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Executive Summary 

Introduction 

This Flood Study has been prepared by Brown Consulting, on behalf of Burwood Council.  The purpose of this study is 

to investigate the behaviour of overland flows of the area within Burwood Council local government area (LGA) located 

within the catchments that drain to the Cooks River. 

The study area for this investigation is the section of the Cooks River catchment that is located within Burwood Council 

LGA.  This catchment area of 1.84 square kilometres drains from Liverpool Road, in the north; Coronation Parade, in 

the west; to Cooks River, in the south.  The main subcatchment within the study area drains to the Sydney Water 

owned Henley Park Stormwater Channel, referred to in this report as the Cooks River feeder channel. 

Study Requirements 

The study will provide advice to Burwood Council that will assist in their decision making for control and assessment 

of development potential.  The Cooks River Overland Flood Study has been developed with the specific focus to 

provide Burwood Council with the information required to effectively achieve their planning outcomes. 

The study will incorporate aspects of the data collection and flood study phases of the floodplain risk management 

process, obtaining new data and, as well as making use of the findings of previous investigations and studies. 

Methodology 

This investigation used the application of rainfall directly onto the grid of the two-dimensional hydraulic model within 

the TUFLOW flood modelling software (Build 2013-12-AA), using the SMS interface (Version 11.1).  This methodology 

is known as the direct rainfall approach or ‘rainfall on the grid’.  This approach removes the need for a separate 

hydrological modelling package. 

Results and Study Outcomes 

The Cooks River Overland Flood Study has described flood behaviour in the study area resulting from existing 

conditions.  The study involved the development of a two-dimensional flood model for catchment of the Cooks River 

feeder channel, also referred to as the Henley Park Channel.  The study provides advice and mapping to Burwood 

Council to assist with decision making for controlling and assessing development potential.  The study has: 

» Involved the preparation and hand-over to Burwood Council of suitable models of the catchment and floodplain 

to define flood behaviour in terms of design flood levels, depths, velocities, flows and flood extents within the 

study area  

» Presented maps of flood levels, depths, velocities, flows and flood extents within the study area  

» Presented maps of provisional hydraulic categories and provisional hazard categories  

» Determine provisional residential flood planning levels and defined the flood planning area  

» Prepared preliminary emergency response classifications for communities 

» Assess the sensitivity of flood behaviour to the potential effects of climate change, such as increases in rainfall 

intensities and sea level rise 

» Provide flood advice for use in a subsequent Floodplain Risk Management Study. 

The property tagging maps presented in Volume 2 show that a large number of properties, 346 lots in total within the 

catchment lie within the Flood Planning Area.  These properties will require development controls to manage the risk 

posed by flooding. 
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1. Introduction 

This Flood Study has been prepared by Brown Consulting, on behalf of Burwood Council.  The purpose of this study is 

to investigate the behaviour of overland flows of the area within Burwood Council local government area (LGA) that 

is located within the catchments that drain to the Cooks River.  This report outlines flooding issues within the 

catchment and includes descriptions of: 

» The physical characteristics of the catchment 

» The existing flooding issues review of the existing available flood study information 

» The flood planning context for this study 

» The methodology used to collect data for use in the study 

» The hydrologic and hydraulic modelling undertaken to determine flood levels within the catchment, including 

validation and calibration of the models 

» The results of the modelling and sensitivity analysis  

» Preliminary flood planning levels for the catchment 

» The impact of potential climate change on flooding within the catchment 

This report discusses the impacts of flooding resulting from the 5, 10, 20, 50, 100 and 200 year Average Recurrence 

Interval (ARI) storm events, along with the Probable Maximum Flood (PMF). 

1.1 Background 

Burwood Council LGA is located in the inner western suburbs of Sydney.  The council area covers approximately 

7.26 square kilometres and is home to a population of 32,423 (ABS 2011).  Burwood LGA is bordered to the north by 

Canada Bay Council, to the east by Ashfield Council, to the south by Canterbury Council and to the west by Strathfield 

Council. 

This flood study has been commissioned by Burwood Council to determine flood behaviour within the section of the 

Burwood LGA that drains to the Cooks River.  This study is required to define flood behaviour in the catchment for 

existing conditions and to address possible future variations due to potential climate change scenarios. 
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1.2 Description of Study Area 

The study area for this investigation is the catchment of the Cooks River that is located within Burwood Council LGA, 

shown on Figure 1 and in Volume 2 of this report on the Map 1 – Study Area.  This catchment has an area of 1.84 square 

kilometres drains from Liverpool Road in the north, Coronation Parade in the west, to Cooks River in the south.  The 

main subcatchment within the study area is drains to the Henley Park Stormwater Channel, referred to in this report 

as the Cooks River feeder channel.  The Cooks River feeder channel has an area of approximately 1.24 square 

kilometres and drains in a north–south direction where it leaves the Burwood LGA, flowing into the Canterbury LGA 

across Burwood Road.   

 

Figure 1 – Cooks River catchment study area 

There are nine smaller sub-catchments, six of which drain directly to the Cooks River, with the remaining three draining 

to the Cooks River feeder channel through Canterbury LGA.  The subcatchment layout is presented in Volume 2 of this 

report on the Map 2.  The six Cooks River feeder channel sub-catchments drain from Tangarra Street in the north and 

Weil Avenue in the east to separate outlets along the river between Georges River Road and Burwood Road.  The 

three sub-catchments drain into the Canterbury LGA join the Cooks River feeder channel are located in the eastern 
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section of the study area.  These sub-catchments cross Georges River Road, draining south through Canterbury LGA 

before joining the channel. 

Land use within the Cooks River catchment within Burwood LGA is mostly residential.  Retail and commercial premises 

are located along Liverpool Road in the north of the catchment and Georges River Road in the southern area of the 

catchment, as well as along Coronation Parade in the west.   

Several parks are located within the catchment including Henley Park, Grant Park and Cooinoo Reserve located in the 

middle reaches of the Cooks River feeder channel catchment. Walsh Avenue Reserve, Whiddon Reserve, Browns 

Reserve and Flockhart Park are located along the Cooks River.  Henley Park is notable as the only park within Burwood 

LGA designed to function as a stormwater detention basin.  The park was re-constructed in the 1990s, with drainage 

surcharge pits and an earth embankment along the southern boundary (Mitchell Street) to function as a detention 

basin to manage stormwater flows.  This basin has an approximate volume of 4500 m3.  The park also provides the 

informal name to the Cooks River feeder channel. 

The concrete-lined Cooks River feeder channel was originally built around 1929 and varies in width (from 3–4 metres), 

and depth (1.5–3 metres) from Henley Park to the outlet at the boundary of Burwood LGA.  The channel is owned and 

managed by Sydney Water from the northern boundary of Henley Park in Shelley Street.   

The channel, shown in Volume 2 of this report on the Map 1 – Study Area, drains north–south under Henley Park, 

becoming an open channel south of Mitchell Street.  The open channel drains southwards to the Burwood Council 

Depot, where it runs through a curved underground section, emerging on the south side of Tangarra Street East at 

Rawson Street.  Downstream of this point, the drain becomes an open channel approximately 2.5–3 metres wide that 

winds to Burwood Road, passing under Stanley Street, Georges River Road and Burwood Road.   

1.3 Study Objectives 

The objective of the Cooks River Overland Flood Study is to define flood behaviour in the study area resulting from 

existing conditions.  The study includes the development of a two-dimensional flood model for catchment of the 

Henley Park Channel.  

The study will provide advice to Burwood Council that will assist their decision making for controlling and assessing 

development potential.  The Cooks River Overland Flood Study has been developed with the specific focus to provide 

Burwood Council with the information they require to effectively achieve their planning outcomes. 

The key objectives of the study are to: 

» Prepare suitable models of the catchment and floodplain to define flood behaviour in terms of design flood 

levels, depths, velocities, flows and flood extents within the study area 

» Prepare maps of provisional hydraulic categories and provisional hazard categories 

» Determine provisional residential flood planning levels and flood planning area 

» Prepare preliminary emergency response classifications for communities 

» Assess the sensitivity of flood behaviour to the potential effects of climate change, such as increases in rainfall 

intensities and sea level rise 

» Provide flood advice for use in a subsequent Floodplain Risk Management Study. 
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2. Flood Study Planning Context 

2.1 Previous Investigations 

Flood information has been obtained from Burwood Council for the purposes of developing this report. This 

information has been obtained from the following sources: 

» Robinson GRC Consulting (2002) Hydraulic Study and On-site Detention Modelling for Burwood Council 

Catchments 

» Brown Consulting (2004) Stormwater Drainage Infrastructure Review — Burwood Council Local Government 

Area 

» Sydney Water (2009) Cooks River Catchment Mainstream Flood Study Results 

» Webb, McKeown & Associates (1998) Drainage Feasibility Study at Tangarra Street, Croydon Park 

Robinson GRC Consulting (Note that in 2003, Robinson GRC Consulting merged with WP Brown and Partners, now 

Brown Consulting) prepared the Hydraulic Study and On-site Detention Modelling for Burwood Council Catchments 

from 2000 to 2002.  The primary objective of this study was to develop a computer model to assess flood behaviour 

for the 100 year rainfall event and from this determine insufficiencies in the drainage system, as well as identify 

overland flow paths that occurred to an unfavourable frequency.  The study covered an area of 7.2 square kilometres 

with the identified catchments of: 

1. St Lukes Catchment 

2. Dobroyd Centre North 

3. Powells Creek 

4. Dobroyd South  

5. Cooks River 

6. Exile Bay 

7. William Street Catchment 

A comprehensive survey of the levels of all pits in the study catchments was undertaken by Rose Atkins & Associates 

as part of this study in June 2000, including obtaining additional survey data for the pit and pipe system.  A substantial 

portion of the field work was done using Global Positioning System (GPS) measurements with theodolites being used 

in areas where tree cover prevented GPS from being employed.  Survey information was supplied to the Robinson 

GRC modellers in two formats.  The first was a spreadsheet giving Integrated Survey Grid (ISG) coordinates and 

Australian Height Datum (AHD) levels.  The second was a series of AutoCAD files that were combined into a single 

drawing showing cadastral data, the drainage system supplied by Council, and the locations and levels surveyed.  

In addition to the Robinson GRC 2002 and Sydney Water 2009 studies, Brown Consulting have prepared the 

Stormwater Drainage Infrastructure Review for Burwood Council in 2004.  This report involved hydrologic and 

hydraulic modelling of Burwood Council's stormwater drainage systems, aimed at determining flooding impacts of 

new developments in the Burwood local government area.  The study focused on surface overflows, with models 

adjusted for increases in impervious area associated with future developments, and the corresponding overflow rates 

were determined.  Flow rates increased in general, and slightly increased flooding occurred at trouble spots identified 

in the earlier study, but the increases were not sufficient to cause flooding at new locations. 
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2.2 Regulatory Framework 

This section outlines: 

» The legislative framework within which the flood study has been prepared 

» Policies and guidelines applicable to the study 

» Introduces the planning objectives and outlines how the study will be used by Burwood Council. 

Local Government Act 1993 

This Act creates local governments and grants them the power necessary to perform their functions, among which 

are the management, development, protection, restoration, enhancement and conservation of the environment of 

the area the local government is responsible for, in a manner that is consistent with and promotes the principles of 

ecologically sustainable development.  The Local Government (Ecologically Sustainable Development) Act 1997 

amended the Local Government Act so that ecologically sustainable development, including the sustainable use of 

resources, is now a guiding operational principle.  

The NSW Floodplain Development Manual: the management of flood liable land relates to the management of flood 

liable land in accordance with Section 733 of the Local Government Act.  Section 733 states that a council does not 

incur any liability in respect of any advice furnished in good faith relating to the likelihood of any land being flooded. 

NSW Floodplain Development Manual: the management of flood liable land 

The Floodplain Development Manual has been produced by the New South Wales Government to reduce the impact 

of flooding and flood liability on individual owners and occupiers of flood prone property.  The document is intended 

to guide councils in the development and implementation of detailed local floodplain risk management plans.  The 

manual, for residential developments, suggests a freeboard of 0.5 metres for a 100 year flood event. 

This manual supports the NSW Government’s Flood Prone Land Policy in providing for the development of sustainable 

strategies for managing human occupation and use of floodplains based on a risk management hierarchy of 

avoidance, minimisation and mitigation.  The manual provides the framework for councils to implement this policy, 

considering the cost and benefits associated with occupation of floodplains in an integrated approach. 

The NSW Floodplain Development Manual: the management of flood liable land relates to the management of flood 

liable land in accordance with Section 733 of the Local Government Act.  This process is outlined in Figure 2, recreated 

from the manual. 

 
From NSW Floodplain Development Manual: the management of flood liable land 

Figure 2 – The floodplain risk management process 
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Data Collection – Compilation of existing data and collection of additional data.  

Flood Study – Defines the nature and extent of the flood problem, in technical rather than map form.  

Floodplain Risk Management Study – Determines options in consideration of social, ecological and economic factors 

relating to flood risk.  

Floodplain Risk Management Plan – Council publicly exhibits the preferred options from the studies.  The Floodplain 

Risk Management Plan is subject to responses and subsequent revision. Council formally approves the Plan after 

public exhibition 

Plan Implementation – Council undertakes measures including mitigation works, planning controls, flood warnings, 

flood readiness and response plans, environmental rehabilitation along with ongoing data collection and monitoring. 

The study will incorporate aspects of the data collection, flood study phases making use of the findings of previous 

investigations, studies and management plans.  

Australian Rainfall and Runoff 

Engineers Australia (The Institution of Engineers, Australia) publish Australian Rainfall and Runoff to provide guidance 

on the application of stormwater and flooding design procedures and values along with analysis of likely accuracies.  

