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1. EXECUTIVE SUMMARY
Study Objective
SMEC Australia Pty Ltd was commissioned by Georges River Council to complete an Overland Flow
Flood Study for the Hurstville, Mortdale and Peakhurst Wards. The primary objective of the study
was to:
 Define the flood behaviour under historical (where available) and existing floodplain
conditions in the study area ;
 Address the possible future variations in flood behaviour due to climate change;
 Produce flood information that includes:
o Flood levels and extents, velocities and flows for the PMF, 1%, 2%, 10% and 20% AEP
events
o Hydraulic categories for the 1% AEP and PMF events
o Provisional and Preliminary true hazard categories for the 1% AEP and PMF events
o Flood emergency response classification of communities for the PMF, 1%, 2%, 10%
and 20% AEP events
o Preliminary residential flood planning level and flood planning area (based upon 1%
AEP plus a freeboard)
o Flood levels and extents due to climate change
o tidal inundation extents (where relevant) for existing conditions and for conditions
incorporating sea level rise planning projections adopted by the Council (where
relevant)
o the sensitivity of flood behaviour to changes in flood producing rainfall events due
to climate change
 Collect compile and review all available data such as survey, aerial photography and satellite
imagery
 Investigate the mainstream, local overland flow and tidal inundation flooding regimes
 Discussion with Council on the relevant freeboard to be adopted based on sensitivity runs
 Assessment of the flood planning level extent to be discussed with Council for steep and flat
terrain.
 Investigate the overland flow flooding and the capacity of existing major stormwater
infrastructure.

Catchment and Study Area
The Georges River Council LGA is located approximately 17 kilometres south of the Sydney CBD. The
study area is bounded by Canterbury-Bankstown LGA to the north, Rockdale LGA to the east, the
Georges River to the south and Salt Pan Creek to the west.
The study area covers approximately 22.8 square kilometres and comprises a mixture of business,
residential and recreational areas with a population of just under 80,000 residents.
The study area lies within the Lower Georges River and Cooks River catchments and is divided by a
main east west ridge line that drains the sub-catchments to the Lower Georges and Cooks river
catchments. There are also a number of sub-catchments outside of the LGA that drain into both
catchments that are to be considered as part of this study.

Data Sets
Georges River Council provided a range of datasets to assist with the study. This included aerial
photography, cadastre, roads, topographic contours, land zonings, rivers/creeks, LIDAR survey and
flood photos/video.
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Additional rainfall data was obtained during the course of the study from relevant authorities (other
than Council) including Bureau of Meteorology (BoM) and Sydney Water.
The additional surveys of bridges and structures were obtained by Lawrence Group Surveyors during
the course of the project.
Engineering plans of M5 were also provided by Council. Sydney Trains provided numerous plans of
their drainage infrastructure within the two railway corridors that traverse the LGA.
Tailwater levels used for the downstream boundary condition of each historic event were obtained
from Manly Hydraulics Laboratory (MHL). Acknowledgement is made to OEH for their assistance in
providing this data from MHL.

Community Consultation
A community consultation process was initiated to introduce the floodplain management process to
the local area. The consultation process included introducing information about the flood study to
residents and landowners within the project area by newspaper articles and sending out a
newsletter and flood questionnaires.
The flood questionnaire was primarily used to develop a database of floodmarks/ flood levels
associated with various historic floods that could be used in calibrating and validating the computer
flood model.
Flood information obtained from the questionnaire included, dates of flooding and floodmarks,
estimates of flood depths, description of flooding and duration and qualitative estimate of flow
velocities. In some cases photographs and videos were also provided. From the responses of the
flood questionnaire the following historic flood events were selected for the calibration:
 February 2012
 April 1998
Hurstville experienced a large rainfall event during the preparation of the study in October 2014 and
a validation run was carried out for this event to verify the integrity of the calibration of the model.
The validation run confirmed that the model calibration was satisfactory.

Study Methodology
The flood study involved an assessment of the rainfall-runoff processes using the TUFLOW hydraulic
model to compute flood characteristics such as flows, flood levels and extents, flow distributions,
and water velocities.
XP-RAFTS models were developed and used to validate the TUFLOW hydraulic model flows using
three internal catchments. The Catchment SIM software was used to provide sub-catchment
delineation for the three catchments and hydrologic parameters for setup of the XP-RAFTS
validation model.
DRAINS models were also developed as part of the study and were used to validate the pit and pipe
drainage system and adopted the same 3 sub-catchments as the XP-RAFTS models.
The TUFLOW model was used for accurate representation of the distribution of flows and resulting
flood levels and velocities, including the representing of bridges, fences, buildings and the
stormwater system. The TUFLOW hydraulic model utilised Council’s stormwater GIS information,
2011 LIDAR survey in conjunction with additional survey collected in 2014 specifically for this study.

Model Calibration
No stream gauges are located within the Georges River LGA. Therefore, it was not possible to
calibrate the hydrology within the TUFLOW model. However, flood marks were available through the
public consultation within the study area. Events selected for calibration had several floodmarks for
comparison by the TUFLOW model and also had a continuous record of rainfall data. The events
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chosen for the calibration process included the February 2012 and April 1998. The recent October
2014 event was used for further validation of the model.
The TUFLOW hydraulic model provided a close calibration using the February 2012 and April 1998
events. The calibrations resulted in an average difference between floodmarks of high confidence
and modelled flood levels within -0.04m and 0.03m for the February 2012 and April 1998 events
respectively.
The October 2014 validation model also provided good reproduction of historic flood marks for the
February 2012 and April 1998 events. The validation run resulted in an average difference between
floodmarks of high confidence and modelled flood levels within 0.06m.

Design Flood Modelling
Based on the results of calibration, the modelling parameters were adopted to enable modelling of
design flood events. Design flood events included the 50%, 20%, 10%, 5%, 2%, 1% AEP and PMF
event.
Design rainfall for the 50%, 20%, 10%, 5%, 2% and 1% AEP events were derived using standard
procedures outlined in ‘Australian Rainfall and Runoff – A Guide to Flood Estimation’ by extracting
base design intensity-frequency-duration values.
Separate intensity-frequency-duration values were extracted for the Georges River and Wolli Creek
sub-catchments located within the LGA to ensure a reasonable representation of spatial variations in
design rainfall.
Probable Maximum Precipitation (PMP) depths were derived for the study area for a range of storm
durations up to and including the 6 hour event based on procedures set out in the Bureau of
Meteorology's Generalised Short Duration Method (GSDM). The PMP estimates were varied
spatially and temporally based on the GSDM approach before application to the computer model.
The study area comprises two primary sub-catchments:

Georges River / Salt Pan Creek sub-catchment; and,

Wolli Creek sub-catchment.
Peak design flood levels were extracted from the “Georges River Floodplain Risk Management Study
& Plan” (Bewsher Consulting, 2004) and “Salt Pan Creek Flood Study” (Department of Public Works,
1991) and were used to define the downstream boundary condition for the Georges River subcatchment.
The adopted design water levels for the Georges River and Salt Pan Creek vary along the length of
the river/creek. Therefore, the downstream water level was applied to the TUFLOW model to reflect
this variation in tailwater elevation along the length of the river/creek.
The downstream boundary condition for the Wolli Creek sub-catchment was defined using a normal
depth (i.e., Manning’s ‘n’) calculation and was extended approximately 150 metres downstream of
the Georges River Council boundary to ensure that any uncertainty in the model boundary
conditions does not impact on results through the area of interest.
The TUFLOW model was used to simulate flood behaviour across the study area for the range of
design floods and a range of storm durations (i.e., 30 minutes up to 6 hours). A design flood
envelope was developed for each design flood based on analysis of each storm duration at each
TUFLOW grid cell.
The 2 hour storm produced the highest water levels across the majority of the LGA during all floods
up to and including the 1% event. During the PMF, the 60 minute storm duration was found to
produce the highest water levels across the majority of the LGA.
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A mapping threshold for the TUFLOW flood extent maps was set at 150mm. This depth was adopted
as it distinguishes between shallow flooding and more significant floodwater depths that have the
potential to overtop kerbs and cause above floor flooding.
The pipe flow results of all the TUFLOW design flood simulations were interrogated to determine the
capacity of each stormwater pipe in terms of a nominal return period (i.e., AEP). The capacity of the
existing pipe system within the LGA was represented by a colour ramp identifying the AEP event that
can be conveyed by each pipe element.

Sensitivity Testing
A sensitivity analysis was undertaken to investigate potential variations in flood levels resulting from
change of modelling parameters and to assist in determining which model runs to apply in the
development of preliminary flood planning levels and areas. A number of factors were varied, with
the 1% AEP design event as the base case for the purposes of the sensitivity analysis. Factors that
were varied included: climate change scenarios with the assessment of increased rainfall intensity
and sea level rise modelled separately; rainfall losses; Manning’s n roughness; blockage at hydraulic
structures; and tailwater conditions.
The model was most sensitive to changes in blockage factors. Specifically, removing blockage from
structures is predicted to alter peak water level estimates by over 0.5 metres at some locations.
Severe blockage of culverts has the potential to increase 1% AEP flood levels by nearly 1 metre.
Generally, severe blockage increases the severity of flooding upstream of structures and removal of
blockage increases the severity of flooding downstream of structures.
The sensitivity analyses testing for all other parameters had a relatively minor impact on the overall
modelling area.

Recommendations
The results of the study satisfy the objectives of the project, and provide a solid basis for preparation
of the Floodplain Risk Management Study and Plan, which is the next stage for Council to progress
toward in the floodplain management process.
Based on the assessment of the quality of data available for calibration and verification, the
following is recommended to enable future comprehensive data collection and monitoring of flood
behaviour within the catchment.
 Further collection of flood affectation information and regular updates of the database with a
similar layout as the flood questionnaire, including date of flooding event with recorded
depths, levels, velocities and locations, blockage at bridges etc.
 Survey of floodmarks after major events and logging the surveyed levels into the Council’s GIS
database.
 Installation of additional pluviographs and stream gauges within the catchment boundaries to
form an accurate rainfall database representative of the catchment.
 Continued readings of daily rainfall records throughout the catchment for development of
spatial rainfall distribution during historic flood events and assuring accuracy of records.
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FOREWORD
The NSW State Government’s Flood Prone Land Policy (Policy) provides a framework to ensure the
sustainable use of floodplain environments. The Policy is specifically structured to provide solutions
to existing flooding problems in rural and urban areas. In addition, the Policy provides a means of
ensuring that any new development is compatible with the flood hazard and does not create
additional flooding problems in other areas.
Under the Policy, the management of flood liable land remains the responsibility of Local
Government. The NSW Government subsidises a range of floodplain risk management measures
identified in adopted floodplain risk management plans to alleviate existing and future risk and
provides specialist technical advice to assist councils with their floodplain management
responsibilities.
The Policy provides for technical and financial support by the NSW Government through five
sequential stages.
1. Data Collection (as part of asset management and preparation for the following stages of the
process)
2. Flood Study (determining the nature and extent of the flood problem)
3. Floodplain Risk Management Study (evaluation of management options for the floodplain, with
respect to both existing and proposed development)
4. Floodplain Risk Management Plan (involving formal adoption by Council of a plan of management
for the floodplain)
5. Implementation of the Plan (implementation of property, response and flood modification
measures to manage existing and future risk so that the continuing risk to the community is
acceptable and sustainable)
The floodplain risk management process is illustrated in Figure 2.1 below. This report forms part 2
of the Floodplain Risk Management Process and will be followed by the Floodplain Risk Management
Study and Plan where mitigation options for reducing the flooding impacts will be investigated.

Figure 2.1- The Floodplain Risk Management Process
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4. OBJECTIVES
The primary objective of this Study is to:
 Define the flood behaviour under historical (where available) and existing floodplain
conditions in the study area ;
 Address the possible future variations in flood behaviour due to climate change;
 Produce flood information that includes:
o Flood levels and extents, velocities and flows for the PMF, 1%, 2%, 10% and 20% AEP
events
o Hydraulic categories for the 1% AEP and PMF events
o Preliminary true hazard categories including provisional hazard categories for the 1%
AEP and PMF events
o flood emergency response classification of communities for the PMF, 1%, 2%, 10%
and 20% AEP events
o preliminary residential flood planning level and flood planning area (based upon 1%
AEP plus a freeboard)
o the sensitivity of flood behaviour to changes in flood producing rainfall events due
to climate change
 Collect compile and review all available data such as survey, aerial photography and satellite
imagery
 Investigate the mainstream, local overland flow and tidal inundation flooding regimes
 Discussion with Council on the relevant freeboard to be adopted based on sensitivity runs
 Assessment of the flood planning level extent to be discussed with Council for steep and flat
terrain.
 Investigate the overland flow flooding and the capacity of existing major stormwater
infrastructure greater than or equal to 450mm diameter.
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5. STUDY AREA
The Georges River Local Government Area (LGA) is located approximately 17 kilometres south of the
Sydney CBD. The study area is bounded by the City of Canterbury to the north, Rockdale to the east,
Kogarah council and the Georges River to the south and Salt Pan Creek to the west.
The study area covers approximately 22.8 square kilometres of a mixture of commercial, industrial,
residential and recreational areas with a population of just under 80,000 residents.
The study area lies within the Lower Georges River and Cooks River catchments and is divided by a
main east west ridge line that drains the sub-catchments to the Lower Georges and Cooks river
catchments. There are also a number of sub-catchments outside of the LGA that drain into both
catchments that were considered as part of this Study.

Figure 5.1- Study area
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6. DATA COLLECTION AND REVIEW
6.1. Completion of Review of Existing Information
Georges River Council provided a series of data to assist with the project as per section 5 of the
consultants brief. The review of existing information found data gaps that required attention before
the building of the hydrologic and hydraulic model. Below is a list of additional information that was
required to complete the study review.

Additional ALS data was required for the Cooks River Catchment north of the study area
where flows outside of the Local Government Area (LGA) enter the system. The
additional data was sourced from the LPI with a data agreement.

Bridge data was required for the existing bridges within the railway corridors.

Culvert and channel data was required for various structures throughout the catchment
mainly for the Cooks River catchment.

Bridge data was required for various structures throughout the catchment.

Rainfall data was sourced from the Bureau of Meteorology (BOM) and Sydney Water.

6.2. Previous Reports
SMEC Australia obtained a number of reports from Georges River Council that included the
following:
 Cooks River Management Strategy 1999
 Cooks River Stormwater Management Plan 1999
 Salt Pan Creek Flood Study 1991
 Bardwell Creek SWC21 Capacity Assessment
 Wolli Creek SWC98 Capacity Assessment
 Catchment analysis & Flood Mitigation
 Draft stormwater drainage policy
 Flood reports for various properties by private Engineers in support of Development
Applications
o 122 Bassett street, Hurstville by JAS Engineers
o 59D Anderson Road, Mortdale by Kozarovski & Partners
o 24 Clarke Street, Peakhurst by Henry & Hymas
 Muddy Creek SWC70 Capacity Assessment
 C24 Padstow Flood Study Final Draft Report June 2010 (Outside SWC85)
 Salt Pan Creek SWC85 Capacity Assessment
 Davies Road Flood Study DRAFT (OUTSIDE SWC85)
 Fairford Road Catchment Flood Study February 2010 (Within SWC85)
 C17 Salt Pan Creek TUFLOW Flood Model 2009 Update
 Inspection report for SWC85 – Salt Pan Creek
 Stacey Street Flood Study – Salt Pan Creek SWC85
 Lower Georges River - Stormwater Management Plan
 Salt Pan Creek Stormwater Management Plan – 1999
 Cooks River Flood Study – 2009
 Update of Wolli Creek Pipe Drainage and Overland Flow Study
The reports were reviewed to obtain the latest information on the existing infrastructure within the
catchment.
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6.2.1. Sydney Water Reports
Georges River Council provided a series of Sydney Water reports that provided detailed information
of the Sydney Water infrastructure within the Georges River Council LGA. The reports provided
either a capacity assessment or an asset inspection of the hydraulic structures. The capacity
assessment report assessed the quantitative performance of the Sydney Water drainage system
while the asset inspection report carried out a visual inspection to determine the integrity of the
hydraulic structures listing the associated defects and risks through a grading system.
These reports provided very useful and reliable data to assist in building the 1D network of the
TUFLOW model. The reports covered the infrastructure within the catchments of Bardwell Creek,
Salt pan Creek, Muddy Creek and Wolli Creek.

6.2.2. Flood Studies
Four flood studies were provided for Padstow, Davies Road, Fairford Road and Salt Pan Creek. These
were prepared by Bankstown Council and BMT WBM. The Padstow and Davies Road and Fairford
Road Flood Studies, although not within the Georges River Council LGA provide useful information in
setting the boundary conditions for Salt Pan Creek. The final report for Salt Pan Creek is an update of
the BMT WBM 2007 Flood Study and considers only the internal catchment of Salt Pan Creek and
was deemed to have no impact to the study area Catchment.

