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EXECUTIVE SUMMARY 

Introduction 

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

The primary objective of the Flood Study is to define the flood behaviour of the Duck Creek 
catchment through the establishment of appropriate numerical models. The study has produced 
information on flood flows, velocities, levels and extents for a range of flood event magnitudes under 
existing catchment and floodplain conditions. Specifically, the study incorporates: 

 Compilation and review of existing information pertinent to the study and acquisition of additional 
data including survey as required; 

 A community consultation and participation program to identify local flooding concerns, collect 
information on historical flood behaviour and engage the community in the on-going floodplain 
management process; 

 Development and calibration of appropriate hydrologic and hydraulic models; 

 Determination of design flood conditions for a range of design event including the 10% AEP, 5% 
AEP, 2% AEP, 1% AEP, 0.5% AEP and extreme flood event; and 

 Presentation of study methodology, results and findings in a comprehensive report incorporating 
detailed flood mapping. 

Catchment Description 

The Duck Creek catchment encompasses an area of approximately 19km2 located in the 
Yallah/Marshall Mount region on the New South Wales South Coast as shown in Figure 1-1. Duck 
Creek flows in a general east direction form its source below the Illawarra escarpment to its 
confluence with Lake Illawarra at Haywards Bay.  

Land use within the catchment primarily consists of rural pasture (69%), bushland (30%) and urban 
development (1%). The floodplain area principally remains undeveloped and largely occupied by rural 
farming. 

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

Historical Flooding 

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

The March 2011 event was a significant flooding event in the Duck Creek catchment, certainly the 
largest event since 1984. Post-event reconnaissance undertaken by BMT WBM enabled valuable 
peak flood height data to be recorded, including confirmation of key flow paths and inundation 
extents. Coupled with recorded rainfall data from the Bureau of Meteorology, the collected data 
provided a useful data set for model calibration purposes. 

Community Consultation 

Community consultation undertaken during the study has aimed to collect information on historical 
flooding and previous flood experience, and inform the community about the development of the flood 
study and its likely outcome as a precursor to floodplain management activities to follow. The key 
element of the consultation process involved the distribution of a questionnaire relating to historical 
flooding.  The return numbers for the questionnaire were low, with minimal additional historical flood 
information obtained. This is perhaps representative of the relatively low number of existing properties 
affected by flooding in the Duck Creek catchment. 

Model Development (and additional survey) 

Development of hydrologic and hydraulic models has been undertaken to simulate flood conditions in 
the catchment. The hydrological model developed using WBNM software provides for simulation of 
the rainfall-runoff process using the catchment characteristics of Duck Creek and historical and 
design rainfall data. The hydraulic model, simulating flood depths, extents and velocities utilises the 
TUFLOW two-dimensional (2D) software developed by BMT WBM. The 2D modelling approach is 
suited to model the complex interaction between channels and floodplains and converging and 
diverging of flows through structures and urban environments. 

The floodplain topography is defined using a high resolution digital elevation model (DEM) derived 
from LiDAR survey for greater accuracy in predicting flows and water levels and the interaction of in-
channel and floodplain areas. To supplement the LiDAR data, additional cross section survey of the 
Duck Creek channel and significant hydraulic structures was acquired during the course of the study. 

With consideration to the available survey information and local topographical and hydraulic controls, 
a hydraulic model was developed covering the entire Duck Creek catchment.  

Model Calibration and Validation 

The selection of suitable historical events for calibration of the computer models is largely dependent 
on available historical flood information. The Duck Creek catchment is ungauged and accordingly 
there is no available data for streamflow calibration. However, there is a reasonable distribution of 
peak flood levels within the catchment, recorded for the March 2011 event. 

Other than the recent March 2011 event, there is a distinct lack of historical flood data within the Duck 
Creek catchment.  The only available flood data is in the form of four peak flood levels across two 
separate rainfall events (one for the March 1978 rainfall event and three for the February 1984 rainfall 
event), and limited anecdotal evidence of flooding during the relatively minor February 2008 rainfall 
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event. The model validation is based on the historical data available for the March 1978, February 
1984 and February 2008 events.  

A reasonable model calibration has been achieved given the available data for the catchment.  The 
developed models are considered to provide a sound representation of the flooding behaviour of the 
catchment, as demonstrated through comparison of recorded peak water levels for the historical 
events simulated.  

Design Event Modelling and Output 

The developed models have been applied to derive design flood conditions within the Duck Creek 
catchment. Design rainfall depth is based on the generation of intensity-frequency-duration (IFD) 
design rainfall curves utilising the procedures outlined in AR&R (2001). A range of storm durations 
using standard AR&R (2001) temporal patterns, were modelled in order to identify the critical storm 
duration for design event flooding in the catchment.   

The design events considered in this study include the 10% AEP (10-year ARI), 5% AEP (20-year 
ARI), 2% AEP (50-year ARI), 1% AEP (100-year ARI) 0.5% AEP (200-year ARI) and PMF events. 
The model results for the design events considered have been presented in a detailed flood mapping 
series for the catchment. The flood data presented includes design flood inundation, peak flood water 
levels and peak flood depths. 

Provisional flood hazard categorisation in accordance with Figure L2 of the NSW Floodplain 
Development Manual (2005) has been mapped for the 20% AEP, 1% AEP and the PMF events, in 
addition to the hydraulic categories (floodway, flood fringe and flood storage) for flood affected area 
for the 20% AEP, 1% AEP and the PMF events also. 

The simulated flood inundation extents in the Duck Creek catchment for the 5% AEP, 1% AEP and 
PMF events are shown in Figure E-1.  

Sensitivity Testing 

A series of sensitivity tests have been undertaken on the modelled flood behaviour of the Duck Creek 
catchment. The tests provide a basis for determining the relative sensitivity of modelling results to 
adopted parameter values.  The tests undertaken include: 

 Hydraulic roughness – changes in hydraulic roughness were simulated to represent variation 
in vegetation condition both in-channel and on the floodplain. Given that the catchment is largely 
undeveloped and occupied by rural pasture and bushland, seasonal variations in vegetation can 
provide for local increases in water levels; 

 Structure blockages – structure blockage due to flood debris can result in significant 
increases to flood levels and redistributions of flood flows. Blockage scenarios of up between 50% 
and 100% blockage depending on the size of the structure have been simulated for major structures 
on the main channel alignments; and 

 Design rainfall losses – increases in design rainfall losses have been simulated to represent 
a fully saturated catchment condition. This provides for an increase in effective rainfall and therefore 
in increase in surface runoff for the design rainfall condition. 
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Conclusions 

The primary objective of the Flood Study is to define the flood behaviour of the Duck Creek 
catchment through the establishment of appropriate numerical models. The principal outcome of the 
flood study is the understanding of flood behaviour in the catchment and in particular design flood 
level information that will be used to set appropriate flood planning levels for the study area. The flood 
study will form the basis for the subsequent floodplain risk management activities, being the next 
stage of the floodplain management process. Accordingly, the adoption of the flood study and 
predicted design flood levels is recommended. 

The flood risk to existing development as a result of catchment rainfall derived flooding for Duck 
Creek is relatively low. The majority of the relatively sparse, rural residential development is located 
on higher ground.  Nevertheless, significant flood inundation across the Duck Creek floodplain may 
be realised in major flood events as simulated in the model results for events up to and including the 
Probable Maximum Flood. 

The Draft West Dapto LEP Masterplan provides a framework for future development of the broader 
region, including area in the Yallah-Marshall Mount Precinct identified as future residential 
development that lies within the Duck Creek catchment.  Flooding considerations will be one of the 
major inputs/constraints on the location of this infrastructure in the Plan.  The developed models 
provide a tool for assessment of potential flood impact of future development in the catchment.  

Low-lying coastal areas, such as those surrounding Lake Illawarra, including the lower reaches of 
Duck Creek, are at high risk to climate change due to sea-level rise.  However, the extent of sea-level 
rise impacts in the Duck Creek catchment are limited to downstream of the Princes Highway. 
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GLOSSARY 
 

annual exceedance 
probability (AEP) 

The chance of a flood of a given size (or larger) occurring in any 
one year, usually expressed as a percentage.  For example, if a 
peak flood discharge of 500 m3/s has an AEP of 5%, it means that 
there is a 5% chance (i.e. a 1 in 20 chance) of a peak discharge of 
500 m3/s (or larger) occurring in any one year. (see also average 
recurrence interval) 

Australian Height Datum 
(AHD) 

National survey datum corresponding approximately to mean sea 
level. 

attenuation Weakening in force or intensity 

average recurrence interval 
(ARI) 

The long-term average number of years between the occurrence 
of a flood as big as (or larger than) the selected event.  For 
example, floods with a discharge as great as (or greater than) the 
20yr ARI design flood will occur on average once every 20 years.  
ARI is another way of expressing the likelihood of occurrence of a 
flood event. (see also annual exceedance probability) 

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

design flood A hypothetical flood representing a specific likelihood of 
occurrence (for example the 100yr ARI or 1% AEP flood).   

development Existing or proposed works that may or may not impact upon 
flooding.  Typical works are filling of land, and the construction of 
roads, floodways and buildings. 

discharge The rate of flow of water measured in tems of vollume per unit 
time, for example, cubic metres per second (m3/s).  Discharge is 
different from the speed or velocity of flow, which is a measure of 
how fast the water is moving for example, metres per second 
(m/s). 

flood Relatively high river or creek flows, which overtop the natural or 
artificial banks, and inundate floodplains and/or coastal inundation 
resulting from super elevated sea levels and/or waves overtopping 
coastline defences. 

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

flood fringe Land that may be affected by flooding but is not designated as 
floodway or flood storage. 

flood hazard The potential risk to life and limb and potential damage to property 
resulting from flooding.  The degree of flood hazard varies with 
circumstances across the full range of floods. 

flood level The height or elevation of floodwaters relative to a datum (typically 
the Australian Height Datum).  Also referred to as “stage”. 

flood liable land see flood prone land 
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floodplain Land adjacent to a river or creek that is periodically inundated due 
to floods.  The floodplain includes all land that is susceptible to 
inundation by the probable maximum flood (PMF) event. 

floodplain management The co-ordinated management of activities that occur on the 
floodplain. 

floodplain risk management 
plan 

A document outlining a range of actions aimed at improving 
floodplain management.  The plan is the principal means of 
managing the risks associated with the use of the floodplain.  A 
floodplain risk management plan needs to be developed in 
accordance with the principles and guidelines contained in the 
NSW Floodplain Management Manual.  The plan usually contains 
both written and diagrammatic information describing how 
particular areas of the floodplain are to be used and managed to 
achieve defined objectives. 

Flood planning levels (FPL) Flood planning levels selected for planning purposes are derived 
from a combination of the adopted flood level plus freeboard, as 
determined in floodplain management studies and incorporated in 
floodplain risk management plans.  Selection should be based on 
an understanding of the full range of flood behaviour and the 
associated flood risk.  It should also take into account the social, 
economic and ecological consequences associated with floods of 
different severities.  Different FPLs may be appropriate for 
different categories of landuse and for different flood plans.  The 
concept of FPLs supersedes the “standard flood event”.  As FPLs 
do not necessarily extend to the limits of flood prone land, 
floodplain risk management plans may apply to flood prone land 
beyond that defined by the FPLs. 

flood prone land Land susceptible to inundation by the probable maximum flood 
(PMF) event.  Under the merit policy, the flood prone definition 
should not be seen as necessarily precluding development.  
Floodplain Risk Management Plans should encompass all flood 
prone land (i.e. the entire floodplain). 

flood source The source of the floodwaters.  In this study, Burrill Lake is the 
primary source of floodwaters. 

flood storage Floodplain area that is important for the temporary storage of 
floodwaters during a flood. 

floodway A flow path (sometimes artificial) that carries significant volumes 
of floodwaters during a flood. 

freeboard A factor of safety usually expressed as a height above the 
adopted flood level thus determing the flood planning level.  
Freeboard tends to compensate for factors such as wave action, 
localised hydraulic effects and uncertainties in the design flood 
levels. 

geomorphology The study of the origin, characteristics and development of land 
forms. 

gauging (tidal and flood) Measurement of flows and water levels during tides or flood 
events. 

historical flood A flood that has actually occurred. 



GLOSSARY XIII 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

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

hydrodynamic Pertaining to the movement of water  

hydrograph A graph showing how a river or creek‟s discharge changes with 
time. 

hydrographic survey Survey of the bed levels of a waterway. 

hydrologic Pertaining to rainfall-runoff processes in catchments 

hydrology The term given to the study of the rainfall-runoff process in 
catchments. 

isohyet Equal rainfall contour 

morphological Pertaining to geomorphology 

peak flood level, flow or 
velocity 

The maximum flood level, flow or velocity that occurs during a 
flood event. 

pluviometer A rainfall gauge capable of continously measuring rainfall intensity  

probable maximum flood 
(PMF) 

An extreme flood deemed to be the maximum flood likely to occur. 

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

riparian The interface between land and waterway.  Literally means “along 
the river margins” 

runoff The amount of rainfall from a catchment that actually ends up as 
flowing water in the river or creek. 

stage See flood level. 

stage hydrograph A graph of water level over time. 

sub-critical Refers to flow in a channel that is relatively slow and deep 

topography The shape of the surface features of land 

velocity The speed at which the floodwaters are moving.  A flood velocity 
predicted by a 2D computer flood model is quoted as the depth 
averaged velocity, i.e. the average velocity throughout the depth 
of the water column.  A flood velocity predicted by a 1D or quasi-
2D computer flood model is quoted as the depth and width 
averaged velocity, i.e. the average velocity across the whole river 
or creek section. 

water level See flood level. 
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1 INTRODUCTION 

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

1.1 Study Location 

The Duck Creek catchment encompasses an area of approximately 19km2 located in the Yallah 
region on the New South Wales South Coast as shown in Figure 1-1.  Duck Creek flows in a general 
east direction form its source below the Illawarra Escarpment to its confluence with Lake Illawarra at 
Yallah.  

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

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

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

1.2 Study Background 

Significant flooding in the Duck Creek catchment has generally coincided with major flood events in 
Lake Illawarra.  Major historical flood events to have occurred in Lake Illawarra include 1975, 1978, 
1984 and 1991. 

There has been no previous detailed investigation of the flood behaviour of the Duck Creek 
catchment.  The “Duck Creek Flood Study – Tallawarra Power Station Site” (Cardno Forbes Rigby, 
2007) and “Lake Illawarra Flood Study” (Cardno Lawson and Treloar, 2001) assessed the flooding 
behaviour of the Lower Duck Creek and Lake Illawarra catchments, respectively.  Both assessments 
included the development of hydrologic and hydraulic models, calibrated to historical events and 
applied to derive design flood conditions.  However, neither of these previous studies investigated 
flood behaviour of the entire Duck Creek catchment to any significant detail.  Accordingly, the flooding 
behaviour in the Duck Creek catchment was largely undefined, prior to undertaking the current study. 
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Figure 1-1 Study Locality 
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1.3 The Need for Floodplain Management at Duck Creek 

Although the majority of existing development in the Duck Creek catchment is generally located on 
higher ground, there is likely to be a future increase in development across the wider Wollongong 
LGA, including the Duck Creek catchment, in order to accommodate general population growth 
expectations.  This in time will increase the number of people potentially exposed to flood risk. 