This document is in the process of being updated, with guidance on specific aspects of provided in the form of various 

projects.  These guidance documents, Projects 11 and 15, have been used in the preparation of this flood study. 

Environmental Planning and Assessment Act 1979 

This Act is the primary piece of land use and planning legislation in New South Wales.  It allows for the creation, at 

various levels of government, of environmental planning instruments to control land use and planning.  State 

environmental planning policies, regional environmental plans, local environment plans (LEPs), development control 

plans (DCPs), and council codes and policies can all be established under the Act. 

When property is sold in NSW the vendor must attach to the contract documents a copy of a certificate issued by the 

local council under Section 149(2) of the Act.  Certificates issued under Section 149 of the Environmental Planning and 

Assessment Act 1979 provide details to prospective property purchasers about zonings and other council policies 

which may affect the land.  This is referred to as a Section 149(2) Certificate and contains a list of matters prescribed 

under Schedule 4 of the Environmental Planning and Assessment Regulation 2000.  The NSW Floodplain Development 

Manual recommends that councils should only provide information on flood development controls where these 

controls are imposed by council policies in accordance with the requirements of the Local Government Act 1993. 

Additional information on flooding can be provided by councils under Section 149(5) of the Act.  This information can 

be from flood studies or historical flood events and is at the discretion of council to provide.  The NSW Floodplain 

Development Manual states that ‘to become fully aware of flood risk prospective purchasers need to rely upon the 

use of information provided on planning certificates under both Sections 149(2) and 149(5) of the Act, using either 

planning certificates or other appropriate means’. 

Details of flood behaviour outlined in this flood study will form the basis of the information provided by Council on 

the Section 149(2) and (5) Certificates.  This information includes tagged properties and flood planning levels. 

NSW Government Sea Level Rise Policy Statement.   

To support sea level rise adaptation, the NSW Government has prepared a Sea Level Rise Policy Statement that sets 

out the Government's approach to sea level rise, the risks to property owners from coastal processes and assistance 

that Government provides to councils to reduce the risks of coastal hazards.  The statement includes sea level 

planning benchmarks which have been developed to support consistent consideration of sea level rise in land-use 

planning and coastal investment decision-making.  
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3. Available Data 

3.1 Data Sources 

The data adopted in the study has been summarised in Table 1, which lists the types and format of the data utilised 

for the flood modelling undertaken for this investigation. 

Table 1 – Summary of data sources 

Data Description Data Sourced Data Processed 

Urban Drainage Network 

Location and level of stormwater 

drainage pits. Levels and internal 

dimensions of stormwater drainage 

pipes 

GIS - MGA94 (Burwood Council) 

DRAINS - ISG (Brown Consulting) 

AutoCAD - ISG (Brown Consulting 2004) 

AutoCAD - MGA (Brown Consulting 

2013) 

DRAINS 

TUFLOW (1D) 

Aerial Photography ECW dated Jan 2011 (Burwood Council) ArcGIS 

TUFLOW – Spatial Roughness 

Cadastre GIS (shp) – MGA94 (Burwood Council) ArcGIS 

Ground Levels from ALS Data GIS (xyz) – MGA94 (Burwood Council) ArcGIS 

TUFLOW (2D) 

Design Rainfall IFD (Burwood Council) DRAINS 

TUFLOW (DRG) 

Topographic and rainfall data has been obtained from Burwood Council, with detailed information on pipe and 

channels surveyed by Brown Consulting.  Discussion of these data sources and the use of data is provided in 

Sections 3.2 to 3.6. 
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3.2 Topographic Data 

Airborne Light Detection and Ranging (LiDAR) survey of the catchment and its immediate surroundings was provided 

for the study by Burwood Council on behalf of Sydney Water.  This data was collected from February to June 2008 by 

AAMHatch.  This data typically has accuracy in the order of: 

» +/- 0.15 metres (for 68% confidence level) in the vertical direction on clear, hard ground 

» +/- 0.5 metres in the horizontal direction. 

The accuracy of the Aerial Laser Scanned (ALS) data can be influenced by the presence of open water or vegetation at 

the time of the survey. From this data, a triangular irregular network (TIN) was generated by combining ALS data with 

the ground survey data by Brown Consulting.  This TIN formed the basis of the two-dimensional hydraulic modelling 

for the study, from which the Digital Elevation Model (DEM) was sampled to form the two-dimensional grid. 

3.3 Pit and Pipe System 

Brown Consulting surveyors were engaged as part of this study to ‘ground-truth’, or perform a physical check, of the 

pit and pipe survey data that was supplied by Burwood Council from their Geographic Information System (GIS).  This 

was required to ensure an accurate representation of current conditions within the model.  The data checked as part 

of this investigation included the survey undertaken by Brown Consulting in 2004 as part of their Stormwater 

Infrastructure Review.  This review determined that there were some pits and pipes which have been either modified 

or added into the reticulation system since 2004 and required updating to ensure accuracy of the model.  

Brown Consulting’s survey identified and survey a total of twenty-three pits as part of this investigation.  This 

additional or updated data was merged with the 2004 survey and transformed from Integrated Survey Grid (ISG) to 

Map Grid of Australia (MGA) coordinate systems. 

A previous DRAINS model that was constructed of the Cooks River catchment by Brown Consulting (2004) was used 

as a base hydrological verification model as a part of this study.  Catchments for this model are proved in Volume 2 on 

Map 2. The DRAINS network and catchments were updated to incorporate the additional surveyed pits to achieve 

more up-to-date and accurate modelling.  The updated DRAINS model was imported into TUFLOW as one-dimensional 

hydraulic elements. 

3.4 Cross Section Data for Open Channels 

The Cooks River Catchment central drainage system is predominately concrete-lined, trapezoidal, open channel 

extending from the tributary outfall on the Cooks River extending upstream to Mitchell Street.  The open channel 

linked together with culverts at road crossings and property crossings where it is closed conduit. 

Detailed survey was undertaken by Brown Consulting of the open channel reach of the drainage system including all 

culvert internal dimensions and cross sectional profiles. Cross sections were generated from the TIN prepared by the 

surveyor at changes in profile shape and vertical geometry and imported into TUFLOW as one-dimensional elements 

linked to the two-dimensional grid.  

The Cooks River feeder channel cross section survey data taken by Brown Consulting’s surveyors is provided in 

Appendix A, along with surveyed details of bridges and culverts along the channel. 
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3.5 Design Rainfall Data 

Design rainfall data was obtained from Burwood Council’s Intensity Frequency Duration data as supplied by Council 

for recurrence intervals up to and including the 100 year ARI rainfall event.  The 200 year rainfall event was 

extrapolated from the Burwood IFD using the methodology from AR&R (2001).  The Probable Maximum Precipitation 

(PMP) estimates were developed using the methodology in the Generalised Short Duration Method published by the 

Bureau of Meteorology (BoM, 2003). 

Rainfall intensities for the 100 year recurrence interval events were taken Burwood Council’s Intensity Frequency 

Duration data as supplied by Burwood Council.  Rainfall temporal patterns were developed from Australian Rainfall 

and Runoff 1987 (ARR 1987).  Burwood Council is located within Zone 1, shown on Figure 3. 

 

Figure 3 – AR&R rainfall zones 

Temporal patterns were used to develop incremental rainfall depths, in millimetres, for each time period of the storm 

event.  Storms from 15 minutes to two hours duration were split into 5 minute intervals, 3 and 4.5 hour events into 

15 minute intervals, with the 6 hour events and longer split into half hour intervals.  Temporal patterns and rainfall 

depths for each storm event used in the modelling are presented in Appendix B. 

Rainfall depths and temporal patterns for the Probable Maximum Flood (PMF) were developed using the Bureau of 

Meteorology Generalised Short Duration Method (GSDM).  Rainfall patterns were developed for the 15, 30, and 

45 minute events, the 1, 2.5, 3, 4, 5 and 6 hour events. 

No spatial variation in rainfall pattern was modelled as part of this investigation.  The catchment size of 1.84 square 

kilometres does not require areal reduction to be applied, with Australian Rainfall and Runoff (2001) recommending 

that lumped rainfall models are suitable for catchments up to 4.0 square kilometres. 

This investigation assumed rainfall probability neutrality with recurrence interval, i.e. that the rainfall event with a 

probability of 1 in 100 years (1% Annual Exceedance Probability [AEP]) generates the flood event with a probability of 

1 in 100 years. 

3.6 Community Consultation 

Community consultation was carried out by Brown Consulting to obtain information on historical flooding events 

which may have occurred.  Information requested include water levels, inundated properties and the direction of 

flows.  Comparing these first hand observations with the results of the model helps to assess its validity to a certain 

extent.  The feedback received from the community consultation outlined four properties that had encountered 

flooding in the past and has been used in the validation process and is discussed in detail in Section 5.2.  
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4. Methodology 

This investigation used the application of rainfall directly onto the grid of the two-dimensional hydraulic model within 

the TUFLOW flood modelling software (Build 2013-12-AA), using the SMS interface (Version 11.1).  This methodology 

is known as the direct rainfall approach or ‘rainfall on the grid’.  This approach removes the need for a separate 

hydrological modelling package. 

In traditional flood modelling, separate hydrological and hydraulic models are constructed.  The hydrological model 

has inputs of rainfall, area losses and roughness within a lumped or partially distributed sub-catchment, calculating 

runoff hydrographs for modelled storm events.  This hydrograph is then applied to the hydraulic model, which 

performs flow calculations based on hydraulic features to develop estimations of flood behaviour across the study 

area. 

In the direct rainfall approach, the hydrological model is incorporated into the hydraulic modelling process and 

distributed throughout the entire catchment.  The hydrological routing is undertaken in the distributed two-

dimensional model, rather than in a lumped hydrological package. 

4.1 Hydrologic and Hydraulic Model 

4.1.1 Model software 

This modelling investigation used the TUFLOW flood modelling software (Build 2013-12-AA), using the SMS interface 

(Version 11.1). 

4.1.2 Model geometry 

The TUFLOW model was based on a single set of elevation data, or Z points, which was constructed from ALS data 

provided by Burwood Council at a grid resolution of 0.5 metres.  These Z point layers were used to generate a 

2.5 metre grid model which covered the entire study area.  The 2.5 metre grid was used for all model scenarios within 

the calibration and validation stage including the 5, 20 and 100 year events in addition to the sensitivity runs.  This 

grid resolution was selected by trialling a range of grid sizes arriving at an optimum grid size that represents the urban 

nature of the catchment while still achieving an acceptable run time and level of numerical stability.  The orientation 

of the grid was adjusted to align with the majority of property boundaries and road alignment within the catchment; 

to optimise accuracy of modelling between buildings and through one/two-dimensional interfaces.  The delineation 

of individual catchments within the model in presented in Volume 2 on Map 2 – Individual Urban Catchment 

Delineation. 

4.1.3 Modelling of one-dimensional structures 

The Cooks River catchment is a heavily urbanised area consisting primarily of low-rise one to two story residential 

properties.  The primary waterway within the catchment is the Cooks River feeder channel, a concrete lined channel.  

This channel has been represented as a one-dimensional domain of the model using a combination of culverts and 

open channels linked to the two-dimensional grid.  The pit and pipe network was also created within in the one-

dimensional domain using the data supplied by Council as well as the updated pits surveyed by Brown Consulting.  The 

reticulated storm water drainage pits have been modelled in accordance with the recommendations in Australian 

Rainfall and Runoff Project 11 – Blockage of Hydraulic Structures – Stage 2 Report (Engineers Australia, 2013) with a 

100% blockage for pipes smaller than 450 millimetre diameter and 50% blockage applied for pipes greater than 

450 millimetres in diameter.  No blockage has been applied to the major culverts in the base case.  Sensitivity of the 

modelling to blockage has been considered in the sensitivity analysis discussed in Section 8. 
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4.1.4 Approach to representing building obstructions 

Examination of the flow paths in the results of the preliminary modelling indicated that there were a number of 

overland flow paths which flow through properties between buildings.  The ALS data supplied by Burwood Council was 

processed before being provided, to include only ground points and excluded building structures, i.e. it represented 

the ground surface only and did not include buildings.  The buildings do provide an obstruction to overland flow paths 

in these areas and need to be appropriately represented within the two-dimensional overland flow.   

The update to Australian Rainfall and Runoff currently being prepared by the Institution of Engineers Australia includes 

two documents that provide guidance on incorporation of building obstructions: Project 15: Two Dimensional 

Modelling in Urban and Rural Floodplains and Project 15: Two Dimensional Simulations In Urban Areas Representation 

of Buildings in 2D Numerical Flood Models.  These documents recommend completely removing building from models 

where rainfall volumes within building footprints are not significant. 

The approach taken to model the obstructions in this flood study involved creating an opened ended line boundary 

around the building envelope, leaving the downstream edge of the property open to maintain hydrological continuity 

by allowing rainfall applied to grid within the building footprint to travel out.  An example of the results that are 

produced through the use of this approach is presented in Figure 4, with the arrows indicate the direction of flows 

and the lines represent the line building boundaries. 

  

Figure 4 – Approach to modelling building obstructions in TUFLOW 

The downstream edge of the building was determined by initial model runs without buildings and with fully enclosed 

building footprints.  This approach incorporates the hydraulic obstruction of the buildings, while retaining the rainfall 

volume that falls within the building footprint.  

Building outline/ 

line boundary 
Arrows 

indicating 

direction of flow  
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4.1.5 Land use categorisation mapping 

Spatially varying hydraulic roughness and hydrological losses were modelled within the TUFLOW model by 

categorisation and mapping of land uses within the catchment.  This involves dividing the study area into surface 

categories by digitising recent aerial photography supplied by Burwood Council, and assigning each surface category 

its own parameters.  The parameters adopted are summarised in Table 2. 