6.3. Hydrologic Data
6.3.1. Historic Rainfall Data
A number of daily read and continuous (i.e., pluviometer) rainfall gauges are located within and
adjacent to the study area catchment. The location of each gauge is shown in Figure 6.1. Key
information for each gauge is summarised in Table 6-1.
The information provided in Table 6-1 indicates that daily rainfall records in the vicinity of the study
area are available dating back to around 1900, with records for the Sydney Observatory Hill gauge
(located ~17km from the study area) extending back to 1858.
Sydney Water also operates a network of continuous rainfall gauges that provide rainfall records at
hourly intervals dating back to 1977. The Bureau of Meteorology also maintains a continuous gauge
at Sydney Airport and Bankstown Airport (~10km from the study area) that provide rainfall records
at 6 minute intervals dating from 1962 until 2011. Table 6-1 also shows that most of the gauges have
a relatively complete record of rainfall data (indicated by the green bars in the right hand column of
Table 6-1).
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Figure 6.1 - Location of rain gauges
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Table 6-1 - Available rain gauges in the vicinity of the Georges River Council LGA
Distance from Centre Temporal Availability and Percentage of Annual Record Complete
of Georges River
Council LGA

Period of Record
Gauge Number Gauge Name

Gauge Type

Source*
From

To
1969 Dec

66144

Peakhurst Forest Rd

Daily

BOM

1964 Apr

66148

Peakhurst Golf Club

Daily

BOM

1969 Aug

66049

Penshurst

Daily

BOM

1904 Jun

66181

Oatley (Woronora Parade)

Daily

BOM

1982 Jan

566047

Mortdale Bowling Club

Continuous

SW

1977 Dec

2014 Jun

1.6

66103

Revesby Linden Pk

Daily

BOM

1903 Aug

1924 Dec

1.9

66029

Hurstville McLeod Street

Daily

BOM

1928 Jan

1953 Jan

2.8

66076

Wiley Park (Roselands)

Daily

BOM

1949 Jan

1987 Jul

3.0

66069

Hurstville Grove (Waitara Parade)

Daily

BOM

1952 Aug

1981 Dec

3.5

66204

Oyster Bay (Green Point Road)

Daily

BOM

1998 Feb

566072

Kyle Bay (Club Blakehurst)

Continuous

SW

2010 Feb

2014 Jun

4.2

66004

Bexley Bowling Club

Daily

BOM

1931 Mar

2007 Jun

4.3

566062

Bexley Bowling Club

Continuous

SW

1987 Nov

2001 Feb

4.3

N/A

566031

Revesby Bowling Club

Continuous

SW

2005 Nov

2014 Jun

4.7

N/A

566102

Lakemba Bowling Club

Continuous

SW

1992 May

2001 Jan

4.8

N/A

66018

Earlwood Bowling Club

Daily

BOM

1914 Sep

1975 Mar

5.5

66132

Carlton

Daily

BOM

1907 Feb

1924 Nov

5.8

66074

Rockdale Bowling Club

Daily

BOM

1949 Feb

1974 Oct

6.0

66054

Revesby (Paten Street)

Daily

BOM

1941 Sep

2013 Jul

6.2

66058

Sans Souci (Public School)

Daily

BOM

1899 Nov

66003

Bankstown (Condell Park)

Daily

BOM

1906 Oct

66194

Canterbury Racecourse AWS

Daily

BOM

1995 Oct

Continuous

BOM

1968 Jul

66137

Bankstown Airport AWS
Daily

BOM

1968 Jul

Continuous

BOM

1962 Jul

2011 May

Daily

BOM

1929 Sep

2013 Jul

Continuous

BOM

1913 Jan

Daily

BOM

1858 Jul

66037

66062

0.5
0.9

1970 Dec

1.2
1.5
N/A

4.1
N/A

6.4
1979 Dec

7.2
7.6

1992 Jun
9.3

Sydney Airport AMO

9.8

Sydney (Observatory Hill)

16.9
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A review of the available rainfall data was completed to identify when significant historic rainfall
events have occurred and, consequently, when flooding may have been experienced across the LGA.
The details of the top ten rainfall events, based on accumulated daily total rainfall depths for gauges
located in close proximity to the LGA, are summarised in Table 6-2. Note that the dates provided in
Table 6-2 are the dates on which the rain fell and may not necessarily coincide with when flooding
may have been experienced.
Table 6-2 - Significant Historic Rainfall Events
Rank

Year

Day/Month

Rainfall in 24 hour
Period (mm)

Rainfall in
Rainfall in Following
Preceding 24 Hour
24 Hour Period (mm)
Period (mm)
87
118

1

1991

11th June

280

2

1913

8th March

270

12

3

1904

9th July

233

84

0
40
4

1992

12th February

215

63

5

1938

30th January

208

0

6

1986

6th August

196

106

7

1933

22nd January

183

17

8

1990

2nd February

181

22

9

1914

23rd March

180

0

10

1956

9th February

172

33

2
39
51
19
138
4
79

NOTE: Rainfall depths in the above table is based upon the average daily rainfall depths for all active gauges
located within or immediately adjacent to the Georges River Council LGA.

As shown in Table 6-2 the most significant rainfall event on record occurred in February 1991, where
280 mm of rain fell over a 24 hour period. Significant contemporary events also occurred in 1992
and 1990. The information presented in Table 6-2 also indicates that most rainfall occurs in mid to
late summer (most likely associated with summer storms) or winter (most likely associated with East
Coast lows).

6.3.2. Historic Stream Gauge Data
There are no stream gauges located within the Georges River Council LGA. Accordingly, no stream
flow information could be gathered for the study area.

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC
Australia Pty Ltd |CSS | 9

6.4. Topographic and Survey Information
6.4.1. LiDAR
Light Detection and Ranging (LiDAR) was collected across the Sydney metropolitan area by Land and
Property Information during April 2013. The raw LiDAR data provides a minimum point density of 1
point per square metre. As a result, the LiDAR provides a detailed representation of the variation in
ground surface elevation across the study area. The ALS also has an absolute horizontal accuracy of
0.8 metres and an absolute vertical accuracy of 0.3 metres, which is considered to be suitable for
this Study.
The LiDAR was used to assist in the development of a Digital Elevation Model (DEM) of the Georges
River Council LGA. The extent of the DEM is shown in Figure 6.2.

LEGEND

Figure 6.2 - Extent of DEM from LIDAR data
The LiDAR is considered to provide the most reliable description of contemporary topographic
conditions across the LGA. However, LiDAR can provide a less reliable representation of the terrain
in areas of high vegetation density. This is associated with the laser ground strikes often being
restricted by the vegetation canopy. Errors can also arise if non-ground elevation points (e.g.,
vegetation canopy) are not correctly removed from the raw LiDAR dataset. Therefore, additional
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checks were completed across areas of dense vegetation to confirm if the terrain representation was
reliable.
Figure 6.3 provides an example of the LiDAR point density in the vicinity of Beverly Hills Park. It
shows the ground point density is much higher across the non-vegetated sections of the park
relative to the more densely vegetated areas along the main drainage channel (refer blue line).
Accordingly, there are concerns that the point density along the main drainage channels may be
insufficient to reliably define the conveyance capacity of the main creek network.

Figure 6.3 - LiDAR data points in the vicinity of Beverly Hills Park, Beverly Hills. The alignment of the
main drainage channel is shown by the blue line.
Fortunately, a significant proportion of the drainage channels located within the study area are
concrete-lined and are not flanked by vegetation (refer Figure 6.4). In such instances, the channels
are largely free of vegetation and the LiDAR should provide a reasonable description of the channel
geometry.
It should also be recognised that the LiDAR data will not pick up the details of topographic and
drainage features that are obscured from aerial survey techniques, such as culvert dimensions and
obvert elevations.
Overall, the LiDAR data provides a good representation of the variation in topography across the
majority of the study area. However, hydraulic structures (e.g., culverts) and areas subject to high
vegetation density may not be well defined by the LiDAR. Therefore, it was considered necessary to
supplement the LiDAR data with additional information to ensure a reliable representation of the
conveyance capacity of the hydraulic structures and more heavily vegetated channels was provided.

6.5. Remote Sensing
In addition to providing ground point elevations, the LiDAR also provides non-ground points (e.g.,
buildings, trees) as well as laser return intensity information. This information can be used to assist
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with the identification of different land uses across the catchment. This, in turn, can be used to assist
with the definition of Manning’s ‘n’ roughness values in the hydraulic model.

Figure 6.4 - Example of concrete-lined channel near The Crescent, Beverly Hills which is largely free of
vegetation
This classification technique is documented in a paper prepared titled “Using LiDAR Survey for Land
Use Classification” (Ryan, 2013). The classification algorithm divides the study area into the following
land use classifications based on interpretation of ground and non-ground LiDAR points, LiDAR point
intensity and the red band of aerial imagery:
 Buildings
 Trees
 Short Grass
 Shrubs / Long Grass
 Roads
 Concrete
 Water
Figure 6.5 shows a typical aerial image over the Beverly Hills and Kingsgrove areas. The LIDAR data
covering the area of the image was used to prepare the remote sensing classification of the data. A
sample output from the remote sensing for a section of the Georges River Council LGA is provided in
Figure 6.6. As shown in Figure 6.6, the remote sensing output provides a detailed spatial description
of the variation in land use / materials across the LGA.
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Figure 6.5 - Aerial image for Beverly Hills / Kingsgrove

Figure 6.6 - Example of Remote Sensing
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A review of the remote sensing information indicated that there were several artefacts and
misclassifications. These include shadowing effects and occasional misclassification of buildings.
Therefore, it was necessary to manually override the classifications assigned to some sections of the
LGA to ensure a reliable description of the spatial variation in land use is provided across the entire
study area.

6.6. Engineering Plans
6.6.1. Sydney Trains Plans
The Georges River Council LGA is traversed by two major train lines:
 East Hills Line
 Illawarra Line
Therefore, bridge, culvert and drainage design/work-as-executed plans were obtained from Sydney
Trains to assist with defining the drainage system fall within the railway corridor.
The drainage system along the East Hills Line was well defined by the plans and included a full
description of the minor stormwater and trunk drainage system. This included stormwater pipe and
culvert sizes as well as invert elevations.
The drainage system along the Illawarra Line was less well defined by the plans, with many of the
plans dating back to the 1950s. Although most major drainage structures appear to be included in
the plans, there was negligible information available defining the smaller, piped drainage system.
Although this may result in less reliable definition of drainage behaviour in the vicinity of the
Illawarra Line, it should be recognised that the Illawarra Line is generally located in the headwaters
of the study area where only small amounts of runoff will be experienced. As a result, the lack of
stormwater information along this line is not predicted to adversely impact on the results of the
Study.

6.6.2. M5 Plans
“As built” plans for the M5 Motorway were also provided as part of the study. The plans include a
detailed description of the drainage system located within and adjacent to the roadway corridor
between Kooemba Street, Beverly Hills and Kingsgrove road, Kingsgrove. This included channel
cross-sections as well as pipe/culvert dimensions and inverts for all cross-drainage structures as well
as the open channel that runs along the southern side of the Motorway between Beverly Hills and
Kingsgrove.

6.6.3. Council Plans
Georges River Council could not provide any details of structures and therefore the critical structures
that were deemed most likely to affect the Flood Study were nominated to be surveyed. See Section
7.3 for details of the survey that was carried out for the Study.

6.7. GIS Data
A number of GIS data layers were also provided by Georges River Council to assist with the Study.
This included:
 Hurstville_Mosaic_2011.ecw – provides 2011 ortho-rectified aerial imagery for the Georges
River Council LGA at a 0.1 metre pixel size;
 HCC_CADASTRE.tab – provides property boundary polygons for all properties within the
Georges River Council LGA;
 AM_DRAINAGE_PIPES.tab – Provides alignments, lengths and diameters for Georges River
Council owned stormwater pipes;
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 AM_DRAINAGE_PITS.tab – Provides the location and depth of Georges River Council owned
stormwater pits/inlets;
 SYD_WATER_DRAINAGE_PIPES.TAB – Provides alignments, lengths and diameters for Sydney
Water owned stormwater pipes (typically trunk drainage);
In addition to the stormwater GIS layers listed above, a “Stormwater Asset Register for
consultants.xlsx” spreadsheet was also provided listing the results of a closed circuit television
(CCTV) survey of the stormwater system. This spreadsheet provided updated diameters for 210
pipes across the LGA that was not reflected in the original GIS database. Therefore, the CCTV data
was “linked” to the stormwater GIS database using the Asset ID to ensure the GIS database provided
a more reliable representation of pipe sizes across the LGA.
The stormwater drainage system plays a significant role in the conveyance of flows during most
storm events. Therefore, a detailed review of the updated stormwater GIS layers was completed to
determine if they were suitable for use in the hydraulic modelling for the Study. This review
identified several limitations, including:
 The positional accuracy of the pipes and pits were poor – as shown in Figure 6.7, a number of
pipes and pits were located along the “nature strip” rather than in the kerb/gutter. As a
result, there would be reduced opportunity for stormwater runoff travelling along roadways
to enter the stormwater system.
 Stormwater pit types were poorly defined – approximately 4,800 pits were included in the GIS
database and over 3,600 were defined as “grated gully pits”. A field review determined that
the majority of these pits were kerb inlets and less than 20 of these had lintel (i.e., kerb
opening) lengths defined in the GIS layer. In addition, over 1,000 pits were classified as
“unknown” or had no pit type classification.
 Numerous sections of the stormwater system were “disconnected” - as shown in Figure 6.7.
 A number of “branches” in the stormwater system are not connected to a downstream pipe.
As a result, any stormwater being conveyed by these sections of the stormwater system will
be forced above ground leading to an overestimate of downstream overland flows.

Figure 6.7 - Example of stormwater pits (blue dots) not located in gutter
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Figure 6.8 - Example of disconnected stormwater pipes (blue lines) in the vicinity of Carrington
Avenue, Hurstville
In recognition of these limitations, the following steps were employed to provide a more reliable
description of the stormwater system:
 A preliminary 1% AEP simulation was completed (excluding the stormwater drainage system)
to identify those areas where significant overland flow depths are likely to be experienced.
 All stormwater pits located in an area of significant water depth (i.e., greater than 0.1 metres)
were inspected using Google Street View, classified and grate and lintel sizes were
estimated. This resulted in approximately 940 pit type classifications being updated.
 Isolated pipes were joined to the closest downstream pipe using a pipe of equivalent
diameter.
 Pit locations were adjusted based upon the 2011 aerial imagery so they were located in the
appropriate location to capture runoff.
 The downstream end of any pipes with adverse slopes were lowered based upon linear
interpolation using downstream pit invert elevations.
These steps ultimately yielded a fully connected stormwater network that provided a more reliable
description of the stormwater system and the ability for the stormwater system to capture runoff
across the LGA. Nevertheless, a number of assumptions were required in order to prepare this
dataset. Therefore, it is recommended that Council ultimately updates its stormwater database to
ensure that future studies can be completed with a full understanding of the stormwater drainage
system.

6.8. Flood Photographs
Georges River Council provided a number of photographs showing floodwaters through properties.
The address was provided for most properties however, the date of the floods could not be
determined for all properties from the photos.
The photos therefore provide only an indication that the properties experience flooding during
periods of wet weather. The photos were used to assist in the calibration of the model to confirm
the extents of flooding.
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Figure 6.9 - 37 Stanley Street Peakhurst – 22 February 2005

Figure 6.10 - 14 Forshaw Avenue Peakhurst – No date

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC
Australia Pty Ltd |CSS | 17

7. COMMUNITY CONSULTATION
A key component of the Flood Study involves development and calibration of a computer model.
Calibration involves using the computer model to replicate floods that have occurred in the past.
Although some historic flood information could be sourced from the previous investigations,
additional information on past flooding was sought from the community. Therefore, several
community consultation devices were developed to inform the community about the Study and to
obtain information from the community about their past flooding experiences. Further information
on each of these consultation devices is presented below.

7.1. Flood Study Website
A Flood Study website was established for the duration of the Study. The website address is:
http://www.hurstville.floodstudy.com.au

Figure 7.1 - Flood Study Website
The website was developed to provide the community with detailed information about the Study
and also provide a chance for the community to ask questions and complete an online questionnaire
(this online questionnaire was identical to the questionnaire distributed to residents and business
owners, as discussed in Section 7.2).
During the course of the Study (up to August 2014), the website was visited 200 times by 125 unique
visitors.

7.2. Community Information Brochure and Questionnaire
A community information brochure and questionnaire was prepared and these were distributed to
approximately 8900 households and businesses within the Georges River Council LGA. A copy of the
brochure and questionnaire is included in Appendix A.
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The questionnaire sought information from the community regarding whether they had experienced
flooding, the nature of flood behaviour, if roads and houses were inundated and whether residents
could identify any historic flood marks. A total of 223 questionnaire responses were received. A
summary of the questionnaire responses is provided in Appendix B.
The responses received from the residents were reviewed and it was found that only 16% of
respondents nominated that their property was flood affected (see Figure 7.2). The respondents
were also grouped by their suburb and it was found that Riverwood, Hurstville and Mortdale had the
biggest response in the survey. These suburbs also had the larger percentage of flood affected
properties (see Figure 7.3).

Figure 7.2 - Number of Respondents affected by Flooding

Figure 7.3 - Number of respondents by suburb
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7.3. Additional Data Collection
7.3.1. Cross-Section and Structure Survey
A survey brief was prepared and submitted to Council for review. The survey brief was sent to three
surveyors Harrison Friedman, Project Surveyors and Lawrence Group for quotations. The quotations
were reviewed by Council and the successful consultant Lawrence Group was commissioned by
SMEC to carry out the required survey. The survey was completed on the 14 August 2014 and Figure
7.4 shows a typical survey output received from Lawrence Group.

Figure 7.4 - Example Survey output

Additional survey was carried out for the project that included hydraulic structures such as:
 Timber footbridge over concrete lined channel at Loader Avenue Beverly Hills
 Walkways and sheds over concrete lined channel at Frederick Avenue Beverly Hills
 Concrete driveway over brick lined channel at Bassett Street Hurstville
 Concrete driveway over brick lined channel at King Georges Road Penshurst
 Pipe culvert at Depot Road Mortdale
 Concrete bridge over Salt Pan Creek at Henry Lawson Drive Peakhurst
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Bridge over brick lined channel at Croydon Road Hurstville
Pipe culvert at Vanessa Street Beverly Hills
Concrete bridge over concrete lined channel at Vanessa Street Beverly Hills
Pipe culvert at Vanessa Street Beverly Hills

The additional survey data was integrated with the Council’s LIDAR survey and as such provided a
solid basis for development of the hydraulic model.
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8. COMPUTER MODEL DEVELOPMENT & CALIBRATION
8.1. General
Computer models are the most common method of predicting flood behaviour through a particular
area of interest. They can be used to predict flood characteristics such as peak flood level and flow
velocity. The results of the modelling can also be used to define the variation in flood hazard.
The TUFLOW software was used to undertake computer modelling of the Georges River Council LGA.
TUFLOW is a fully dynamic, 1D/2D finite difference model developed by BMT WBM (2012). It is used
extensively across Australia to assist in defining flood behaviour.
Although TUFLOW has historically been used to simulate flood hydraulics only, recent advancements
have permitted application of rainfall directly to the model to simulate the transformation of rainfall
into runoff as well as the movement of that runoff across the catchment. This “direct rainfall”
approach was applied as part of this investigation.
The following sections describe the model development process, as well as the outcomes of the
model calibration and verification.