The Draft West Dapto LEP Masterplan provides a framework for future development of the broader 
region, including area in the Yallah-Marshall Mount Precinct identified as future residential 
development that lies within the Duck Creek catchment.  Flooding considerations will be one of the 
major inputs/constraints on the location of this infrastructure in the Plan.  

The potential for climate change impacts is now a key consideration for floodplain management.  The 
NSW Government has released a guideline for practical consideration of climate change in the 
floodplain management process that advocates consideration of increased design rainfall intensities 
of up to 30%.  Accordingly, this increase in design rainfall will translate into increased design flood 
inundation in the Duck Creek catchment, such that future planning and floodplain management in the 
catchment will need to take due consideration of this increased flood risk. 

Low-lying coastal areas, such as those surrounding Lake Illawarra, including the lower reaches of 
Duck Creek, are at high risk to climate change.  The potential for future sea level rise is now expected 
to be the biggest driver for floodplain management around coastal and estuarine systems such as 
Lake Illawarra.  The issue of future sea level rise presents particular challenges to future 
development, as the risks associated with flooding will progressively increase during the lifetime of 
the development.  It may be such that risks do not manifest until the development is nearing the end 
of its design life. 

There also remains inherent uncertainty regarding the projected extents of sea level rise in the future.  
The NSW Government has adopted a policy that advocates consideration of increased sea levels by 
0.4m by 2050, and 0.9m by 2100.  However, there is potential for sea level rise to occur slower, or 
indeed faster, than these rates. 

Floodplain risk management considers the consequences of flooding on the community and aims to 
develop appropriate floodplain management measures to minimise and mitigate the impact of 
flooding.  This incorporates the existing flood risk associated with current development, and future 
flood risk associated with future development and changes in land use. 

Accordingly, Council desires to approach local floodplain management in a considered and 
systematic manner.  This study comprises the initial stages of that systematic approach, as outlined 
in the Floodplain Development Manual (NSW Government, 2005).  The approach will allow for more 
informed planning decisions within the floodplain of Duck Creek. 

1.4 The Floodplain Management Process 

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

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

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

Stages of Floodplain Management 

 Stage Description 

1 Flood Study Determines the nature and extent of the flood problem. 

2 Floodplain Risk Management 
Study 

Evaluates management options for the floodplain in 
respect of both existing and proposed developments. 

3 Floodplain Risk Management 
Plan 

Involves formal adoption by Council of a plan of 
management for the floodplain. 

4 Implementation of the 
Floodplain Risk Management 
Plan 

Construction of flood mitigation works to protect existing 
development.  Use of environmental plans to ensure 
new development is compatible with the flood hazard. 

This study represents Stage 1 of the above process and aims to provide an understanding of flood 
behaviour within the Duck Creek catchment.  

1.5 Study Objectives 

The primary objective of the Flood Study is to define the flood behaviour of the Duck Creek 
catchment through the establishment of appropriate numerical models. The study will produce 
information on flood flows, velocities, levels and extents for a range of flood event magnitudes under 
existing catchment and floodplain conditions. Specifically, the study incorporates: 

 Compilation and review of existing information pertinent to the study and acquisition of additional 
data including survey as required; 

 Undertake a community consultation and participation program to identify local flooding concerns, 
collect information on historical flood behaviour and engage the community in the on-going 
floodplain management process; 

 Development and calibration of appropriate hydrologic and hydraulic models; 

 Determination of design flood conditions for a range of design event including the 10% AEP, 5% 
AEP, 2% AEP, 1% AEP, 0.5% AEP and extreme flood event; and 

 Presentation of study methodology, results and findings in a comprehensive report incorporating 
appropriate flood mapping. 
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The principal outcome of the flood study is the understanding of flood behaviour in the catchment and 
in particular design flood level information that will be used to set appropriate flood planning levels for 
the study area. 

1.6 About This Report 

This report documents the Study‟s objectives, results and recommendations.  

Section 1 introduces the study. 

Section 2 provides an overview of the approach adopted to complete the study. 

Section 3 outlines the community consultation program undertaken. 

Section 4 provides information on the additional survey collected for this study. 

Section 5 details the development of the computer models. 

Section 6 details the model calibration and validation process including sensitivity tests. 

Section 7 presents the design flood conditions and associated flood mapping. 
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2 STUDY APPROACH 

2.1 The Study Area 

2.1.1 Catchment Description 

Duck Creek is situated on the south coast of NSW approximately 1.5km north of Yallah.  The Duck 
Creek catchment occupies a total catchment area of 19km2, extending from the Illawarra escarpment, 
and flowing generally east to its confluence with Lake Illawarra.  

The topography of the catchment is shown in Figure 2-1.  The upper portion of the Duck Creek 
catchment is dominated by dense rainforest and steep ephemeral streams characteristic of the 
Illawarra Escarpment.  From an elevation of around 600m AHD at the top of the catchment, the 
topography grades steeply from the upper slopes to the broader and flatter floodplain approximately 
4.5km downstream.  The floodplain is undulating with well defined, highly sinuous channels. 

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

Several farm dams have been constructed on agricultural land within the Duck Creek catchment.  
Some of these dams have a significant capacity, and may attenuate low flow discharges within the 
catchment.  However, during flood events, it is likely that antecedent rainfall would have filled these 
dams prior to the flood event, therefore rendering the dams ineffective at attenuating major flows 
across the catchment.  The effect of the dams upon the flooding of the Duck Creek catchment has 
therefore been neglected for the purpose of this Study.   

Land use within the catchment primarily consists of rural pasture (69%), bushland (30%) and urban 
development (1%).  The floodplain area principally remains undeveloped and largely occupied by 
rural farming. 

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

The Duck Creek catchment is traversed by a number of major transport corridors.  These are 
predominantly located in the lower catchment and include the Southern Freeway, Princes Highway 
and the South Coast (Illawarra) Railway.  In order to provide flood-free transport routes, most of the 
transport routes are elevated above the natural floodplain levels, constructed on embankment with 
major waterway openings (bridges/culverts) at appropriate cross drainage locations. 

 



STUDY APPROACH 7 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

 

Figure 2-1 Topography of the Duck Creek Catchment 
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These structures are anticipated to have a significant influence on the flooding behaviour in the Duck 
Creek catchment.  The significant length of embankment provides impedance to out-of-bank 
floodplain flows in major flood events.  In addition, the potential for blockage at major hydraulic 
structures may exacerbate flood risk to upstream property.  Given the major structures are located on 
the lower floodplain with relatively flat topography, the extent of backwater influence may be 
extensive.  

2.1.2 History of Flooding 

There is very little existing flood data for the Duck Creek catchment.  To get some perspective on 
historical rainfall events across the Duck Creek catchment, SILO daily rainfall data has been 
analysed for the site.  The SILO data is broad scale (0.05 degrees spatial resolution – approximately 
5km) and is useful for defining large catchment averages.  The SILO rainfall data comprises an 
archive of interpolated rainfall and climate surfaces maintained by the Queensland Department of 
Natural Resources and Mines.  These surfaces were constructed by spatially interpolating 
observational data collected by the Australian Bureau of Meteorology (BoM).  The BoM maintains an 
archive of observational rainfall and climate records which dates back to the mid-late 1800's.  Rainfall 
surfaces commencing in 1890 have been produced from the analysis.  For further details of the 
processes involved in constructing the interpolated data sets refer to the following web link - 
http://www.nrw.qld.gov.au/silo/datadrill/index.html 

Table 2-1 presents the highest 1-day, 2-day and 3-day rainfall totals from the SILO data set for the 
Duck Creek catchment and their respective year of occurrence.  Historical floods in the wider Lake 
Illawarra catchment have largely emanated from major storm durations of the order of 2 to 3 days.  
Given the size of the Duck Creek catchment, major flooding would be expected to be associated with 
a shorter duration.  

Table 2-1 Major Rainfall Event Totals 

 1-day Total 2-day Total 3-day Total 

Rank Year Rainfall (mm) Year Rainfall (mm) Year Rainfall (mm) 

1 1991 312 1961 477 1961 549 

2 1961 307 1943 438 1991 533 

3 1898 307 1991 423 1943 500 

4 1911 285 1956 414 1914 477 

5 1975 281 1975 392 1978 478 

6 1943 266 1914 388 1956 429 

7 1914 248 1974 370 1975 396 

8 1895 244 1911 362 1974 387 

9 1952 230 1898 356 1898 380 

10 1956 225 1959 353 1959 377 

11 1984 223 1952 348 1952 372 

12 1969 217 1984 346 1911 372 

http://www.nrw.qld.gov.au/silo/datadrill/index.html
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Significantly there are no major recent events (since 1991) as shown in Table 2-1.  Some high rainfall 
events have occurred within the Duck Creek catchment within this time, however, in relation to long 
term historical records, recent rainfall events have in general been less severe.  Further discussion on 
more recent rainfall events to have occurred in the catchment, including February 2008, is provided in 
Section 2.2.3. 

It is important to recognise that local rainfall variations across the catchment may be “smoothed out” 
from the spatially averaged SILO data, and indeed shorter (<24 hours) more intense rainfall resulting 
in significant flooding will not be evident in the daily total time series. 

Nevertheless, the data is indicative of broad scale weather systems and does provide some 
resemblance to known flooding patterns in the catchment.  Some of the largest 2-day/3-day rainfall 
events within the Duck Creek catchment identified in the SILO data analysis correspond to known 
major events across the Lake Illawarra region including the 1974, 1975, 1978, 1984 and 1991 events. 

2.1.3 Previous Investigations 

There has been no previous detailed investigation of the flooding characteristics of the Duck Creek 
catchment.  A localised flooding investigation associated with land owned by TRUenergy Pty Ltd at 
Tallawarra has been undertaken, however, this study generally did not consider the flooding 
characteristics of the wider catchment. 

A detailed investigation of Lake Illawarra flooding was undertaken by Cardno Lawson & Treloar 
(2001).  This study incorporated the development of hydrologic and hydraulic models over the Lake 
Illawarra region.  The main objective of this study was to ascertain design flood level estimates for the 
lake and its surrounds.  These design flood levels have been utilised in the current study to develop 
upstream boundary conditions for the hydraulic model. 

Whilst not addressing flooding in the Duck Creek catchment, a flood study of Mullet and Brooks 
Creek catchments has been undertaken by BMT WBM (2007).  Similar to the current study, this study 
incorporated the development of hydrologic (WBNM) and hydraulic (TUFLOW) models.  Due to the 
similar nature of the Mullet and Brooks Creek catchments to the neighbouring Duck Creek catchment, 
the former study has been reviewed with consideration of utilising appropriate hydrological 
parameters for regional consistency. 

Further details of these previous investigations and their relevance in the context of the current flood 
study are presented in Section 2.2.1.  

2.2 Compilation and Review of Available Data 

2.2.1 Previous Studies 

2.2.1.1 Duck Creek Flood Study (Tallawarra Power Station Site) (Cardno 
Forbes Rigby, 2007) 

To facilitate the preparation of a local environmental plan (LEP) and local environment study (LES) for 
land owned by TRUenergy Australia Pty Ltd at Tallawarra, Cardno Forbes Rigby was engaged to 
prepare a flood study of the land in 2006.  The Tallawarra site is located on the western foreshore of 
Lake Illawarra, north of Haywards Bay, in the lower Duck Creek catchment.  
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The objectives of the study were to predict the extent of flooding from Duck Creek throughout the 
Tallawarra site for a range of ARI‟s, under both existing and post-development (comprising 
developments as per the TRUenergy Master Plan and the ultimate development scenario in the 
upper catchment) conditions; and assess the provisional flood hazard across the Tallawarra site for 
the 1% AEP and PMF flood events.  

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

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

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

2.2.1.2 Lake Illawarra Flood Study (July 2001) (Cardno Lawson & Treloar, 
2001) 

To facilitate the preparation of a Floodplain Risk Management Plan for the Lake Illawarra foreshore 
area, the Lake Illawarra Authority (LIA), on behalf of WCC and Shellharbour City Council, 
commissioned Cardno Lawson & Treloar (formerly Lawson and Treloar Pty Ltd) to undertake a flood 
study assessment of Lake Illawarra in order to ascertain design flood level estimates for the lake and 
its surrounds.   

Historically, the combination of heavy rainfall over the catchment and varying degrees of shoaling in 
the lake‟s entrance has caused a range of flood in the lake.  Major floods in which lake levels rose 
well above the average lake level (the lake level generally ranges from -0.1m to +0.35 m AHD) are 
shown in Table 2-2. 

Table 2-2Summary of Historical Lake Illawarra Flood levels (Cardno Lawson & Treloar, 2001) 

Date Peak Recorded 
Flood Level (m AHD) Date Peak Recorded 

Flood Level (m AHD) 
1930 >1.5 Mar, 1978 1.6 

1943 >1.5 Feb, 1984 1.9 

1959 >1.5 Apr, 1988 1.5 

Apr, 1974 >1.5 Aug, 1990 1.4 

Mar, 1975 1.8 Jun, 1991 1.8 

Mar, 1977 1.8 Aug, 1998 1.2 

The study was undertaken by refining hydrologic and hydraulic models previously developed for the 
Lake Illawarra Entrance Improvement Study – Hydraulic Numerical Modelling (Cardno Lawson & 
Treloar, 2001).  The hydrologic model (RAFTS) was utilised to determine catchment runoff, and for 
routing flows downstream to the lake body.  The predicted hydrographs output from the RAFTS 
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model provided input into the 1D hydraulic model (MIKE-11) to determine peak flood levels and flood 
extents.  The hydrologic and hydraulic models were calibrated using the June 1991 flood event. 

Together with the 35km2 area of the lake body, a total catchment area of 270km2 (of which the Duck 
Creek catchment represents 19km2) was modelled using the hydrologic model.  The hydrologic 
model incorporated a relatively coarse representation of the Duck Creek catchment, incorporating 
four sub catchments (in comparison to the 127 sub catchments used for the current study – Refer 
Section 5.1.2). 