Table 2 – Summary of parameters for various surface categories 

Land Use Type Manning’s ‘n’ 

Coefficient 

Initial Loss 

(mm) 

Continuing Loss 

(mm/hr) 

Bitumen Roads/ Car parks 0.02 1.0 0.0 

Buildings 0.02 1.0 0.0 

Pervious areas of yards and parks 0.04 5.0 2.5 

The spatial distribution throughout the catchment of the three surface categories used in the modelling is shown in 

Figure 5 and in Volume 2 on Map 3 – Spatial Distribution of Roughness Values. 

 

Figure 5 – Spatial representation of surface categories 

The buildings category, shown in white, covers a large proportion of the catchment, indicating that the approach to 

modelling obstructions provided in Section 4.1.4 requires this area to be taken into consideration for flow volume 

generation.  
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4.1.6 Model boundary conditions 

The rainfall over the catchment was applied using the rainfall–on–the–grid method which applies the specified rainfall 

depths over time to all cells within the study area. The rainfall intensities used were from the Burwood Council and 

AR&R (1987) temporal patterns to obtain the time-intensity distributions.  

The downstream boundary conditions adopted for both one-dimensional and two-dimensional domains were all 

located along the northern bank of the Cooks River. The one-dimensional pipes and two-dimensional overland flow 

boundary conditions adopted a computed water surface elevation versus flow which uses a set water surface slope 

for all elevations to calculate normal depth. The slopes were calculated using the ALS data that was supplied by 

Burwood Council along the primary flow paths out of the catchment.  A fixed water surface downstream one-

dimensional and two-dimensional boundary condition was adopted for the sensitivity analysis adopting the 100 year 

flood level in the Cooks River. 

4.1.7 Preliminary modelling and refinement  

Preliminary modelling, using the available data, was carried out to refine the model and to select the location of flow 

paths and identify locations within the catchment from which results would be exported for design runs.  These 

reporting locations, or ‘history stations’ were selected in consultation with Burwood Council to provide details of 

hydraulic features or flooded properties.  These locations are discussed in detail in Section 0 and shown in Volume 2 

on Map 4 – Stations and Hotspot Locations. 

The results of the model were refined by exclusion of flows of depth less than 0.15 metres.  This process, also referred 

to as ‘nulling’, is required to remove areas of flooding and ponding not considered reportable.  Flood depths less than 

0.15 metres have been nulled for this map, resulting in the appearance of ponds along roads.  Flows shallower than 

0.15 metres are outside the levels of accuracy of the methodology used to carry out this investigation.  This nulling of 

flows below 0.15 metres is recommended in the Floodplain Development Manual.  It should be noted that the accuracy 

of the LiDAR used in this investigation is quoted in the Intergovernmental Committee on Surveying and Mapping LiDAR 

Acquisition Specifications and Tender Template (Version 1.0, November 2010) as 68% confidence interval within 

± 0.15 metres and 95% confidence interval within ± 0.3 metres. 
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5. Model Calibration and Validation 

The Cooks River Feeder Channel catchment does not have a record of historical flood levels.  There are no flow 

measuring stations located within the catchment, with historic flood information available sought through the 

community consultation, discussed in Section 5.2.  The information available through the community consultation 

questionnaire only provided qualitative and descriptive information with regards to past flooding and was used only 

as a tool to qualitatively verify the nature of flooding as accounted by residents. 

5.1 Comparison With Previous Studies 

Analysis of the results produced from the DRAINS modelling updated from the 2004 Stormwater Drainage 

Infrastructure Review by Brown Consulting (2004) has been compared with flows generated across history stations in 

the TUFLOW modelling. A summary of comparison flows for 5 year and 100 year events are provided in Table 3.  

Table 3 – Comparison of DRAINS and TUFLOW modelling results. 

 

Location 

5y ARI Peak Flow (m3/s) 100y ARI Peak Flow (m3/s) 

DRAINS TUFLOW DRAINS TUFLOW 

Cobden St 2.5 2.2 4.1 3.8 

Burwood Rd (U/S) 0.8 0.7 1.4 1.0 

Baker St 3.5 1.5 6.0 2.3 

Llangollan Ave 0.8 0.6 1.4 1.0 

Shelley St (into park) 7.4 6.7 11.6 11.9 

Anne St 4.3 0.6 7.2 0.9 

Short St 2.6 4.6 4.6 8.8 

Park inflow (U/S) 12.5 7.3 21.3 17.7 

Basin inflow (U/S) from north-east 15.3 16.8 25.3 30.9 

Basin inflow from west (Portland St) 3.9 1.5 7.5 3.0 

Basin combined total inflow 19.1 18.3 32.9 33.9 

Basin outflow (D/S) 6.1 10.1 18.9 28.8 

Stiles St (inflow) 5.3 7.1 18.3 18.3 

Stiles St (Cnr Kingsbury) 0.0 2.8 0.0 12.3 

Kingsbury (infront of property No.9) 0.0 0.4 0.0 2.2 

Kingsbury channel O/L flow to channel 5.6 5.3 18.9 8.8 

Kingsbury culvert 10.7 8.7 25.2 14.1 
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Location 

5y ARI Peak Flow (m3/s) 100y ARI Peak Flow (m3/s) 

DRAINS TUFLOW DRAINS TUFLOW 

O/L flow west Of 2a Tangarra St East 0.0 0.1 0.0 5.8 

Rawson St 2.8 2.7 5.4 13.9 

Stanley St culvert 13.8 13.3 28.5 37.5 

O/L flow to 47 Stanley St 0.0 0.1 0.0 1.6 

Georges River Rd culvert 14.7 13.9 29.1 35.2 

Burwood Rd culvert 16.1 14.5 31.0 36.0 

Windsor Ave culvert 16.8 14.7 30.8 38.3 

O/L flow at Linthorn Ave 0.0 0.1 0.0 0.1 

Hampton St culvert 22.4 17.9 42.1 44.5 

The results in Table 3 show the peak flow rates generated in TUFLOW match closely to the peak flows generated in 

DRAINS in the majority of locations.  Differences in the modelled results relate to variability in distribution of separated 

flows.  This is particularly evident in locations such as Baker Street, Anne Street, the basin outflow, Stiles Street, 

Kingsbury channel and culvert, Tangarra Street and Rawson Street.  These differences are the result of the overland 

flow paths assumed in the DRAINS not being consistent with the flow paths developed in TUFLOW using the rainfall–

on–the–grid method, which is based on the ALS data.  It should be noted that continuity is maintained at critical 

confluence points, with flows being consistent between the two modelling approaches.   

5.2 Community Consultation 

Community consultation was carried out by Brown Consulting to obtain information on historical flooding events.  

Information requested from residents within the study area included water levels, inundated properties and the 

direction of flows.  These first hand observations have been compared with the results of the TUFLOW modelling to 

assess the validity of the results.  Feedback received from the community consultation outlined four properties that 

had encountered flooding in the past.  Information on flooding from these four properties has been used in the 

validation process.  The Community Consultation Report is provided in Appendix C, with property locations show in 

Volume 2 on Map 5 – Community Consultation Results.   
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Property 1 

The resident of described incidence of the drainage grate blocking located on the footpath. In such cases overflow is 

directed through their front gate just in front of the property.  Flows entering the property generally pond up in the 

front garden; however the flood levels did not over top the front step.  Figure 6 shows the peak results of the model 

in a 20 year 2 hour event, it can be noticed that there is a significant volume of water flowing through the front yard 

of the property.  The flows early on in the storm concur with the description given by the resident, however as the 

magnitude of flows increase, flows overtop the crest threshold of the front yard and flow around the building and 

along the side yard. Only a qualitative comparison is possible in this situation as no flood levels were recorded. 

Property 2 

The resident described water reaching the backdoor and then flowing through the carport on the north side of the 

property in a flood event approximately 50 years ago and no known dates of occurrence could be provided. Flooding 

was described as ponding up in the rear yard from the channel, however didn’t inundate habitable areas.  Figure 6 

shows Property 2, highlighted which exhibits similar conditions to that described, however it is understood that there 

has been substantial changes to the channel and redevelopment of the site and adjoining properties since the reported 

occurrence. 

 

  

Figure 6 – TUFLOW modelling results for Property 1 (left) and Property 2 (right) 
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Property 3 

The owners of Property 3 reported they observed flooding on their property during heavy rainfall, especially in their 

garage. They also noted that the land was very flat around the property and it is on the low end of the street. Figure 7 

shows the peak flood depth after a 100 year 2 hour storm.  There is some pooling of water in the garage area as well 

as in the front yard which to an extent correlates with the description given by the owner, which would not be 

classified as overland flow in the context of this study as it is not greater than 0.15 metres.   

Property 4 

The owner of Property 4 reported flooding both on his property as well as the neighbour’s property which occurred 

sometime in the early 1970’s, with actual dates unknown.  The resident described a flood which exceeded the floor 

level on the neighbour’s property however not on the property in question.  The results of the 100 year 2 hours storm 

exhibit a similar outcome where inundation of the neighbouring property is clearly evident in Figure 7, with the 

dwelling of Property 4 located within the flood fringe.  The flooding on the neighbouring property shows the floor 

level inundated by 0.1-0.15 metres.  The dwelling has been substantially modified since the flooding occurred and 

currently only provides a qualitative verification as to the historical nature of flooding within the vicinity of the 

dwelling.  

 

  

Figure 7 – TUFLOW modelling results for Property 3 (left) and Property 4 (right) 
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6. Design Event Modelling 

6.1 Overview 

There are two basic approaches available to determining design flood levels: 

» Flood frequency analysis – based upon a statistical analysis of the flood events 

» Rainfall and runoff modelling – design rainfalls are processed by hydrologic and hydraulic computer models to 

produce estimates of design flood behaviour. 

A complete homogenous record of flood levels and flows over a number of decades is not available for the Cooks River 

feeder channel catchment, meaning that the flood frequency approach could not be applied in this investigation.  A 

rainfall and runoff modelling approach using DRAINS model and rainfall–on–the–grid in TUFLOW was adopted for this 

study to calculate design flows in the TUFLOW hydraulic model, which determines design flood levels, flows and 

velocities.  

6.2 Critical Duration 

Modelling of the 100 year event was undertaken to determine the critical storm duration for the catchment and 

subcatchment areas.  Design storm durations from 15 minutes to 12 hours were modelled, using temporal patterns 

from AR&R (1987). 

The modelling calculated that a combination of the 25 minute, 90 minute and 2 hour design storm durations were 

critical across the whole catchment for the 100 year event.  The 2 hour storm duration was predominantly the critical 

storm duration for the majority of the catchment for the 100 year event. For mapping purposes, the peak flood results 

adopted in the mapping was achieved by running the full duration of storms in TUFLOW and applying the maximum 

of all durations at each individual cell due to the spatial variability of critical storm duration. 

6.3 Downstream Boundary Conditions 

In addition to runoff from the catchment, downstream areas can also be influenced by high water levels in the Cooks 

River.  Consideration must therefore also be given to accounting for the joint probability to coincident flooding from 

both catchment runoff and backwater effects.  

A full joint probability analysis to consider the interaction of these two mechanisms is beyond the scope of this study. 

It is accepted practice to estimate design flood levels in these situations using a ‘peak envelope’ approach that adopts 

the highest of the predicted levels from the two mechanisms.  The effects of backwater flooding was modelled as a 

part of the sensitivity analysis discussed in Section 8. 

6.4 Modelling of Blockages 

The effect of blockage of hydraulic structures has been investigated in accordance with the recommendations on 

Engineers Australia, (2013) Australian Rainfall and Runoff: Revision Projects Project 11: Blockage of Hydraulic 

Structures (Stage 2).  A detailed discussion of the impact of blockages on flood behaviour is discussed in the Sensitivity 

Analysis in Section 8.1.5 and Appendix E. 
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7. Flood Mapping Results and Discussion 

The results maps from this study are presented in Volume 2: Flood Mapping which presents the following results from 

the modelling of design storm events: 

» Peak flood depths and level contours 

» Peak flow rates 

» Peak flood velocities 

» Provisional Flood Hazard Categorisation 

» Hydraulic categorisation 

» Burwood Council’s preference for Provisional Hydraulic Categorisation 

» Preliminary flood emergency response classification of communities. 

Discussion of the results of the flood modelling presented on these maps is provided in Section 7.1.  The flood profile 

of the Cooks River feeder channel and flood stage hydrographs for the 5, 10, 20, 50, 100 and 200 year events, along 

with the PMF is presented in Appendix D. 

7.1 Summary of Results 

Peak flood levels, depths and flows at key selected locations within the catchment are summarised in Sections 7.1.1–

7.1.7.  These key locations coincide with the history stations adopted in the sensitivity analysis discussed in Section 8 

and also major road crossings of the main channel.  The location of the selected key locations is shown in Figure 8 and 

in Volume 2 on Map 4 – Station Locations and Hotspots. 
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Figure 8 – Location of modelling history stations 
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7.1.1 Peak flood depths and level contours 

Peak flood depths and flood surface elevation contours for the Cooks River catchment are presented in Volume 2 of 

this report on: 

» Map 6 – 5 year peak depth (5y.D) 

» Map 7 – 10 year peak depth (10y.D) 

» Map 8 – 20 year peak depth (20y.D) 

» Map 9 – 50 year peak depth (50y.D) 

» Map 10 – 100 year peak depth (100y.D) 

(also presented on Figure 9) 

» Map 11 – 200 year peak depth (200y.D) 

» Map 12– PMF peak depth (PMF.D.) 