8.2. Computer Model Development
8.2.1. Model Extent and Grid Size
A 2-dimensional computer model of the Georges River Council LGA was developed using the
TUFLOW software. The extent of the model area is shown in Figure 8.1. As shown in Figure 8.1, the
TUFLOW model boundary extends beyond the limits of the LGA to ensure that the full catchment
area contributing runoff to the Georges River Council LGA was represented.
The TUFLOW software uses a grid to define the spatial variation in topography and
hydrologic/hydraulic properties (e.g., Manning’s ‘n’, rainfall losses) across the study area.
Accordingly, the choice of grid size can have a significant impact on the performance of the model.
In general, a smaller grid size will provide a more detailed and reliable representation of flood
behaviour relative to a larger grid size. However, a smaller grid size will take longer to perform all of
the necessary hydraulic calculations. Therefore, it is typically necessary to select a grid size that
makes an appropriate compromise between the level of detail provided by the model and the
associated computational time. A grid size of 2 metres was ultimately adopted and was considered
to provide a reasonable compromise between reliability and simulation time.
A dynamically linked 1-dimensional (1D) network was embedded within the 2D domain to represent
areas that would not be well represented by the 2 metre grid (e.g., narrow creek channels).
Hydraulic structures (e.g., culvert crossings) were also represented as a separate 1D domain. The
extent of the 1D (i.e., channels, bridges and culverts) and 2D model domains are shown in Figure 8.2.

8.2.2. Topography
Elevations were assigned to grid cells within the TUFLOW model based on the Digital Elevation
Model derived from LiDAR data. As the LiDAR data was collected in 2013, it is considered to provide
a reliable representation of contemporary topographic conditions across the majority of the study
area.
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Figure 8.1 – TUFLOW model extent
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8.2.3. Material Types
The TUFLOW software employs material polygons to define the variation in hydrologic (i.e., rainfall
losses) and hydraulic (i.e., Manning's 'n') properties across the study area. The material polygons
were developed using an automated remote sensing approach that takes advantage of the full range
of information collected by LiDAR particularly multiple returns, LiDAR intensity as well as infra-red
imagery (Ryan, 2013).
The automated approach provides a detailed spatial description (i.e., 1m grid size) of the variation in
materials/land use across each catchment. However, there were several misclassifications that were
identified. These are primarily associated with shadowing effects and occasional misclassification of
buildings (particularly around road/rail overpasses). Therefore, some manual updates to the remote
sensing outputs was completed to ensure a reliable description of material types was provided
across the full study area.
The spatial distribution of the different material types is shown in Figure 8.3. As shown in Figure 8.3,
the study area was subdivided into seven different material types:
 Buildings
 Trees
 Short Grass
 Shrubs / Long Grass
 Roads
 Concrete
 Water

8.2.4. Rainfall Losses
During a typical rainfall event, not all of the rain falling on a catchment is converted to runoff. Some
of the rainfall may be intercepted and stored by vegetation, some may be stored in small depression
areas and some may infiltrate into the underlying soils.
To account for rainfall “losses” of this nature, the TUFLOW models incorporate a rainfall loss model.
For this Study, the “Initial-Continuing” loss model was adopted, which is recommended in ‘Australian
Rainfall and Runoff – A Guide to Flood Estimation’ (Engineers Australia, 1987) for eastern NSW.
This loss model assumes that a specified amount of rainfall is lost during the initial saturation /
wetting of the catchment (referred to as the “Initial Loss”). Further losses are applied at a constant
rate to simulate infiltration/interception once the catchment is saturated (referred to as the
“Continuing Loss Rate”). The initial and continuing losses are effectively deducted from the total
rainfall over the catchment, leaving the residual rainfall to be distributed across the catchment as
runoff.
Each catchment includes extensive urban areas that are relatively impervious.
effectively separates each catchment into two hydrologic systems, i.e.:
 rapid rainfall response and low rainfall losses for impervious areas; and,
 slower rainfall response and high rainfall losses for pervious areas.

Urbanisation

In recognition of the differing characteristics of the two hydrologic systems, the rainfall losses were
varied spatially based on the different material types / land uses across the model area. Initial and
continuing losses were applied to each material type based on design values documented in
‘Australian Rainfall and Runoff – A Guide to Flood Estimation’ (Engineers Australia, 1987) and are
summarised in Table 8-1.
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Figure 8.2 - 1D and 2D model domains
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Figure 8.3 - Spatial data map
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Table 8-1 - Rainfall Loss Values
Rainfall Losses
Material Description
Initial Loss (mm)

Continuing Loss Rate
(mm/hr)

Grass

10.0

2.5

Trees

10.0

2.5

Shrubs / Long Grass

10.0

2.5

Roadway

1.0

0.0

Concrete

1.0

0.0

Water

0.0

0.0

Buildings

1.0

0.0

8.2.5. Manning’s ‘n’ Roughness Coefficients
Manning’s ‘n’ is an empirically derived coefficient that is used to define the resistance to flow (i.e.,
roughness) afforded by different material types / land uses. It is one of the key input parameters
used in the development of the TUFLOW computer models.
Manning’s ‘n’ values are dependent on a number of factors including vegetation type/density,
topographic irregularities and flow obstructions. All of these factors are typically aggregated into a
single Manning’s ‘n’ value for each material type and representative Manning’s ‘n’ values can be
obtained from literature (e.g., Chow, 1959). However, the Manning’s ‘n’ values found in literature
are only valid when the flow depth is large relative to the material/vegetation height and the
material is rigid.
When using a “direct rainfall” computer model, the depth of flow across much of the study area will
be shallow (often referred to as “sheet” flow). In such instances, the depth of flow can be equal to
or less than the height of the vegetation and the vegetation is not necessarily rigid (e.g., grass can
bend under the force of flowing water). Accordingly, Manning’s ‘n’ values obtained from literature
are generally no longer valid for shallow flow depths.
Research completed by McCarten (2011) and others (Engineers Australia, 2012) indicates that
Manning’s ‘n’ values will not be “static” and will vary with flow regime/depth. Specifically, the
research indicates that Manning’s’ ‘n’ values will typically decrease with increasing flow depths. This
is associated with the resistance to flow at higher depths being driven by bed resistance only, while
at shallow depths, the resistance is driven by vegetation/stem drag as well as bed resistance (i.e.,
the “effective” roughness is higher at shallow depths).
In an effort to represent the depth dependence of Manning’s ‘n’ values in the TUFLOW models, flow
depth versus Manning’s ‘n’ relationships were developed for each material type. The relationships
were developed using the modified Cowan method, which is documented in the USGS water supply
paper 2339 titled ‘Guide for Selecting Manning’s Roughness Coefficients for Natural Channels and
Flood Plains’ (Arcement & Schneider). The modified Cowan method was selected as it allows the
Manning’s ‘n’ values to be calculated giving due consideration to the depth of the flow relative to
the vegetation/obstruction height. The Manning’s ‘n’ calculations are included in Appendix C and
the final Manning’s ‘n’ values for each material type at each depth are summarised in Table 8-2.
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Table 8-2 - Manning's 'n' Roughness Values
Material
Description

Depth Varying Manning's 'n' Values

Depth1
(metres)

‘n’1

Depth2
(metres)

‘n’2

Depth3
(metres)

‘n’3

Depth4
(metres)

‘n’4

Grass

0.03

0.1

0.05

0.065

0.07

0.05

0.10

0.036

Trees

0.30

0.16

1.50

0.11

2.00

0.08

Shrubs

0.30

0.137

1.00

0.077

1.50

0.047

Roadway

0.04

0.017

0.10

0.021

0.15

0.018

Concrete

0.005

0.034

0.01

0.015

Water

0.030 for all depths

Buildings

0.025 for all depths

8.2.6. Building Representation
As discussed, the catchment is highly urbanised. The high level of urbanisation across the study area
creates many flow obstructions. One of the most significant impediments to overland flow in an
urban environment are buildings. Available research indicates that buildings have a considerable
influence on flow behaviour in urban environments, significantly deflecting flows irrespective of
whether the building is flooded inside or remains water tight (Smith et al, 2012). Accordingly, it was
considered necessary to include a representation of the buildings in the computer model.
Each building located within or adjacent to a major overland flow path was represented in the
TUFLOW models using a completely impervious “wall” along the upstream face of each building.
This approach is shown conceptually in Figure 8.4. An actual example of the building wall
representation is provided in Figure 8.5. As shown in Figure 8.4 and Figure 8.5, the downstream wall
of each building was left “open” to allow rain falling on each building to “runoff” and contribute to
catchment runoff.
Figure 8.5 also provides an example of floodwater velocity vectors in the vicinity of the buildings (the
velocity vectors show the direction and speed of the floodwaters). The velocity vectors show that
the upstream walls provide an appropriate representation of the redirection of flow around
buildings. It also provides a good representation of the increase in flow velocities as water is
“squeezed” between buildings, thereby helping to ensure the flood hazard is suitably quantified.

8.2.7.

Culverts/Bridges

Culverts and bridges can have a significant influence on flood behaviour in an urban study area.
Accordingly, all culverts and bridges were included in the TUFLOW models as additional 1dimensional elements. For circular or rectangular culverts, the dimensions and invert elevations of
the structures were included directly in the TUFLOW models. For “irregular” culverts, a flow height
versus flow width relationship was developed and included in the TUFLOW models.
The study area also includes several irregular shaped (e.g., arch and trapezoidal) culverts. The
irregular shape of the crossings was defined using a flow height versus flow width relationship.
Entry and exit loss coefficients for each culvert were defined based on default values provided in the
TUFLOW Manual (BMT WBM, 2012). Typically, an entry loss coefficient of 0.5 and an exit loss
coefficient of 1.0 was adopted for each culvert.
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Figure 8.4 - Conceptual representation of buildings in a TUFLOW model, using the upstream building
walls to deflect flow and an “open” downstream wall to allow water to be stored in the building and
to allow direct rainfall to “escape” (Engineers Australia, 2012)

Figure 8.5 - Example of upstream building wall representation (purple lines) in the vicinity of Stoney
Creek Road & Hampden Street, Beverly Hills. Velocity vector arrows (yellow) show that the walls
force the water to move around and between buildings
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The study area also includes a number of bridge crossings. The available waterway area beneath the
bridge deck was specified using a cross-section. Energy losses were defined using a height versus
loss coefficient relationship that was developed based on procedures outlined in ‘Hydraulics of
Bridge Waterways’ (Bradley, 1978).
The location of bridges and culverts included within the TUFLOW models is shown in Figure 8.6.

8.2.8.

Stormwater System

The stormwater system has the potential to convey a significant proportion of runoff across the LGA
during significant rainfall events. Therefore, it was considered important to incorporate the
conveyance provided by the stormwater system in the TUFLOW models to ensure the interaction
between piped stormwater and overland flows was represented.
The stormwater system was included within the TUFLOW models as a dynamically linked 1dimensional (1D) network. This allowed representation of the conveyance of flows by the
stormwater system below ground as well as simulation of superficial flows in 2D once the capacity of
the stormwater system is exceeded.
The properties of the stormwater system were defined based upon information contained in
Council's stormwater GIS layer, where available. However, it was determined that the GIS layer did
not contain all of the information necessary to fully define the stormwater system in TUFLOW. In
addition, some stormwater pits were incorrectly positioned or the pit type was not correctly
identified in the GIS layer. Therefore, the following information was estimated:
 Where pipe diameter information was not available, the diameter was interpolated based
upon inspection of the upstream and downstream pipe diameters;
 Convertor pits and associated pipes were not included in the TUFLOW stormwater system as
the convertors are not designed to capture stormwater runoff (rather they are designed to
direct stormwater from drainage pipe systems into the kerb and gutter). Accordingly, their
omission was not considered to significantly impact on simulated flood behaviour.
The extent of the stormwater system included within the TUFLOW models is shown in Figure 8.2.
It was recognised that the capacity of the stormwater system is dependent not only on the
characteristics of the individual stormwater pipes, but also the various stormwater inlets that
capture surface runoff and distribute this runoff to the pipe system. Council’s stormwater GIS layer
provided some stormwater pit type information. However, a full definition of each pit was not
provided across the complete LGA. It was considered prohibitively costly and time consuming to
collect the missing information for all pits and this was outside of the original scope of the Flood
Study.
In recognition of these limitations, the following steps were employed to provide a more reliable
description of the stormwater system:
 A preliminary 1% AEP simulation was completed (excluding the stormwater drainage system)
to identify those areas where significant overland flow depths are likely to be experienced.
 All stormwater pits located in an area of significant water depth (i.e., greater than 0.15
metres) were inspected using Google Street View, were classified and the grate and lintel
sizes were estimated. This resulted in over 1,500 pit type classifications being updated.
 Pit locations were adjusted based upon the 2011 aerial imagery so they were located in the
appropriate location to capture runoff.
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Figure 8.6 - Bridge and Culvert structures
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Once the different pit types were defined across each catchment, inlet capacity curves were
prepared. The ‘Drains Generic Pit Spreadsheet’ (Watercom Pty Ltd, July 2005), was used to develop
the inlet capacity curves. The inlet capacity curves were developed to take account of:
 The different pit inlet types (e.g., sag inlets, grated inlets, kerb inlets, combination inlets); and,
 The different pit dimensions and lintel sizes.
A copy of the inlet capacity curves are provided in Appendix D. The inlet capacity curves indicate
that the capacity of the stormwater inlets located across the study area at gutter full capacity (i.e.,
depth = 0.15m) varies between 0.12 m3/s (on grade kerb inlet with 1.2m lintel) and 0.54 m3/s (sag
kerb and grated inlet with 4.2m lintel).

8.2.9. Culvert/Bridge and Stormwater System Blockage
During most floods, sediment, vegetation and urban debris (e.g., shopping trolleys) from the
catchment can become mobilised leading to blockage of culverts, bridges and stormwater inlets
(refer Figure 8.7). Consequently, structures will typically not operate at full efficiency during most
floods. This can increase the severity of flooding across areas located adjacent to these structures.
In recognition of this, blockage factors were applied to all structures. The blockage factors were
based on the latest available structure blockage information contained in ‘Project 11: Blockage of
Hydraulic Structures’ (Engineers Australia, 2013) as well as information provided by Council. Given
the large potential variability in blockage, three different blockage scenarios were considered as part
of each simulation (refer Table 8-3):
 No Blockage;
 Design Blockage; and,
 Severe Blockage.

Figure 8.7 - View showing partial blockage of stormwater inlet located in Gannons Park, Peakhurst
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Table 8-3 - Adopted Blockage Conditions for Hydraulic Structures
Blockage Conditions
Type of Structure

‘No’
Blockage

‘Design’
Blockage

‘Severe’
Blockage

0%

50%

100%

0%

50%

100%

Inlet height < 3m, or width < 5m:

0%

20%

100%

Inlet height > 3m, and width > 5m:

0%

0%

25%

Culverts and pipe inlets with effective
debris control features

0%

0%

25%

Bridges

0%

0%

100%

Solid handrails and traffic barriers associated with bridges and
culverts

0%

50%

100%

Fencing

0%

50%

100%

Kerb slot inlet only
Sag kerb inlets

Grated slot inlet only
Combined inlets
Kerb slot inlet only

On-grade kerb inlets

Grated slot inlet only (longitudinal bars)
Grated slot inlet only (transverse bars)
Combined inlets

Culverts

8.2.10. Fences
Fences can also provide a significant impediment to flow in urbanised catchments (refer Figure 8.8).
Therefore, it was also considered important to include a representation of fences within the
TUFLOW model. An automated approach was employed to extract approximate fence alignments
across the LGA based on information contained in cadastre, roadway and LEP GIS layers.

Figure 8.8 - Example of paling fence causing a notable impediment and redistributable of overland
flows. Note: this photo was taken in Prospect during a 1988 flood (i.e., not within the Georges River
LGA)
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The fence alignments were then reviewed relative to the 2011 aerial imagery and adjustments to the
fence lines were completed by hand, where necessary, to ensure a reliable representation of fences
was provided across the LGA. The extent of fence lines that were generated based on this approach
is shown in Figure 8.9.

Figure 8.9 - Extent of fences (yellow lines) included in TUFLOW model
The impediment to flow afforded by fences is influenced by two main factors:
 Fence type; and,
 Debris accumulation on fence.
The large array of fence types and debris blockage potential means that there is likely to be
considerable variability in the overall blockage provided by different fences. It was considered that a
comprehensive review of all fence types and debris accumulation potential across the full LGA would
not be possible given the size and highly urbanised nature of the study area. Therefore, all fences
were implemented with a default “design” blockage factor of 50%. That is, a 50% reduction in
conveyance capacity is provided through the fences. It was felt that a 50% blockage factor provided
a realistic estimate of the average degree of blockage provided by all fence types across the study
area (even relatively permeable fence types when debris blockage is considered). Alternate
blockages were also considered as part of the “no” and “severe” blockage scenarios.
It was also assumed that all fences were 1.0 metre high. Therefore, all flow that approaches a fence
will be subject to 50% blockage up to a depth of 1.0 metres. All flow in excess of 1.0 metres will not
be subject to any blockage and will travel across the top of the fence “unabated”. Although there
may be a number of fences greater than 1 metre high, it was considered the fences would likely
collapse once the upstream water level exceeded 1 metre in depth.
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8.3. Model Calibration and Verification
8.3.1. General
Computer models are approximations of reality and are generally developed using parameters that
are not known with a high degree of certainty and/or are subject to natural variability. This includes
catchment roughness/vegetation density as well as blockage of hydraulic structures. Accordingly,
the models should be calibrated using flow and flood mark information from historic floods to
ensure the adopted model parameters are producing reliable estimates of flood behaviour.
Calibration is typically completed by routing recorded rainfall from historic floods through a
computer model. Simulated flows and flood levels are extracted from the model results at locations
where recorded data are available. Calibration is completed by iteratively adjusting the model
parameters to achieve the best possible match between simulated and recorded flood flows and
flood marks.
Unfortunately, there are no stream gauges located within the study area. Therefore, it is not
possible to complete a full calibration of the computer model developed for this Study.
Historic flood data is available for a number of past flood events, most notably the 1998 and 2012
events. Therefore, it is possible to complete a ‘pseudo-calibration’ by routing historic rainfall
through the model and comparing simulated water levels against recorded flood mark elevations
and anecdotal information for these floods.
Further details of the TUFLOW model calibration / verification process are provided below.