The 36-hour design storm was found to be the critical duration storm for peak lake water levels.  
Table 2-3 shows the peak design flood levels for the critical storm duration at Tallawarra Power 
Station. q 

Table 2-3 Design Flood Levels at Tallawarra power Station (Cardno Lawson & Treloar, 2001) 

Event Peak Flood Level (m 
AHD) 

20% AEP 1.4 

5% AEP 1.8 

1% AEP 2.3 

PMF (Extreme Event) 3.2 

The result of the study found that foreshore flooding occurs around most of the lake but in particular 
at Primbee, Windang, Lake Illawarra, Albion Park Rail, Yallah, Oak Flats, and Kanahooka.  The 
report noted that flooding will extend up tributaries as a result of catchment rather than lake flooding 
(Cardno Lawson & Treloar, 2001).  The approximate extent of flood inundation from Lake flooding in 
the Duck Creek system for the 1% AEP and PMF flood events are shown in Figure 2-2 

 

Figure 2-2 1% AEP and PMF Flood Extents (adapted from Cardno Lawson & Treloar, 2001) 

Duck Creek 
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2.2.1.3 Mullet and Brooks Creeks Flood Study (BMT WBM, 2007) 

A flood model of the Mullet and Brooks Creeks catchments (located directly to the north of the Duck 
Creek Catchment) was developed to define existing flood behaviour and provide a means for 
assessing floodplain management measures.  This study formed a component of the Mullet and 
Brooks Floodplain Risk Management Study.  

The developed hydrologic (WBNM) and 2D hydraulic (TUFLOW) models were calibrated using the 
February 1984 and March 1975 flood events.  Further model verification was undertaken using the 
smaller October 1999 flood event. The calibrated models were applied to estimate the design flood 
behaviour in the catchment for a range of design event magnitudes, and also applied in investigating 
potential development scenarios and floodplain risk management options. 

The study did not incorporate any modelling of the Duck Creek catchment. However, there is some 
common elements with Duck Creek including regional and local rainfall data collation and analysis, 
and the influence of Lake Illawarra flooding behaviour. 

The study is particularly relevant in the context of the calibration of models developed for Duck Creek. 
Available historical flood data for Duck Creek is limited, however, given the similarity in the geography 
of the Mullet and Brooks Creek catchments, some of the adopted model parameters in the 
neighbouring catchment may be applicable to Duck Creek where similar flood behaviour may be 
assumed.  

2.2.2 Historical Flood Levels 

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

With the exception of the March 2011 event, only four historical flood levels have been identified 
within the Duck Creek catchment. 

Two historic flood levels were reported in the flood study undertaken for the Tallawarra Power Station 
Site (Cardno Forbes Rigby, 2007) for the following flood events: 

 One flood level for the March 1978 flood event recorded upstream of the Princes Highway bridge 
over Duck Creek; and 

 One flood level for the February 1984 flood event recorded in Duck Creek, at the Yallah TAFE 
site.  

An additional two historical flood levels were provided to BMT WBM in response to the community 
questionnaire.  These two flood levels were recorded during the February 1984 rainfall event and 
reported as part of a flood assessment undertaken for a Development Application on private property 
on North Marshall Mount Road.   

The March 2011 event was a significant flooding event in the Duck Creek catchment, certainly the 
largest event since 1984. Post-event reconnaissance undertaken by BMT WBM enabled valuable 



STUDY APPROACH 13 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

peak flood height data to be recorded, including confirmation of key flow paths and inundation 
extents. Coupled with recorded rainfall data from the Bureau of Meteorology, the collected data 
provided a useful data set for model calibration purposes.  A total of 22 peak flood levels were 
identified across the Duck Creek catchment for the 2011 event. 

Table 2-4 summarises the historical peak flood water levels identified across the Duck Creek 
catchment.  The location of these peak flood levels is shown in Figure 2-3.  

Table 2-4 Historical Peak Flood Levels (m AHD) 

ID Date Source 
Peak Flood Level (m 

AHD)  
1 Mar, 1978 Council (ref. Cardno Forbes Rigby, 2007) 4.5 

2 Feb, 1984 Yallah TAFE (ref. Cardno Forbes Rigby, 2007) 11.8 

3 Feb, 1984 Questionnaire (Council DA) 91.1 

4 Feb, 1984 Questionnaire (Council DA) 95.8 

5 Mar, 2011 BMT WBM Post-Event Site Inspection 4.5 

6 Mar, 2011 BMT WBM Post-Event Site Inspection 5.5 

7 Mar, 2011 BMT WBM Post-Event Site Inspection 6.7 

8 Mar, 2011 BMT WBM Post-Event Site Inspection 8.4 

9 Mar, 2011 BMT WBM Post-Event Site Inspection 8.4 

10 Mar, 2011 BMT WBM Post-Event Site Inspection 10.7 

11 Mar, 2011 BMT WBM Post-Event Site Inspection 10.9 

12 Mar, 2011 BMT WBM Post-Event Site Inspection 10.3 

13 Mar, 2011 BMT WBM Post-Event Site Inspection 11 

14 Mar, 2011 BMT WBM Post-Event Site Inspection 11.5 

15 Mar, 2011 BMT WBM Post-Event Site Inspection 11.1 

16 Mar, 2011 BMT WBM Post-Event Site Inspection 17.8 

17 Mar, 2011 BMT WBM Post-Event Site Inspection 17.7 

18 Mar, 2011 BMT WBM Post-Event Site Inspection 20.4 

19 Mar, 2011 BMT WBM Post-Event Site Inspection 20.5 

20 Mar, 2011 BMT WBM Post-Event Site Inspection 21.9 

21 Mar, 2011 BMT WBM Post-Event Site Inspection 12.5 

22 Mar, 2011 BMT WBM Post-Event Site Inspection 24 

23 Mar, 2011 BMT WBM Post-Event Site Inspection 25 

24 Mar, 2011 BMT WBM Post-Event Site Inspection 25.2 

25 Mar, 2011 BMT WBM Post-Event Site Inspection 36.5 

26 Mar, 2011 BMT WBM Post-Event Site Inspection 38 
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Figure 2-3 Location of Historical Peak Flood Levels 
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2.2.3 Rainfall Data 

There is an extensive network of rainfall gauges (current and discontinued) across the wider Lake 
Illawarra area operated by the Bureau of Meteorology (BoM), the Sydney Catchment Authority (SCA), 
Sydney Water Corporation (SWC) and the former NSW Public Works (DPWS).  The full list of rainfall 
stations, including closed stations, within an approximate 12km radius of the Duck Creek catchment 
is shown in  Table 2-5 with their respective period of record.  The distribution of these gauges is 
shown in Figure 2-4. 

 Table 2-5 Summary of Rainfall Gauges in the Duck Creek Locality 

Station 
No. Name Operator Type Start Year End Year 

68104 Tallawarra Power Station BoM Daily 1962 1989 
68022 Dapto Bowling Club BoM Daily 1906 Current 
68241 Wollongong Airport BoM Daily/Pluvio 1999 Current 
68000 Albion Park Post Office BoM Daily 1892 Current 
68110 Berkeley (Northcliffe Drive) BoM Daily 1962 Current 
68123 Windang Bowling Club BoM Daily 1962 Current 
68131 Port Kembla (BHP Central Lab) BoM Daily 1963 Current 
68130 Yallah (Ianwyn) BoM Daily 1962 1981 
568176 Cleveland Rd (Daily Record) BoM  Daily 2006 Current 
68023 Dapto West (Stane Dykes) BoM Daily 1898 1987 
568119 Shellharbour STP SWC Daily/Pluvio  tbc  tbc 
568136 Wollongong STP SWC Daily/Pluvio  tbc  tbc 
568159 Kanahooka SWC Pluvio  tbc  tbc 
568171 Albion Park Bowls Club SWC Pluvio  tbc  tbc 
568180 Dapto Citizens Bowls Club SWC Pluvio  tbc  tbc 
568185 Wongawilli (Lynda Robertson) SWC Pluvio  tbc  tbc 
568071 Upper Avon SCA Pluvio  tbc  tbc 
568102 Mount Murray SCA Pluvio  tbc  tbc 

 tbc Wongawilli Colliery DPWS Pluvio  tbc  tbc 
 tbc Huntley DPWS Pluvio  tbc  tbc 
 tbc Calderwood DPWS Pluvio  tbc  tbc 
 tbc Mount Nebo DPWS Pluvio  tbc  tbc 
 tbc Port Kembla DPWS Pluvio  tbc  tbc 
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Figure 2-4 Rainfall Gauges in the Vicinity of the Duck Creek Catchment 
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There are four rainfall gauges within or at the boundary of the Duck Creek catchment, including the 
discontinued BoM rainfall gauges at Tallawarra Power Station and Yallah (Ianwyn); and two 
continuous rainfall gauges operated by DPWS at Huntley and Calderwood. 

The length of available rainfall record for the Tallawarra Power Station and Yallah (Ianwyn) gauges 
are limited to between 1962 to1989 and 1962 to 1981, respectively.  Several significant rainfall events 
occurred between 1962 and 1989, including the 1978 and 1984 events.  Daily totals for the 
Tallawarra Power Station gauge were used for the 1984 calibration event, however no data was 
recorded during the 1978 event.  Similarly, the Yallah (Ianwyn) rainfall gauge had missing blocks of 
rainfall data and was not able to be used during the model calibration process.  The two DPWS 
continuous rainfall gauges at Huntley and Calderwood both provided useful rainfall information for the 
1984 calibration. 

Beyond the catchment boundary, there is an extensive network of daily read rainfall gauges.  Many of 
these stations are discontinued, however, between both discontinued and existing gauges, a long 
period of daily rainfall record is available. 

There is also an extensive network of continuous rainfall gauges in the vicinity of the Duck Creek 
catchment.  The majority of the continuous rainfall stations are operated by the SCA and DPWS.  The 
stations generally have data from the early 1980‟s, such that their period of record covers significant 
rainfall events in the catchment including the 1984 flood event. 

Further discussion on recorded rainfall data for historical events is presented with the calibration and 
validation of the models developed for the study in Section 6. 

2.2.4 Council Data 

Digitally available information such as aerial photography, cadastral boundaries, topography, 
watercourses, drainage networks, land zoning, vegetation communities and soil landscapes were 
provided by Council in the form of GIS datasets. 

A variety of relevant planning documents, where available, were also reviewed and considered as 
part of the study.  These documents include Council‟s LEP, Council‟s Flood Policy, Development 
Control Plans, and SES Flood Plan. 

LiDAR land survey data has also been made available for the floodplain relatively recently.  Flood 
behaviour is inherently dependent on the ground topography.  Advanced GIS analysis also allows the 
LiDAR imagery to be assessed in concert with spatial 2-D flood model data, facilitating mapping, 
categorisation, and overall flood management. 

2.3 Site Inspections 

A number of site inspections were undertaken during the course of the study to gain an appreciation 
of local features influencing flooding behaviour.  Some of the key observations to be accounted for 
during the site inspections included: 

 Presence of local structural hydraulic controls such as bridges, culverts, road embankments and 
natural topographical controls such as channel/floodplain constrictions or steep reaches; 
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 General nature of the river channel and floodplain noting river plan form, vegetation type and 
coverage and the presence of significant flow paths; 

 Location of existing development and infrastructure on the floodplain. 

This visual assessment was useful for defining hydraulic properties within the hydraulic model and 
ground-truthing of topographic features identified from survey.  

2.4 Additional Survey 

The review of available topographic data identified the requirement for additional survey to be 
undertaken to provide the necessary coverage and detail required to build the hydraulic model.  The 
additional survey incorporated: 

 Cross sections of the Duck Creek channel and major tributaries to supplement the existing LiDAR 
topographical data.  Due to limitations in the aerial survey method, the detail of watercourses is 
often obscured (e.g. by standing water, vegetation etc).  Ground survey is required to provide the 
required detail of the watercourses to integrate with the LiDAR data; and 

 A number of flood drainage structures (including bridges and culverts) for which no existing 
details were available.   

The acquisition of the additional survey is discussed in further detail in Section 4. 

2.5 Community Consultation 

The success of a floodplain management plan hinges on its acceptance by the community, residents 
within the study area, and other stake holders.  This can be achieved by involving the local 
community at all stages of the decision-making process.  This includes the collection of their ideas 
and knowledge on flood behaviour in the study area, together with discussing the issues and 
outcomes of the study with them. 

The key elements of the consultation process in undertaking the flood study have been: 

 Issue of a questionnaire to obtain historical flood data and community perspective on flooding 
issues; 

 Public exhibition of Draft Report (to be undertaken). 

These elements are discussed in further detail in Section 3. 

2.6 Development of Computer Models 

2.6.1 Hydrological Model 

For the purpose of the Flood Study, a hydrologic model (discussed in Section 5.1) was developed to 
simulate the rate of storm runoff from the catchment.  The model predicts the amount of runoff from 
rainfall and the attenuation of the flood wave as it travels down the catchment.  This process is 
dependent on: 
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 Catchment area, slope and vegetation; 

 Variation in distribution, intensity and amount of rainfall; and 

 Antecedent conditions of the catchment. 

The output from the hydrologic model is a series of flow hydrographs at selected locations such as at 
the boundaries of the hydraulic model.  These hydrographs are used by a hydraulic model to simulate 
the passage of a flood through the Duck Creek catchment to the downstream study limits at the point 
of discharge into Lake Illawarra.  

2.6.2 Hydraulic Model 

The hydraulic model (discussed in Section 5.3) developed for this study comprises a two-dimensional 
(2D) representation of the Duck Creek floodplain and main channels of Duck Creek, covering the 
entire Duck Creek catchment (approximately 19km2). 

The hydraulic model is applied to determine flood levels, velocities and depths across the study area 
for historical and design events. 

2.7 Calibration and Sensitivity Testing of Models 

The hydrologic and hydraulic models were calibrated and verified to available historical flood event 
data to establish the values of key model parameters and confirm that the models were capable of 
accurately predicting real flood events. 

The following criteria are generally used to determine the suitability of historical events to use for 
calibration or validation: 

 The availability, completeness and quality of rainfall and flood level event data; 

 The amount of reliable data collected during the historical flood information survey; and 

 The variability of events – preferably events would cover a range of flood sizes. 

There is limited available data for major flood events within the Duck Creek catchment.  Following 
review of available data and further attempts to acquire additional flood information through the 
community questionnaire, only four peak flood levels across two separate rainfall events (one for the 
1978 rainfall event and three for the 1984 rainfall event) have been identified, in addition to limited 
anecdotal evidence of flooding during the 2008 rainfall event.  Due to data availability, the 1984 and 
2008 rainfall events were used as calibration events, with the 1978 event used for further model 
validation.  

The calibration and validation of the models is presented in Section 6.  A series of sensitivity tests 
were also carried out to evaluate the model.  These tests were conducted to examine the 
performance and determine the relative importance of different hydrological and hydrodynamic 
factors.  The sensitivity testing of the models is detailed in Section 7.5. 

2.8 Establishing Design Flood Conditions 

Design floods are statistical-based events which have a particular probability of occurrence.  For 
example, the 1% Annual Exceedance Probability (AEP) event, which is sometimes referred to as the 



STUDY APPROACH 20 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

1 in 100 year Average Recurrence Interval (ARI) flood, is the best estimate of a flood with a peak 
discharge that has a 1% (i.e. 1 in 100) chance of occurring in any one year.  For the Duck Creek 
catchment, design floods were based on design rainfall estimates according to Australian Rainfall and 
Runoff (IEAust, 2001).   