The results presented on the maps in Volume 2 indicate that flooding occurs within Henley Park 7.2.1 and along the 

Cooks River feeder channel.  Flooding occurs downstream of Henley Park in the area at the intersection of Tangarra 

Street East and Stiles and Lennartz Streets, discussed in Section 7.2.2, including the Burwood Council Works Depot.  

This flooding is primarily within the road reserve for events up to the 10 year event, with properties inundated during 

the 20, 50, 100, 200 events.   

Flooding upstream of Henley Park is primarily limited to the road reserves for the 5, 10 and 20 year events, with 

property flooding occurring during the 50, 100 and 200 year events between Ann Street and Henley Park, as well as 

upstream of Shelley Street. 

Flooding within the sub-catchments that drain directly to the Cooks River occurs within properties but is mostly limited 

to the road reserve for 5, 10, 20 50 and year 100 year events, with the exception of flooding of properties at the 

intersection of Yandarlo and Trelawney Streets for the 5 year and less frequent events, discussed in 7.2.5. 

 

Figure 9 – Peak flood depths for the 100 year storm (refer to Map 10 – 100 year peak depth (100y.D) in Volume 2)  
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A tabulated summary of peak flood depth and level results at key locations for 5 year to 200 year and PMP design 

storms are provided in Table 4.  

Table 4 – Peak flood levels (m AHD) and depths (m) at key locations 

Station Location Type 
5y 

ARI 

10y 

ARI 

20y 

ARI 

50y 

ARI 

100y 

ARI 

200y 

ARI 
PMF 

H01 
Henley Park detention 
basin 

Level (m AHD) 14.72 14.77 14.82 14.86 14.90 14.94 15.32 

Depth (m) 1.36 1.41 1.46 1.50 1.54 1.57 1.96 

H02 Mitchell St 
Level (m AHD) 13.80 13.82 13.85 13.87 13.89 13.92 14.18 

Depth (m) 0.10 0.12 0.15 0.17 0.19 0.22 0.55 

H03 Kingsbury St - channel 
Level (m AHD) 12.08 12.20 12.34 12.42 12.48 12.54 13.08 

Depth (m) 0.15 0.28 0.41 0.49 0.56 0.61 3.26 

H04 Kingsbury St - Stiles St 
Level (m AHD) 12.37 12.42 12.47 12.51 12.56 12.61 13.23 

Depth (m) 0.23 0.27 0.32 0.37 0.42 0.46 1.14 

H05 Tangarra St East 
Level (m AHD) 11.89 11.90 11.93 11.96 11.99 12.02 12.36 

Depth (m) 0.04 0.05 0.07 0.11 0.13 0.17 0.49 

H06 Rawson St 
Level (m AHD) 11.00 11.03 11.07 11.10 11.13 11.17 11.78 

Depth (m) 0.19 0.22 0.25 0.29 0.32 0.35 0.99 

H07 Park U/S Stanley St 
Level (m AHD) 9.32 9.50 9.64 9.75 9.85 9.94 10.77 

Depth (m) 0.64 0.82 0.96 1.07 1.17 1.26 2.08 

H08 Stanley St 
Level (m AHD) 9.17 9.37 9.48 9.58 9.65 9.71 10.49 

Depth (m) 0.29 0.49 0.60 0.69 0.77 0.83 1.69 

H09 Georges River Road 
Level (m AHD) 9.22 9.30 9.38 9.44 9.49 9.53 10.12 

Depth (m) 0.09 0.17 0.25 0.31 0.36 0.40 1.02 

H10 Burwood Road 
Level (m AHD) 8.19 8.29 8.37 8.41 8.43 8.44 8.75 

Depth (m) 0.01 0.11 0.18 0.23 0.25 0.26 0.60 

The results in Table 4 indicate that maximum overland flow depths occur in the detention basin within Henley Park 

and the small park upstream of Stanley Street.  These peak results are for the range of storm durations, with events 

of different durations causing peak flow depths at locations throughout the catchment. 

Stage hydrographs, showing modelled flood surface elevation during design storm events for selected locations in 

Table 4 are provided in Appendix D.   
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7.1.2 Peak flow rates 

Peak flow rates generated in the TUFLOW modelling have been reported from locations throughout the catchment 

for the peak 5, 10, 20, 50, 100 and 200 year events, along with the PMF and are provided in Table 5.  The location of 

the TUFLOW stations is presented in Volume 2 on Map 4 – Stations and Hotspot Locations. 

Table 5 – Peak flows (m3/s) at key locations 

Location TUFLOW 

Station Id 

5y ARI 10y 

ARI 

20y 

ARI 

50y 

ARI 

100y 

ARI 

200y 

ARI 

PMF 

Shelley St (into park) 117 & 74 6.1 7.4 8.9 9.1 10.4 11.8 43.6 

Henley Park basin inflow (U/S) From 
north-east 

56 & 116 16.4 19.5 24.2 26.8 30.5 34.4 120.6 

Henley Park basin inflow from west 
(Portland St) 

115 1.7 1.9 2.3 2.8 3.4 3.9 17.3 

Henley Park basin combined total 
inflow 

- 18.0 21.4 26.5 28.1 33.9 38.3 137.9 

Henley Park basin outflow (D/S) (Us 
Mitchell St) 

55 13.2 17.5 23.0 28.1 33.3 38.2 129.5 

D/S Mitchell St 18 4.4 6.6 7.0 8.2 9.5 10.4 16.6 

Stiles St (Inflow) 1 8.2 10.8 13.8 16.8 20.0 22.3 32.5 

Kingsbury channel O/L flow 119 5.6 6.7 7.6 8.3 8.7 9.2 18.5 

Stiles St (Cnr Kingsbury) (outflow) 3 3.5 5.5 8.2 10.9 13.6 16.3 53.2 

Tangarra St East culvert 120 10.4 12.6 15.0 17.1 19.2 21.3 52.9 

Rawson St 122 3.2 4.9 8.1 12.1 15.3 18.4 94.9 

D/S Stanley St culvert 30 14.4 16.6 20.5 24.3 28.0 31.9 79.6 

D/S Georges River Rd culvert 32 13.7 15.4 18.4 21.2 24.1 27.1 146.6 

D/S Burwood Rd culvert 35 14.2 17.8 23.0 28.2 33.2 38.6 155.4 

The results in Table 5 indicate that the basin in Henley Park does not appear to reduce peak flow rates for events of 

greater magnitude than the 50 year event.  These peak results are for the range of storm durations, with events of 

different durations causing peak flow rates at locations throughout the catchment. 
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7.1.3 Peak flood velocities 

Peak flood velocities categorised into bands for the Cooks River catchment are presented in Volume 2 of this report 

on: 

» Map 13 – 5 year peak velocity (5y.V) 

» Map 14 – 10 year peak velocity (10y.V) 

» Map 15 – 20 year peak velocity (20y.V) 

» Map 16 – 50 year peak velocity (50y.V) 

» Map 17 – 100 year peak velocity (100y.V) 

» Map 18 – 200 year peak velocity (200y.V) 

» Map 19 – PMF peak velocity (PMF.V). 

 

The results presented on the maps in Volume 2 indicate that highest flow velocities occurs within the Cooks River 

feeder channel and along Shelley Street and Stiles Street.  The tabulated summary of peak velocities within the open 

channel and overtopping structures for 5 year to 200 year and PMP design storms is presented in Table 6. 

Table 6 – Peak velocities (m/s) in open channel 

Location Type 5y ARI 10y ARI 20y ARI 50y ARI 100y 

ARI 

200y 

ARI 

PMF 

D/S Mitchell St Open Channel 2.0 2.2 2.2 2.4 2.6 2.8 2.9 

U/S Tangarra St East Open Channel 1.8 1.9 1.9 1.9 1.9 1.9 2.4 

Tangarra St East Culvert 5.2 5.7 5.9 6.0 6.1 6.2 6.3 

D/S Tangarra St East Open Channel 2.7 2.9 3.1 3.2 3.3 3.5 3.8 

U/S Stanley St Open Channel 1.6 1.6 1.6 1.5 1.5 1.5 6.5 

Stanley St Culvert 3.6 3.6 3.6 3.6 3.5 3.5 6.3 

U/S Georges River Rd Open Channel 1.7 1.7 1.7 1.9 2.0 2.1 2.7 

Georges River Rd Culvert 4.1 4.2 5.5 5.6 5.7 5.9 6.5 

D/S Georges River Rd Open Channel 1.6 1.6 1.7 1.7 1.9 2.1 3.1 

U/S Burwood Rd Open Channel 1.6 1.7 1.9 2.2 2.5 2.8 4.2 

Burwood Rd Culvert 4.1 4.2 5.4 5.5 5.6 5.7 6.8 

D/S Burwood Rd Open Channel 2.2 2.2 2.3 2.4 2.5 2.6 4.4 

The results in Table 6 and in Volume 2 on Maps 13–19 indicate that the highest flow velocities occur within the culverts 

under roads.  These velocities are relatively high, up to approximately 6.0 metres per second.  These peak results are 

for the range of storm durations, with events of different durations causing peak flow velocities at locations 

throughout the catchment. 
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7.1.4 Provisional Flood Hazard Categorisation 

Hazard categories were determined in accordance with Appendix L of the NSW Floodplain Development Manual, the 

graphical representation of this categorisation methodology is shown in Figure 10.  For the purposes of this report, 

the transition zone shown in yellow on Figure 10 has been classified as high hazard. 

 

 

Figure 10 – Provisional Hydraulic Hazard Categories (Figure L2 from NSW Floodplain development manual (2005)) 

Maps of provisional flood hazard categorisation in the Cooks River catchment are presented in Volume 2 of this report 

on: 

» Map 20 – 5 year Provisional Flood Hazard 

Categorisation (5y.PHFC) 

» Map 21 – 10 year Provisional Flood Hazard 

Categorisation (10y.PHFC) 

» Map 22 – 20 peak Provisional Flood Hazard 

Categorisation (20y.PHFC) 

» Map 23 – 50 year Provisional Flood Hazard 

Categorisation (50y.PHFC) 

» Map 24 – 100 year Provisional Flood Hazard 

Categorisation (100y.PHFC) 

» Map 25 – 200 year Provisional Flood Hazard 

Categorisation (200y.PHFC) 

» Map 26 – PMF Provisional Flood Hazard 

Categorisation (PMF.PHFC). 

The results presented on the maps in Volume 2 indicate that areas provisionally categorised as High Hazard occurs 

within the Cooks River feeder channel and along Shelley Street and Stiles Street, increasing in extent for events from 

the 5 year to the 200 year.   
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7.1.5 Provisional Hydraulic Categorisation 

Provisional hydraulic categories of flooding, namely floodway, flood storage and flood fringe, are described in the 

Floodplain Development Manual (NSW State Government, 2005). The manual does not provide a technical definition 

of hydraulic categorisation that would be suitable for all catchments, with different approaches are used by different 

consultants and authorities, based on the specific features of the study catchment in question. 

For this study, flood categories were defined by the following criteria, which correspond in part with the criteria 

proposed by Howells et. al. (2003): 

Floodway is defined as areas where: 

 the peak value of velocity multiplied by depth (V x D) > 0.25 m2/s AND peak velocity > 0.25 m/s, or 

 peak velocity > 1.0 m/s and peak depth > 0.15 metres 

 The remainder of the floodplain is either Flood Storage or Flood Fringe 

Flood Storage comprises areas outside the floodway where peak depth > 0.5 metres 

Flood Fringe comprises areas outside the Floodway where peak depth < 0.5 metres. 

Maps of provisional flood categorisation in the Cooks River catchment are presented in Volume 2 of this report on: 

» Map 27 – 5 year Provisional Hydraulic 

Categorisation (5y.FC) 

» Map 28 – 10 year Provisional Hydraulic 

Categorisation (10y.FC) 

» Map 29 – 20 peak Provisional Hydraulic 

Categorisation (20y.FC) 

» Map 30 – 50 year Provisional Hydraulic 

Categorisation (50y.FC) 

» Map 31 – 100 year Provisional Hydraulic 

Categorisation (100y.FC) 

» Map 32 – 200 year Provisional Hydraulic 

Categorisation (200y.FC) 

» Map 33 – PMF Provisional Hydraulic 

Categorisation (PMF.FC). 

 

The results presented on the maps in Volume 2 indicate that areas provisionally categorised as floodway occurs within 

the Cooks River feeder channel and along Shelley Street and Stiles Street, increasing in extent for events from the 5 

year to the 200 year.  The main areas of flood storage is Henley Park within the Cooks River feeder channel catchment, 

as well as the intersection of Yandarlo and Trelawney Streets in the sub-catchments that drain directly to Cooks River. 

7.1.6 Burwood Council’s Preference on Provisional Hydraulic Categorisation 

Councils are increasingly moving away from the practice of defining Floodway, Flood Storage and Flood Fringe, as the 

mapping of Flood Fringe may allow landowners to bypass a Council Development Application and instead apply to a 

private certifier, under the 2008 Exempt and Complying SEPP.  In order to avoid this, a ‘Low Risk’ and ‘High Risk’ 

classification was adopted where: 

» High Risk corresponds with areas classified as Floodway and Flood Storage 

» Low Risk corresponds with areas classified as Flood Fringe. 

This method of hydraulic categorisation is Burwood Council’s preferred method.  Maps of provisional hydraulic 

categorisation in the Cooks River catchment are presented in Volume 2 of this report on: 
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» Map 34 – 5 year Provisional BC Hydraulic 

Categorisation (5y.BCHC) 

» Map 35 – 10 year Provisional Hydraulic 

Categorisation (10y. PHC) 

» Map 36 – 20 peak Provisional Hydraulic 

Categorisation (20y. PHC) 

» Map 37 – 50 year Provisional Hydraulic 

Categorisation (50y. PHC) 

» Map 38 – 100 year Provisional Hydraulic 

Categorisation (100y. PHC) 

» Map 39 – 200 year Provisional Hydraulic 

Categorisation (200y. PHC) 

» Map 40 – PMF Provisional Hydraulic 

Categorisation (PMF. PHC). 