8.3.2. February 2012 Flood
8.3.2.1.

Modifications to Represent Historic Conditions

As the 2012 flood occurred relatively recently, no changes to the TUFLOW model described in
Section 1.2 were completed to reflect historic floodplain conditions for the 2012 event.
8.3.2.2.

Rainfall

The February 2012 flood occurred over a 5 hour period on 19 February 2012. It caused damage to a
number of properties (refer Figure 8.10) and was considered to be only slightly less severe than a 1%
AEP flood in the Mortdale area (Henry & Hymas, 2012).
Accumulated daily rainfall totals for each rainfall gauge that was operational during the 2012 event
are provided in Figure 8.11. The accumulated daily rainfall totals were also used to develop a rainfall
isohyet map for the 1998 event, which is also shown in Figure 8.14.
The isohyet map indicates that there was significant spatial variation in rainfall across the LGA during
the 2012 event. Specifically, the rainfall information shows that total rainfall depths across the
Georges River Council LGA varied between 82 mm (near Mortdale) and 50mm (near Riverwood),
with the majority of that rainfall occurring over a 90 minute period. It was considered important to
provide a reliable representation of the spatial variation in rainfall during the 2012 event in the
computer models. Therefore, the isohyet map was used to develop “rainfall polygons” that would
allow the spatial variation in rainfall to be represented in the TUFLOW model. That is, unique rainfall
depths were applied to the TUFLOW model based on the isohyet maps presented in Figure 8.11.
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Figure 8.10 - Damage caused by the 2012 flood at 27 Cromdale Street, Mortdale
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Figure 8.11 - 2012 Isohyetal Map
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The temporal (i.e., time-varying) distribution of rainfall that was applied to each rainfall polygon was
defined based on Thiessan polygons. That is, the closest continuous rainfall gauge to a particular
location was used to describe the temporal distribution of rainfall (refer Figure 8.12). For example,
the temporal pattern from gauge #566047 was used to describe the time variation in rainfall for all
of the yellow areas shown in Figure 8.12, while the temporal pattern for all blue and orange areas
were assigned based on gauges #566031 and #566072, respectively.

Figure 8.12 - Active sub-daily rainfall gauges and Theissan polygons adopted to describe temporal
variation in rainfall for 2012 event
As shown in Figure 8.12, three sub-daily rainfall gauges were active during the 2012 flood (all
operated by Sydney Water) and included:
 #566047 – Mortdale Bowling Club;
 #566072 – Kyle Bay (Club Blakehurst); and,
 #566031 – Revesby Bowling Club
8.3.2.3.

Downstream Boundary Conditions

Hydraulic computer models also require the adoption of a suitable downstream boundary condition
in order to reliably define flood behaviour throughout the area of interest. The downstream
boundary is typically defined as a known water surface elevation (i.e., stage).
The western and southern sections of the LGA drain into Salt Pan Creek and the Georges River.
Accordingly, flood behaviour across areas located adjacent to the Georges River will be influenced by
the prevailing water surface elevation within the river at the time of the flood. The Georges River
water level gauge located at Como Bridge (MHL Station No. 213425) has been operational since
2001. Therefore, recorded water level data is available for the 2012 event. This data was used to
define the time-variation in water level for the 2012 event along the western and southern model
boundaries.
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The eastern and northern boundaries of the model generally form part of the Wolli Creek
catchment. Unfortunately, no water level gauges are located in close proximity to the TUFLOW
boundary to assist in describing the historic variation in stages during the 2012 event. However, the
water levels at the northern and eastern model boundaries are not tidally influenced and are driven
primarily by the amount of water travelling across the model boundary and the characteristics of the
channel at that location (i.e., channel geometry, slope and roughness). Therefore, the downstream
boundary conditions for this section of the TUFLOW model was defined based upon a “normal
depth” (i.e., Manning’s) calculation. As shown in Figure 8.1, the northern and eastern model
boundaries are located at least 150 metres downstream of the LGA boundary to ensure any
uncertainties associated with the adopted boundary condition did not impact on results across the
Georges River Council LGA.
8.3.2.4.

Results

Calibration of the TUFLOW hydraulic model was attempted based upon fifteen (15) flood marks for
the February 2012 flood. The calibration was undertaken by routing the historic rainfall through the
TUFLOW model and adjusting roughness parameter values until a reasonable agreement between
simulated flood levels and recorded flood marks was achieved. As discussed in Section 4.2.9, there
is considerable uncertainty associated with blockage of hydraulic structures and fences. Therefore,
all 3 blockage scenarios were included in the 2012 flood simulations.
Peak floodwater depths and velocity vectors were extracted from the results of the “design
blockage” 2012 simulation and are included on Figure 8.13. It should be noted that only water
depths greater than 0.1 metres are shown in Figure 8.13 to distinguish between those areas with
significant versus negligible flooding.
A comparison between recorded flood mark elevations and simulated flood levels for each blockage
scenario is also presented in Table 8-4.
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Figure 8.13 - 2012 Calibration Results
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Inset 14A – showing floodmarks against 2012 Calibration Event

Inset 14B – showing floodmarks against 2012 Calibration Event
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Inset 14C – showing floodmarks against 2012 Calibration Event
Table 8-4 - Comparison between simulated flood levels and recorded flood marks for 2012 flood
simulation

Location

Recorded
Flood Mark
Elevation
(mAHD)

Simulated Flood Level
(mAHD)

Difference
(metres)

No
Blockage

Design
Blockage

Severe
Blockage

No
Blockage

Design
Blockage

Severe
Blockage

27 Cromdale St,
Mortdale

14.53

14.30

14.50

14.55

-0.23

-0.03

0.02

21 Cromdale St,
Mortdale

14.7

14.45

14.62

14.65

-0.25

-0.08

-0.05

23 Cromdale St,
Mortdale

14.6

14.40

14.55

14.56

-0.20

-0.05

-0.04

15 Cromdale St,
Mortdale

15.6

15.42

15.42

15.42

-0.13

-0.13

-0.13

19 Cromdale St,
Mortdale

15.0

15.00

15.01

15.01

0.00

0.01

0.01

37 Stanley St,
Peakhurst

22.3

22.36

22.37

22.51

0.06

0.07

0.21

Glen Rd / Cromdale St
crossing, Oatley

14.23

14.18

14.24

14.26

-0.05

0.00

0.03

Downstream Glen Rd,
Oatley

11.8

11.72

11.70

11.55

-0.08

-0.10

-0.25

35 Boronia Parade,
Lugarno

26.4

26.50

26.51

26.51

0.10

0.11

0.11

39 Pallamana Parade,
Beverly Hills

33.12

33.20

33.21

33.21

0.08

0.09

0.09

49 Clevedon Road,
Hurstville

46.47

46.44

46.44

46.45

-0.03

-0.03

-0.02
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Recorded
Flood Mark
Elevation
20.35
(mAHD)

20.48

20.49

20.52

0.13

0.14

0.17

Corner of Hoppys Lane
and Sutcliffe Street,
Kingsgrove

21.75

21.68

21.68

21.69

-0.07

-0.07

-0.06

14 Forshaw Avenue,
Peakhurst

35.05

35.14

35.14

35.14

0.04

0.04

0.04

78-80 Pitt Street,
Mortdale

33.5

33.50

33.51

33.52

0.00

0.01

0.02

Average

-0.04

0.00

0.02

Standard Deviation

0.12

0.08

0.11

Location
Corner of Hobbs St
and Hoppys Lane,
Kingsgrove

Simulated Flood Level
(mAHD)

Difference
(metres)

The flood level comparisons provided in Table 8-4 indicate that the TUFLOW model provides a
reasonable reproduction of recorded flood mark elevations. In general, the “design blockage”
scenario provides the best reproduction of historic flood marks with all simulated flood levels being
within 0.15 metres of recorded flood mark elevations. Table 8-4 also shows that the average
difference between simulated and recorded flood levels for the design blockage scenario is 0.00
metres.
The results presented in Table 8-4 also show that some locations are particularly sensitive to the
adopted blockage scenario. For example, 27 Cromdale Street is located immediately upstream of a
culvert and the flood levels estimated vary by 0.25 metres between the “no blockage” and “severe
blockage” scenario. In some situations, the “severe blockage” simulations provides a better
reproduction of the historic flood marks indicating blockage may have been significant across some
sections of the LGA.
Overall, it is considered that the TUFLOW model is providing a good reproduction of historic flood
mark elevations with the “design blockage” scenario providing the best description of blockage
conditions during the 2012 flood.

8.3.3.
8.3.3.1.

April 1998 Flood
Modifications to Represent Historic Conditions

As the April 1998 flood occurred over 15 year ago, there has likely been some changes in
development/drainage conditions across the Georges River Council LGA. In an attempt to provide a
TUFLOW model that was more representative of conditions in 1998, 2001 aerial imagery was
acquired (1998 aerial imagery was not available). The 2001 aerial imagery was used as the basis for
modifying material types and building walls across the model so it was more representative of
development conditions in 1998.
Available information indicates that the “M5 East Motorway” was under construction during the
1998 flood. The 2001 aerial imagery shows the roadway partly constructed but with all major
drainage infrastructure (e.g., channels, culverts) implemented. However, the extent of the drainage
construction work at the time of the flood (i.e., 1998) could not be uncovered. Therefore, the
contemporary drainage configuration was retained for the 1998 simulations. However, as a result,
the model representation of 1998 conditions in the vicinity of the motorway corridor may be less
reliable.
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8.3.3.2.

Rainfall

The April 1998 flood occurred on 10 April 1998, with the majority of rainfall falling between 4:00pm
and 7:00pm. Accumulated daily rainfall totals for each rainfall gauge that was operational during the
1998 event are provided in on Figure 8.14. The accumulated daily rainfall totals were also used to
develop a rainfall isohyet map for the 1998 event, which is also included on Figure 8.14.
The isohyet map indicates that there was some spatial variation in rainfall across the LGA during the
1998 event (although the variation was not as significant as during the 2012 event). Specifically, the
rainfall information shows that total rainfall depths across the Georges River Council LGA varied
between 103mm and 118mm for the 1998 event. Therefore, the isohyet maps were used to develop
“rainfall polygons” that would allow the spatial variation in rainfall to be represented in the TUFLOW
model.
The temporal (i.e., time-varying) distribution of rainfall was assigned based upon the closest
continuous rainfall gauge to a particular location (refer Figure 8.15). For the 1998 event, the
following Sydney Water continuous rainfall gauges were utilised:
 #566047 – Mortdale Bowling Club;
 #566062 – Bexley Bowling Club; and,
 #566102 – Lakemba Bowling Club
8.3.3.3.

Downstream Boundary Conditions

As discussed in Section 8.3.2.3, a water level gauge is located on the Georges River at the Como
Railway Bridge which can be used to describe historic water levels along the western and southern
TUFLOW model boundaries. Unfortunately, the gauge was not commissioned until 2001 so historic
water level information for the Georges River / Salt Pan Creek is not available for the 1998 event.
In the absence of historic water level information for the Georges River and Salt Pan Creek, a static
peak water level of 1.04 mAHD was adopted for the 1998 simulation. A peak water level of 1.04
mAHD is equal to the higher high water solstice spring (i.e., “king”) tide level for the Georges River at
Como Bridge (MHL, 2012). Although there is some uncertainty associated with this water level,
those sections of the LGA fronting the Georges River and Salt Pan Creek are typically quite steep.
Therefore, any uncertainty in water level estimates should not have a large impact on results.
As with the 2012 simulation, tailwater elevations along the northern and eastern model boundaries
were defined based upon a normal depth calculation.
8.3.3.4.

Results

The TUFLOW model was also verified by comparing simulated flood levels against two historic flood
marks for the 1998 flood. As with the 2012 flood simulation, the 1998 flood was simulated using the
3 different blockage scenarios.
Peak floodwater depths and velocity vectors were extracted from the results of the “design
blockage” 1998 simulation and are included on Figure 8.16. A comparison between the peak flood
levels generated by the TUFLOW model for “design blockage” conditions and the recorded flood
mark elevations for the 1998 flood is also provided in Table 8-5. A comparison between recorded
flood mark elevations and simulated flood levels for each blockage scenario is also presented in
Table 8-5.
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Figure 8.14 - 1998 Isohyetal Map
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Figure 8.15 - Active sub-daily rainfall gauges and Theissan polygons adopted to describe temporal
variation in rainfall for 1998 event
The flood level comparisons provided in Table 8-5 show that the TUFLOW model provides a
reasonable reproduction of the available flood marks with all historic flood marks being reproduced
to better than 0.12 metres. In general, there was minimal difference between each of the blockage
scenarios. This is likely associated with the fact that neither of the flood marks were located in close
proximity to any drainage infrastructure (e.g., the Dowsett Road flood mark was located within a
residential lot while the Commercial Road flood mark was located midway along an open channel).
Although there were only a limited number of historic flood marks, the TUFLOW model provides a
reasonable reproduction of these historic stages for the 1998 flood.
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Table 8-5 - Comparison between simulated flood levels and recorded flood marks for 1998 flood
simulation

Location

Recorded
Flood Mark
Elevation
(mAHD)

Simulated Flood Level
(mAHD)

Difference
(metres)

No
Blockage

Design
Blockage

Severe
Blockage

No
Blockage

Design
Blockage

Severe
Blockage

17 Dowsett Road,
Kingsgrove

24.6

24.48

24.48

24.48

-0.12

-0.12

-0.12

14 Commercial Road,
Kingsgrove

15.7

15.76

15.78

15.79

0.06

0.08

0.09

Average

-0.03

-0.02

-0.01

Standard Deviation

0.13

0.14

0.15
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Figure 8.16 - 1998 Calibration Results
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8.3.4. October 2014 Flood
8.3.4.1.

Modifications to Represent Historic Conditions

As the 2014 flood occurred recently, no changes to the TUFLOW model were completed to reflect
historic floodplain conditions. This event was therefore used as a validation run to confirm the
integrity of the 1998 and 2012 calibration events.
8.3.4.2.

Rainfall

The 2014 flood occurred on 14 October 2014, with the majority of rainfall falling between 7:30pm
and 10:30pm. Accumulated daily rainfall totals for each rainfall gauge that was operational during
the 1998 event are provided in Figure 8.17. The accumulated daily rainfall totals were also used to
develop a rainfall isohyet map for the 2014 event, which is also included on Figure 8.17.
The isohyet map indicates that there was some spatial variation in rainfall across the LGA during the
2014 event. Specifically, the rainfall information shows that total rainfall depths across the Georges
River Council LGA varied between 112mm and 131mm for the 2014 event. The isohyet map shown
in Figure 8.17 was used as the basis for developing “rainfall polygons” that would allow the spatial
variation in rainfall to be represented in the TUFLOW model.
Only one sub-daily rainfall gauges was active during the 2014 event (#566047 - Mortdale Bowling
Club). Therefore, this gauge was used to define the temporal variation in rainfall across the LGA.
8.3.4.3.

Results

The TUFLOW model was verified by comparing simulated flood levels against thirteen historic flood
marks for the 2014 flood. The 2014 flood was simulated using three different blockage scenarios.
Peak floodwater depths and velocity vectors were extracted from the results of the “design
blockage” 2014 simulation and are included on Figure 8.18. A comparison between the peak flood
levels generated by the TUFLOW model for “design blockage” conditions and the recorded flood
mark elevations for the 2014 flood is also provided in Figure 8.18. A comparison between recorded
flood mark elevations and simulated flood levels for each blockage scenario is also presented in
Table 8-6.
The flood level comparisons provided in Table 8-6 show that the TUFLOW model provides a
reasonable reproduction of the available flood marks with all historic flood marks being reproduced
to better than 0.18 metres. Overall, the “no blockage” scenario provided the best reproduction of
recorded flood mark elevations, with the average difference between simulated and recorded flood
marks being 0.01 metres. However, there were generally only small differences in simulated flood
levels at each of the different blockage scenarios with all simulations generating realistic historic
flood level estimates.
The outcome of the 2014 flood simulation confirms that the TUFLOW model provides a good
reproduction of recorded floods.
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Figure 8.17 – 2014 Isohyetal Map
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Figure 8.18 - 2014 Calibration Results

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC Australia Pty Ltd |CSS | 51

Table 8-6 Comparison between simulated flood levels and recorded flood marks for 2014 flood
simulation

Location

Recorded
Flood Mark
Elevation
(mAHD)

Simulated Flood Level
(mAHD)

Difference
(metres)

No
Blockage

Design
Blockage

Severe
Blockage

No
Blockage

Design
Blockage

Severe
Blockage

25 Orange St,
Hurstville

51.05

51.02

51.02

51.02

-0.03

-0.03

-0.03

2 Taronga St,
Hurstville

40.84

40.91

40.91

40.95

0.06

0.07

0.11

17 Bristol Road,
Hurstville

40.1

40.20

40.21

40.28

0.10

0.11

0.18

63 Villiers Ave,
Mortdale

39.25

39.26

39.26

39.27

0.01

0.01

0.02

79 Villiers Ave,
Mortdale

38.05

38.07

38.07

38.08

0.02

0.02

0.03

78-80 Pitt St,
Mortdale

33.55

33.48

33.48

33.5

-0.07

-0.07

-0.05

193 Stoney Creek
Rd, Beverly Hills

28.80

28.79

28.81

28.89

-0.01

0.01

0.09

181 Gloucester
Road, Beverly Hills

27.18

27.18

27.21

27.28

0.00

0.03

0.10

31 Lee St, Beverly
Hills

24.96

24.97

25.00

25.04

0.01

0.04

0.08

237 Gloucester
Rd, Beverly Hills

24.55

24.61

24.63

24.66

0.06

0.08

0.11

10 Evans St,
Peakhurst

22.40

22.32

22.34

22.37

-0.08

-0.06

-0.03

49A Anderson Rd,
Mortdale

13.04

13.07

13.14

13.17

0.03

0.10

0.13

47 William Rd,
Riverwood

2.55

2.56

2.56

2.57

0.01

0.01

0.02

Average

0.01

0.02

0.06

Standard Deviation

0.05

0.05

0.07

8.3.5.