The design events considered in this study include the 10% AEP (10-year ARI), 5% AEP (20-year 
ARI), 2% AEP (50-year ARI), 1% AEP (100-year ARI) 0.5% AEP (200-year ARI) and PMF events. 

The design flood conditions form the basis for floodplain management in the catchment and in 
particular design planning levels for future development controls.  The predicted design flood 
conditions are presented in Section 7. 

2.9 Mapping of Flood Behaviour 

Design flood mapping is undertaken using output from the hydraulic model.  Maps are produced 
showing water level, water depth and velocity for each of the design events.  The maps present the 
peak value of each parameter.  Provisional flood hazard categories and hydraulic categories are 
derived from the hydraulic model results and are also mapped.  The mapping outputs are described 
in Section 7.4 and presented in Appendix A. 
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3 COMMUNITY CONSULTATION 

3.1 The Community Consultation Process 

Community consultation is an important component of the Flood Study.  The consultation has aimed 
to inform the community about the development of the flood study and its likely outcome as a 
precursor to subsequent floodplain management activities.  It has provided an opportunity to collect 
information on their flood experience, their concern on flooding issues and to collect feedback and 
ideas on potential floodplain management measures and other related issues. 

The key elements of the consultation process have been as follows: 

 Distribution of a questionnaire to landowners, residents and businesses within the study area; 

 Participation in community workshops regarding future development opportunity in the Yallah – 
Marshall Mount Precinct; and 

 Public exhibition of the draft Flood Study (to be undertaken). 

These elements are discussed in detail below. 

3.2 Community Questionnaire 

In May 2010, a short questionnaire was sent to landowners, residents and businesses located within 
the study area.  The questionnaire was sent to approximately 100 property holders (Council to 
confirm), with Council receiving 5 responses.  

The questionnaire asked residents to provide as much information as possible in regard to historical 
flood events within the catchment.   

The key information provided in the responses includes: 

 Lack of major flooding – respondents were asked to comment on previous flood events within the 
catchment from personal experience.  No major flooding issues in the catchment were raised. 

 Flood marks – a key objective of the flood questionnaires was top obtain peak flood level 
reference points for model calibration purposes.  The only detailed flood level information 
received was two 1984 flood levels for a property along North Marshall Mount Road, relatively 
high up in the catchment (i.e. above 90m AHD). 

 Historical photographs – some photographs of flood inundation in the catchment were received, 
generally showing only shallow, minor inundation. 

3.3 Public Exhibition 

(to be completed following public exhibition period and incorporate public comment and 
response) 
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4 ADDITIONAL SURVEY 

The following sections outline the additional survey data collected to supplement the existing data 
and enable the establishment of a suitable two-dimensional model representation of the Duck Creek 
channel and floodplain. 

LiDAR survey provides complete coverage of the study catchment, producing detailed topographic 
models of the existing ground levels. However, due to limitations in the aerial survey method, the 
detail of watercourses is often obscured (e.g. by standing water, vegetation etc), with ground survey 
required to provide the required detail of the watercourses to integrate with the LiDAR data.  

Along the majority of the watercourse, given the resolution of aerial survey data and the general 
channel condition, the aerial survey data provides an adequate representation of the hydraulic 
capacity of the channels.   

4.1 Channel Cross Sections 

The effectiveness of aerial data capture is often limited in the vicinity of the main creek alignment due 
to the presence of water and dense vegetation. This is particularly the case in the lower reaches of 
Duck Creek which are tidally influenced by Lake Illawarra water levels. In these instances cross-
section surveys (including some hydrosurvey) are required to accurately define the shape of the 
watercourse. 

Figure 4-1 shows the location of cross sections that were surveyed by KFW Infrastructure 
Professionals to provide additional waterway information for Duck Creek.  

The sections extend from the confluence of Duck Creek and Lake Illawarra to approximately 5.4km 
upstream on Duck Creek.  Several cross section locations coincide with the location of major 
hydraulic structures as discussed in Section 4.2.  This distribution and average spacing of cross 
sections was defined to provide an appropriate level of detail to develop the hydraulic model. 

4.2 Structures 

There are numerous hydraulic structures on the main channels within the study area for which limited 
existing survey detail was available.  Accordingly, the ground survey undertaken by KFW included the 
survey of numerous structures to provide the structure details required to build the hydraulic model 
such as dimensions, waterway areas and invert levels. 

Twenty eight (28) structures in total were surveyed including bridges and culverts on main channel 
and tributary alignments.  Further structure details and their respective model configuration are 
presented in Section 5.3.4.  
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Figure 4-1 Location of Cross Section and Structure Survey 
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5 MODEL DEVELOPMENT 

Computer models are the most accurate, cost-effective and efficient tools to assess a catchment‟s 
flood behaviour.  For this study, two types of models were used: 

 A hydrologic model of the entire Duck Creek catchment; and 

 A hydraulic model of the entire Duck Creek catchment. 

The hydrologic model simulates the catchment rainfall-runoff processes, producing the river/creek 
flows which are used in the hydraulic model. 

The hydraulic model simulates the flow behaviour of the channel and floodplains, producing flood 
levels, flow discharges and flow velocities. 

Both of these models were calibrated interactively.  

Information on the topography and characteristics of the catchments, watercourses and floodplains 
are built into the models.  Recorded historical flood data, including rainfall, flood levels and river flows, 
are used to simulate and validate (calibrate and verify) the models.  The models produce as output, 
flood levels, flows (discharges) and flow velocities. 

Development of a hydraulic model follows a relatively standard procedure: 

1. Discretisation of the catchment, watercourses, floodplain, etc.  

2. Incorporation of physical characteristics (river cross-sections, floodplain levels, structures etc). 

3. Establishment of hydrographic databases (rainfall, river flows, flood levels) for historic events. 

4. Calibration to one or more historic floods (calibration is the adjustment of parameters within 
acceptable limits to reach agreement between modelled and measured values). 

5. Verification to one or more other historic floods (verification is a check on the model‟s 
performance without further adjustment of parameters). 

6. Sensitivity analysis of parameters to measure dependence of the results upon model 
assumptions. 

Once model development is complete it may then be used for: 

 establishing design flood conditions; 

 determining levels for planning control; and  

 modelling development or management options to assess the hydraulic impacts. 

5.1 Hydrologic Model 

5.1.1 Model Selection and Development 

The WBNM (Watershed Bounded Network Model) hydrologic model was applied (as Council‟s 
preferred software) to simulate catchment rainfall-runoff relationships.  WBNM has been used for the 
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majority of flood studies undertaken in the Wollongong region for Council, including the Mullet and 
Brooks Creek Flood Study (BMT WBM, 2007).   

The hydrologic model simulates the catchment response to rainfall in terms of generated runoff flow 
rates and volumes.  The amount of rainfall runoff and the attenuation of the flood wave as it travels 
down the catchment is dependant on: 

 the catchment slope, area, vegetation and other characteristics; 

 variations in the distribution, intensity and amount of rainfall; and 

 the antecedent conditions (dryness/wetness) of the catchment. 

These factors are represented in the model by: 

 Sub-dividing (discretising) the catchment into a network of sub-catchments inter-connected by 
channel reaches representing the creeks and rivers.  The sub-catchments are delineated, where 
practical, so that they each have a general uniformity in their slope, landuse, vegetation density, 
etc; 

 The amount and intensity of rainfall is varied across the catchment based on available 
information.  For historical events, this can be very subjective if little or no rainfall recordings 
exist. 

 The antecedent conditions are modelled by varying the amount of rainfall which is “lost” into the 
ground and “absorbed” by storages.  For very dry antecedent conditions, there is typically a 
higher initial rainfall loss. 

The output from the hydrologic model is a series of flow hydrographs at selected locations such as at 
the boundaries of the hydraulic model.  These hydrographs are used by the hydraulic model to 
simulate the passage of the flood through the Duck Creek catchment. 

The WBNM software was used to develop the hydrologic model using the physical characteristics of 
the catchment including catchment areas, ground slopes and vegetation cover as detailed in the 
following sections. 

5.1.2 Catchment Delineation 

The Duck Creek catchment drains an area of approximately 19km2 to its point of discharge into Lake 
Illawarra.  For the hydrologic model the catchment area has been delineated into 127 sub-catchments 
as shown in Figure 5-1.  The sub-catchment delineation provides for generation of flow hydrographs 
at key confluences or inflow points to the hydraulic model.  Table 5-1 summarises the key catchment 
parameters adopted in the WBNM model, including the downstream sub-catchment, catchment area, 
and percentage impervious.  

5.1.3 Flow Routing 

Although WBNM has flow routing capabilities, for the purpose of this study, full routing of flows was 
not necessary, as the WBNM model essentially only needed to provide flows as inputs into the 
hydraulic model (TUFLOW). 
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Figure 5-1 WBNM Model Sub-catchment Layout 
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Table 5-1 WBNM Sub-catchment Properties 

Subarea 
Name 

Area 
(ha) 

Impervious 
Fraction 

(%) 

Subarea 
Name 

Area 
(ha) 

Impervious 
Fraction 

(%) 

Subarea 
Name 

Area 
(ha) 

Impervious 
Fraction 

(%) 
1 9.31 18.6 44 11.47 5 86 7.58 5 
2 10.62 5 45 17.96 5 87 29.25 5 
3 15.22 5 46 9.41 5 88 9.86 5 
4 15.8 5 47 22.81 5 89 15.64 5 
5 18.08 5 48 9.22 5 90 29.94 5 
6 6.35 19 49 47.36 5 91 14.62 5 
7 13.95 12.2 50 27.04 5 92 7.06 5 
8 4.23 5 51 21.49 5 93 3.89 5 
9 23.06 5 52 4.73 5 94 4.82 5 
10 12.05 5 53 11.97 5 95 5.87 5 
11 39.24 5 54 18.83 5 96 22.58 5 
12 37.72 5 55 16.74 5 97 3.77 5 
13 10.53 5 56 2.43 5 98 12.26 5 
14 23.69 5 57 4.59 5 99 13.41 5 
15 30.46 5.1 58 10.67 5 100 6.94 5 
16 29.06 5 59 3.31 5 101 10.76 5 
17 18.79 5 60 14.54 5 102 12.23 5 
18 42.16 5 61 5.46 5 103 120.05 5 
19 21.84 5 62 11.21 5 104 8.89 5 
20 13.66 5 63 9.32 5 105 23.48 5 
21 8.98 5 64 15.63 5 106 21.76 5 
22 8.29 5 65 16.05 5 107 3.25 5 
23 33.98 5 66 12.62 5 108 14.45 5 
24 15.18 5 67 8.38 5 109 30.07 5 
25 34.85 5 68 21.1 5 110 11.37 5 
27 5.44 5 69 9.9 5 111 4.33 5 
28 12.01 5 70 3.93 5 112 34.3 5 
29 6.63 5 71 19.11 5 113 17.16 5 
30 23.36 5 72 27.59 5 114 9.55 5 
31 12.75 5 73 7.8 5 115 4.39 5 
32 4.34 5 74 16.31 5 116 8.01 5 
33 11.64 5 75 14.46 5 117 6.52 5 
34 5.53 5 76 5.76 5 118 5.04 5 
35 8.94 5 77 31.39 5 119 8.3 5 
36 14.12 5 78 7.55 5 120 2.42 5 
37 12.6 5 79 5.53 5 121 4.55 5 
38 11.49 5 80 13.89 5 122 11.87 5 
39 14.53 5 81 13.64 5 123 12.92 5 
40 8.94 5 82 18.63 5 124 5.29 5 
41 13.29 5 83 14.97 5 125 5.93 5 
42 23.81 5 84 5.2 5 126 13.61 5 
43 13.87 5 85 7.93 5 127 3.87 5 
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The routing of flows from one sub-area to the next is primarily a process carried out in the hydraulic 
model using more complex processes (such as simulating varying stage-storage relationships).  
Therefore, the use of the WBNM model for flow routing based on a channel lag parameter is 
minimised.  

5.1.4 Lag Parameter 

WBNM uses a Lag Parameter (also referred to as the C value) to calculate the catchment response 
time for runoff.  The Lag Parameter is important in determining the timing of runoff from a catchment, 
and therefore the shape of the hydrograph.  The general relationship is that a decrease in lag time 
results in an increase in flood peak discharges (Boyd et al., 2007).  

Based on studies undertaken on ten catchments in eastern NSW, and an additional 54 catchments 
across Queensland, NSW, Victoria and South Australia, Boyd et al. (2007) recommends a Lag 
Parameter value near to 1.6.  

It is beneficial to calibrate the WBNM model against recorded flood data in order to ensure that the 
adopted Lag Parameter is representative of the catchment being modelled.  However, due to the 
limited flood data available for the current study, it was not possible to undertake a model calibration 
process to ascertain a calibrated C value for the Duck Creek catchment.  Therefore, based on the 
recommendations in Boyd et al. (2007), a Lag Parameter value of 1.6 was adopted. 

5.1.5  Losses 

An initial and continuing loss model was utilised for this study.  The initial loss is the depth 
(millimetres) of rainfall that is prevented from becoming runoff in the initial stages of the flood-
producing rainfall event.  It is a function of the initial “wetness” of a catchment (i.e. the wetter the 
catchment prior to flood-producing rainfall event, the lower the initial loss).  Therefore, the initial loss 
is event specific.  

The continuing loss rate (millimetres per hour) is the rainfall that is continually (i.e. throughout the 
event) prevented from becoming runoff.  Theoretically, this value is a constant function of the 
catchment.  That is, the continuing loss rate is catchment specific rather then event specific, and 
should therefore be kept the same across all rainfall events.  

The initial loss and continuing loss rates for the hydrologic model are ideally determined during the 
model calibration process.  A separate initial loss can be assigned to the pervious and impervious 
areas within the catchment.  Table 5-2 shows initial and continuing loss vales adopted in other 
studies undertaken within the Wollongong region.  The process for determining the appropriate 
losses for the Duck Creek flood study are presented in Section 6. 

 Table 5-2 Typical Rainfall Loss Rates – Other Wollongong Studies (BMT WBM, 2007) 

Rainfall Loss Type Typical Values 

Initial Loss – Pervious 0 - 50mm 

Initial Loss – Impervious 0 - 2mm 

Continuing Loss – Pervious 2 - 2.5mm/hr 

Continuing Loss – Impervious 0mm/hr 
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5.2 Rainfall Data 

Rainfall information is the primary input and driver of the hydrological model which simulates the 
catchments response in generating surface run-off.  Rainfall characteristics for both historical and 
design events are described by: 

 Rainfall depth – the depth of rainfall occurring across a catchment surface over a defined period 
(e.g. 240mm in 24hours or average intensity 10.0mm/hr); and 

 Temporal pattern – describes the distribution of rainfall depth at a certain time interval over the 
duration of the rainfall event. 