The results presented on the maps in Volume 2 indicate that areas provisionally categorised as High Risk occurs within 

the Cooks River feeder channel and along Shelley Street and Stiles Street, increasing in extent for events from the 

5 year to the 200 year.  The main areas of high risk are Henley Park within the Cooks River feeder channel catchment, 

as well as the intersection of Yandarlo and Trelawney Streets in the sub-catchments that drain directly to Cooks River. 

7.1.7 Preliminary flood emergency response classification of communities 

The NSW Floodplain Development Manual requires flood studies address the management of continuing flood risk to 

both existing and future development areas.  As continuing flood risk varies across the floodplain so does the type and 

scale of emergency response problem and therefore the information necessary for effective Emergency Response 

Planning (ERP). 

Classification provides an indication of the vulnerability of the community in flood emergency response and identifies 

the type and scale of information needed by the State Emergency Services (SES) to assist in emergency response 

planning (ERP). 

Criteria for determining flood response plan classifications and an indication of the emergency response required for 

these classifications are provided in the Floodplain Risk Management Guideline, 2007 (Flood Emergency Response 

Planning: Classification of Communities).  This guideline summarises the response required for areas of different 

classification.  These may vary depending on local flood characteristics and resultant flood behaviour, i.e. in flash 

flooding or overland flood areas. 

The criteria for classification of floodplain communities are generally more applicable to riverine flooding where 

significant flood warning time is available and emergency response action can be taken prior to the flood. In urban 

areas like the Cooks River catchment, flash flooding from local catchment and overland flow will generally occur as a 

direct response to intense rainfall without significant warning. For most (if not all) flood affected properties in the 

catchment, remaining inside the building is likely to present less risk to life than attempting to drive or wade through 

floodwaters, as flow velocities and depths are likely to be greater in the roadway. 

The guideline recommends ERP Classification be undertaken for the 100 year event, along with the PMF. These are 

presented in Volume 2, on Map 41 (100y.FERP) and Map 42 (PMF.FERP).  Areas that are likely to be isolated due to 

floodwater and contain properties that are likely to be inundated were classified as either Low Flood Island (LFI) or 

Low Trapped Perimeter (LTP) Areas. These high priority areas include properties the Cooks River feeder channel and 

Stiles Street. The areas classified as Rising Road Access are likely to be inundated but have roads rising uphill and away 

from the rising floodwaters. Therefore, residents should not be trapped unless they delay evacuation from their 

homes. 
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7.2 Flood Affected Locations 

7.2.1 Henley Park  

Henley Park is notable as the only park within Burwood LGA designed to function as a stormwater detention basin.  

The park, shown on Photograph 1, was re-constructed in the 1990s, with drainage surcharge pits and an earth 

embankment along the southern boundary (Mitchell Street) to function as a detention basin to manage stormwater 

flows.  

 

Photograph 1 – Henley Park, looking east from Portland Street 

This flood affected land is zoned RE1 Public Recreation on Burwood Council Local Environment Plan (LEP) 2012 and is 

used for sporting fields.  The park also contains Enfield Aquatic Centre and the Henley Park Amenities Complex, both 

of which are inundated during the 100 year flood event.   

The stage hydrographs, presented in Appendix D, indicate that the flood depth in Henley Park is estimated to be 

greater than 1.5 metres in the 100 year event.  The results in Table 5 indicate that the basin in Henley Park does not 

appear to reduce peak flow rates for events of greater magnitude than the 50 year event.   

7.2.2 Tangarra Street East, Rawson Street, Lennartz/Stiles Street, Kingsbury Street 

This location, downstream of Henley Park, is inundated by overland flooding and mainstream flooding.  The 

intersection of Tangarra Street East and Lennartz/Stiles Streets (shown on Photograph 2) is a trapped low point that 

takes overflow from Henley Park, flowing north–south down Stiles Street through the intersection with Kingsbury 

Street. 

 

Photograph 2 – Intersection of Tangarra Street East and Lennartz/Stiles Street, looking south-east 
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There is no overland flow route along roads from the intersection shown in Photograph 2, with flood water travelling 

through properties located in the block bounded by Lennartz Street, Tangarra Street East and Rawson Street. 

The Cooks River feeder channel has a sharp left-hand turn facing downstream at Tangarra Street East, where it 

becomes a covered channel.  The covered concrete channel takes two almost 90o turns within the length of 

approximately 70 metres before becoming an open channel at the intersection of Tangarra Street East and Rawson 

Street, shown looking downstream on Photograph 3.  This curving channel geometry reduces the hydraulic efficiency 

and is a factor in flooding at this location.  The channel then passes between No. 9 Tangarra Street and No. 8 Rawson 

Street, travelling through open land to Stanley Street, which is discussed in Section 7.2.3. 

 

Photograph 3 – Intersection of Tangarra Street East and Rawson Street, looking south-east along Cooks River feeder channel 

The Webb, McKeown & Associates report prepared in 1998 noted information from the householder at No. 8 Rawson 

Street that the channel alongside this property had overtopped twice in the previous thirteen years.  The event on 

2 January 1996, was estimated to approximately correspond to a 50 year recurrence interval rainfall event at Enfield, 

although this storm was less severe in surrounding areas.   

The results of the modelling presented in Table 4 indicate that the peak depths at this flood location vary within the 

roads between 0.13 metres at Tangarra Street East and 0.42 metres at the intersection of Kingsbury Street and Stiles 

Street.  Flooding at Rawson Street, shown on Photograph 3, is calculated at 0.35 metres in the 100 year event. 

7.2.3 Stanley Street and Georges River Road 

A small park, approximately 1.2 hectares, is located in the block between Stanley Street, Rawson Street, Tangarra 

Street East and Georges River Road.  This park, shown on Photograph 4 acts as a detention basin and was the subject 

of the 1998 Webb McKeown investigation. 

 

Photograph 4 – Cooks River feeder channel and park between Stanley and Rawson Streets, looking south-east 
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The Webb, McKeown study estimated that 45 and 47 Stanley Street would be subject to above-floor flooding in a 100 

year ARI flood.  Flooding at this location, presented in Table 4, is calculated at up to 1.17 metres deep in the 100 year 

event. 

The intersection of Georges River Road and Stanley Street is shown in Photograph 5.  In the flood of 2 January 1996, 

Stanley Street was reported to be flooded to a depth of 0.4 m.   

 

Photograph 5 – Cooks River feeder channel and park between Stanley Street and Georges River Road, looking north-west 

The Cooks River feeder channel passes under Stanley Street with a clearance of only 1.27 metres under the road slab.  

The capacity of the channel and its adjoining overbank area, is significantly reduced by the Stanley Street roadway, 

resulting in flooding occurring more frequently at this point along the channel than at any other location in Burwood 

LGA.  

The modelling indicates that water levels in the channel will exceed the capacity of the culvert under Stanley Street 

for events greater than the 5 year recurrence interval, resulting in flow crossing Stanley Street, re-entering the channel 

and then flowing under Georges River Road.   
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7.2.4 Burwood Road 

The Cooks River feeder channel is highly constricted between Georges River Road and Burwood Road, as shown in 

Photograph 6.   

 

Photograph 6 – Cooks River feeder channel, viewed from Burwood Road, looking north-west 

The modelling indicates that in the 100 year event, flow in this area of the channel backs up along Georges River Road, 

flowing north-east to the intersection with Burwood Road, flowing south and re-joining the channel at the point at 

which it leaves Burwood LGA.  The results in Table 4 show that the flood depth at Burwood Road in the 100 year event 

is 0.25 metres. 

7.2.5 Intersection of Trelawney and Yandarlo Streets 

Flooding occurs at the intersection of Trelawney and Yandarlo Streets, shown on Photograph 7, as a result of a trapped 

low point. 

 

Photograph 7 – Intersection of Trelawney and Yandarlo Streets, looking south-west 

Of particular concern at this location is the driveway entrance to a basement car park, shown on the right-hand side 

of Photograph 7.  This basement car park entrance is at the location of the mapped hotspot and does not appear to 

have flooding protection.  Historical aerial photographs indicate that this building has been recently constructed, 

between 2010 and 2011.  
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8. Sensitivity Analysis 

8.1 Parameter Sensitivity 

A sensitivity analysis of the Cooks River catchment model was run to investigate the effect of varying range of different 

scenarios and parameters.  All sensitivity runs used the 100 year ARI 2 hour design storm which was identified as the 

critical storm duration of the main channel which is the reach most sensitive to parameter changes. The following was 

tested for sensitivity analysis: 

» Downstream Boundary Condition with 100 year ARI Cooks River Flood Levels. 

» Initial Loss +/-10% 

» Continued Loss +/- 10% 

» Pit Ku Loss Parameter +/-20% 

» Manning’s ‘n’ roughness parameter +/-20% 

» Blockage scenario with 20% blockage in pit inlet capacity (reduced from 50%) 

» Blockage scenario with 100% blockage in pit inlet capacity and 50% blockage applied to major culverts 

» Blockage scenario with 100% blockage in pit inlet capacity and 100% blockage applied to major culverts 

» Climate Change +10%, +20% and +30% in rainfall intensity 

These sensitivity scenarios were undertaken for the 100 year ARI 2 hour rainfall event with results provided in 

Appendix E, maps provided in Volume 3, with a brief summary in Sections 8.1.1 to 8.1.5.  A more detailed discussion 

of the modelled climate change scenarios in detail in Section 8.2. 

8.1.1 Boundary condition sensitivity 

The sensitivity analysis using flood level data from the Cooks River Flood Study (Sydney Water, 2009) showed the 

backwater effect of the peak 100 year flood event for the Cooks River extends into the Cooks River feeder channel, it 

does not influence flood levels within the Burwood Council LGA.  This analysis indicates that in the event of the peak 

of the 100 year event for the overall Cooks River coinciding with the peak from the Cooks River feeder channel, which 

is feasible as both peaks occur for the 2 hour event, there would be no backwater effects within Burwood LGA. 

8.1.2 Initial and continuing losses sensitivity 

The result of sensitivity analysis shows the TUFLOW model is not sensitive to initial loss and continued loss parameters 

where the resulting difference in analysed flood surface level varied by less than 0.01 metres in the majority of the 

scenarios tested. 

8.1.3 Pit Ku loss sensitivity 

The result of sensitivity analysis shows the TUFLOW model is not sensitive to variations in the pit Ku loss parameter 

where the resulting difference in analysed flood surface level varied by less than 0.01 metres in the majority of the 

scenarios tested. 

8.1.4 Manning’s ‘n’ roughness sensitivity 

The result of sensitivity analysis shows the TUFLOW model is not sensitive to Manning’s ‘n’ where the resulting 

difference in analysed flood surface level varied by less than 0.01 metres in the majority of the scenarios tested.  The 

results in Table E10 and Table E11 in Appendix E indicate that the largest variation in flow depth is of the order of 0.04 

metres. 
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8.1.5 Blockage sensitivity 

Flood levels adjacent to the main central channel are sensitive to blockage of culvert crossings, particularly upstream 

of culverts.  Flood levels increase by as much as 0.2 metres for 50% blockage and 0.3 metres for 100% blockage.  This 

is attributable to a large component of the 100 year event conveyance being contained within the channel.  A blockage 

factor has been applied to all design runs in determining Flood Planning Levels and Flood Planning Area such that any 

incidence of total blockage is appropriately contained within any freeboard provision for properties which may be 

affected by a blockage scenario is appropriately identified in the analysed flood extents. 

8.2 Climate Change Sensitivity Analysis 

The effects that increasing amounts of greenhouse gases (water vapour, carbon dioxide, methane, nitrous oxide, 

ozone) are having on the average earth surface temperature is a point of variable scientific opinions and is constantly 

under research. The extent of any permanent climatic or sea level change can only be established with certainty 

through scientific observations over several decades.  

Current Climate Change research indicated that there is a likelihood of climate change and sea level rise as a result of 

increasing greenhouse gasses. In this regard, the following points can be made: 

» Greenhouse gas concentrations continue to increase 

» Global sea level has risen about 0.1 metres to 0.25 metres in the past century 

» Many uncertainties limit the accuracy to which future climate change and sea level rises can be projected and 

predicted. 

With the uncertainty of the probable effect of climate change with respect to flooding, it is necessary to investigate 

and consider the possible causes on flood levels. 

8.2.1 Rainfall increase 

The Bureau of Meteorology has indicated that there is no intention at present to revise design rainfalls to take account 

of the potential climate change, as the implications of temperature changes on extreme rainfall intensities are 

presently unclear, and there is no certainty that the changes would in fact increase design rainfalls for major flood 

producing storms.  There is some recent literature by CSIRO that suggests extreme rainfalls may increase by up to 30% 

in parts of NSW (in other places the projected increases are much less or even decrease); however this information is 

not of sufficient accuracy for use as yet (NSW State Government, 2007). 

In light of this uncertainty, the NSW State Government (2007) advice recommends sensitivity analysis on flood 

modelling should be undertaken to develop an understanding of the effect of various levels of change in the hydrologic 

regime on the project at hand.  Specifically, it is suggested that increases of 10%, 20% and 30% to rainfall intensity be 

considered which has been adopted in this study. 