Summary

The outcomes of the model calibration and verification indicate that the TUFLOW computer model
developed for this Flood Study provides a good reproduction of recorded flood mark elevations
across the Georges River Council LGA for both the 1998 and 2012 floods. In general, simulated flood
levels are within +/- 0.15 metres of recorded flood mark elevations. The average difference was
around zero indicating that overestimation of flood levels was approximately equal to
underestimation of flood levels.
Therefore, it is considered that the TUFLOW models are suitably calibrated / verified and is
appropriate for use in simulating design flood behaviour across the LGA.
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9. DESIGN FLOOD ESTIMATION
9.1. General
Design floods are hypothetical floods that are commonly used for planning and floodplain
management investigations. Design floods are based on statistical analysis of rainfall and flood
records and are typically defined by their probability of exceedance. This is typically expressed as an
Annual Exceedance Probability (AEP).
The AEP of a flood level / depth at a particular location is the probability that the flood level / depth
will be equalled or exceeded in any one year. For example, a 1% AEP flood is the best estimate of a
flood that has a 1% chance of being equalled or exceeded in any one year.
Design floods can also be expressed by their Average Recurrence Interval (ARI). For example, the 1%
AEP flood can also be expressed as a 1 in 100 year ARI flood. That is, the 1% AEP flood will occur, on
average, once every 100 years.
It should be noted that there is no guarantee that a 1% AEP flood will occur once in a 100 year
period. It may occur more than once, or at no time at all in the 100 year period. This is because
design floods are based upon a long-term statistical average. Therefore, it is prudent to understand
that the occurrence of recent large floods does not preclude the potential for another large flood to
occur in the immediate future.
Design floods are typically estimated by applying design rainfall to the computer model and using
the model to route the rainfall across the catchment and determine design flood level, depth and
velocity estimates. The procedures employed in deriving design flood estimates for the Georges
River Council LGA are outlined in the following sections.

9.2. Computer Model Setup
9.2.1.
9.2.1.1.

Boundary Conditions
Design Rainfall

Design rainfall for the 50%, 20%, 10%, 5%, 2% and 1% AEP events were derived using standard
procedures outlined in ‘Australian Rainfall and Runoff – A Guide to Flood Estimation’ (Engineers
Australia, 1987). This involved extracting base design intensity-frequency-duration values from
Volume 2 of ‘Australian Rainfall and Runoff – A Guide to Flood Estimation’ (Engineers Australia,
1987) (refer Table 9-1).
Due to the significant size of the study area, there is potential for design rainfall intensities to vary
spatially across the LGA. Therefore, separate intensity-frequency-duration values were extracted for
the two major sub-catchments located within the LGA (i.e., Georges River and Wolli Creek) to ensure
a reasonable representation of any spatial variations in design rainfall was provided.
This base design rainfall information was used to interpolate design rainfall for other design rainfall
frequencies and durations. However, these calculated rainfall intensities are only applicable at a
single point and not to larger areas such as catchments / LGAs. As a result, “areal reduction factors”
are typically applied to the point rainfall estimates to reflect the fact that larger catchments/study
areas are less likely than smaller catchments to experience high intensity storms simultaneously
across the whole study area. The areal reduction factors were applied based on Figure 2.6 in
“Australian Rainfall and Runoff” (Engineers Australia, 1987) (refer Figure 9.1).
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Table 9-1 - Design IFD Parameters
Value
Parameter

Value
Parameter

Georges
River

Wolli Creek

50

I1

76.6

77.4

7.97

50

I12

16.1

15.9

2.49

2.46

50

5.13

4.99

F2

4.29

4.29

Skew

0.0

0.0

F50

15.85

15.85

Temporal
Pattern Zone

1

1

Georges River

Wolli Creek

2

I1

37.2

37.3

2

I12

8.11

2

I72

I72

Georges River Council LGA
TUFLOW Model Area = 30km2

Figure 9.1 - Areal reduction factors applied to Georges River Council LGA TUFLOW Model
The resulting intensity-frequency-duration curves for the Georges River and Wolli Creek subcatchments are provided in Appendix E.
The design rainfall estimates were then used in conjunction with standard design temporal patterns
to describe how the design rainfall varies with respect to time throughout each design storm.
9.2.1.2.

Probable Maximum Precipitation (PMP)

As part of the Flood Study it was also necessary to define flood characteristics for the Probable
Maximum Flood (PMF). The PMF is estimated by routing the Probable Maximum Precipitation (PMP)
through the computer model. The PMP is defined as the greatest depth of precipitation that is
meteorologically possible at a specific location. Accordingly, it is considered the largest quantity of
rainfall that could conceivably fall within a particular catchment.
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PMP depths were derived for the Georges River Council LGA for a range of storm durations up to
and including the 6 hour event based on procedures set out in the Bureau of Meteorology's
“Generalised Short Duration Method” (GSDM) (Bureau of Meteorology, 2003). The PMP estimates
were varied spatially and temporally based on the GSDM approach before application to the
computer model.
The GSDM PMP calculations are included in Appendix F. The PMP intensities are also included in the
Intensity-frequency-duration curves in Appendix E.
9.2.1.3.

Downstream Boundary Conditions

Hydraulic computer models also require the adoption of a suitable downstream boundary condition
in order to reliably define flood behaviour throughout the area of interest. The downstream
boundary condition is typically defined as a known water surface elevation (i.e. stage).
The Georges River Council LGA comprises two primary sub-catchments:

Georges River / Salt Pan Creek sub-catchment; and,

Wolli Creek sub-catchment.
Therefore, flood behaviour along those sections of the LGA adjoining the Georges River / Salt Pan
Creek and Wolli Creek may be influenced by the prevailing water level is each of these “receiving”
watercourses at the time of the flood.
To ensure a conservative estimate of flood behaviour was provided in the vicinity of the Georges
River / Salt Pan Creek and to ensure consistency with past flood studies, it was assumed that
equivalent design floods where occurring across the Georges River Council LGA at the same time as
flooding along the Georges River / Salt Pan Creek. In this regard, peak design flood levels were
extracted from the “Georges River Floodplain Risk Management Study & Plan” (Bewsher Consulting,
2004) and “Salt Pan Creek Flood Study” (Department of Public Works, 1991) and were used to define
the downstream boundary condition for the Georges River sub-catchment.
The adopted design water levels for the Georges River and Salt Pan Creek are reproduced in Table
9-2 and show that the design water levels vary along the length of the river/creek. Therefore, the
downstream water level was applied to the TUFLOW model to reflect this variation in tailwater
elevation along the length of the river/creek. This approach should ensure consistency between the
current Study and design flood levels generated as part of the previous studies. It was noted that no
design flood level information was available for the 50% AEP and 20% AEP floods. Therefore, the
10% AEP design water levels were also adopted for the 50% AEP and 20% AEP floods.
Table 9-2 - Adopted Design Tailwater Elevations for Georges River / Salt Pan Creek
AEP / Peak Stage (mAHD)
Location
50%

20%

10%

5%

2%

1%

PMF

Georges River @ Como
Railway Bridge

1.13

1.13

1.13

1.50

1.60

1.70

3.95

Georges River @ Lime Kiln
Bay

1.13

1.13

1.13

1.50

1.75

2.00

4.80

Georges River / Salt Pan
Creek Confluence

1.13

1.13

1.13

1.90

2.20

2.50

5.50

Salt Pan Creek @ East Hills
Railway Crossing

1.13

1.13

1.13

1.90

2.20

2.50

5.50

The downstream boundary condition for the Wolli Creek sub-catchment was defined using a normal
depth (i.e., Manning’s ‘n’) calculation. This approach recognises that the water level at the model
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boundary is primarily driven by the characteristics of the drainage channel and not a receiving water
body (such as the Georges River). The downstream model boundary was across the Wolli Creek subcatchment was extended approximately 150 metres downstream of the Georges River Council LGA
boundary to ensure that any uncertainty in the model boundary conditions does not impact on
results through the area of interest.

9.2.2. Hydraulic Structure Blockage
As noted during the model calibration, debris from the catchment can become mobilised during
floods leading to blockage of the stormwater system as well as culverts. As a result, the stormwater
system and culverts will typically not operate at full efficiency during floods. This can increase the
severity of flooding across areas located adjacent to these structures. Therefore, it was considered
important to incorporate a representation of structure blockage in the model for the design flood
simulations.
“Design” blockage factors were assigned in accordance with contained in ‘Project 11: Blockage of
Hydraulic Structures’ (Engineers Australia, 2013) as well as information provided by Council. The
blockage factors that were adopted for different drainage infrastructure types is summarised below:

Stormwater inlets = 50%

Culverts (height < 3m or width <5m) = 20%

Culverts (height > 3m and width >5m) = 0%

Bridges = 0%

Handrails and traffic barriers = 50%

Fences = 50%
The impact of alternate blockage factors was assessed as part of the sensitivity analysis.

9.3. Results
9.3.1. Design Flood Envelope
The TUFLOW model was used to simulate flood behaviour across the Georges River Council LGA for
the range of design floods and a range of storm durations (i.e., 30 minutes up to 6 hours). The
model produced information on flood levels, depths and velocities across the LGA for each design
flood and each duration.
It was recognised that a single storm duration will not necessarily produce the “worst case” flooding
across all sections of the study area. An important outcome of this Study was to ensure that the
"worst case" flooding conditions were defined across the LGA. Therefore, a “design flood envelope”
was developed for each design flood based on analysis of each storm duration at each TUFLOW grid
cell. This involved extracting and comparing peak flood levels, depths and velocities at each
TUFLOW model grid cell for each simulated duration and the highest depth, level and velocity at
each grid cell was subsequently adopted. It is this ‘design flood envelope’, comprising the worst
case depths, velocities and levels at each grid cell that forms the basis for the results documented in
the following sections. Figure 9.2 shows that the 2 hour storm produced the highest water levels
across the majority of the LGA during all floods up to and including the 1% event. During the PMF,
the 60 minute storm duration was found to produce the highest water levels across the majority of
the LGA.
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Figure 9.2 - shows the spatial variation in critical duration across the LGA for the 1% AEP event.

9.3.2. Mapping Threshold
A mapping threshold was required for the TUFLOW flood extent maps to provide a practical cutoff
boundary to the flood model. Due to the nature of “rain on grid” 2D flood models, failure to provide
depth thresholds can show ambiguous flood results where the whole catchment is shown to be wet
or flooded for very shallow depths (~1mm). For this reason, it is common practice to set a cutoff
depth for the flood extent at which the depth of water becomes noticeable and is likely to cause an
impact.
There are various methods and principles that may be adopted to determine an appropriate cutoff
and this may include:
 Depths that cause overtopping of kerbs
 Depths that cause overtopping of buildings constructed in accordance with Section 3.1.2.3(b)
of the Building Code of Australia (2012)
 Depths that cause overtopping of steps (based on an average step riser height of 0.15 metres
derived from information contained in Section 3.9.1.4(b) of the Building Code of Australia
(2012))
 Velocity depth product limits
The mapping threshold for this Study was set at 150mm that is at the standard kerb height and
provides a reasonable depth cutoff in determining appreciable flooding of properties. An assessment
of varying cutoff depths found that there was minimal difference in the flood extent in cutoff depths
between 100mm, 150mm and the 200mm depth due to the generally steep nature of the study area
catchment.
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9.3.3. Design Flood Depths, Levels and Velocities
Peak floodwater depths and velocities for the 20%, 5%, 1% AEP events as well as the PMF were
extracted from the TUFLOW model results and are presented in Appendix J. Peak flood levels were
also extracted from the results of the modelling and are presented in Appendix J as flood level
contours.
Peak floodwater level, depths and velocities for the 50%, 10%, and 2% AEP events were also
generated and provided to Council in electronic format for inclusion in their GIS.

9.3.4. Pipe Capacity Assessment
The TUFLOW model produces a range of output information including overland floodwater depths,
levels and velocities. In addition, the model provides information describing the amount of water
flowing through each stormwater pipe including which pipes are flowing completely full during each
design flood. This information can be used to provide an assessment of the capacity of each pipe in
the stormwater system. In doing so, it allows identification of where stormwater capacity
constraints may exist across the LGA.
The pipe flow results of all design flood simulations were interrogated to determine the capacity of
each stormwater pipe in terms of a nominal return period (i.e., AEP). The capacity of the pipe was
defined as the largest design event whereby the pipe was not flowing completely full. For each
example, if a particular stormwater pipe was flowing 80% full during the 5% AEP event, 95% full
during the 10% AEP event and 100% full during the 20% AEP event, the pipe capacity would be
defined as “10% AEP”.
The pipe capacity map is presented in Appendix J.

9.4. Design Validation
9.4.1. General
The TUFLOW model developed as part of this Study was calibrated and verified against three historic
floods. In general, the model was found to provide a good reproduction of historic flood mark
elevations. However, the outcomes of the calibration only provides evidence that the model is
providing a reliable representation of flood behaviour at isolated locations (i.e., at recorded flood
mark locations).
Therefore, additional validation of the TUFLOW model was completed by comparing the results
generated by the TUFLOW model against alternate computer models/modelling approaches for
three catchments within the Georges River Council LGA. This included validation of rainfall-runoff
process (i.e. discharges) using an XP-RAFTS computer model and validation of pipe flows using the
DRAINS computer model of the stormwater drainage system. Additional validation of the model was
also completed by comparing the results generated by the TUFLOW model against results
documented in past studies.
Further details on the outcome of the TUFLOW model validation is presented below.

9.4.2. XP-RAFTS Validation
The ability of the TUFLOW model to represent rainfall-runoff processes was validated relative to
three hydrologic models that were established using the XP-RAFTS software. Detailed information
on the XP-RAFTS model setup is provided in Appendix G.
The XP-RAFTS model were subsequently used to simulate the 1% AEP flood using the same
hydrologic inputs as the TUFLOW model (i.e., design rainfall, rainfall losses, impervious proportion
etc.). Peak 1% AEP flows were extracted at each sub-catchment outlet location and are presented in
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Appendix G. Peak 1% AEP flows were also extracted from the TUFLOW model at each subcatchment outlet locations and are included in Appendix G for comparison.
The comparison provided in Appendix G shows that the TUFLOW model produces peak 1% AEP
flows that are typically within 10% of the XP-RAFTS model. In all cases, the TUFLOW model
reproduces the XP-RAFTS peak discharges to within 15%. This outcome shows that the TUFLOW
model is providing a reasonable reproduction of the XP-RAFTS model discharges and indicates the
TUFLOW model is providing a reasonable representation of the hydrologic processes across the
Georges River Council LGA.

9.4.3. DRAINS Validation
The ability of the TUFLOW model to represent the pipes and pit capacities was validated by using the
DRAINS model. Three sub-catchments were analysed in detail including:


Keith Street Sub-catchment



Walter Street Sub-catchment



Broadarrow Road Sub-catchment

A blockage of 50% was applied to all pits in the model.
Hydrographs were imported from TUFLOW and overland flowpaths were compared to the twodimensional results of TUFLOW.
The results of the DRAIN modelling are presented in Appendix H. Peak 1% AEP pipe flows extracted
from the TUFLOW model are also provided in Appendix H for comparison.
The comparison provided in Appendix H shows a good match between the DRAINS and the TUFLOW
results with an average flow difference of about 0.02 m3/s. This equates to an average difference of
approximately 10% between the DRAINS and TUFLOW flows generated in the pipes.

9.4.4. Comparison with Other Studies
To help validate the TUFLOW model results, peak 1% AEP flood levels and discharges generated by
the TUFLOW model were also compared against peak 1% AEP flood levels and discharges
documented in previous flooding investigations. This comparison is presented in Table 9-3.
The comparison provided in Table 9-3 shows that the TUFLOW model produces peak 1% AEP flood
levels that are generally within 0.2 metres of past studies and 1% AEP discharges that are within 20%
of past studies.
The only major difference in model results occurs along King Georges Road near the Beverly Hills
Cinema, where the TUFLOW 1% AEP water level is over 1 metre lower than the 1% AEP water level
documented in the ‘Wolli Creek Hydrology and Hydraulic Study’ (Warren Smith & Partners, 2002). A
review of the modelling undertaken as part of this previous study was completed in an effort to
determine the reason for the difference. This review determined that the hydraulic modelling
completed for the previous study was undertaken using a 1-dimensional HEC-RAS computer model.
The report notes the significant impact that the elevated median strip along King Georges Road has
on flood behaviour in this area. Specifically it notes the median strip acts as a significant flow
impediment leading to elevated water levels upstream of the median.
A water surface profile included as an attachment to the report shows that the median strip was
included in the HEC-RAS model and the top of the median was located above 27 mAHD (Refer
Plate 3). However, a review of LiDAR information indicates that the top of the median strip is
located below 27 mAHD and approaches 26.5 mAHD at the pedestrian crossing of King Georges Road
in front of the Beverly Hills cinema (refer Table 9-3).