Both of these properties may vary spatially across the catchment. 

The procedure for defining these properties is different for historical and design events.  For historical 
events, the recorded hyetographs at continuous rainfall gauges provide the observed rainfall depth 
and temporal pattern.  Where only daily read gauges are available within a catchment, assumptions 
regarding the temporal pattern may need to be made. 

For design events, rainfall depths are most commonly determined by the estimation of intensity-
frequency-duration (IFD) design rainfall curves for the catchment.  Standard procedures for derivation 
of these curves are defined in AR&R (2001).  Similarly AR&R (2001) defines standard temporal 
patterns for use in design flood estimation. 

The rainfall inputs for the historical calibration/validation events are discussed in further detail in 
Section 6 and design events discussed in Section 7. 

5.3 Hydraulic Model 

BMT WBM has applied the fully 2D software modelling package TUFLOW.  The 2D model has 
distinct advantages over 1D and quasi-2D models in applying the full 2D unsteady flow equations.  
This approach is necessary to model the complex interaction between channels and floodplains and 
converging and diverging of flows through structures.  The channel and floodplain topography is 
defined using a high resolution DEM for greater accuracy in predicting flows and water levels and the 
interaction of in-channel and floodplain areas. 

5.3.1 Extents and Layout 

Consideration needs to be given to the following elements in constructing the model: 

 location of available data (e.g. river section surveys); 

 location of recorded data (e.g. levels/flows for calibration); 

 location of controlling features (e.g. dams, levees, bridges); 

 desired accuracy to meet the study‟s objectives; and 

 computational limitations. 

With consideration to the available survey information and local topographical and hydraulic controls, 
a 2D model was developed extending across the entire Duck Creek catchment from the Lake 
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Illawarra confluence at the downstream limit, to approximately 12km upstream to the Illawarra 
escarpment.  The model layout is presented in Figure 5-2. 

A high resolution DEM was derived for the study area from the LiDAR data provided by Council.  The 
ground surface elevation for the TUFLOW model grid points are sampled directly from the DEM‟s 
established for each model area.  

A TUFLOW 2D domain model resolution of 5m was adopted for study area.  It should be noted that 
TUFLOW samples elevation points at the cell centres, mid-sides and corners, so a 5m cell size 
results in DEM elevations being sampled every 2.5m.  This resolution was selected to give necessary 
detail required for accurate representation of floodplain topography and its influence on out-of-bank 
flows.  

5.3.2 Topography 

The ability of the model to provide an accurate representation of the flow distribution on the floodplain 
ultimately depends upon the quality of the underlying topographic model.  For the Duck Creek 
catchment, a high resolution DEM (2m by 2m grid) was derived from LiDAR survey provided by 
Council.  

As discussed in Section 4.1, additional cross section survey of the watercourses was required to 
supplement the LiDAR data and provide the necessary detail on channel shape and dimensions for 
representation in the hydraulic model.   

5.3.3 Hydraulic Roughness 

The development of the TUFLOW model requires the assignment of different hydraulic roughness 
zones.  These zones are delineated from aerial photography and cadastral data identifying different 
land-uses (e.g. forest, cleared land, roads, urban areas, etc) for modelling the variation in flow 
resistance.  

The hydraulic roughness is one of the principal calibration parameters within the hydraulic model and 
has a major influence on flow routing and flood levels.  The roughness values adopted from the 
calibration process are discussed in Section 6. 

5.3.4 Structures 

There are numerous bridge and culvert crossings over the main channel alignments within the model 
extents as detailed in Table 5-3 (refer to Figure 5-3 for locations).  These structures vary in terms of 
construction type and configuration, with varying degrees of influence on local hydraulic behaviour.  
Incorporation of these major hydraulic structures in the models provides for simulation of the hydraulic 
losses associated with these structures and their influence on peak water levels within the study area. 
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Table 5-3 Major Hydraulic Structures within Model Area 

ID Location Structure Type 
1 Historical Bridge (Duck Ck) Concrete bridge (approx. 21m span) 
2 Princes Hwy (Duck Ck) Concrete bridge (approx. 27m span) 
3 Princes Hwy/Southern Freeway (Duck Ck) Concrete bridge (approx. 45m span) 
4 Railway Bridge (Duck Ck) Concrete bridge (approx. 25m span) 
5 Marshall Mount Rd (Tributary) Concrete bridge (approx. 15m span) 
6 Marshall Mount Rd (Duck Ck) Concrete bridge (approx. 20m span) 
7 Access Rd (Duck Ck) Bridge (approx. 14m span) 
8 Minor Access Culvert (Duck Ck) Pipe culvert 3 x 1350mm diameter 
9 Minor Access Culvert (Duck Ck) Pipe culvert 2 x 1350mm diameter 
10 Marshall Mount Rd (Tributary) Box culvert 2.06m wide x 1.93 m high 
11 Yallah Rd (Tributary) Box culvert 2 cell 1.8m wide x 0.77m high  
12 Yallah Rd (Tributary) Box culvert 1.84m wide x 1.1m high 
13 Yallah Rd (Tributary) Pipe culvert 1200mm diameter 
14 Illawarra Railway Overpass (approx 27m span) 
15 Railway Culvert (Tributary) Arched culvert 3.04m wide x 2.74m high 
16 Railway Culvert (Tributary) Trapezoidal culvert 5.1m top width x 1.95m high 
17 Railway Culvert (Tributary) Box culvert 3.05m wide x 2.4m high 
18 Railway Culvert (Tributary) Pipe culvert 1200mm diameter 
19 Princes Hwy Overpass (approx. 22m span) 
20 Princes Hwy (Tributary) Pipe culvert 4 x 900mm diameter 
21 Princes Hwy (Tributary) Pipe culvert 4 x 900mm diameter 
22 Princes Hwy (Tributary) Pipe culvert 2 x 900mm diameter 
23 Princes Hwy (Tributary) Pipe culvert 6 x 900mm diameter 
24 Princes Hwy (Tributary) Pipe culvert 3 x 900mm diameter 
25 Lower Catchment Sluice 1.15m wide x 3.9m high 
26 Lower Catchment Sluice 1.15m wide x 5.96m high 
27 Lower Catchment Sluice 1.15m high x 5.86m high 
28 Yallah Bay Rd (Tributary) Box culvert 3 cell 1.8m wide x 1.2m high 
29 Marshall Mount Rd (Tributary) Box culvert 2.4m wide x 1.2m high 
30 Railway Culvert (Tributary) Box culvert 3m wide x 2.2m high 

5.3.5 Boundary Conditions 

The model boundary conditions are derived as follows: 

 Inflows - the rainfall runoff calculated by the hydrologic model at major sub-catchment inflow 
points and along the modelled watercourse alignments of the Duck Creek channel and 
significant tributaries (refer Figure 5-2 for inflow locations); and 

 Downstream Water Level– the downstream model limit corresponds to the discharge of Duck 
Creek to Lake Illawarra. A time series of water level for Lake Illawarra defines the model 
boundary.  

The adopted water levels for the downstream boundary condition for the calibration and design 
events are discussed in Section 6 and Section 7 respectively.  The layout of the 2D hydraulic model 
is shown in Figure 5-2. 
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Figure 5-2 2D Model Layout 
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Figure 5-3 Structure Locations 
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6 MODEL CALIBRATION AND VALIDATION 

6.1 Selection of Calibration Events 

The selection of suitable historical events for calibration of the computer models is largely dependent 
on available historical flood information.  Ideally the calibration and validation process should cover a 
range of flood magnitudes to demonstrate the suitability of a model for the range of design event 
magnitudes to be considered.  The Duck Creek catchment is ungauged and accordingly there is no 
available data for streamflow calibration. However, there is a reasonable distribution of peak flood 
levels within the catchment, recorded for the March 2011 event. 

Other than the recent March 2011 event, there is a distinct lack of historical flood data within the Duck 
Creek catchment.  The only available flood data is in the form of four peak flood levels across two 
separate rainfall events (one for the March 1978 rainfall event and three for the February 1984 rainfall 
event), and limited anecdotal evidence of flooding during the relatively minor February 2008 rainfall 
event.  

The model validation is based on the historical data available for the March 1978, February 1984 and 
February 2008 events. 

The model calibration is therefore is based the March 2011 event as the principal calibration event.  
The model validation is based on the historical data available for the March 1978, February 1984 and 
February 2008 events.  The available data, modelling approach and model results for each of these 
events are discussed in further detail in the following sections. 

6.2 March 2011 Model Calibration 

The March 2011 flood has been used as the principal calibration event, given the availability of 
recorded flood levels for the event. 

6.2.1 Rainfall Data 

There was no active rainfall station in the Duck Creek catchment during the period of the March 2011 
flood event.  However, there were numerous daily read and continuous gauges surrounding the 
catchment to enable a wider analysis of rainfall totals for the event.  The nearest active gauge for the 
2011 event was the continuous rainfall gauge located at Wollongong Airport. 

The rainfall totals in neighbouring catchment gauges, recorded for the 24 hours to 9am March 22nd 
2011 are summarised in Table 6-1. 

 

 

 

 



MODEL CALIBRATION AND VALIDATION 35 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

Table 6-1 Recorded March 2011 Rainfall Totals 

Station 24-hour Rainfall Total 
(mm) 

Wollongong Airport 249 

Albion Park Post Office 243 

Blackbutt (Tamar Place) 238 

Berkeley (Northcliffe Dr) 134 

Port Kembla (Central Lab) 126 

Jamberoo (The Ridge) 246 

Whilst rainfall event totals for Duck Creek can be estimated from the surrounding gauge totals, the 
distribution and temporal pattern for this rainfall across the Duck Creek catchment is unknown.   

Bureau of Meteorology (BoM) rainfall radar data was used to estimate the total event rainfall and 
temporal variation of rainfall across the catchment (refer to Appendix D for detailed discussion).  
When coupled with the on-ground daily read gauges in neighbouring catchments, the radar data can 
be utilised to derive event hyetographs that reflect both the temporal and spatial variation of the 
actual rainfall that occurred throughout the rainfall event.  This provides the opportunity for improved 
calibration of models and representation of actual flood conditions. 

A sample plot of the BoM rainfall data is shown in Figure 6-1.  The radar data provides indicative 
rainfall intensities across the catchment.  The data has been collected at 10 minute intervals, such 
that the temporal distribution of rainfall intensity over the course of the rain event is also recorded. 

The radar data is only indicative of relative intensities and generally not used to define actual total 
rainfall.  However, in the absence of extensive pluviograph data within the Duck Creek catchment, the 
aggregated radar data is considered to provide a reasonable estimate of relative rainfall depth and 
temporal variation across the catchment. 

Utilising on-ground rainfall gauge data, a scaling factor was calculated by dividing the aggregated 
daily radar rainfall total at Wollongong Airport by the recorded daily total at the Wollongong Airport 
gauge.  This scaling factor was then applied to the aggregated radar data for the Duck Creek 
catchment to derive an event hyetograph (refer to Appendix D for detailed discussion). 

The radar rainfall data shows a considerable variation in rainfall intensity across the Duck Creek 
catchment, with total rainfall highest at the bottom of the catchment, and decreasing in a westerly 
direction toward the Illawarra Escarpment.  The major variation in rainfall distribution for the event 
provides significant uncertainty in attempting to establish a single event total for the Duck Creek 
catchment as a whole.  As such, the Duck Creek catchment has been separated into three sections 
(i.e. upper, mid and lower) as shown in Figure 6-1 with an event total and corresponding event 
hyetograph derived for each section. 
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Figure 6-1 Radar Rainfall Intensity Grid 11am 21st March 2011 
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The March 2011 event hyetographs are shown in Figure 6-2.  It is evident that there are significant 
differences in the amount and timing of rainfall across the Duck Creek catchment.  The main rainfall 
burst for the event occurred in the lower catchment during a one-hour from between approximately 
10.30am March 21st and 11.30am March 21st 2011.  A rainfall depth of 97mm was recorded during 
this one-hour period. 

 

Figure 6-2 March 2011 Event Hyetographs 

To gain an appreciation of the relative intensity of the March 2011 event, the aggregated radar rainfall 
depths for various storm durations were compared with the design IFD data for the Duck Creek 
catchment as shown in Figure 6-3. 
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Figure 6-3 Comparison of March 2011 Rainfall with IFD Relationships 

The March 2011 event generally tracks the 2% AEP design rainfall depth in the lower reaches of the 
catchment, the 50% AEP design rainfall depth in the middle reaches of the catchment and the 100% 
AEP event in the upper catchment.  For the lower catchment the following comparisons to design 
rainfall depths can be made: 

 0.5-hour duration – 74.2mm recorded compared with 76.5mm design 2% AEP; 

 1-hour duration – 97.2mm recorded compared with 113mm design 2% AEP; 

 3-hour duration – 174.9mm recorded compared with 174mm design 2% AEP; and 

 6-hour duration – 213.3mm recorded compared with 229.2mm design 2% AEP. 

6.2.2 Antecedent Conditions 

The antecedent catchment condition reflecting the degree of wetness of the catchment prior to a 
major rainfall event directly influences the magnitude and rate of runoff.  The initial loss-continuing 
loss model has been adopted in the WBNM hydrologic model developed for the Duck Creek 
catchment.  The initial loss component represents a depth of rainfall effectively lost from the system 
and not contributing to runoff and simulates the wetting up of the catchment to a saturated condition. 
The continuing loss represents the rainfall lost through soil infiltration once the catchment is saturated 
and is applied as a constant rate (mm/hr) for the duration of the runoff event. 

Typical design loss rates applicable for eastern NSW catchments are initial loss of 10 to 35 mm and 
continuing loss of 2.5mm/hr (AR&R, 2001).  For historical events however, the initial loss is indicative 
of the catchment wetness and prior rainfall to the modelled storm burst. 
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Figure 6-4 shows the monthly rainfall recorded at Wollongong Airport (assumed representative of 
Duck Creek catchment) prior to the March 2011 event.  The monthly averages shown in Figure 6-4 
are based on monthly rainfall totals for the period of January 2000 to December 2010.  It is shown 
that October through to December 2010 represented slightly higher than average rainfall months, 
whilst January and February 2011 were characterised by significantly lower than average rainfall. In 
considering the catchment wetness condition at the start of the event, an initial loss value of 20mm 
was adopted similar to the previous calibration events. 

 

Figure 6-4 Monthly Rainfall Preceding March 2011 Event 

6.2.3 Downstream Boundary Condition 

Lake Illawarra water level data at Koonawarra was available for the March 2011 event from a 
continuous stage recorder maintained by MHL.  This water level data is considered to be 
representative of the Lake Illawarra water levels at its confluence with Duck Creek.  The relationship 
between recorded Lake Illawarra water levels and recorded rainfall at Wollongong Airport for the 
March 2011 event is shown in Figure 6-5. 
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Figure 6-5 Recorded Lake Illawarra Water Levels for the March 2011 Event 

6.2.4 Adopted Model Parameters 

The model calibration centred around the adjustment of the rainfall losses (hydrological model 
parameters), and the Manning‟s „n‟ values for the floodplain and channel (hydraulic model 
parameter).  