The results of the climate change scenario modelling is presented in Volume 3 on the following maps: 

» Map S.18 (CC.01) for sensitivity difference to a 10% increase in rainfall 

» Map S.19 (CC.02) for sensitivity difference to a 20% increase in rainfall 

» Map S.20 (CC.03) for sensitivity difference to a 30% increase in rainfall. 

The tabulated summary of differences in flows resulting from the modelled climate change scenarios are presented 
in Table 7, showing changes in flood depth, and Table 8 showing changes in flow rates. 
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Table 7 – Results of sensitivity analysis for climate change scenarios - 100 year ARI flood depths 

Location Depth 

Location 

100 year 

ARI 

Flood 

Depth 

Difference in Flood Depth (m) 

Climate Change 

+10% Rainfall 

Climate Change 

+20% Rainfall 

Climate Change 

+30% Rainfall 

Detention basin H01 1.52 0.03 0.06 0.09 

Mitchell St H02 0.17 0.03 0.06 0.11 

Kingsbury St - Channel H03 0.52 0.06 0.1 0.15 

Kingsbury St - Styles St H04 0.11 0.03 0.06 0.08 

Tangarra St East H05 0.30 0.02 0.05 0.09 

Rawson St H06 1.13 0.08 0.15 0.22 

Park U/S Stanley St H07 0.72 0.06 0.11 0.16 

Stanley St H08 0.32 0.05 0.08 0.12 

Georges River Road H09 0.24 0.02 0.03 0.04 

Burwood Road 

[D/S limit of LGA] 

H10 
0.32 0.06 0.1 0.15 

Windsor Ave H11 2.83 0.1 0.18 0.26 

Balmoral Ave H12 0.33 0.13 0.23 0.35 

Hampton St H13 2.70 0.09 0.18 0.26 

Small Bridge U/S  Brighton 

Ave 

H14 
0.39 0.04 0.08 0.12 

The results presented in Table 7 indicate that flood depths within the length of the Cooks river feeder channel located 

within Burwood LGA are not affected by a 10% increase in rainfall.  Rainfall increases of 20 and 30% do increase flows 

within the channel, by up to 0.15 metres, reaching as far upstream as the location of the flooding hotspot at Kingsbury 

Street, discussed in Section 7.2.2. 
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Table 8 – Results of sensitivity analysis for climate change scenarios - 100 year ARI flows 

Location ID 100 year 

ARI 

Flow 

Difference in Flow (m3/s) 

Climate Change 

+10% Rainfall 

Climate Change 

+20% Rainfall 

Climate Change 

+30% Rainfall 

Shelley St (into park) 117 & 74 9.7 1.1 2.2 3.3 

Basin inflow (U/S) from 
north-east 

56 & 116 30.3 3.3 6.7 10.2 

Basin inflow from west 
(Portland St) 

115 3.3 0.5 1.0 1.5 

Basin outflow (D/S) (Mitchell 
St) 

55 33.1 4.5 8.7 13.0 

D/S Mitchell St 18 9.4 0.8 1.6 2.6 

Stiles St (inflow) 1 20.0 2.8 4.4 6.5 

Kingsbury channel O/L flow 
to channel 

119 9.0 0.4 0.7 0.9 

Stiles St (Cnr Kingsbury) 
(outflow) 

3 13.3 2.4 4.8 7.3 

Tangarra St East culvert 120 21.0 1.9 3.7 5.7 

Rawson St 122 14.0 2.7 5.5 8.6 

Stanley St 30 28.9 3.3 6.5 9.7 

Georges River Rd 33 23.0 4.2 8.2 12.0 

Burwood Rd 35 30.4 5.3 10.8 16.4 

Windsor Ave 37 38.7 6.0 11.4 17.2 

Balmoral Ave 40 39.9 5.9 12.2 18.5 

Hampton St 43 44.4 7.1 10.5 16.6 

The areas most affected by climate change are immediately adjacent to the Cooks River feeder channel.  The difference 

analysis shows an overall incremental increase of up to approximately 0.1 metres, 0.2 metres and 0.2 metres for the 

+10%, +20% and +30% rainfall intensities respectively with localised increases of up to 0.3 metres for the +30% rainfall 

intensities.  
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8.2.2 Sea level rise 

The NSW Sea Level Rise Policy Statement was released by the NSW Government in October 2009. This Policy Statement 

was accompanied by the Derivation of the NSW Government’s sea level rise planning benchmarks (NSW State 

Government, 2009) which provided technical details on how the sea level rise assessment was undertaken.  Additional 

guidelines were issued by OEH, including the Flood Risk Management Guide: Incorporating sea level rise benchmarks 

in flood risk assessments 2010. 

The Policy Statement says: 

‘Over the period 1870-2001, global sea levels rose by 20 centimetres, with a current global average 

rate of increase approximately twice the historical average. Sea levels are expected to continue rising 

throughout the twenty-first century and there is no scientific evidence to suggest that sea levels will 

stop rising beyond 2100 or that current trends will be reversed… However, the 4th Intergovernmental 

Panel on Climate Change in 2007 also acknowledged that higher rates of sea level rise are possible’ 

(NSW State Government, 2009) 

In light of this uncertainty, the NSW State Government’s advice is subject to periodical review. As of 2012 and after 

the commencement of this flood study, the NSW State Government withdrew endorsement of sea level rise 

predictions but still require sea level rise to be considered.  At the commencement of this flood study the benchmarks 

required Council to plan for projected sea level rise of 0.4 metres by 2050 and 0.9 metres by 2100 (NSW State 

Government, 2010), relative to 1990 levels. 

This study includes only the drainage network draining to the Cooks River.  Through the course of the study, the invert 

level of the main channel of the Cooks River feeder channel was surveyed at approximately 5 metres AHD at the 

Burwood Council LGA boundary (the downstream limit of the mapping) which is well above the height of influence 

from projected sea level rise.  Consideration of the effects of sea level rise in the mainstream flooding of the Cooks 

River was outside the scope of this study.  As such, additional sensitivity runs for sea level rise for local overland flood 

analysis was not warranted.  

The sensitivity analysis using flood level data from the Cooks River Flood Study (Sydney Water, 2009) is discussed in 

Appendix E and shown in Volume 3 on Maps S.6 to S.8.  The results of the analysis indicated that the backwater effect 

of the Cooks River extends into the Cooks River feeder channel downstream of the study area and does not influence 

flood levels within the Burwood Council LGA. 
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9. Preliminary Flood Planning Areas – Property Tagging 

Land use planning is considered to be one of the most effective means of minimising flood risk and damages from 

flooding.  In NSW, flood risk is managed strategically as part of development control by: 

» Selection of a flood risk level to be used for planning, usually the 100 year flood event 

» Modelling of the selected flood event to determine the flood level 

» Determination of the Flood Planning Level (FPL), which is the flood level of the selected flood event plus an 

appropriate freeboard, or safety factor, usually 0.5 metres 

» Mapping of the Flood Planning Area (FPA), which is the land below the Flood Planning Level (FPL) 

In the planning context, the Flood Planning Area is land that is subject to flood related development controls and the 

Flood Planning Level is the minimum floor level applied to new developments within the Flood Planning Area. 

The process of defining FPAs and FPLs is somewhat complicated by the variability of flow conditions between 

mainstream and local overland flow, particularly in urban areas. The more traditional approaches typically having been 

developed for riverine environments and mainstream flow. 

Defining the area of flood affectation due to overland flow (which by its nature includes shallow flow) often involves 

determining at which point it becomes significant enough to classify as ‘flooding’.  The difference in peak flood level 

between events of varying magnitude may be minor in areas of overland flow, such that applying the typical freeboard 

can result in a FPL greater than the Probable Maximum Flood (PMF) level. 

The FPA should include properties where future development would result in impacts on flood behaviour in the 

surrounding area and areas of high hazard that pose a risk to safety or life.  Further to this, the FPL is determined with 

the purpose to decrease the likelihood of over-floor flooding of buildings and the associated damages. 

The Floodplain Development Manual suggests that the FPL generally be based on the 100 year event plus an 

appropriate freeboard.  The typical freeboard cited in the manual is that of 0.5 metres; however it also recognises that 

different freeboards may be deemed more appropriate due to local conditions. In these circumstances, some 

justification is called for where a lower value is adopted. 

Further consideration of flood planning areas and levels are typically undertaken as part of the Floodplain Risk 

Management Study where council decides which approach to adopt for inclusion in the Floodplain Management Plan. 

9.1 Methodology and Criteria 

The methodology used in this report is consistent with that adopted in a number of previous studies in the Burwood 

LGA including the Dobroyd Canal Flood Study (WMA, 2013). It divides flooding between main stream flooding and 

overland flooding using the following criteria: 

» Mainstream flooding: Any percentage of the cadastral area is affected by mainstream flooding in the 100 year 

event. This has been defined as the peak flood level within the open channel section of Cooks River feeder 

channel plus a 0.5 metre freeboard, with the level extended perpendicular to the flow direction. 

» Overland flooding: Greater than or equal to 10% of the ‘active’ cadastral area is affected by the 100 year peak 

flood depth of greater than 0.15 metres. The ‘active’ cadastral area was considered to be the cadastral area 

excluding the building area that was modelled as impermeable. 

In situations where a cadastral lot is subject to both mainstream flooding and overland flooding, the mechanism that 

produces the highest Flood Planning Level is given precedence, although both levels have been provided. 
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9.2 Flood Planning Area Mapping 

Property tagging maps are presented in Volume 2 on the following maps: 

» Map 43 (OF.TAG) for overland flooding for the 100 year peak event 

» Map 44 (MF.TAG) for mainstream flooding from the Cooks River feeder channel for the 100 year peak event 

plus 0.5 metres freeboard 

» Map 45 (CR.TAG) for flooding for the Cooks River 100 year peak flood plus 0.5 metres freeboard 

» Map 46 (LOT.TAG) for the amalgamated property tagging map. 

The property tagging maps presented in Volume 2 show that a large number of properties within the catchment lie 

within the Flood Planning Area and will require development controls to manage the risk posed by flooding. 

The number of tagged residential and commercial properties within the Cooks River catchment within Burwood LGA 

are: 

» Overland flooding  – 265 lots (total) 

» Mainstream flooding – 170 lots (total) 

 Mainstream and overland flooding – 113 lots 

 Mainstream only – 57 lots. 

» Cooks River flooding – 38 lots (total) 

 Cooks River and overland flooding – 14 lots 

 Cooks River only – 24 lots. 

» Total tagged lots – 346 lots  

Including parks and other non-residential and commercial lots, a total of 370 lots are tagged as flood affected. 

9.2.1 Overland flooding 

The total of 256 lots tagged as affected by overland flooding are shown on Map 43 in Volume 2.  These tagged lots are 

located in the flooding hotspots discussed in Section 7.2 and other areas, with properties experiencing greater depths 

of inundation generally having higher percentage of area flooded.   

9.2.2 Mainstream flooding 

A total of 170 lots are identified on Map 44 in Volume 2 as being affected by mainstream flooding from the Cooks 

River feeder channel.  Of these 170 lots, 57 lots are only impacted by inundation from flows in the feeder channel, 

also referred to as fluvial flow, not from overland flows from upstream catchment, also referred to as pluvial flow or 

runoff.  All of these lots tagged as affected by mainstream flooding are located between Henley Park and the Burwood–

Canterbury LGA boundary at Burwood Road. 

9.2.3 Cooks River flooding 

Flooding from the Cooks River (fluvial flooding) inundates a total of 38 lots, including parks, shown on Map 45.  From 

this total, 24 lots are inundated from the Cooks River only and not from overland flows from upstream catchment.  

The majority of these lots impacted by flooding in Cooks River have property boundaries on the river or adjacent 

reserves, with 6 lots on Walsh Avenue, 1 lot on Fountain Avenue and 8 lots on Lees Avenue not bordering the river or 

an adjacent reserve. 
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9.2.4 Total tagged properties 

The amalgamated property tagging map, Map 46 in Volume 2, shows the total number of 346 properties with the 

study area that are subject to planning controls as a result of flooding.  

The NSW Floodplain Development Manual recommends that councils should only provide information on flood 

development controls where these controls are imposed by council policies in accordance with the requirements of 

the Local Government Act 1993.  This information is provided in a Section 149(2) Certificate and contains a list of 

matters planning matters, including flooding, as prescribed under Schedule 4 of the Environmental Planning and 

Assessment Regulation 2000.   

Additional information on flooding can be provided by councils under Section 149(5) of the Act.  This information can 

be from flood studies or historical flood events and is at the discretion of council to provide.  The NSW Floodplain 

Development Manual states that ‘to become fully aware of flood risk prospective purchasers need to rely upon the 

use of information provided on planning certificates under both Sections 149(2) and 149(5) of the Act, using either 

planning certificates or other appropriate means’. 

Details of the flood behaviour and flood planning requirements will form the basis of the information provided by 

Council on the Section 149(2) and (5) Certificates.  This information will be provided to properties tagged on Maps 43–

46 by Council in the form of prescribed flood planning levels.   

9.3 Additional Data Requirements for Property Tagging 

In order to more accurately assess the potential impacts of flooding at the properties tagged on Maps 43–46, 

additional information will be required by Council.  This information includes additional survey of property features, 

in particular building locations and flood elevations.  This additional information, or ‘ground truthing’ will be used to 

refine the modelling, and findings of this flood study, and may result in properties no longer being tagged and 

subjected to flood planning controls.  This additional information will be required at the Floodplain Risk Management 

Study stage of the project, outlined in Section 2.2. 
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10. Conclusion and Recommendations 

10.1 Summary of Study Outcomes and Conclusion 

The Cooks River Overland Flood Study has described flood behaviour in the study area resulting from existing 

conditions.  The study involved the development of a two-dimensional flood model for catchment of the Cooks River 

feeder channel, also referred to as the Henley Park Channel.  