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC
Australia Pty Ltd |CSS | 59

Table 9-3 - Comparison between current and past study results
Peak Discharge / Flood Level
Comparison
Study

Location
Past Study
Results

TUFLOW
Model Results

Q1%AEP = 44.8
m3/s

Q1%AEP = 47.9
m3/s

H1%AEP = 14.58
mAHD

H1%AEP = 14.81
mAHD

Q1%AEP = 72 m3/s

Q1%AEP = 64 m3/s

H1%AEP = 27.65
mAHD

H1%AEP = 26.93
mAHD

Q1%AEP = 16.3
m3/s

Q1%AEP = 27.2
m3/s

H1%AEP = 4.95
mAHD

H1%AEP = 5.77
mAHD

Q1%AEP = 239 m3/s

Q1%AEP = 226 m3/s

Catchment Analysis & Flood Mitigation
Design (H&H Consulting Engineers, 2012)

Dairy Creek upstream of
Cromdale Street, Mortdale

Wolli Creek Hydrology and Hydraulic Study
(Warren Smith & Partners, 2002)

Beverly Hills Cinema, King
Georges Road

Proposed Upgrade of Stormwater Drainage
System, 24 Clarke St, Peakhurst (H&H
Consulting Engineers, 2013)

Drainage channel on eastern
side of Clark St

M5 East EIS Hydrology and Hydraulic Study
(Willing & Partners, 1994)

Wolli Creek @ Kingsgrove
Road

Flood Report to Determine 100Yr ARI Water
Level and Flood Extent (JAS Engineers, 2013)

Channel at rear of 122
Bassett St, Hurstville

H1%AEP = 33.3
mAHD

H1%AEP = 33.0
mAHD

Flood Management Study Report for No 59D
Anderson Road, Mortdale (Kozarovski and
Partners, 2008)

Anderson Road Sag

H1%AEP = 15.03
mAHD

H1%AEP = 14.81
mAHD’
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King Georges Road median
assumed to be at >27 mAHD

Figure 9.3 - 1% AEP water level profile extracted from ‘Wolli Creek Hydrology and Hydraulic Study’
(Warren Smith & Partners, 2002) showing King Georges Road median

Pedestrian gap in median
at ~26.50 mAHD

Figure 9.4 - Variation in elevation along King Georges Road median showing pedestrian “gap” at
elevation 26.5 mAHD
The combination of the lower median elevation and the additional pedestrian ‘gap’ is considered to
be the primary reason for the difference in 1% AEP water levels at this location. Overall, it is
considered that the TUFLOW model provides a better description of the variation in terrain in this
area and, consequently, a better reproduction of water levels.
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10. FLOOD HAZARD AND HYDRAULIC CATEGORIES
10.1.

Flood Hazard

Flood hazard effectively defines the impact that flooding will have on development and people
across different sections of the floodplain.
The determination of flood hazard at a particular location requires consideration of a number of
factors, including (NSW Government, 2005):

depth and velocity of floodwaters;

size of the flood;

effective warning time;

flood awareness;

rate of rise of floodwaters;

duration of flooding; and

potential for evacuation.
Consideration of the depth and velocity of floodwater in
isolation is referred to as the provisional flood hazard.
The provisional flood hazard at a particular area of a
floodplain can be established from Figure L2 of the
‘Floodplain Development Manual’ (NSW Government,
2005). This figure is reproduced on the right.
As shown in Figure L2, the ‘Floodplain Development
Manual’ (NSW Government, 2005) divides provisional
hazard into two categories, namely high and low. It also
includes a “transition zone” between the low and high
hazard categories. The provisional hazard categories
can subsequently be modified based on consideration of
the other factors listed above to form true hazard
categories. However, this does not typically occur until
the Floodplain Risk Management Study.

10.1.1. Provisional Flood Hazard
The TUFLOW hydraulic software was used to
automatically calculate the variation in provisional flood
hazard across the Georges River Council LGA based on
the criteria shown in Figure L2 for the 20%, 5% and 1%
AEP flood as well as the PMF. These hazard categories are shown in Appendix J.
It needs to be reinforced that the hazard represented in this mapping is provisional only. This is
because it is based only on an interpretation of the flood hydraulics and does not reflect the effects
of other factors that influence flood hazard.

10.1.2. Flood Emergency Response Planning Classifications
The provisional hazard mapping presented in Appendix J can provide an indication of the risk to life
and property across different sections of the floodplain based on the depth and the velocity of
floodwaters. Those areas subject to a low flood hazard can, if necessary, be evacuated by trucks and
able-bodied adults would have little difficulty wading to safety (NOTE: evacuation by car may not be
possible). Those areas of the floodplain exposed to a high flood hazard would have difficulty
evacuating by trucks, there is potential for damage to buildings and there is possible danger to
personal safety (i.e., evacuation by wading may not be possible).
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Accordingly, the provisional hazard categories provide an initial appraisal of the variation in flood
hazard across the Georges River Council LGA based on the depth and velocity of floodwaters.
However, a number of other factors need to be considered to determine the potential vulnerability
of the community during floods.
In an effort to quantify the other factors that impact on flood hazard, the Office of Environment and
Heritage (formerly Department of Environment and Climate Change), in conjunction with the State
Emergency Service (SES) developed the ‘Flood Emergency Response Planning Classification of
Communities’ (2007). The guideline was also developed to assist the SES in planning and
implementing response strategies for different sections of the floodplain.
The guideline provides a basis for the categorisation of floodplain communities into various
Emergency Response Planning (ERP) classifications. The ERP classifications are summarised in
Table 5 and can be used to provide an indication of the type of emergency response required across
different sections of the floodplain.
Table 10-1 - Response Required for Different Flood ERP Classifications (Department of Environment &
Climate Change, 2007)
Classification

Response Required
Resupply

Rescue/Medivac

Evacuation

High Flood Island

Yes

Possibly

Possibly

Low Flood Island

No

Yes

Yes

Area with Rising Road Access

No

Possibly

Yes

Area with Overland Escape Routes

No

Possibly

Yes

Low Trapped Perimeter

No

Yes

Yes

High Trapped Perimeter

Yes

Possibly

Possibly

Indirectly Affected Areas

Possibly

Possibly

Possibly

Not Flood Effected

No

No

No

Each allotment within the Georges River Council LGA was classified based upon the flow chart
provided in the ERP guideline for the 20%, 5% and 1% AEP flood as well as the PMF (refer Figure
10.1). This was completed in an automated fashion using proprietary software based upon
consideration of:
 whether evacuation routes/roadways get “cut off” and the depth of inundation (a 200mm
depth threshold was used to define a “cut” road);
 whether evacuation routes continuously rise out of the floodplain (based upon roadway
alignments provided by Georges River Council and a 2m ALS DEM developed for this Study);
 whether an allotment gets inundated during the nominated design flood and whether
evacuation routes are cut or the lot becomes completely surrounded (i.e., isolated) by water
before inundation;
 if evacuation by car was not possible, whether evacuation by walking was possible (a 500mm
depth threshold was used to define when a route could not be traversed by walking).

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC
Australia Pty Ltd |CSS | 63

Figure 10.1 - Flood Emergency Response Classification Flow Chart (Department of Environment &
Climate Change, 2007)
The resulting ERP classifications for the 20%, 5% and 1% AEP flood as well as the PMF are provided in
Appendix J. A range of other datasets were also generated as part of the classification process to
assist the SES. This includes the locations were roadways first become cut by floodwaters, the time
at which the roadways first become cut, the length of time the roadways are cut as well as the
maximum depth of inundation. A selection of this information is also presented in Appendix J.
It should be noted that the automated application of the Flood Emergency Response Classification
Flow Chart at allotment scales is a technique still under current research and development. For
more information, please refer to the paper, Emergency Response Planning Classification at SubPrecinct Scales (Ryan et al, 2014).
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10.1.3. Preliminary True Flood Hazard
The provisional hazard mapping presented in Appendix J was used in conjunction with the ERP
classifications in Appendix J to prepare preliminary true hazard categories for Georges River Council
LGA. The preliminary true hazard categories reflect consideration of the depth and velocity of
floodwaters as well as other factors that influence flood hazard, including the potential for isolation
and evacuation difficulties.
In general, the provisional hazard categories were retained in the preliminary true hazard mapping.
However, the “transitional” provisional flood hazard was changed to a high true flood hazard when
subject to the following ERP classifications (due to the flood liability of the land in conjunction with
potential evacuation difficulties):

Low Flood Island;

Low Trapped Perimeter Area; and,

Overland Refuge area on Low Flood Island or Low Trapped Perimeter Area.
The resulting preliminary true hazard mapping for the 20%, 5% and 1% AEP flood as well as the PMF
is presented in Appendix J.

10.2.

Hydraulic Categories

The NSW Government’s ‘Floodplain Development Manual’ (NSW Government, 2005) also
characterises flood prone areas according to the hydraulic categories presented in Table 10-2. The
hydraulic categories provide an indication of the potential for development across different sections
of the floodplain to impact on existing flood behaviour and highlights areas that should be retained
for the conveyance of floodwaters.

10.2.1. Adopted Hydraulic Categories
Unlike provisional hazard categories, the “Floodplain Development Manual” (NSW Government,
2005) does not provide explicit quantitative criteria for defining hydraulic categories. This is because
the extent of floodway, flood storage and flood fringe areas are typically specific to a particular
catchment.
In an effort to provide quantitative criteria for establishing floodway extents, Thomas & Golaszewski
(2012), suggested that floodways can be defined as areas where 80% of the total flow is conveyed.
Accordingly, this criteria was used as the basis for establishing the extent of floodways across the
Georges River Council LGA.
To enable this criteria to be applied, the alignment of major flow paths across the Georges River
Council LGA was first delineated by hand based upon TUFLOW depth and velocity outputs. Crosssections were subsequently extracted perpendicular to each flow path alignment and the total
discharge at each cross-section was calculated based on the design water depth and velocity. The
cross-section was progressively truncated until 80% of the total flow was captured within the
truncated cross-section limits. This was defined as the floodway extent at that cross-section location.
This process was repeated at 2 metre increments along each flow path alignment for each design
flood to create a continuous floodway.
Flood storage areas were then defined as those areas located outside of floodways but where the
depth of inundation was greater than 0.15 metres. This aimed to identify areas where a significant
amount of flow was not necessarily conveyed, however, the depths of water indicate a significant
amount of storage capacity was being provided.
The remaining sections of the study area (i.e., areas not defined as floodway and where the water
depth was less than 0.15 metres) were delineated as flood fringe.
The resulting hydraulic category maps for the 20%, 5% and 1% AEP flood as well as the PMF are
shown in Appendix J.
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Table 10-2 - Qualitative and Quantitative Criteria for Hydraulic Categories
Hydraulic
Category

Floodplain Development Manual Definition


those areas where a significant volume of water
flows during floods



often aligned with obvious natural channels and
drainage depressions



they are areas that, even if only partially blocked,
would have a significant impact on upstream
water levels and/or would divert water from
existing flowpaths resulting in the development of
new flowpaths.



they are often, but not necessarily, areas with
deeper flow or areas where higher velocities
occur.



those parts of the floodplain that are important
for the temporary storage of floodwaters during
the passage of a flood



if the capacity of a flood storage area is
substantially reduced by, for example, the
construction of levees or by landfill, flood levels in
nearby areas may rise and the peak discharge
downstream may be increased.



substantial reduction of the capacity of a flood
storage area can also cause a significant
redistribution of flood flows.



the remaining area of land affected by flooding,
after floodway and flood storage areas have been
defined.

Floodway

Flood Storage

Flood Fringe


development (e.g., filling) in flood fringe areas
would not have any significant effect on the
pattern of flood flows and/or flood levels.

Adopted Criteria*

Area where 80% of
the total flow is
conveyed

Areas that are not
floodway and where
the depth of
inundation is greater
than 0.15 metres

Areas that are not
floodway where the
depth of inundation
is less than
0.15 meters

Georges River Council LGA Overland Flow Flood Study for Hurstville, Mortdale and Peakhurst Wards| FINAL Report | SMEC
Australia Pty Ltd |CSS | 66

11. CLIMATE CHANGE ASSESSMENT
11.1.

General

Climate change refers to a significant and lasting change in weather patterns arising from both
natural and/or human induced processes. The Office of Environment and Heritage’s (formerly
Department of Environment, Climate Change and Water) 'Practical Consideration of Climate Change'
states that climate change is expected to have adverse impacts on sea levels and rainfall intensities
in the future.
Increases in rainfall intensities would produce increases in runoff volumes and discharges across the
Georges River Council LGA. This, in turn, would likely produce an increase in the depth, extent and
velocity of floodwaters.
Although the majority of the Georges River Council LGA is elevated well above sea level, the western
sections of the LGA adjoin the Georges River and Salt Pan Creek which are tidally influenced. As a
result, it is likely that an increase in ocean level would produce a commensurate increase in water
level along both watercourses. This has the potential to increase the depth and extent of inundation
across the western sections of the LGA during flood and non-flood times. Elevated water levels in
the Georges River and Salt Pan Creek would also make it more difficult for water from the local
stormwater drainage / creek system to drain into each watercourse during floods.
This Flood Study will form the basis for defining flood behaviour for a number of years into the
future. It will also form the basis for the future Floodplain Risk Management Study, where a range of
flood risk mitigation measures will be evaluated. Therefore, it is important that potential climate
change impacts are quantified so that development decisions and the robustness of flood risk
mitigation measures can be assessed in an informed manner.
The following sections describe the process that was employed to quantify potential climate change
impacts on flooding across the Georges River Council LGA.

11.2.

Rainfall Intensity Increases

11.2.1. General
The 'Practical Consideration of Climate Change' (Department of Environment and Climate Change,
2007) guideline states that rainfall intensities are predicted to increase in the future. The NSW
Government's 'Climate Change in the Sydney Metropolitan Catchments' (CSIRO, 2007) elaborates on
this further and suggests that annual rainfall is likely to decrease, however, extreme rainfall events
are likely to more intense. It is anticipated that extreme rainfall intensities could increase by
between 2% and 24% by 2070 (Department of Environment and Climate Change, 2007).
Due to the wide potential variability of future rainfall intensities, the 'Practical Consideration of
Climate Change' (Department of Environment and Climate Change, 2007) provides guidelines for
quantifying the potential impacts of these changes. The guideline states that additional simulations
should be completed with 10%, 20% and 30% increases in rainfall intensities to quantify the
potential impacts associated with climate change.

11.2.2. Results
The TUFLOW model was used to perform additional simulations incorporating increases in 1% AEP
design rainfall intensity of 10%, 20% and 30% in accordance with the OEH guideline.
Peak floodwater levels were extracted from the results of the modelling and were compared against
peak water flood levels for ‘base’ conditions. This allowed water level difference mapping to be
prepared showing the magnitude of any change in water levels associated with increases in rainfall
intensity. The difference mapping was interrogated to determine the magnitude of changes in peak
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water levels associated with increases in rainfall intensity. A summary of this assessment is provided
in Table 11-1.
Table 11-1 - Climate Change Results Summary
Change in “base” design flood levels (metres)
Climate Change Simulation

Max. Decrease

Max. Increase

Average Change

Std Deviation

10% Increase in Rainfall

0.0

0.56

0.04

0.08

20% Increase in Rainfall

0.0

1.22

0.06

0.08

30% Increase in Rainfall

0.0

1.53

0.09

0.09

2050 Ocean Level Increase

0.0

0.40

0.02

0.08

2100 Ocean Level Increase

0.0

0.90

0.03

0.12

The results provided in Table 11-1 show that increases in rainfall intensity will increase peak 1% AEP
water levels by over 1 metre in some locations. However, the average change in water level is
predicted to be less than 0.10 metres under all three rainfall increase scenarios.
Accordingly, if climate change was to increase rainfall intensities in the future it has the potential to
increase the severity of flooding across the study area. The most significant impacts are predicted to
occur in the vicinity of bridges and culverts where many of these structures are not currently sized to
convey large events, such as the 1% AEP flood. As a result, the impacts of increases in rainfall
intensity are “magnified” at these locations.

11.3.

Sea Level Rise Impacts

11.3.1. General
Historic analysis of sea levels between 1870 and 2001 indicate that global mean sea level rose by
0.2 metres. However, the current global average rate of increase is approximately twice the
historical average and sea levels are expected to continue rising throughout the twenty first century
(New South Wales Government, October 2009). Current best estimates of sea level rise along the
NSW coast are for an increase of 0.4 metres by 2050 and an increase of 0.9 metres by 2100 (New
South Wales Government, October 2009).
In recognition of the potential for increases in sea level to increase the flood risk across the western
and south-western sections of the LGA, additional TUFLOW simulations were completed. This
involved assessing the potential impact of the following sea level rise scenarios on flooding across
the Georges River Council LGA.

2050 projected sea level rise: 0.4 metres; and,

2100 projected sea level rise: 0.9 metres.

11.3.2. Results
The TUFLOW model was used to complete additional 1% AEP simulations incorporating the
projected 2050 and 2100 sea level increases. Accordingly, the ‘base’ 1% AEP Georges River and Salt
Pan Creek design water levels were increased by 0.4 metres and 0.9 metres to reflect 2050 and 2100
conditions respectively and were used to re-simulate the 1% AEP flood. A summary of the adopted
design stages for both scenarios are included on Table 11-2.
Floodwater difference mapping was also prepared by comparing peak 1% AEP flood levels from the
sea level impact simulations against peak water flood levels for ‘base’ conditions. The difference
mapping was statistically analysed and the results are summarised in Table 11-1.
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Table 11-2 - Design Tailwater Elevations for Georges River / Salt Pan Creek for Climate Change
Simulations
Peak Stage (mAHD)
Location

‘Base’ 1%AEP
Conditions

0.4m Sea Level
Increase

0.9m Sea Level
Increase

Georges River @ Como Railway
Bridge

1.7

2.1

2.6

Georges River @ Lime Kiln Bay

2.0

2.4

2.9

Georges River / Salt Pan Creek
Confluence

2.5

2.9

3.4

Salt Pan Creek @ East Hills Railway
Crossing

2.5

2.9

3.4

The results presented in Table 11-2 shows that the sea level increases of 0.4 metres and 0.9 metres
will produce commensurate increases in 1% AEP water levels along the Georges River and Salt Pan
Creek. However, these impacts quickly dissipate. As a result, the average increase in 1% AEP flood
level is predicted to be less than 0.04 metres.
Accordingly, sea level rise and the associated rise in Georges River and Salt Pan Creek flood levels do
have the potential to increase the depth and extent of inundation. However, the impacts are
generally restricted to lower lying areas located in close proximity to Salt Pan Creek and the Georges
River.
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12. SENSITIVITY ANALYSIS
12.1.