The final values adopted as shown in Table 6-2 were found to give a reasonable result in 
representing the observed water levels in the Duck Creek catchment, noting the limitation in the 
historical flood data.   

Table 6-2 March 2011 Model Calibration Parameters 

Parameter Value Comment 

Initial Loss - 
Pervious (mm) 

20 

Approximately 20mm of rainfall fell over the catchment in the 24 
hours preceding the main storm burst.  Most of this will be 
removed as the initial loss for the modelled storm before the 
continuing loss is applied for the remainder of the storm 
duration. 

Continuing Loss 
(mm/hr) 

2.5 
Similar to adopted design continuing loss rate as recommended 
in AR&R (2001). 

WBNM Lag 
Parameter 

1.6 
The adopted value was applied globally for the entire catchment 
as recommended in WBNM (2007). 

Manning‟s n 
(channel) 

0.03-0.06 
Considered representative of the Duck Creek channel in its 
entirety 

Manning‟s n 
(floodplain) 

0.05 – 0.10 
Variable adjusted locally (within reasonable bounds) to provide 
best fit for peak water level profiles.  Variability largely reflects 
land use on the floodplain (cleared, forested, roads, urban lots). 



MODEL CALIBRATION AND VALIDATION 41 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

6.2.5 Observed and Simulated Flood Conditions (March 2011) 

The simulated inundation extent for the 2011 event is shown in Figure 6-6.  The simulated conditions 
indicate that out-of-bank flooding is relatively minor in the upper catchment with the floodwaters 
generally confined to the riparian corridor of Duck Creek and along major tributary alignments. 
Widespread inundation is largely limited to the lower catchment downstream of the Marshall Mount 
Rd Bridge. 

Both the railway line and the Southern Freeway are shown to provide for significant control of 
floodwater levels, as evidenced by the significant backing up of floodwaters behind the elevated 
embankments. These major flow constrictions provide for elevated water levels upstream of the 
embankments, and as a result of the temporary flood storage provided, some attenuation of flows to 
the downstream reaches. 

There is significant inundation on the lower floodplain towards the confluence with Lake Illawarra. 
This inundation is largely attributable to the elevated water levels within Lake Illawarra, which reached 
a peak level of around 1.2m AHD for the 2011 flood event.  

As discussed in Section 2.2.2, post-event reconnaissance undertaken by BMT WBM enabled a total 
of 22 peak flood levels to be identified across the Duck Creek catchment for the 2011 event (locations 
of peak flood levels are shown in Figure 6-6).  A comparison of simulated and observed flood levels 
for the 2011 event is presented in  Table 6-3. 

 Table 6-3 shows that the simulated peak flood levels generally compare well with the observed peak 
flood levels for the 2011 event.  The difference between the observed and simulated flood levels can 
be attributed to the uncertainties associated with estimating peak flood levels on the basis of flood 
debris marks. 
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Figure 6-6 March 2011 Simulated Peak Flood Inundation 
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 Table 6-3 Simulated Peak Flood Levels – March 2011 

ID 
Peak Recorded Flood 

Level (m AHD) 
Simulated Flood Level (m 

AHD)  
1 4.5 5.3 

2 5.5 5.8 

3 6.7 6.5 

4 8.4 8.2 

5 8.4 8.5 

6 10.7 10.4 

7 10.9 10.5 

8 10.3 10.3 

9 11 10.9 

10 11.5 11.9 

11 11.1 11.2 

12 17.8 17.7 

13 17.7 17.5 

14 20.4 20.2 

15 20.5 20.5 

16 21.9 21.9 

17 12.5 12.9 

18 24 23.7 

19 25 24.7 

20 25.2 25.0 

21 36.5 36.9 

22 38 38.3 

A longitudinal profile showing the simulated 2011 flood levels along Duck Creek is shown in Figure 
6-7.  The profile is focussed on the middle and lower reaches of Duck Creek, extending from the 
confluence with Lake Illawarra to approximately 7km upstream (approximately adjacent to Yallah 
Road).  

The longitudinal profile shows the relatively consistent grading of this reach of Duck Creek upstream 
of the historical bridge on the Tru Energy Tallawarra site. With a bed level of approximately 2m AHD 
at this Bridge, it also represents the nominal limit of tidal influence from Lake Illawarra.  Indeed, only 
in significant Lake Illawarra flooding will the downstream boundary have any influence upstream of 
this location.  

One key feature of the simulated peak water level profile for the 2011 event is the influence of the 
Southern Freeway Bridge. The profile is punctuated by a significant head loss at the Southern 
Freeway structure resulting in a backwater influence (flat water level profile). The major constriction to 
floodplain flows provided by the elevated road embankment results in a substantial increase in water 
levels upstream of the structure as flow is throttled through the bridge opening. 
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Figure 6-7 March 2011 Flood Level Profile 
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6.3 February 1984 Model Validation  

The objective of the model validation is to test the appropriateness of the adopted calibration 
parameters for a different historical event.  Given the availability of data and the relative magnitude of 
the event (>100yr ARI), the February 1984 event was selected for the model validation. 

Whilst there is little historical data available, it is envisaged that there has been few changes in the 
Duck Creek topography in the period between February 1984 and the present day.  The only 
significant change identified within the Duck Creek catchment is the road linking the Yallah TAFE site 
to Marshall Mount Rd.  It is understood that this road was constructed in 1986 and represents a 
significant restriction to high flows in the Duck Creek channel by the elevated embankment.  
Accordingly the model topography in this locality needed to be amended to conditions representative 
of the February 1984 event, prior to the current road‟s construction. 

Within the lower floodplain of Duck Creek, there is likely to have been some minor changes to the 
floodplain due to new developments and natural processes.  However, for the greater majority of the 
floodplain there have been no major changes that would substantially influence flood behaviour.  The 
majority of the catchment remains largely undeveloped rural pasture.  Accordingly, with the exception 
of the raised access road linking Yallah TAFE to Marshall Mount Rd (removed for the 1984 event), 
the same topographical information acquired for this study and used to build the hydraulic models has 
been applied for both the 2011 calibration and 1984 validation events.  

6.3.1 Rainfall Data 

The Tallawarra Power Station rainfall gauge is the only active rainfall station in the Duck Creek 
catchment during the period of the February 1984 flood event.  However, there were numerous daily 
read gauges and pluviometers surrounding the catchment to enable wider interpolation of rainfall 
totals for the event.   

Table 6-4 shows two-day rainfall totals in neighbouring catchment gauges recorded for the 48 hours 
to 9am February 19th 1984: 

Table 6-4 Recorded February 1984 Rainfall Totals 

Station 48-hour Rainfall Total 
(mm) 

Wongawilli 804 

Huntley Colliery 740 

Calderwoord 572 

Dapto Bowling Club 465 

Albion Park Post Office 241 

Tallawarra 225 

Berkeley (Northcliffe Dr) 217 

Windang 174 
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The event totals in Table 6-4 show a considerable variation, with total rainfall highest at the top of the 
catchments along the escarpment (i.e. Wongawilli and Huntley), rapidly decreasing in an easterly 
direction toward the coastline.  The major variation in rainfall distribution for the event provides 
significant uncertainty in attempting to establish event totals for the Duck Creek catchment. 

Rainfall isohyets were estimated based on recorded 48-hr rainfall totals for the 1984 event as shown 
in Figure 6-8.  The variability in the recorded rainfall totals at gauges surrounding the catchment 
translates into a significant variability in the spatial rainfall distribution across the Duck Creek 
catchment.  This variability yields 48-hour rainfall total estimates from in excess of 600mm at the top 
of the Duck Creek catchment along the Escarpment down to 220mm at the confluence with Lake 
Illawarra. 

Whilst rainfall event totals for the Duck Creek catchment can be reasonably estimated from the 
available daily rainfall data, the temporal pattern for this rainfall is unknown.  The nearest continuous 
rainfall station active during the event is the former NSW Public Works (DPWS) gauge located at 
Huntley, some 5km from the centre of the Duck Creek catchment. 

Both the Huntley and Wongawilli gauges recorded very large rainfalls for the 1984 event.  Indeed, 
these stations are noted on the BoM list of notable point rainfall events for New South Wales (ref:  
http://www.bom.gov.au/hydro/has/notables.shtml).  Whilst the rainfall was recorded over a two-day 
daily recording period (24 hours to 9am), the majority of the event rainfall fell over a period of only 
some 12 hours.  At Huntley and Wongawilli this incorporated rainfall periods of: 

Huntley 

 295mm in 3-hours 

 467mm in 6-hours 

 583mm in 9-hours 

 615mm in 12-hours 

Wongawilli 

 296mm in 3-hours 

 515mm in 6-hours 

 653mm in 9-hours 

 717mm in 12-hours 

The recorded temporal pattern at Huntley has been applied to the estimated daily rainfall totals for the 
Duck Creek catchment to derive an event hyetograph.  It is acknowledged there is uncertainty in 
applying this temporal pattern to the Duck Creek catchment, however, in the absence of further data, 
the distribution of rainfall at the Huntley gauge is considered appropriate for application to the Duck 
Creek catchment for the 1984 event. 

The 1984 event temporal pattern (recorded at the Huntley continuous rainfall gauge) is shown in 
Figure 6-9.  The main rainfall burst over the catchment occurred during a 10-hour period between 
approximately 3am February 18th and 12pm February 18th 1984.  A rainfall depth of 593mm was 
recorded during this 10-hour period. 

 

http://www.bom.gov.au/hydro/has/notables.shtml


MODEL CALIBRATION AND VALIDATION 47 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

 

Figure 6-8 Rainfall Isohyets – February 1984 Rainfall Event 
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Figure 6-9 February 1984 Temporal Pattern – Huntley Pluviometer 

To gain an appreciation of the relative intensity of the February 1984 event, the recorded rainfall 
depths for various storm durations were compared with the design IFD data for the Duck Creek 
catchment as shown in Figure 6-10.  The February 1984 event generally tracks above the 1% AEP 
design rainfall depth in the upper and middle reaches of the catchment, and up to the 2% AEP event 
in the lower catchment.  For the middle catchment, representative of the overall average catchment 
rainfall pattern, the following comparisons to design rainfall depths can be made: 

 6-hour duration – 275mm recorded compared with 261mm design 1% AEP; 

 12-hour duration – 370mm recorded compared with 342mm design 1% AEP; and 

 24-hour duration – 450mm recorded compared with 454mm design 1% AEP. 
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Figure 6-10 Comparison of February 1984 Rainfall with IFD Relationships 

6.3.2 Antecedent Conditions 

The antecedent catchment condition reflecting the degree of wetness of the catchment prior to a 
major rainfall event directly influences the magnitude and rate of runoff. 

Figure 6-11 shows the monthly rainfall recorded at the Dapto Bowling Club rainfall gauge (assumed 
representative of Duck Creek catchment) prior to the February 1984 event.  Generally the months 
preceding the flood event were characterised by average rainfall, except for a significantly wetter than 
average October.  

The main rainfall burst that occurred over the catchment between approximately 2am February 18th 
and 1pm February 18th 1984 was preceded by approximately 45mm of rainfall across the catchment 
in the 24 hours prior.  In considering the catchment wetness condition at the start of the event, an 
initial loss value of 20mm was adopted.  This is similar to that adopted for design event conditions 
discussed in Section 7. 
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Figure 6-11 Monthly Rainfall Preceding February 1984 Event 

6.3.3 Downstream Boundary Condition 

There is limited historical data available for the time series of water levels in Lake Illawarra during 
significant rainfall events.  The majority of data available is in the form of peak water levels only.  A 
peak Lake Illawarra water level of 1.9m AHD was recorded during the February 1984 event (Cardno 
Lawson & Treloar, 2001). 

Previous studies (BMT WBM, 2007) undertaken for the Mullet and Brooks Creek catchment (located 
immediately north of the Duck Creek catchment discharging into Lake Illawarra) have shown that, 
whilst maintaining the downstream boundary condition at a constant peak water level for an entire 
event does not appear to affect simulation results, it has the potential to affect the ability of the 
hydraulic model to predict peak flood levels at the downstream end of the catchment.  As such, a 
varying lake level was synthesised for the 1984 event.   

Data available for the February 2008 rainfall event was used to estimate the timing of the rise in lake 
level for the synthesised boundary condition.  It was assumed that the time between the peak rainfall 
and peak water level in Lake Illawarra for the February 1984 event would be similar to the timing 
recorded for the February 2008 event (assuming a general catchment response).  The February 2008 
recorded rainfall versus recorded lake level relationship is shown in Figure 6-12.  The peak water 
level in Lake Illawarra occurred approximately 11 hours after the main rainfall burst for the event. 
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Figure 6-12 Relationship between Peak Rainfall and Peak Lake Level – 2008 Event 

For the 1984 event, the time between the peak recorded rainfall and peak water level in Lake 
Illawarra was assumed to be similar to that of the 2008 event in order to produce the synthesised 
1984 lake levels for the downstream boundary.  The 1984 synthesised water levels are shown in 
Figure 6-13.  

 

Figure 6-13 Synthesised Lake Illawarra Water levels – 1984 Event 
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6.3.4 Adopted Model Parameters 

The final values adopted for the 1984 validation event were identical to the values adopted for the 
2011 calibration event (as shown in Table 6-2).  These parameter values were found to give a 
reasonable result in representing the observed conditions in the Duck Creek catchment for the 1984 
event. 

6.3.5 Observed and Simulated Flood Conditions (February 1984) 

The simulated inundation extent for the 1984 event is shown in Figure 6-14. Similar to the 2011 
event, the simulated conditions indicate that out-of-bank flooding is relatively minor in the upper 
catchment with the floodwaters generally confined to the riparian corridor of Duck Creek and along 
major tributary alignments. Widespread inundation is largely limited to the lower catchment. 

Both the railway line and the Southern Freeway are shown to provide for significant control of 
floodwater levels, as evidenced by the significant backing up of floodwaters behind the elevated 
embankments. These major flow constrictions provide for elevated water levels upstream of the 
embankments, and as a result of the temporary flood storage provided, some attenuation of flows to 
the downstream reaches. 

There is widespread inundation on the lower floodplain towards the confluence with Lake Illawarra. 
This inundation is largely attributable to the elevated water levels within Lake Illawarra, which reached 
a peak level of around 1.9m AHD for the 1984 flood event.  

As discussed in Section 2.2.2, there is limited observed flood data available for the February 1984 
event with only three historical flood levels identified. The lack of peak flood level data elsewhere in 
the catchment may be explained by the limited number of properties exposed to major flooding for 
this event, as indicated by the simulated inundation extent shown in Figure 6-14.   