The study provides advice and mapping to Burwood Council to assist with decision making for controlling and assessing 

development potential.  The study has: 

» Involved the preparation and hand-over to Burwood Council of suitable models of the catchment and floodplain 

to define flood behaviour in terms of design flood levels, depths, velocities, flows and flood extents within the 

study area  

» Presented maps of flood levels, depths, velocities, flows and flood extents within the study area  

» Presented maps of provisional hydraulic categories and provisional hazard categories  

» Determine provisional residential flood planning levels and flood planning area  

» Prepared preliminary emergency response classifications for communities 

» Assess the sensitivity of flood behaviour to potential climate change effects such as increases in rainfall 

intensities and sea level rise. 

» Provide flood advice for use in a subsequent Floodplain Risk Management Study. 

The property tagging maps presented in Volume 2 show that a large number of properties within the catchment lie 

within the Flood Planning Area and will require development controls to manage the risk posed by flooding. 

10.2 Recommendations of this Study 

Effective management of flood risk can only be successful if a broad and integrated range of flood management 

measures are planned and implemented.  Flood management measures need to address existing and future flood 

risks, as well as manage any residual or continuing risk once these measures have been implemented.  Flood risk 

management measures need to address risks to life, property and safety. 

The Floodplain Risk Management Study and Plan for the Cooks River catchment within Burwood Council LGA will 

involve a more detailed identification of areas that require further investigation and of potential options for 

management of flood risk. 
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13. Glossary of Terms 

 

Afflux The rise in water level upstream of a hydraulic structure such as a bridge or culvert, 

caused by losses incurred from the hydraulic structure. 

Australian Height Datum National survey datum corresponding approximately to mean sea level. 

Annual Exceedance Probability The chance of a flood of a given size or larger occurring in any one year, generally 

expressed as percentage probability.  For example, a 100 year ARI flood is a 1% AEP flood.  

An important implication is that when a 1% AEP flood occurs, there is still a 1% probability 

that it could occur the following year. 

Average Recurrence Interval Is the long term average number of years between the occurrence of a flood as big as, or 

larger than the selected flood event. 

Catchment The catchment at a particular point is the area of land which drains to that point. 

Design floor level The minimum (lowest) floor level specified for a building. 

Design flood A hypothetical flood representing a specific likelihood of occurrence (for example the 

100 year or 1% probability flood).  The design flood may comprise two or more single 

source dominated floods. 

Development Existing or proposed works which may or may not impact upon flooding.  Typical works 

are filling of land, and the construction of roads, floodways and buildings. 

Discharge The rate of flow of water measured in terms of volume over time.  It is not the velocity 

of flow which is a measure of how fast the water is moving rather than how much is 

moving.  Discharge and flow are interchangeable. 

Digital Terrain Model A three-dimensional model of the ground surface that can be represented as a series of 

grids with each cell representing an elevation (DEM) or a series of interconnected 

triangles with elevations (TIN). 

Effective warning time The available time that a community has from receiving a flood warning to when the 

flood reaches their location. 

Flood  Above average river or creek flows which overtop banks and inundate floodplains. 

Flood awareness An appreciation of the likely threats and consequences of flooding and an understanding 

of any flood warning and evacuation procedures.  Communities with a high degree of 

flood awareness respond to flood warnings promptly and efficiently, greatly reducing the 

potential for damage and loss of life and limb.  Communities with a low degree of flood 

awareness may not fully appreciate the importance of flood warnings and flood 

preparedness and consequently suffer greater personal and economic losses. 

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

Flooding The State Emergency Service uses the following definitions in flood warnings: 

» Minor flooding: causes inconvenience such as closing of minor roads and the 

submergence of low level bridges 

» Moderate flooding: low-lying areas inundated requiring removal of stock and/or 

evacuation of some houses.  Main traffic bridges may be covered. 
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» Major flooding: extensive rural areas are flooded with properties, villages and 

towns isolated and/or appreciable urban areas are flooded. 

Flood frequency analysis An analysis of historical flood records to determine estimates of design flood flows. 

Flood fringe Land which may be affected by flooding but is not designated as a floodway or flood 

storage. 

Flood hazard The potential threat to property or persons due to flooding. 

Flood level The height or elevation of flood waters relative to a datum (typically the Australian 

Height Datum).  Also referred to as ‘stage’. 

Flood liable land Land inundated up to the probable maximum flood – flood prone land. 

Floodplain Land adjacent to a river or creek which is inundated by floods up to the probable 

maximum flood that is designated as flood prone land. 

Flood Planning Levels Are the combinations of flood levels and freeboards selected for planning purposes to 

account for uncertainty in the estimate of the flood level. 

Flood proofing Measures taken to improve or modify the design, construction and alteration of buildings 

to minimise or eliminate flood damages and threats to life and limb. 

Floodplain Management The coordinated management of activities which occur on flood liable land. 

Floodplain Management Manual A document by the NSW Government (2001) that provides a guideline for the 

management of flood liable land.  This document describes the process of a floodplain 

risk management study. 

Flood source The source of the flood waters. 

Floodplain Management A set of conditions and policies which define the benchmark from 

Standard which floodplain management options are compared and assessed. 

Flood standard The flood selected for planning and floodplain management activities.  The flood may be 

an historical or design flood.  It should be based on an understanding of the flood 

behaviour and the associated flood hazard.  It should also take into account social, 

economic and ecological considerations. 

Flood storages Floodplain areas which are important for the temporary storage of flood waters during a 

flood. 

Floodways Those areas of the floodplain where a significant discharge of flow occurs during floods.  

They are often aligned with naturally defined channels.  Floodways are areas that, even 

if they are partially blocked, would cause significant redistribution of flood flows, or a 

significant increase in flood levels. 

Freeboard A factor of safety usually expressed as a height above the flood standard.  Freeboard 

tends to compensate for the factors such as wave action, localised hydraulic effects and 

uncertainties in the design flood levels. 

Geographical Information System A form of computer software developed for mapping applications and data storage.  

Useful for generating terrain models and processing data for input into flood estimation 

models. 
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High hazard Danger to life and limb; evacuation difficult; potential for structural damage, high social 

disruption and economic losses.  High hazard areas are those areas subject to a 

combination of flood depth and flow velocity that are deemed to cause the above issues 

to persons or property. 

Historical flood A flood which has actually occurred – Flood of Record. 

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

Hydrograph A graph showing how a river or creek’s discharge changes with time. 

Hydrology The term given to the study of the rain-runoff process in catchments. 

Low hazard Flood depths and velocities are sufficiently low that people and their possessions can be 

evacuated. 

Management plan A clear and concise document, normally containing diagrams and maps, describing a 

series of actions that will allow an area to be managed in a coordinated manner to 

achieve defined objectives. 

Map Grid of Australia A national coordinate system used for the mapping of features on a representation of 

the earths surface.  Based on the geographic coordinate system ‘Geodetic Datum of 

Australia 1994’. 

Peak flood level, flow or  The maximum flood level, flow or velocity occurring during a flood 

velocity  event. 

Probable Maximum Flood An extreme flood deemed to be the maximum flood likely to occur at a particular 

location. 

Probable Maximum Precipitation The greatest depth of rainfall for a given duration meteorologically possible over a 

particular location.  Used to estimate the probable maximum flood. 

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

Runoff  The amount of rainfall from a catchment which actually ends up as flowing water in the 

river of creek. 

Stage  Equivalent to water level above a specific datum- see flood level. 

Stage hydrograph A graph of water level over time. 

Triangular Irregular Network A mass of interconnected triangles used to model three-dimensional surfaces such as the 

ground (see DTM) and the surface of a flood. 

Velocity The speed at which the flood waters are moving.  Typically, modelled velocities in a river 

or creek are quoted as the depth and width averaged velocity, i.e. the average velocity 

across the whole river or creek section. 
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Appendix A Cooks River Feeder Channel Surveyed Cross 

Section Data 
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Appendix B Rainfall Intensity and Temporal Pattern Data 
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Appendix C – Community Consultation  

Overview 

As part of the flood study, computer models describing the flooding behaviour will be built. In order to establish the 

accuracy of such models, observations from the public on observed flooding behaviour were obtained. Brown 

Consulting’s methodology of public consultation and the data collected from mail out surveys are summarised in the 

report. The process of community consultation is summarised below. 

 

 

Figure C11 – Flow chart of community consultation in the project proceedings 
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Survey Design and Methodology 

For the initial community consultation Brown Consulting formulated a ‘Newsletter and Questionnaire’ which was 

designed to be sent out to residents. The aim of this was to seek to acquire specific historical data and evidence from 

flood affected residents.  Information that was collected included respondents contact details, whether they were a 

residential property or non-residential property and the time they have lived at the address. More flood specific details 

were requested including whether they had ever experienced a flooding event. If they answered yes the respondents 

was also asked to provide the date of the event, at what height the flood reached in relation to their floor level and 

secondly the flood level on the rest of the property. The residents also had the ability to comment on any other flood 

experiences. Respondents were asked to provide any photographs of the flooding in hard copy or digital formats.  

 

400 newsletter/questionnaires were delivered through a letter box drop; in areas that are considered may be flood 

prone in the suburb of Croydon Park. The properties that were included in the letter box drop are highlighted in yellow 

on the map below. Out of the 400 questionnaires that were delivered only 15 were returned, which is a low response 

rate to the study. However, the 15 responses that were returned held information and observations on flooding 

experiences. These responses were analysed and the data from them used for to format flood mapping, tables and 

the comments recorded. 

 

 

Figure C12 – Aerial photo of the study area with properties for the letter box drop 
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Summary of Results Received 

From the fifteen returned questionnaire one third of the responses had an issue related to flooding in the past. The 

location of the respondents is displayed in the map below with green representing flooding experienced and blue 

representing no flooding experienced. Out of these five respondents that had an issue related to flooding in the past, 

four expressed a flooding event and one described flood prevention. All five described the flood events, not with 

specific dates but with more general descriptions such as ‘approximately 60 years ago’ or did not provide clear flood 

heights. An example of this is ‘flooding occurs when it rains really heavy’.  

 

 

Figure C13 –Map depicting the locations of respondents to the survey 
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The comments received are included in the table below.  Most of the comments could not describe the actual height 

the water reached or provide photographs of the water levels on their property. In summary, these results displayed 

that these inundations are more localised drainage issues only and do not have a widespread issue.  

Table C9 – Table describing the issues and comments from the newsletter/questionnaire 

Reference Number Issue Comments 

1 Nil  

2 Flooding Flooding occurs ‘when it rains really heavy’ The water level has 
not been above the floor level; however it did reach the top of 
the front step 

3 Nil  

4 Flooding Approximately 60 years ago the water level reached ‘Just below 
the floor level’ beneath the house and across the rest of the 
property. 

5 Flooding ‘Each time there is reasonable rainfall the pump under the 
building car park is automatically activated o pump out water 
from under the building’. The regular use of the pump is a 
concern for the residents and further development. 

6 Flooding Flooding occurs after heavy rain, more specifically the garage. 
Issues that were related to the flooding included: 

1. That the land is fairly flat so the run off is ‘poor’ 
2. The property is on the low lying side of the street 

To compensate for this issue the owners have since raised the 
back yard level. 

7 Nil  

8 Nil  

9 Nil  

10   

11 Nil  

12 Nil  

13 Nil  

14 Nil  

15 Nil  
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Appendix D Flood Profiles and Stage Hydrographs 
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Stage Hydrographs – H01 – Henley Park 
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Stage Hydrographs – H04 – Kingsbury Street and Stiles Street 
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Stage Hydrographs – H05 – Tangarra Street East 
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Stage Hydrographs – H07 – Stanley Street Park 
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Stage Hydrographs – H08 – Stanley Street Bridge 
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Stage Hydrographs – H10 – Burwood Road 
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Stage Hydrographs – C01 – Yarlando Avenue and Trelawney Avenue 
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Appendix E Sensitivity Analysis 

 



 

 

 

 

Page | 1 

Project No. X12342-03 |  Cooks River Overland Flood Study  Page | E1 

 

Appendix E – Sensitivity Analysis 

Results of Sensitivity Analysis 

The sensitivity scenario results were compared to the 100 year ARI 2 hour rainfall event, provided in volume 3 in 

Map S.1.  A summary of peak flood level and peak flow differences at various locations are provided the following 

tables: 

» Table E10 and Table E11 for variations in roughness and slope 

» Table E12 and Table E13 for 100 year ARI flood levels in Cooks River 

» Table E14 and Table E15 for variations in Ku, Initial and Continued Loss 

» Table E16 and Table E17 for variations in blockage. 

Comparison of peak flood levels have been highlighted such that yellow highlighting indicates that the magnitude of 

the change is greater than 0.1 metres, with the text highlighted in orange indicating changes greater than 0.3 metres 

in magnitude. 
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Roughness and slope 

The results of the sensitivity analysis for Manning’s ‘n’ Roughness and slope are presented in Table E10 and Table E11 

and in Volume 3 on Maps S.2 to S.5. 

