibition period on 25 February 2011 the DPIE issued further planning
provisions regarding flood control lots and complying development provisions under the Exempt and
Complying Development SEPP. This introduced a change to the process for identifying flood control lots. Lots
identified as “high hazard/risk flood planning areas” on LEP maps would not benefit from the complying
development provisions, while “Low hazard/risk flood planning areas” may now benefit from the complying
development provisions. It was decided that this change would be considered in preparing Hornsby’s FPMs.

Based on community feedback received and in the light of these changes to the planning provisions for flood
control lots, Council decided in 2011 to undertake an assessment of alternative methods for identifying high
flood risk properties within Hornsby Shire. This would be used in a planned review of the draft FPM.

The objectives of the review were:

> The identification of “high risk” overland flow affected properties in line with the amended DPIE
guidelines; and

> A sensitivity analysis of some of the key assumptions of the overland flow modelling.

While Cardno (2010) undertook a sensitivity analysis of key parameters such as rainfall and roughness, it did
not consider the effects of including local drainage systems and/or the blockage of buildings on the estimated
flood extents and the potential ramifications of these factors on the number of flood affected properties. Some
residents also queried the accuracy of the flood modelling using a 6m x 6m or 5m x 5m grid resolution.

To identify the significance, or otherwise, of these factors, sensitivity analyses were undertaken on a small
pilot area identified by C