General

Hydraulic computer models require the adoption of several parameters that are not necessarily
known with a high degree of certainty. Each of these parameters can impact on the results
generated by the model.
As outlined in Section 8, computer models are typically calibrated using recorded rainfall, stream
flow and/or flood mark information. Calibration is achieved by adjusting the parameters that are
not known with a high degree of certainty until the computer model is able to reproduce the
recorded flood information. Calibration is completed in an attempt to ensure the adopted model
parameters are generating realistic estimates of flood behaviour.
As discussed in Sections 9 and 10, the TUFLOW model was verified using historic flood information
as well as design flood results documented in previous studies. In general, the model was found to
provide a reasonable reproduction of past floods and studies.
Nevertheless, it is important to understand how any uncertainties in model input parameters may
impact on the results produced by the model. Therefore, a sensitivity analysis was undertaken to
establish the sensitivity of the results generated by the computer model to changes in model input
parameter values. The outcomes of the sensitivity analysis are presented below.

12.2.

Initial Loss / Antecedent Conditions

An analysis was undertaken for the 1% AEP storm to assess the sensitivity of the results generated
by the TUFLOW model to variations in antecedent wetness conditions (i.e., the dryness or wetness
of the catchment prior to the design storm event). A catchment that has been saturated prior to a
major storm will have less capacity to absorb rainfall. Therefore, under wet antecedent conditions,
there will be less “initial loss” of rainfall and consequently more runoff.
The variation in antecedent wetness conditions was represented by increasing and decreasing the
initial rainfall losses in the TUFLOW model. Specifically, initial losses were changed from the “design”
values of 10mm/1mm (for pervious/impervious areas respectively) to 0mm for pervious and
impervious areas to represent a completely “saturated” catchment.
The TUFLOW model was used to re-simulate the 1% AEP event with the modified initial losses. Peak
water levels were extracted from the results of the modelling and were compared against peak
water flood levels for “base” design conditions. This allowed water level difference mapping to be
prepared showing the magnitude of any change in water levels associated with the change in initial
loss values. The difference mapping was interrogated to determine the magnitude of changes in
peak water levels across areas of significant inundation depth (i.e., >0.15 metres). The outcomes of
this assessment are shown in Table 12-1.
The results documented in Table 12-1 show that changing the initial losses can alter peak water level
estimates by less than 0.15 metres across all sections of the model. The average change in peak
flood level is predicted to be just 0.02 metres.
Therefore, it can be concluded that the model is relatively insensitive to changes in the adopted
initial losses. 'Australian Rainfall & Runoff' (Engineers Australia, 1987) suggests adopting an initial
loss of between 10 mm and 30 mm for design flood estimation. The adopted initial loss of 10 mm is
at the lower end of the suggested range and would, therefore, provide reasonably conservative
design flood estimates.
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Table 12-1 – Results of Sensitivity Analysis
Change in “base” design flood levels (metres)
Sensitivity Analysis

Max. Decrease

Max. Increase

Average Change

Std Deviation

Initial Loss

0.00

0.14

0.02

0.05

Continuing Loss Rate

0.00

0.32

0.04

0.06

Manning’s ‘n’ Roughness

0.00

0.17

0.00

0.03

No Blockage

-0.46

0.65

0.00

0.02

Severe Blockage

-0.63

0.90

0.02

0.06

12.3.

Continuing Loss Rate

An analysis was also undertaken to assess the sensitivity of the results generated by the TUFLOW
models to variations in the adopted continuing loss rates. Accordingly, the model was updated to
reflect a decrease in the continuing loss rates. Specifically, the continuing loss rates were changed
from the “design” values of 2.5 mm/hr (pervious areas) and 0 mm/hr (impervious areas) to 0mm/hr
for impervious and pervious areas.
The TUFLOW model was used to re-simulate the 1% AEP flood with the modified continuing loss
rates. Peak flood levels were extracted from the results of the modelling and were used to prepare
flood level difference mapping. The difference maps were interrogated and the outcomes of the
analysis are presented in Table 12-1.
The results of the sensitivity analysis show that the TUFLOW model is relatively insensitive to
changes in continuing loss rates. Decreasing the continuing loss rates generally altered peak flood
levels / depths by less than 0.05 metres, on average, although some localised increases of over
0.3 metres are predicted. These localised increases are typically concentrated around major
culverts/road embankments where the effect of the decreases in runoff volume are magnified.
Therefore, it can be concluded that any uncertainties associated with the adopted continuing loss
rates are not predicted to have a significant impact on the results generated by the TUFLOW
hydraulic model.

12.4.

Manning’s ‘n’ Roughness

Manning’s’ ‘n’ roughness coefficients are used to describe the resistance to flow afforded by
different land uses / surfaces across each catchment. However, they can be subject to variability
(e.g., vegetation density in the summer would typically be higher than the winter leading to higher
Manning’s ‘n’ values). Therefore, additional analyses were completed to quantify the impact that
any uncertainties associated with Manning’s ‘n’ roughness values may have on predicted design
flood behaviour.
The TUFLOW model was updated to reflect an increase in the adopted design Manning’s ‘n’ values of
20% and additional 1% AEP simulations were completed with the modified ‘n’ values. Flood level
difference mapping was prepared based on the results of the revised simulations and the results are
presented in Table 12-1.
The results listed in Table 12-1 show that increasing the Manning’s ‘n’ values by 20% will alter peak
100 year ARI flood levels by less than 0.01 metres across most sections of the LGA. Some increases
of more than 0.1 metres are predicted at isolated locations. But overall, it is considered that the
model is relatively insensitive to changes in Manning’s ‘n’ values.
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12.5.

Blockage

As discussed in Section 4.2.9, blockage factors ranging between 10% and 50% were applied to all
culverts and stormwater inlets as part of the design flood simulations. However, as it is not known
which structures will develop what percentage of blockage during any particular flood, additional
TUFLOW simulations were completed to determine the impact that alternate blockage scenarios
would have on simulated flood behaviour. Specifically, additional simulations with no blockage as
well as severe blockage of all stormwater inlets and culverts were undertaken. The blockage factors
that were adopted for each blockage scenario are summarised in Table 12-2. The blockage factors
that were adopted for “design” conditions are also included in Table 12-2 for comparison.
Table 12-2 - Blockage Factors for Sensitivity Analysis
Design
Blockage

No Blockage

Severe
Blockage

On Grade

20%

0%

100%

Sag

50%

0%

100%

Height < 3 metres or Width < 5 metres

20%

0%

100%

Height > 3 metres and Width > 5 metres

10%

0%

25%

Structure Type

Stormwater
Pits
Culverts

Flood level difference mapping was also prepared and interrogated to quantify the impact that
variations to the adopted blockage factors would have on 1% AEP flood levels. The outcomes of the
difference mapping assessment are presented in Table 12-1.
The results documented in Table 12-1 show that the TUFLOW models are relatively sensitive to
changes in blockage factors. Specifically, removing blockage from structures is predicted to alter
peak water level estimates by over 0.5 metres at some locations. Severe blockage of culverts has
the potential to increase 1% AEP flood levels by nearly 1 metre. Generally, severe blockage
increases the severity of flooding upstream of structures and removal of blockage increases the
severity of flooding downstream of structures.
However, these increases occur at isolated locations (generally in the immediate vicinity of culverts)
and quickly dissipate. As a result, the average change in flood level associated with altering the
blockage factors is predicted to be less than 0.02 metres.
Accordingly, it is considered that the TUFLOW model is relatively sensitive to variations in blockage
in the immediate vicinity of drainage structures. This outcome emphasises the need to ensure key
drainage infrastructure and culverts are well maintained (i.e., debris is removed on a regular basis).

12.6.

Tailwater

Hydraulic models require the adoption of a suitable downstream water level as part of any flood
simulation. Design stages for the Georges River and Salt Pan Creek were extracted from previous
studies and were used to define design tailwater levels for each design flood simulation. However, it
is unlikely that all future floods will be consistent with these assumptions (i.e., a flood of equivalent
severity is occurring along Salt Pan Creek / Georges River at the same time as across the Georges
River Council LGA). Therefore, the results of the climate change ocean increase simulations were
reviewed to quantify the potential for the adopted tailwater to impact on peak flood level estimates.
As discussed in Section 11.3.2, difference mapping was prepared to analyse the results of the climate
change simulations and the outcomes of the analysis is presented in Table 11-1. The results of the
sensitivity analysis shows that altering the tailwater will produce significant changes in 1% AEP flood
levels along Salt Pan Creek and the Georges River. However, these changes are restricted to areas
immediately adjoining each watercourse resulting in negligible average water level changes across
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the remainder of the LGA. As a result, any uncertainties associated with the adopted tailwater level
should not have a significant impact on design water levels across the majority of the LGA.
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13. FLOOD PLANNING AREA
13.1.

Computer Model Confidence Limits

As discussed, the development of computer models requires the specification of parameters that are
not always known with a high degree of certainty. The computer model that was created as part of
this Study was developed based upon best estimates of model parameters. The model was
subsequently shown to produce realistic results relative to available historic flood information as
well as other flooding investigations. Accordingly, the computer model is considered to provide a
reasonable estimate of design flood behaviour across the catchment for existing conditions.
However, the outcomes of the climate change assessment and sensitivity analysis indicate that the
design flood level estimates may be subject to variations if one or more of the input variables change
(e.g., stormwater/culvert blockage, rainfall intensities, hydraulic roughness, and initial/continuing
losses). Accordingly, the model input parameters and design flood level estimates presented in this
report are subject to some uncertainty.
In recognition of this uncertainty, additional statistical analyses were completed based upon the
outcomes of the various sensitivity and climate change analyses in an attempt to assign “confidence
limits” to the peak 1% AEP flood level estimates. In order to reliably define confidence limits to the
1% AEP results, it would be necessary to undertake thousands (potentially tens of thousands) of
simulations to reflect the numerous combinations/permutations of potential parameter estimates
and provide a sufficiently large population to enable meaningful statistical analysis. Unfortunately,
the long simulation times only permit a limited number of parameter scenarios to be investigated (as
outlined in Sections 11 and 12).
In instances where a sufficiently large “population” of results is not available, it is still possible to
derive confidence limits using the Student’s t-test (Ying Zhang, 2013). This approach involves
interrogating peak flood level estimates from all 1% AEP simulations (i.e., design, sensitivity and
climate change simulations) at each TUFLOW grid cell. This information is used to calculate a mean
water level and standard deviation at each grid cell. This information can then be combined with the
population size to develop 99% confidence limit estimates at each TUFLOW grid cell.
The resulting “99% Confidence Limit” grid is shown in Figure 13.1. The yellow areas indicate small
confidence intervals (i.e., more confidence in results), while red areas indicate higher confidence
intervals (i.e., less confidence in results).
The confidence limit grid shows that the model confidence limits across most of the study area is low
(i.e. <0.01 metres), indicating a relatively high degree of confidence in the model results. However,
confidence limits along major overland flow paths, in the vicinity of culverts and along the Georges
River / Salt Pan Creek are significantly higher (i.e., >0.2 metres) indicating reduced confidence in the
model results. Therefore, there is a significant amount of spatial variability in the model confidence
limits. Nevertheless, the model confidence limits do not exceed 0.45 metres at any location.

13.2.

Freeboard

Freeboard is a factor of safety that is used to account for uncertainties in computer modelling results
and factors that cannot be specifically accounted for in the modelling (e.g., waves generated by
passing cars/boats). The freeboard is typically used in conjunction with 1% AEP flood level estimates
to derive the flood planning level for a particular location. The flood planning level can be used to
establish the flood planning area (the area where a flood-related development control should be
applied).
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Figure 13.1 – 99% Confidence Interval Map for the 1% AEP Event
As discussed, the confidence limit grid (refer Figure 13.1) shows there is significant spatial variation
in the model confidence limits. However, in general, areas of higher flow depths / velocities tend to
have a higher level of uncertainty.
Through discussions with Georges River Council staff, it was determined that the freeboard would be
set at 500mm for residential areas and 300mm for non-residential land use types such as
commercial and industrial etc. This provides a good level of protection with the relative risks
associated with the different land use types.

13.3.

Flood Planning Area

The adopted freeboard values were used in conjunction with peak 1% AEP flood levels to develop a
flood planning area / level grid for the Georges River Council LGA. More specifically, the following
steps were employed to develop the flood planning area / level grid:
 Any 1% AEP “puddles” less than 50 m2 were removed before commencing the flood planning
area calculations (it was reasoned that puddles less than this size would present negligible
flooding problems);
 Freeboard for residential and non-residential areas were applied based on the information
contained in section 13.2 to create a “0.5m freeboard” and “0.3m freeboard” grid;
 The freeboard grids were extended laterally into higher ground and interpolated longitudinally
along overland flow paths between remaining puddle areas.
 The two freeboard grids were interrogated to determine which grid produced the highest
level at each grid cell. The highest level was extracted and used as a basis for defining the
flood planning level at each grid cell.
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 All locations where the ground surface elevation was less than the flood planning level was
determined to fall within the Flood Planning Area.
 If the Flood Planning Area extended beyond the PMF extent at any location, the Flood
Planning Area was trimmed to the PMF extent (as the PMF effectively defines the extent of
flood liable land, it was considered unreasonable to designate a property located outside of
the PMF as falling within the Flood Planning Area).
The resulting flood planning area / level grid is provided in Appendix J.
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14. Public Consultation of the Draft Flood Study
The draft Overland Flow Flood Study was exhibited for public comment and feedback from 24 March
2015 until 15 May 2015. The final Study will be submitted to the Georges River Council Floodplain
Risk Management Committee.
The consultation activities undertaken by Council to inform and engage with the community are
described in this section. Council invited public comment from all potentially affected land owners
and community. This feedback was grouped by category and responses to issues raised during the
exhibition period were recorded in a contact register.

14.1.

Objectives

The objectives of community and stakeholder engagement during the stages of Study were to;
 Raise awareness about the planning process for floodplain risk management
 Inform local residents and businesses of their proximity to the study area
 Obtain feedback from residents and businesses so that issues raised can help refine the final
Study
 Provide a range of opportunities for community members to ask questions and provide
feedback on the draft Study and to meet with SMEC specialists directly involved with the
Study.

14.2.

Communication activities

The following activities were carried out to raise awareness and inform participants about the data
collection and Flood Study:
 A media announcement that Council is carrying
out an Overland Flow Flood Study jointly
funded by the Office of Environment and
Heritage (OEH) was made on 23 May 2014
 A brochure with information about the Study
and data survey questionnaire was distributed
to 8,900 letterbox addresses in the Georges
River Council LGA.
 On 23 March 2015, a letter informing
landowners about the draft Study and public
exhibition was distributed to 10,000 letterbox
addresses by Mayor Cr Con Hindi.
 A media announcement that Council’s draft
Flood Study was on public exhibition for
community information and comment was
made on 23 March 2015.
 The announcement generated an article in the
St George and Sutherland Shire Leader local
newspaper digital edition on 28 March 2015.
 The Georges River Council website announced the public exhibition and opportunities for the
community to contact SMEC specialists about the Study.
The draft Study and detailed interactive maps were exhibited on the Council website, providing 24
hour internet access throughout the exhibition period.
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14.3.

Consultation activities and events

Council officers, Customer Service Centre staff and SMEC consultants responded to public queries in
two-way consultation over the telephone and in person. Residents and business operators made
enquiries about the potential impact to 316 properties in the Georges River Council LGA.

14.3.1. Telephone
SMEC specialists responded to public telephone enquiries about the Study during business hours,
8.30am to 4.30pm, throughout the eight week exhibition period.

14.3.2. Afterhours Staffed Displays
Georges River Council weekly notices in the St George and Sutherland Shire Leader local newspaper
23 April 2015 announced the public exhibition and extended opportunity to view the Study with a
SMEC specialist staffing a display at Hurstville City Library, 6.00 to 9.00pm on Tuesday 28th and
Thursday 30th April 2015.
Information about the after-hours staffed displays was published online on 24 April 2015 and
promoted to the public by council staff at the city library, customer service centre and SMEC staff
responding to Flood Study enquiries.

14.3.3. Council Displays
Hardcopy draft Flood Study and LGA mapping exhibited at Hurstville Library and the Council
Customer Service Centre during open hours. The public were able to address queries to Council
officers at the Library and Customer Service Centre.

14.3.4. Staffed Displays
Specialists directly involved with the draft Study staffed a display inside the Council Customer
Service Centre from 11.00am to 1.00pm each Monday, Wednesday and Thursday during the eight
week exhibition period.
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14.3.5. Flood Study Website
The Flood Study website was established to provide information for the initial public consultation as
detailed in Section 7. The website was then updated to include pdf copies of the draft Flood Study
Report and Maps and an interactive map whereby residents could pan and zoom to specific areas in
the catchment to obtain flood information at certain locations.
The Flood Study website proved successful with the residents and recorded the following activity:
Table 14-1 – Flood Study website activity statistics
Full Project Activity
9/5/2014 - Present

Draft Flood Study –
Public Consultation
30/3/15 – 15/5/15

Monthly
Average

Unique
Total

Total

Daily
Average

Unique
Total

Total

Website visits

345(105*)

3274

4147(1122*)

46

1756

2236

Website page
views

-

3274

12570

-

1756

7249

Interactive Map

-

1502

2286

-

986

1460

Map Downloads

-

837

1706

-

555

1109

* Number in brackets is for the 9 months preceding the Public Consultation

Figure 14.1 – Monthly Website Sessions
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Figure 14.2 – Daily Website sessions

Figure 14.3 – No of respondents through staffed display and phone calls
The graph shows an initial influx of calls just prior to the public display and an equivalent influx of
face to face meetings at the Council Chambers. The number of calls and face to face meetings then
continued to decrease in frequency with only minor enquiries after four weeks into the consultation
period. A total of 120 phone and 144 face to face enquiries were received.
The main issues brought forward by the public that are impacted by flooding related mainly to
 an increase in insurance premiums and;
 a reduction in property values
Many residents were also surprised to find that their property was identified as flood affected as
they had not experienced any flooding in some cases within periods of 20-30 years. This is not
unusual, especially since Sydney experienced a large period of drought since the late eighties and
early nineties.
The charts below show the results of the feedback received from the phone and face to face
enquiries.
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Figure 14.4 – Phone and Face to face responses

14.4.