Table E10 – Results of sensitivity analysis for roughness and slope - 100 year ARI flood depths – 20% variation 

Location Depth 

Location 

100 year 

Flood 

Depth 

Difference in Flood Depth (m) 

Roughness 

+20% 

Roughness 

-20% 

Slope 

- 20% 

Slope 

+20% 

Detention Basin H01 1.52 0 0 0 0 

Mitchell St H02 0.17 0.01 0.01 0 0 

Kingsbury St - Channel H03 0.52 0.01 -0.01 0 0 

Kingsbury St - Styles St H04 0.11 0.04 -0.02 0 0 

Tangarra St East H05 0.30 -0.01 0.01 0 0 

Rawson St H06 1.13 -0.01 0 0 0 

Park U/S Stanley St H07 0.72 0.02 -0.05 0 0 

Stanley St H08 0.32 0.02 -0.02 0 0 

Georges River Road H09 0.24 0.01 -0.02 0 0 

Burwood Road 

[D/S limit of LGA] 

H10 0.32 
0.01 -0.03 0 0 

Windsor Ave H11 2.83 0 0.01 0 0 

Balmoral Ave H12 0.33 0.03 -0.02 0.02 0 

Hampton St H13 2.70 0.04 0.01 0 0 

Small Bridge U/S  Brighton Ave H14 0.39 0.08 -0.09 0 0 

 

The result of sensitivity analysis shows the TUFLOW model is not sensitive to slope and Manning’s ‘n’ where the 

resulting difference in analysed flood surface level varied by less than 0.01 metres in the majority of the scenarios 

tested.  The results in Table E10 and Table E11 indicate that the largest variation in flow depth is of the order of 0.04 

metres. 
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Table E11 – Results of sensitivity analysis for roughness and slope - 100 year ARI flows – 20% variation 

Location ID 100 year 

ARI 

Flow 

Difference in Flow (m3/s) 

Roughness 

+20% 

Roughness 

-20% 

Slope 

+20% 

Slope 

-20% 

Shelley St (Into Park) 117 & 74 9.7 -0.3 0.4 0 0 

Basin Inflow (U/S) From NE 56 & 116 30.3 -1.1 1.4 0 0 

Basin Inflow From West (Portland 

St) 
115 3.3 -0.1 0.1 0 0 

Basin Outflow (D/S) (Us Mitchell St) 55 33.1 -1.3 1.8 0 0 

D/S Mitchell St 18 9.4 -0.5 0.4 0 0 

Stiles St (Inflow) 1 20.0 -1.4 0.9 0 0 

Kingsbury Channel O/L Flow 119 9.0 0.5 -0.4 0 0 

Stiles St (Cnr Kingsbury) (Outflow) 3 13.3 -1.8 1.7 0 0 

Tangarra St East Culvert 120 21.0 -0.1 0.2 0 0 

Rawson St 122 14.0 -0.9 1.3 0 0 

Stanley St 30 28.9 -1.7 2.1 0 0 

Georges River Rd 33 23.0 -2.9 3.9 0 0 

Burwood Rd 35 30.4 -3.0 6.9 0 0 

Windsor Ave 37 38.7 -2.3 3.2 0 0 

Balmoral Ave 40 39.9 -2.0 3.7 0 0 

Hampton St 43 44.4 -4.5 0.4 0.2 -0.3 

 

The results in Table E10 and Table E11 indicate that the largest variation in flow depth is of the order of 0.04 metres. 
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Cooks River Boundary Condition 

Flood levels within the main channel of the Cooks River, downstream of where the Cooks River feeder channel leaves 

Burwood LGA were modelled, with the results provided in Table E12 and Maps S.6 to S.8 in Volume 3. 

Table E12 – Results of sensitivity analysis for Cooks River boundary condition - 100 year ARI flood depths 

location depth 

location 

100 year ari flood depth difference in flood depth (m) 

Cooks River 100 Year 

Flood BC 

Cooks River 

100 Year 

Climate 

Change Flood 

BC 

Detention Basin H01 1.52 0 0 

Mitchell St H02 0.17 0 0 

Kingsbury St - Channel H03 0.52 0 0 

Kingsbury St - Styles St H04 0.39 0 0 

Tangarra St East H05 0.11 0 0 

Rawson St H06 0.30 0 0 

Park U/S Stanley St H07 1.13 0 0 

Stanley St H08 0.72 0 0 

Georges River Road H09 0.32 0 0 

Burwood Road  

[D/S limit of LGA] 

H10 0.24 
0 0 

Windsor Ave H11 0.32 0 0 

Balmoral Ave H12 2.83 0.17 0.43 

Hampton St H13 0.33 0.75 1.36 

Small Bridge U/S  Brighton Ave H14 2.70 2.03 2.88 

 

The sensitivity analysis using flood level data from the Cooks River Flood Study (Sydney Water, 2009) showed the 

backwater effect of the Cooks River whilst extends into the main channel, does not influence flood levels within the 

Burwood Council LGA, the limit of this study.  
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Table E13 – Results of sensitivity analysis for Cooks River boundary condition - 100 year ARI flows 

Location ID 100 year 

ARI Flow 

Difference in Flow (m3/s) 

Cooks River 100 

Year Flood BC 

Cooks River 100 Year 

Climate Change Flood 

BC 

Shelley St (Into Park) 117 & 74 9.7 0.0 0.0 

Basin Inflow (U/S) From Neast 56 & 116 30.3 0.0 0.0 

Basin Inflow From West (Portland St) 115 3.3 0.0 0.0 

Basin Outflow (D/S) (Us Mitchell St) 55 33.1 0.0 0.0 

D/S Mitchell St 18 9.4 0.0 0.0 

Stiles St (Inflow) 1 20.0 0.0 0.0 

Kingsbury Channel O/L Flow To 

Channel 
119 9.0 0.0 0.0 

Stiles St (Cnr Kingsbury) (Outflow) 3 13.3 0.0 0.0 

Tangarra St East Culvert 120 21.0 0.0 0.0 

Rawson St 122 14.0 0.0 0.0 

Stanley St 30 28.9 0.0 0.0 

Georges River Rd 33 23.0 0.0 0.0 

Burwood Rd 35 30.4 0.0 0.0 

Windsor Ave 37 38.7 0.0 0.0 

Balmoral Ave 40 39.9 0.0 +0.2 

Hampton St 43 44.4 -1.6 0.0 
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Ku, Initial Loss and Continuing Loss 

The results of the sensitivity analysis for losses are provided in Table E14 and Table E15 and on Maps S.9 to S.14 in 

Volume 3. 

Table E14 – Results of sensitivity analysis for Ku, IL and CL - 100 year ARI flood depths 

Location Depth 

Location 

100 year 

ARI 

Flood Depth 

Difference in Flood Depth (m) 

Ku 

-20% 

Ku 

+20% 

IL 

-10% 

IL 

+10% 

CL 

-10% 

CL 

+10% 

Detention Basin H01 1.52 0 0 0 0 0 0 

Mitchell St H02 0.17 0 0 0 0 0 0 

Kingsbury St - Channel H03 0.52 0 0 0 0 0 0 

Kingsbury St - Styles St H04 0.11 0 0 0 0 0 0 

Tangarra St East H05 0.30 0 0 0 0 0 0 

Rawson St H06 1.13 0 0 0 -0.01 0 -0.01 

Park U/S Stanley St H07 0.72 0 0 0 0 0 0 

Stanley St H08 0.32 0 0 0 0 0 0 

Georges River Road H09 0.24 0 0 0 0 0 0 

Burwood Road 

[D/S limit of LGA] 

H10 0.32 
0 0 0 0 0 0 

Windsor Ave H11 2.83 0 0 0.01 0 0.01 0 

Balmoral Ave H12 0.33 0 0 0.01 0.02 0 0 

Hampton St H13 2.70 0 0 0 0 0 0 

Small Bridge U/S  Brighton Ave H14 0.39 0 0 0 0 0 0 

 

The result of sensitivity analysis shows the TUFLOW model is not sensitive to initial loss, continued loss, pit Ku loss 

parameter and Manning’s ‘n’ where the resulting difference in analysed flood surface level varied by less than 

0.01 metres in the majority of the scenarios tested. 
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Table E15 – Results of sensitivity analysis for Ku, IL and CL - 100 year ARI flows 

Location ID 100 year 

ARI 

Flow 

Difference in Flow (m3/s) 

Ku 

+20% 

Ku 

-20% 

IL 

+10% 

IL 

-10% 

CL 

+10% 

CL 

-10% 

Shelley St (Into Park) 117 & 74 9.7 0.0 -0.1 0.0 0.0 0.0 0.0 

Basin Inflow (U/S) From Neast 56 & 116 30.3 -0.1 0.0 0.0 0.0 0.0 0.0 

Basin Inflow From West 

(Portland St) 
115 3.3 0.0 0.0 0.0 0.0 0.0 0.0 

Basin Outflow (D/S) (Us 

Mitchell St) 
55 33.1 -0.1 0.0 0.0 0.0 -0.1 0.1 

D/S Mitchell St 18 9.4 -0.2 0.0 0.0 0.0 0.0 0.0 

Stiles St (Inflow) 1 20.0 0.0 -0.1 0.0 0.0 0.0 0.0 

Kingsbury Channel O/L Flow To 

Channel 
119 9.0 0.0 0.0 0.0 0.0 0.0 0.0 

Stiles St (Cnr Kingsbury) 

(Outflow) 
3 13.3 0.0 0.0 0.0 0.0 0.0 0.0 

Tangarra St East Culvert 120 21.0 0.0 0.0 0.0 0.0 0.0 0.0 

Rawson St 122 14.0 0.0 0.0 0.0 0.0 0.0 0.0 

Stanley St 30 28.9 0.0 0.0 0.0 0.0 0.0 0.0 

Georges River Rd 33 23.0 0.0 0.0 0.0 0.0 -0.1 0.1 

Burwood Rd 35 30.4 0.0 0.0 0.0 0.0 -0.1 0.1 

Windsor Ave 37 38.7 0.0 0.0 0.0 0.0 -0.1 0.1 

Balmoral Ave 40 39.9 0.0 0.0 0.0 0.0 -0.1 0.1 

Hampton St 43 44.4 0.0 0.3 0.2 -0.3 0.2 0.2 
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Blockage Variations  

The effect of blockage of hydraulic structures has been investigated in accordance with the recommendations on 

Engineers Australia, (2013) Australian Rainfall and Runoff: Revision Projects Project 11: Blockage of Hydraulic 

Structures (Stage 2).  The results of the sensitivity analysis for blockage are provided in Table E16 and Table E17 and 

on Maps S.15 to S.17 in Volume 3.   

Table E16 – Results of sensitivity analysis for blockage variations - 100 year ARI flood depths 

Location Depth 

Location 

100 year 

ARI 

Flood 

Depth 

Difference in Flood Depth (m) 

20% Blockage 

Pits 

0% Blockage 

Culverts 

100% Blockage 

Pits 

50% Blockage 

Culverts 

100% Blockage 

Pits 

100% Blockage 

Culverts 

Detention Basin H01 1.52 -0.01 0.05 0.05 

Mitchell St H02 0.17 0 0.05 0.05 

Kingsbury St - Channel H03 0.52 0 0.1 0.18 

Kingsbury St - Styles St H04 0.11 0 0.07 0.1 

Tangarra St East H05 0.30 0 0.06 0.11 

Rawson St H06 1.13 -0.01 0.11 0.19 

Park U/S Stanley St H07 0.72 -0.01 0.12 0.22 

Stanley St H08 0.32 0 0.09 0.14 

Georges River Road H09 0.24 -0.01 0.01 0.06 

Burwood Road 

[D/S limit of LGA] 

H10 
0.32 -0.01 0.11 0.18 

Windsor Ave H11 2.83 -0.01 0.16 0.29 

Balmoral Ave H12 0.33 -0.01 0.3 0.54 

Hampton St H13 2.70 0 0.32 0.84 

Small Bridge U/S  Brighton Ave H14 0.39 -0.01 0.07 0.14 

 

Flood levels adjacent to the main central channel are sensitive to blockage of culvert crossings, particularly upstream 

of culverts.  Flood levels increase by as much as 0.2 metres for 50% blockage and 0.3 metres for 100% blockage.  This 

is attributable to a large component of the 100 year event conveyance being contained within the channel.  As such, 

a blockage factor has been applied to all design runs in determining Flood Planning Levels and Flood Planning Area 

such that any incidence of total blockage is appropriately contained within any freeboard provision for properties 

which may be affected by a blockage scenario is appropriately identified in the analysed flood extents.  
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Table E17 – Results of sensitivity analysis for blockage variations - 100 year ARI flows 

Location ID 100 

year 

ARI 

Flow 

Difference in Flow (m3/s) 

20% Blockage Pits 

0% Blockage 

Culverts 

100% Blockage Pits 

50% Blockage 

Culverts 

100% Blockage Pits 

100% Blockage 

Culverts 

Shelley St (Into Park) 117 & 74 9.7 -0.1 1.7 1.7 

Basin Inflow (U/S) From 
Neast 

56 & 116 30.3 -0.3 1.5 1.5 

Basin Inflow From West 
(Portland St) 

115 3.3 -0.1 0.6 0.6 

Basin Outflow (D/S) (Us 
Mitchell St) 

55 33.1 -0.4 1.9 1.9 

D/S Mitchell St 18 9.4 0.8 -9.7 -9.7 

Stiles St (Inflow) 1 20.0 -0.9 4.1 4.1 

Kingsbury Channel O/L Flow 
To Channel 

119 9.0 -0.3 0.3 -1.1 

Stiles St (Cnr Kingsbury) 
(Outflow) 

3 13.3 -0.7 4.2 5.2 

Tangarra St East Culvert 120 21.0 -0.1 -4.0 -9.0 

Rawson St 122 14.0 -0.4 5.0 8.5 

Stanley St 30 28.9 -0.3 -17.2 -16.4 

Georges River Rd 33 23.0 -0.4 -11.9 -7.3 

Burwood Rd 35 30.4 -0.5 -7.6 0.9 

Windsor Ave 37 38.7 -0.5 2.7 2.9 

Balmoral Ave 40 39.9 -0.6 2.8 4.4 

Hampton St 43 44.4 -0.1 1.0 1.7 

 