Two of the observed flood levels are located relatively high in the catchment, approximately 8km 
upstream of the Southern Freeway. With the information available on the flood level records, it is 
difficult to locate precisely the actual location of the flood mark along the Duck Creek channel. This is 
problematic in comparing simulated flood levels given the steepness of the channel (>5%). For 
example, the flood level changes by 0.5m for every 10m of channel reach.  However, the observed 
peak flood levels of 95.8m AHD and 91.1m AHD are noted to be entirely contained within channel in 
this reach, a condition also confirmed by the model simulation of the event. 

The other flood mark for which there is a greater level of confidence is located in the vicinity of the 
Yallah TAFE just upstream of Marshall Mount Road. The simulated flood level of 12.0m AHD 
compares well with the recorded flood level of 11.8m AHD.  
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Figure 6-14 February 1984 Simulated Peak Flood Inundation 
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A longitudinal profile showing the simulated 1984 flood levels along Duck Creek is shown in Figure 
6-15.  The profile is focussed on the middle and lower reaches of Duck Creek, extending from the 
confluence with Lake Illawarra to approximately 7km upstream (approximately adjacent to Yallah 
Road).  

One key feature of the simulated peak water level profile for the 1984 event is the influence of the 
major hydraulic structures. The profile is punctuated by a series of head losses at the key structures 
and corresponding backwater influence (flat water level profile). Similar to the 2011 event, the most 
significant of these is associated with the Southern Freeway bridge. The major constriction to 
floodplain flows provided by the elevated road embankment results in a substantial increase in water 
levels upstream of the structure as flow is throttled through the bridge opening.  

Similar flow constrictions and resulting impacts on the peak water level profile are also evident for the 
historical bridge, the Princes Highway bridge, the railway bridge, Marshall Mount Road bridges, 
Yallah TAFE access road culvert and smaller structures on other private access roads traversing the 
channel. 
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Figure 6-15 February 1984 Flood level Profile 
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6.4 February 2008 Model Validation 

The February 2008 rainfall event in the Duck Creek catchment was only a minor event (~50% AEP) 
and accordingly at the lower end of the scale of the order of events being investigated in this study.  
Nevertheless, one important function of the model validation process is to confirm the 
appropriateness of the developed models over a range of event magnitudes.  

As previously discussed, it is difficult to ascertain major changes in catchment topography over time.  
For the purpose of this study it is envisaged that there has been few changes in the topography of the 
Duck Creek catchment between 2008 and the present.  Accordingly, the same topographical 
information adopted for the 2011 calibration event has been applied to the 2008 validation event. 

6.4.1 Rainfall Data 

There was no active rainfall station in the Duck Creek catchment during the period of the February 
2008 flood event.  However, there were numerous daily read gauges and pluviometers surrounding 
the catchment to enable interpolation of daily rainfall totals for the event. 

The following daily rainfall totals in neighbouring catchment gauges were recorded for the 24 hours to 
9am February 5th 2008: 

Table 6-5 Recorded February 2008 Rainfall Totals 

Station 24-hour Rainfall Total 
(mm) 

Huntley Colliery 137 

Dapto Bowling Club 168 

Albion Park Post Office 174 

Wollongong Airport 171 

Berkeley (Northcliffe Dr) 202 

Windang 205 

Whilst the majority of the event rainfall (>90%) occurred in the 24-hours to 9am February 5th, rainfall 
isohyets were developed based on the 48-hr rainfall totals for the 2008 event from the available 
rainfall stations, noting some minor rainfall contribution in the second 24 hour period.  Figure 6-16 
shows the isohyets and the corresponding rainfall stations totals for the 2008 event.   

As seen in Figure 6-16, a slighter higher rainfall was recorded on the coast, with rainfall totals 
gradually decreasing moving further west towards the escarpment. 

Whilst daily rainfall totals for the Duck Creek catchment can be reasonably estimated from the 
distribution of daily rainfall gauges available, the temporal pattern within the catchment for this rainfall 
is unknown.  The nearest continuous rainfall station active during the event is the BoM gauge located 
at Wollongong Airport, some 4km from the centre of the Duck Creek catchment. 
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Figure 6-16 Rainfall Isohyets – February 2008 Rainfall Event 
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The recorded temporal pattern at Wollongong Airport has been applied to the estimated daily rainfall 
totals for the Duck Creek catchment to derive a series of event hyetographs.  It is acknowledged 
there is uncertainty in applying this temporal pattern to the Duck Creek catchment.  However, in the 
absence of further data, the daily distribution of rainfall at the Wollongong Airport gauge is considered 
appropriate for application to the Duck Creek catchment for the 2008 event. 

The 2008 event temporal pattern (recorded at the Wollongong Airport continuous rainfall gauge) is 
shown in Figure 6-17.  The main rainfall burst over the catchment occurred during an 8-hour period 
between approximately 2am February 5th and 9am February 5th 2008 after a gradual wetting up 
period.   

 

Figure 6-17 February 2008 Temporal Pattern – Wollongong Airport Pluviometer 

To gain an appreciation of the relative intensity of the February 2008 event, the estimated catchment 
average rainfall depths for various storm durations is compared with the design IFD data for the Duck 
Creek catchment as shown in Figure 6-18. The February 2008 event hyetograph generally tracks 
above the 50% AEP (2-year ARI) design rainfall depth with key duration comparisons given as: 

 6-hour duration – 84mm recorded compared with 97mm design 50% AEP; 

 12-hour duration – 142mm recorded compared with 126mm design 50% AEP; and 

 24-hour duration – 171mm recorded compared with 169mm design 50% AEP. 
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Figure 6-18 Comparison of February 2008 Rainfall with IFD Relationships 

6.4.2 Antecedent Conditions 

The antecedent catchment condition reflecting the degree of wetness of the catchment prior to a 
major rainfall event directly influences the magnitude and rate of runoff.  

Figure 6-19 shows the monthly rainfall recorded at Dapto Bowling Club (assumed representative of 
Duck Creek catchment) prior to the February 2008 event.  November and December 2007 
represented significantly higher than average rainfall, whilst generally the other months preceding 
were characterised by below average rainfall. 
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Figure 6-19 Monthly Rainfall Preceding February 2008 Event 

The main rainfall burst that occurred over the catchment between approximately 11pm February 4th 
and 10am February 5th 2008 was preceded by approximately 40mm of rainfall across the catchment 
in the 24 hours prior.  In considering the catchment wetness condition at the start of the event, an 
initial loss value of 20mm was adopted similar to the previous calibration event. 

6.4.3 Downstream Boundary Condition 

Lake Illawarra water level data at Koonawarra was available for the February 2008 event from a 
continuous stage recorder maintained by MHL.  This water level data is considered to be 
representative of the Lake Illawarra water levels at its confluence with Duck Creek.  The relationship 
between recorded Lake Illawarra water levels and recorded rainfall for the February 2008 event is 
shown in Figure 6-20. 
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Figure 6-20 Recorded Lake Illawarra Water Levels for the February 2008 Event 

6.4.4 Adopted Model Parameters 

The final values adopted for the 2008 calibration event were identical to the values adopted for the 
2011 calibration event (as shown in Table 6-2).  These parameter values were found to give a 
reasonable result in representing the observed conditions in the Duck Creek catchment, noting the 
limitation in the historical flood data for the 2008 event. 

6.4.5 Observed and Simulated Flood Conditions (February 2008) 

The simulated inundation extent for the 2008 event is shown in Figure 6-21.  In general the flood 
inundation patterns are similar to the 2011 and 1984 events, albeit at significantly lower flood depths. 
Most of the flooding is generally confined to the riparian corridor of Duck Creek and along major 
tributary alignments. There is significantly less inundation in the lower catchment given that Lake 
Illawarra flood levels only peaked at around 0.7m AHD for the 2008 event. 
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Figure 6-21 February 2008 Simulated Peak Flood Inundation 
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There is limited observed flood data available for the February 2008 event, however this is expected 
given the relatively minor magnitude of the event (~50% AEP).  A number of photographs at various 
locations in the middle reaches of Duck Creek were received from the community questionnaire. 
Some of these photographs included the Marshall Mount Road bridges as shown in Figure 6-22. High 
water marks were able to be established from visible debris lines in the images.  

The observed peak flood level from the photographs upstream of the Marshall Mount Road bridges is 
estimated at 10.2m AHD. This observed level was matched well by the simulated level of 10.3m 
AHD.  Whilst not simulating a major flood condition, the ability of the developed models to adequately 
simulate a range of flood conditions is important.  Accordingly, the model performance in simulating to 
a reasonable accuracy the catchment response for a magnitude event such as February 2008 
provides further confidence applying the models for design event simulation. 

A longitudinal profile showing the simulated February 2008 flood levels along Duck Creek is shown in 
Figure 6-23.  As expected, there is significantly less influence on the water level profile afforded by 
the major hydraulic structures. The design capacity of these structures is such that they would be 
expected to convey a flow of this magnitude without significant backwater influence as shown by the 
simulation results. 

 

 

Figure 6-22 Post February 2008 Event Peak at Marshall Mount Road Bridge Structures 

Approximate Peak 
Flood Level 
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Figure 6-23 February 2008 Flood Level Profile 
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6.5  March 1978 Model Validation 

As previously stated, the objective of the model validation is to test the appropriateness of the 
adopted calibration parameters for a different historical event.  Given the availability of some limited 
historical flood data for the Duck Creek catchment, the March 1978 event was selected for the model 
validation. 

Whilst there is little historical data available, it is was assumed that there were no major changes in 
the Duck Creek waterway or Duck Creek catchment as a whole in the period between March 1978 
and February 1984 events.  Accordingly, the same topographical information adopted for the 1984 
event has been applied to the 1978 event. 

6.5.1 Rainfall Data 

There was no active rainfall station in the Duck Creek catchment during the period of the March 1978 
flood event.  However, there were a number of daily read gauges surrounding the catchment to 
enable interpolation of daily rainfall totals for the event. 

The rainfall totals in neighbouring catchment gauges, recorded for the 72 hours to 9am March 21st 
1978 are summarised in Table 6-6. 

Table 6-6 Recorded March 1978 Rainfall Totals 

Station 72-hour Rainfall Total 
(mm) 

Dapto Bowling Club 425 

Berkeley (Northcliffe Dr) 352 

Windang Bowling Club 376 

Port Kembla (BHP Central Lab) 313 

Similar to the calibration events, rainfall isohyets were derived from the recorded rainfall totals as 
shown in Figure 6-24. The recorded rainfall totals generally show increasing rainfall moving west 
away from the coast for the event. Accordingly the adopted rainfall pattern shows increasing event 
total rainfalls moving up the Duck Creek catchment from approximately 400mm total at Lake Illawarra 
up to 500mm at the top of the catchment 

Whilst estimated daily rainfall totals for the Duck Creek catchment are available, the temporal pattern 
for this rainfall is unknown.  Unlike the calibration events, no appropriate active continuous rainfall 
station data was available for the 1978 verification event.  Due to the lack of recorded data, the 
standard AR&R (2001) temporal pattern for a 72-hour design storm was adopted for the 1978 model 
verification. 

The AR&R temporal pattern for a 72-hour design storm has been applied to the estimated daily 
rainfall totals for the Duck Creek catchment to derive a series of event hyetographs.  It is 
acknowledged there is uncertainty in applying this temporal pattern to the Duck Creek catchment.  
However, the standard AR&R temporal patterns have been developed from studies across many 
catchments across Australia and as such are considered appropriate for application to the Duck 
Creek catchment for the 1978 event. 
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Figure 6-24 Rainfall Isohyets – March 1978 Rainfall Event 
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The adopted AR&R temporal pattern is shown in Figure 6-25.  The representativeness of this 
temporal pattern for the 1978 event cannot be confirmed, and the uncertainty in the adopted temporal 
pattern is acknowledged.  

 

Figure 6-25 ARR 72 Hour Temporal Pattern 

To gain an appreciation of the relative intensity of the March 1978 event, the recorded rainfall depths 
for various storm durations are compared with the design IFD data for the Duck Creek catchment as 
shown in Figure 6-26. 

 

Figure 6-26 Comparison of March 1978 Rainfall with IFD Relationships 
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The March 1978 event generally tracks the 10% AEP (10-year ARI) design rainfall depth: 

 12-hour duration – 203mm recorded compared with 206mm design 10% AEP; 

 24-hour duration – 278mm recorded compared with 276mm design 10% AEP; and 

 48-hour duration – 402mm recorded compared with 358mm design 10% AEP. 

6.5.2 Antecedent Conditions 

The antecedent catchment condition reflecting the degree of wetness of the catchment prior to a 
major rainfall event directly influences the magnitude and rate of runoff.  

Figure 6-27 shows the monthly rainfall recorded at Dapto Bowling Club (assumed representative of 
Duck Creek catchment) prior to the March 1978 event.  January 1978 represented a significantly 
higher than average rainfall month, whilst generally the other months preceding were characterised 
by significantly lower than average rainfall. In considering the catchment wetness condition at the 
start of the event, an initial loss value of 20mm was adopted similar to the previous calibration events. 

 

Figure 6-27 Monthly Rainfall Preceding March 1978 Event 

6.5.3 Downstream Boundary Condition 

Similar to the 1984 calibration event, there is limited historical data available for the progressive 
change in water levels in Lake Illawarra for the 1978 flood event.  A peak Lake Illawarra water level of 
1.6m AHD was recorded during the March 1978 event (Cardno Lawson & Treloar, 2001). 

As discussed in Section 6.3.3, a varying lake level was synthesised for the 1984 event based on 
available data for the February 2008 rainfall event and the peak recorded 1984 lake water level.  It 
was assumed that the time between the peak rainfall and peak water level in Lake Illawarra for the 
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February 1984 event (11 hours – refer Figure 6-12) would be similar to the timing recorded for the 
February 2008 event. 

For the March 1978 event, the time between the peak recorded rainfall and peak water level in Lake 
Illawarra was also assumed to be similar to that of the February 2008 event in order to produce a 
synthesised time series of March 1978 lake levels for the downstream boundary.  The March 1978 
synthesised water levels are shown in Figure 6-28. 

 

Figure 6-28 Synthesised Lake Illawarra Water levels – March 1978 Event 

6.5.4 Adopted Model Parameters 

The final values adopted for the 1978 validation event were identical to the values adopted for the 
2011 calibration event (as shown in Table 6-2).  These parameter values were found to give a 
reasonable result in representing the observed conditions in the Duck Creek catchment, noting the 
limitation in the historical flood data for the 1978 event. 