Community feedback

In the first two weeks of exhibition the community shared a number of key concerns. In response,
Council published a list of Frequently Asked Questions on the Flood Study website.
Key concerns included;
 Probability of flood impact on individual properties
 Storm water network maintenance
 Impact to property values
 Impact on insurance premiums
Throughout the public exhibition, Council invited written submissions to the General Manager by
post or email. Community members were encouraged to share localised knowledge gained through
the experience of daily living in the LGA. A high proportion of property owners who contacted SMEC
about the Study have lived in the LGA for several years.
A total of 136 written submissions were received from the community including photographs and
video of the overland flow impacts created during severe rain events experienced historically, in late
October 2014 and 22-24 April 2015.
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Below is a chart showing the results of the written submissions:

Figure 14.5 – Results of Written submissions

14.4.1. Severity of rainfall
Property owners expressed concern that they had received a notification letter from Council
indicating their property may be impacted by the Overland Flow Flood Study findings when they had
not experienced any flooding at their property.
Information was provided to explain severe rain impacts on inundated storm water networks and
related overland flow. The majority of community members were satisfied with this clarification and
the flood probability applied in the Flood Study. The modelled scenarios had a probability of 5 year
Average Recurrence Interval (ARI), 20 year ARI, 100 year ARI and Probable Maximum Flood (PMF).

14.4.2. Drainage network maintenance
Maintenance of the storm water network was a key concern for the community. Community
members reported the effective performance of street gutters, drains and storm water channels
could be improved by more regular maintenance. Residents are concerned tree roots, street foliage,
rubbish and grass cut on recreational ground are having negative impact on day to day network
performance.
Community comments indicated a lack of confidence the storm water network can cope with high
levels of overland flow created during severe rain events.
Community comments also indicated a lack of confidence that new residential developments have
sufficient or appropriate drainage. Residents are concerned the increased use of impervious
concrete on redeveloped properties and subdivisions will have a cumulative impact on overland
flows.

14.4.3. Perceived property value
Most visitors to the staffed display expressed concern that the perceived property value of land they
owned would drop immediately and in the future. The concern is that potential property buyers
would value a property less if the Flood Study or formal council mapping indicated a property could
be impacted by flooding.
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14.4.4. Insurance industry response
The community expressed concern that the Flood Study would cause insurance companies to
increase the price of insurance premiums. Property owners were also concerned the insurance
industry would use public information about the Overland Flow Flood Study to impose unfair
conditions or costs on that property owner.
Most community members were satisfied with the advice that, while Council and SMEC had no
influence over insurance premiums, the Flood Study information may be useful for informed
consumer decisions about insurance products in future.
It should be noted however, that insurance premiums for properties that may be impacted by local
overland flooding as opposed to riverine flooding are generally covered under insurance policies.
This is mainly due to the extent of local overland flooding and the depth that constitutes flooding
being difficult to define in legal terms.

14.4.5. Detailed review of submissions
Several community consultation submissions provided very detailed information about local flooding
and drainage conditions across specific areas of the LGA, including:

Oatley;

Peakhurst; and

Hurstville.
In general, the submissions argued that that the extent of flooding depicted in the draft mapping
appeared to be exaggerated relative to their experiences during recent floods, most notably the
2012 and 2014 events. Therefore, the hydraulic model inputs and outputs were reviewed in detail
relative to the information provided in each submission. In two of the three cases listed above, a
“mini” TUFLOW hydraulic model was developed of the local subcatchment. The development of the
“mini” models enabled a range of different scenarios (e.g., alternate blockages, smaller grid sizes,
topographic modifications) to be simulated in a relatively short amount of time in an attempt to
improve the correlation between the community observations and the model outputs. An example
of the TUFLOW “mini” model extent for the Forest Road, Hurstville subcatchment is shown in Figure
14.6.
In general, changes to the inputs in the “mini” models failed to generate significant differences in
model results. However, in one case (i.e., Forest Road, Hurstville), the model updates did generate a
noticeable difference. In this case, the model was updated to direct roof runoff from the Hurstville
Central shopping area / Hurstville Train Station directly into the stormwater pipe system (to reflect
the fact that there were no visible roof drainage connections along Forest Road). This reduced the
amount of runoff “ponding” at the sag point in Forest Road leading to a reduction in design flood
levels and extents during each the simulated design floods at this location. The reduced inundation
extents were considered to more reliably reflect local drainage conditions in this area. As a result,
the mapping was updated to reflect the updated results from the “mini” model. Further information
on the mapping updates that were completed are provided in Section 14.4.1.
It was considered that the remaining differences between the modelled outputs and community
observations could be explained through differences in modelling design versus historic storms,
differences in modelling assumptions and simplifications that are necessary when developing a
hydraulic computer model. A summary of major comments raised as part of the detailed
submissions and the associated responses are provided in Table 14-2.
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Figure 14.6 – Extent of Hurstville CBD “mini” TUFLOW model
Table 14-2 – Summary of Detailed Submission Comments and Responses

Community Comment
The depth and extent of inundation shown for the
smaller design floods (e.g., 5% AEP events) is
significantly greater than what I experienced during
the 2012 and 2014 events.

Response
This could be attributed to a number of factors
including:





The design storms considered a range of storm
durations and adopted the storm duration that
produced the “worst case” flooding at a
particular area. The historic storms may not
necessarily coincide with the “critical” storm
duration for the particular area.
The computer model did not include any interallotment drainage (e.g., gutters, trench grates
etc.). These drainage facilities generally won’t
have a significant impact during large floods, but
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Community Comment

TUFLOW model is not sufficiently detailed to permit
the flow of water between buildings resulting in
excessive “ponding” of water upstream of buildings

Response
their impact may be more significant during
comparatively small events such as the 2014
flood.
 The computer model typically adopts
conservative blockage factors for stormwater
pits and culverts/bridges. The actual blockage
during these past floods may have been less that
what was adopted in the design flood
simulations leading to reductions in observed
inundation extents
The TUFLOW model employs a 2 meter grid size.
Therefore, any gaps between buildings greater than
2 meters should be represented and allow for the
passage of water. As noted in Section 9.3.2, only
depths greater than 0.15 meters are shown.
Therefore, if the depth of water between buildings
drops below 0.15 meters, the raw model results will
be removed giving the illusion of no water running
between buildings.

The computer model does not account for local
storage in roadway sag points and along gutters

The computer model includes a relatively detailed (2
meter) grid representation of the variation in terrain.
Therefore, all significant local storages will be
represented in the model. As discussed, it needs to
be recognized that only areas inundated to a depth
of greater than 0.15 meters is shown in mapping.
Therefore, if the storage depth is less than this
threshold (such as storage in gutters which are
typically only 0.15 meters high), it will not be shown
in the mapping.

Inclusions of fences produces higher localised flood
depths and is not consistent with modelling
approaches adopted across other local government
areas

Until recently, the technology to represent fences in
computer models has not been available, which is
why they have not been historically represented in
flood models. However, available research indicates
that fences can provide a significant impediment to
the overland path of water (even relatively
“permeable” fence types can become partially
blocked with debris during the course of the flood).
The inclusion of fences is considered to represent
modern best practice and is consistent with more
recent models developed across other LGAs
including Campbelltown, Fairfield, Wingecarribee
and Wyong.

14.4.1. Field Verification
The community consultation submissions were used to assist in field verification of the draft flood
mapping. This aimed to ensure that areas that were identified as being historically impacted by
flooding and drainage problems were reflected in the mapping. At the same time, submissions from
long term residents indicating that a particular area was not impacted by flooding were reviewed to
determine if the flood mapping was reasonable.
In all cases, submissions that indicated properties had experienced past flooding were found to be
contained within the draft 1% AEP flood extent, so no mapping modifications were required.
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In general, most of the areas identified by the community as having not experienced flooding were
only impacted during very large design floods (e.g., PMF), which any community member is unlikely
to have experienced. During smaller design floods, the majority of the properties/areas were not
inundated, lending agreement with community observations.
Nevertheless, in some areas isolated “puddles” were identified in the draft mapping. In such
instances, these areas were reviewed and were removed from the mapping if they were not part of
a continuous overland flow path and did not impose a significant flood hazard (i.e., if the velocity
depth product was less than 0.4m2/s).
In areas of any uncertainty, a field inspection was completed to determine the veracity of the draft
mapping. More specifically, the field inspections aimed to determine if water could physically reach
the location in question and if water could freely drain from the area or would “pond”. In most
cases, the field inspections showed that water was unlikely to “pond” and was, therefore, removed
from the final mapping. A comparison between the draft and final flood mapping at one such
location is provided in Figure 14.7.

Figure 14.7 – Draft flood mapping (left) and final flood mapping (right) showing removal of “puddle”
as a result of field verification
The draft flood mapping was also reviewed relative to photographs of past floods to ensure that
historically impacted areas were included in the draft mapping. An example of one such location
where historic photo verification was completed is shown in Figure 14.8. In all cases, areas that
were historically impacted by flooding were found to be included in the draft mapping.

Figure 14.8 – Verification of draft mapping relative to historic flood photo in Stanley St, Peakhurst
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14.4.2. Amendments to the flood maps
A review of the draft flood maps was completed relative to submissions that were received as part
of the community consultation process. This aimed to ensure that areas that were identified as
being historically impacted by flooding and drainage problems were reflected in the mapping. At the
same time, submissions from long term residents indicating that a particular area was not impacted
by flooding were reviewed to determine if the flood mapping was reasonable.
In general, many of the areas identified by the community as having not experienced flooding were
only impacted during very large design floods (e.g., PMF), which any community member is unlikely
to have experienced. During smaller design floods, the majority of the properties/areas were not
inundated, lending agreement with community observations.
Nevertheless, in some areas isolated “puddles” were identified in the mapping. In such instances,
these areas were reviewed and were removed from the mapping if they were not part of a
continuous overland flow path and did not appear to impose a significant flood hazard (i.e., if the
velocity depth product was less than 0.4m2/s).
As discussed, the mapping was also updated to include the revised Hurstville CBD “mini” model
results.
Overall, the updated mapping appears to show a good correlation with community observations of
flooding and drainage behaviour. In some cases, properties that have never experienced flooding
will be included within the inundation extents. However, it needs to be recognised that these are
typically very rare floods with a low probability of occurrence. Nevertheless, they must be
considered as part of the Flood Study to ensure the flood risk is fully understood across all areas of
the LGA.
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15. DISCUSSION
In defining the flood behaviour across the Georges River Council Local Government Area (LGA), this
Study has followed accepted Australian and NSW best practice and used applicable hydrologic and
hydraulic software.
The required computer models were set up using the Council’s GIS data obtained from the Land and
Property Information (LPI), as well as various information obtained during field visits, community
consultation and additional survey. To assist with the calibration of the Flood Study, a community
questionnaire was sent to local residents to obtain flood related information, such as flood
behaviour and observed floodmarks. This provided an acceptable floodmark database to assist in
calibration of the models.
The calibration of the models provided a high level of confidence in their capability to produce good
quality outputs for the design storm events required to be modelled. Most of the flood records
obtained through community consultation did not provide dates of the flooding however those with
dates related mainly to the February 2012 and April 1998 floods, these events were used for the
calibration and validation of both hydrologic and hydraulic models. The models replicated the events
well, with modelled water levels matching the floodmarks very closely for both calibration events.
During the course of the Flood Study, a major flood event occurred on the 14th October 2014. At the
request of Georges River Council, a validation run was carried out to check the performance of the
calibrated model. The calibrated model was found to produce a good match against historical flood
marks.
After successfully calibrating and validating the hydrologic and hydraulic models, the TUFLOW model
was then subsequently run in 2-dimensional mode using a rain on grid approach to compute a range
of design water levels, depths, and velocities throughout the study area. Design event results were
summarised and presented as flood extent/depth maps identifying the behaviour of flood for a
number of AEP events. The models reproduced flooding within each modelling area very well,
providing a valuable level of information that can assist Council in setting up the appropriate
development controls and be utilised in the future Flood Plain Risk Management Study.
The results indicate that the flood affectation of lots is prevalent for both frequent and infrequent
events. Flooding of the Wolli Creek zone in the northern section of the study area is primarily
impacted by the industrial zone and T2 airport line railway corridor that cause backing up of flows to
the properties south of the T2 airport line railway corridor. This is particularly evident in the vicinity
of Morgan Street, Beverly Hills.
The results show that properties at the eastern end of the study area are impacted by two main flow
paths that discharge to Bardwell Creek via Bexley Golf Course and Croydon Road. The flow paths
affect properties during low and high frequency events due to limited inlet capture of pits,
undersized stormwater pipes and the existing road formation causing constriction and backing up of
flood waters.
The Mortdale industrial area experiences 2 major flow paths from the east of Boundary Road. These
flow paths progress to the trapped low point at the St George Masonic Club on Roberts Avenue. The
results show that for the less frequent events, floodwaters build up at Roberts avenue (up to RL 9.8
for the 1% AEP) to dangerous depths (3.8m deep) due to the high ground levels within the golf
course downstream. The golf course provides a relief point along the eastern boundary from Roberts
Avenue however this rises in level within the golf course from approximate RL 7.5 at Roberts avenue
to approximate RL 9.0 just south of Balmoral Road. For the more frequent events, the driving head
upstream of Roberts Avenue is below the head in the golf course and stormwater runoff is directed
from the golf course to the trapped low point in Roberts Avenue.
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Forest Road experiences overland flow depths up to 0.5m near Samuel Street. This flow path
discharges through Gannons Park to the south and is a result of an undersized pipe system with less
than 50% AEP capacity.
Peakhurst Park also experiences a major flow path beginning from Bonds Road and progresses
through Jacques Avenue and Belmore Road before discharging to Salt Pan Creek via Henry Lawson
Drive. Jacques Avenue and Belmore Road experience overtopping depths of approximately 1m for
the 1%. Both roadways are major thoroughfares and vehicular and pedestrian would be prevented
at the peak of the 1% AEP flood.
The T2 airport railway line prevents the passage of flows at a number of locations to the west near
Salt Pan Creek due to undersized drainage infrastructure. There is ponding of water at Webb Street,
Broadarrow Road near Bonds Rd as well as near Churchill Avenue. The flood levels confirm that
there is backing up of water at these locations due to the rail embankment.
Another major overland flow path occurs along Morts Road near Kemp Street where flood depths of
approximately 600mm are experienced (water depths of approximately 500mm are also
experienced near Oxford Street). This flow path continues downstream to Universal Street and
Boundary Road where the flood waters reach depths up to 800mm at Boundary Road near Roberts
Avenue.
Apart from the flood extent and depth maps, the additional map sets that were prepared included
velocity maps, hydraulic categorisation (delineating areas of Floodway, Flood Storage, and Flood
Fringe as defined by the NSW Floodplain Development Manual), flood hazard categories and
preliminary Flood Planning Levels (based on 1%AEP envelope of flood levels plus 0.3m or 0.5m
freeboard).
It is noted that Council will need to consider a range of other factors prior to adopting its Flood
Planning Areas for future development consistent with the Floodplain Development Manual (2005)
which is normally undertaken as part of the Floodplain Risk Management Study and Plan.
A sensitivity analysis was conducted by varying model parameters and assessing the impact that
varying the parameters had on model results. A number of factors were varied and assessed against
the 1% AEP design event used as the base case scenario. Factors that were varied included climate
change scenarios with increased rainfall intensity and sea level rise modelled separately, rainfall
losses, catchment roughness affecting hydrology, surface roughness, blockage at hydraulic
structures and tailwater conditions.
The climate change results in Section 11 show that sea level rise and the associated rise in Georges
River and Salt Pan Creek flood levels do have the potential to increase the depth and extent of
inundation. However, the impacts are generally restricted to lower lying areas located in close
proximity to Salt Pan Creek and the Georges River.
The model was most sensitive to structure blockages. This parameter had a considerable effect on
water levels and velocities. All other sensitivity parameters such as rainfall intensity, initial and
continuing losses, Manning’s “n” roughness and tailwater levels had minimal impacts to the flood
levels and velocities in the catchment.
The results of the Study satisfy the objectives of the project, providing sufficient information on
flooding within the modelling area, required for the next stage of the process being a Floodplain Risk
Management Study.
Based on the assessment of the quality of data available for calibration and verification, the
following is recommended to enable future comprehensive data collection and monitoring of flood
behaviour within the catchment. The recommendations cover technical issues that could be
considered either as part of Council’s regular catchment management program or the future
Floodplain Risk Management Study.
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 Further collection of flood affectation information and regular updates of the database with a
similar layout as the flood questionnaire, including date of flooding event with recorded
depths, levels, velocities and locations, blockage at bridges etc.
 Survey of floodmarks after major events and logging the surveyed levels into the Council’s GIS
database.
 Installation of additional pluviographs within the catchment boundaries to form an accurate
rainfall database representative of the catchment.
 Installation of stream flow gauges on major waterways to assist with hydrologic calibration as
part of future studies.
 Continued readings of daily rainfall records throughout the catchment for development of
spatial rainfall distribution during historic flood events and assuring accuracy of records.
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APPENDIX A BROCHURE AND QUESTIONNAIRE
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APPENDIX B SUMMARY OF RESPONSES
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APPENDIX C MANNINGS CALCULATIONS
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APPENDIX D INLET CAPACITY CURVES
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APPENDIX E INTENSITY-FREQUENCY-DURATION CURVES
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APPENDIX F GENERALISED SHORT DURATION METHOD
PMP CALCULATIONS
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APPENDIX G RAFTS VALIDATION
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APPENDIX H DRAINS VALIDATION
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APPENDIX I STRUCTURE SURVEY
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APPENDIX J MAPPING
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