6.5.5 Observed and Simulated Flood Conditions (March 1978) 

The simulated peak flood inundation extents and depths for the March 1978 verification event are 
shown in Figure 6-29.  As with the previous historical events simulated, a similar pattern of flood 
inundation is shown.  In general all major flow paths remain unchanged, with only the general depth 
of inundation varying between events. 
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Figure 6-29 March 1978 Simulated Peak Flood Inundation 



MODEL CALIBRATION AND VALIDATION 71 

 
 
K:\N1833_DUCK_CK_FLOOD_STUDY\DOCS\R.N1833.001.00_DRAFT.DOC   

A longitudinal profile showing the simulated March 1978 flood levels along Duck Creek is shown in 
Figure 6-30.  A single flood mark was identified in the catchment for the March 1978 event, located 
upstream of the Princes Highway Bridge.  The simulated peak flood level of 5.9m AHD is well above 
the observed peak of 4.5m AHD at this location.  It is noted however there is significant uncertainty in 
the adopted temporal pattern for the model simulation.  A second simulation was undertaken using a 
constant rainfall intensity over the 72-hour period (as opposed to the previously adopted AR&R 
design temporal pattern) which yielded a flood level of 4.7m AHD.  This highlights the sensitivity of 
the adopted temporal pattern for this event and the inherent uncertainty in matching peak flood levels 
given the limitations in event rainfall data. 

6.6 Determination of Design Model Parameters 

In calibrating the models emphasis in generally placed on reaching agreement between recorded and 
simulated flood conditions with respect to peak water levels and relative timing of occurrence.   

The model calibration achieved reasonable agreement in regards to observed conditions within the 
Duck Creek catchment for the principal calibration events of February 1984 and February 2008. The 
final model parameter values adopted, as shown in Table 6-2, have been maintained (as per the 
calibration events) for design event simulation.  

Given the limited amount of calibration data available, it is important to acknowledge the limitation of 
the calibration process undertaken.  All of the parameters have been kept within normal bounds 
generally considered for a catchment study of this nature.  In the absence of detailed calibration data, 
further consideration has been given to sensitivity testing of key model parameters on design flood 
conditions as presented in Section 7.5. 
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Figure 6-30 March 1978 Flood Level Profile 
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7 DESIGN FLOOD CONDITIONS 

Design floods are hypothetical floods used for planning and floodplain management investigations.  
They are based on having a probability of occurrence specified either as: 

 Annual Exceedance Probability (AEP) expressed as a percentage; or 

 Average Recurrence Interval (ARI) expressed in years. 

This report uses the AEP terminology.  Refer to Table 7-1 for a definition of AEP and the ARI 
equivalent. 

Table 7-1 Design Flood Terminology 

ARI1 AEP2 Comments 

200 years 0.5% A hypothetical flood or combination of floods which 
represent the worst case scenario likely to occur on 
average once every 200 years. 

100 years 1% As for the 0.5% AEP flood but with a 1% probability or 
100 year return period. 

50 years 2% As for the 0.5% AEP flood but with a 2% probability or 
50 year return period. 

20 years 5% As for the 0.5% AEP flood but with a 5% probability or 
20 year return period. 

10 years 10% As for the 0.5% AEP flood but with a 10% probability or 
10 year return period. 

Extreme Flood / 
PMF3 

 A hypothetical flood or combination of floods which 
represent an extreme scenario.   

1   Average Recurrence Interval (years) 
2   Annual Exceedance Probability (%) 
3   A PMF (Probable Maximum Flood) is not necessarily the same as an Extreme Flood. 

In determining the design floods it is necessary to take into account: 

 The critical storm duration of the catchment (small catchments are more prone to flooding during 
short duration storms while for large catchments longer durations will be more critical; and 

 The relative timing and magnitude of flooding in Lake Illawarra in relation to Duck Creek 
catchment flooding (although this influence is only experienced in the lower floodplain of Duck 
Creek).  

7.1 Coincident Lake Illawarra Flooding 

The coincident Duck Creek and Lake Illawarra flooding condition is an important consideration in 
defining design flood event conditions for the Duck Creek catchment.  Flood conditions in the lower 
reaches of Duck Creek can be significantly influenced by flooding of the broader Lake Illawarra 
waterbody. 

A comparison of the Lake Illawarra design floods in comparison to the historical flood events 
considered in the Duck Creek model calibration is shown in Table 7-2. 
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Table 7-2 Comparison of Historical and Design Flood Levels for Lake Illawarra 

Event Peak Flood Level (m 
AHD) 

February 2008 0.7 

20% AEP 1.4 

March 1978 1.6 

5% AEP 1.8 

February 1984 1.9 

1% AEP 2.3 

PMF (Extreme Event) 3.2 

Given the differences in scale of the Duck Creek and Lake Illawarra catchments, and the subsequent 
differences in critical rainfall duration, it is unlikely that a 1% AEP event would occur simultaneously in 
both systems.  Nevertheless, there remains the opportunity for coincident major flooding in both the 
Duck Creek and Lake Illawarra catchments. 

In undertaking the design event simulations for Duck Creek, a downstream peak water level condition 
in Lake Illawarra corresponding to the design peak 5% AEP (20-year ARI) has been adopted. 

7.2 Design Rainfall 

Design rainfall parameters are derived from standard procedures defined in AR&R (2001) which are 
based on statistical analysis of recorded rainfall data across Australia.  The derivation of location 
specific design rainfall parameters (e.g. rainfall depth and temporal pattern) for the Duck Creek 
catchment is presented below. 

7.2.1 Rainfall Depths 

Design rainfall depth is based on the generation of intensity-frequency-duration (IFD) design rainfall 
curves utilising the procedures outlined in AR&R (2001).  These curves provide rainfall depths for 
various design magnitudes (up to the 1% AEP) and for durations from 5 minutes to 72 hours.  

The Probable Maximum Precipitation (PMP) is used in deriving the Probable Maximum Flood (PMF) 
event.  The theoretical definition of the PMP is “the greatest depth of precipitation for a given duration 
that is physically possible over a given storm area at a particular geographical location at a certain 
time of year” (AR&R, 2001).  The ARI of a PMP/PMF event ranges between 104 and 107 years and is 
beyond the “credible limit of extrapolation”.  That is, it is not possible to use rainfall depths determined 
for the more frequent events (100 year ARI and less) to extrapolate the PMP.  The PMP has been 
estimated using the Generalised Short Duration Method (GSDM). 

A range of storm durations were modelled in order to identify the critical storm duration for design 
event flooding in the catchment.  Design durations considered included the 1-hour, 2-hour, 3-hour, 
4.5-hour, 6-hour, 9-hour and 12-hour durations.  
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Table 7-3 shows the average design rainfall intensities based on AR&R adopted for the modelled 
events.  The full IFD table with durations from 5-minutes to 72-hours derived for the Duck Creek 
catchment is included in Appendix C. 

Table 7-3 Average Design Rainfall Intensities (mm/hr) 

Duration Design Event Frequency 
(hours) 20% 

AEP 
10% 
AEP 

5% 
AEP 

2% 
AEP 

1% 
AEP 

1 67 78 93 113 129 
2 44 52 61 75 85 
3 34.3 40.3 48 58 66 
6 22.4 26.3 31.4 38.2 43.5 
9 17.5 20.5 24.5 29.8 34 
12 14.6 17.2 20.5 25 28.5 
24 9.76 11.5 13.6 16.6 18.9 

7.2.2 Temporal Patterns 

The IFD data presented in Table 7-3 provides for the average intensity (or total depth) that occurs 
over a given storm duration.  Temporal patterns are required to define what percentage of the total 
rainfall depth occurs over a given time interval throughout the storm duration.  The temporal patterns 
adopted in the current study are based on the standard patterns presented in AR&R (2001). 

The same temporal pattern has been applied across the whole catchment.  This assumes that the 
design rainfall occurs simultaneously across each of the modelled sub-catchments.  The direction of 
a storm and relative timing of rainfall across the catchment may be determined for historical events if 
sufficient data exists, however, from a design perspective the same pattern across the catchment is 
generally adopted. 

7.2.3 Rainfall Losses 

The hydrologic model parameters adopted for the design floods were similar to those used in the 
hydrologic model calibration and verification.  For the initial and continuing rainfall losses, values of 
20mm and 2.5mm/h were used.  These are consistent with the recommended ranges for design 
event losses in AR&R (2001). 

7.3 Structure Blockage 

Debris conveyed in floodwater has the potential to partially or totally obstruct the waterway area at 
existing hydraulic structures.  Most structures are associated with embankments such that a full or 
even partial blockage of these structures is likely to provide significant attenuation of peak flood flows 
as storage builds up behind the embankments.  These blockages have the potential to substantially 
increase the magnitude and extent of property inundation through local increases in water level, 
redistribution of flows on the floodplain, and activation of additional flow paths. 

The major hydraulic structures incorporated in the hydraulic model were summarised in Table 5-3, 
that vary in both size and configuration.  Council has developed a policy for assumptions regarding 
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blockage of culverts and bridges.  The following blockage assumptions have been applied to 
structures across all watercourses for the design event modelling as defined in Councils brief: 

 100% blockage for structures with a major diagonal opening width less than 6m; 

 25% bottom up blockage for structures with a major diagonal opening width greater than 6m.  
For bridge structures involving piers or bracings, the major diagonal length is defined as the clear 
diagonal opening between piers/bracings, not the width of the channel at the cross-section; and 

 100% blockage for handrails over structures where overtopping occurs.   

7.4 Design Flood Results 

A range of design flood events were modelled, the results of which are presented and discussed 
below.  The simulated design events included the 20% AEP, 10% AEP, 5% AEP, 2% AEP and 1% 
AEP.  The PMF flood event has also been modelled.  

A range of design event durations were simulated for each design event.  The design results 
presented in the remainder of the report represent the maximum values across all durations for each 
design event simulated. 

7.4.1 Peak Flood Levels, Depths and Velocities 

The design flood results are presented in a flood mapping series in Appendix A.  For the simulated 
design events including the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and PMF events, a 
map of peak flood level, depth and velocity is presented covering the modelled area.  

Predicted flood levels at selected locations shown in Figure 7-1 are presented in Table 7-4 for the full 
range of design event magnitudes considered.  Key reference points for flood levels are at road 
crossings over major tributaries. The majority of peak water level locations shown in Table 7-4 
correspond to these locations in the catchment.  

Table 7-4 Simulated Peak Flood Levels for Design Events 

Location 
Simulated Peak Flood Level (m AHD) 

20% AEP 10% AEP 5% AEP 2% AEP 1% AEP PMF 

US Historical Bridge 3.2 3.5 3.8 4.2 4.5 6.3 

US Princes Hwy Bridge 6.0 6.4 6.8 7.2 7.5 9.7 

US F6 Bridge 7.5 7.9 8.4 8.8 9.2 11.2 

US Railway Bridge 8.8 9.1 9.4 9.8 10.1 11.8 

US Marshall Mount Rd Bridge 11.1 11.4 11.8 12.0 12.1 12.9 

US TAFE Bridge 12.7 12.8 13.0 13.2 13.3 13.7 

US Access Road 18.0 18.2 18.4 18.6 18.8 19.7 

US Yallah Rd Culvert (1) 20.7 20.7 20.8 20.8 20.8 21.1 

US Yallah Rd Culvert (2) 22.0 22.0 22.1 22.1 22.1 22.3 
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Figure 7-1 Reported Peak Flood Level Locations 
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Longitudinal profiles showing predicted flood levels along Duck Creek are shown in Figure 7-2.  Only 
the 5% AEP, 1% AEP and PMF event peak flood level profiles are shown for clarity. Similarly, the 5% 
AEP, 1% AEP and PMF peak flood inundation extents are shown in Figure 7-3. 

The overall flood inundation extents for the 20% AEP, 1% AEP and PMF events are very similar. The 
increase in flood inundation area from the 20% AEP event to the 1% AEP, and similarly from the 1% 
AEP event to the PMF event is limited given the catchment topography and capacity of the incised 
channels that have been carved through the undulating topography. Floodwaters are generally 
confined within these broad channel regions, with flood depths increasing with flood event magnitude, 
but not generally resulting in substantial increase in floodplain area inundation. 

The flooding is characterised by relatively high flood velocities. This is attributable to the relative 
steepness of the catchment and the flow being confined to these well defined channels as discussed. 
Accordingly, whilst limiting the extent of floodplain inundation, the high capacity channels result in 
high velocity flow which contributes to the high flood hazards and floodway categorisations discussed 
further in Section 7.4.2 and Section 7.4.4. 

It is noted that some of the proposed future development in the catchment is located adjacent to 
Marshall Mount Road. Apart from the well defined natural flood channels (including Duck Creek on 
the western side of Marshall Mount Road), a significant area of land remains flood free up to the 1% 
AEP flood event. One important feature to note however is that some of this land becomes inundated 
in the PMF event. Under these conditions some flowpaths are initiated, as the capacity of the main 
Duck Creek channel is exceeded, which generally flow east across Marshall Mount Road into an 
adjacent tributary.  In some locations this provides for some high velocity and depth flow areas which 
will need to be accommodated in future catchment development. 

For the PMF event, all major road/rail embankments are overtopped. The Southern Freeway and the 
Railway embankments represent the most significant structures for which major backwater influence 
is simulated. A significant observation however, is that the influence of backwater of the rail 
embankment does not extend upstream of Marshall Mount Road, given that the embankment crest is 
lower than Marshall Mount Road.  

As noted previously, the influence of elevated water level conditions in Lake Illawarra generally would 
not extend upstream of the historical bridge on the Tru Energy Tallawarra site. 
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Figure 7-2 Design Flood Level Profiles 
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Figure 7-3 Design Flood Inundation Extents for Duck Creek 
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7.4.2 Flood Hydrographs 

The simulated design hydrographs (2-hour storm duration) immediately upstream of the Railway 
Bridge are shown in Figure 7-4.  This is a useful reference point for comparison of peak flows 
simulated for historical events.  The peak flow simulated for the 1984 event of 192m3/s represents a 
flow approximately 10% lower then the 2% AEP event.  As discussed previously the 1984 event has 
been estimated to be around the 2% AEP event in the lower catchment based on comparison of the 
recorded rainfall for the event and design rainfall estimates.  Similarly, the peak flow simulated for the 
2011 event of 68m3/s represents a flow approximately 30% lower then the 20% AEP event.  The 
2011 event was estimated to be around the 100% AEP in the lower catchment and 50% AEP in the 
mid catchment based on comparison of the recorded rainfall for the event and design rainfall 
estimates. 

Predicted peak flows at selected locations are shown in Table 7-5 for the full range of design event 
magnitudes considered.  The peak flows presented are for the 2-hour event duration for all design 
event magnitudes. 

 Table 7-5 Design Peak Flows for Duck Creek 

Location 
Design Peak Flows (m3/s) 

20% AEP 10% AEP 5% AEP 2% AEP 1% AEP PMF 

US Historical Bridge 81.4 103.4 133.1 172.4 203.6 836.0 

DS Princes Hwy Bridge 81.2 103.4 133.0 172.4 203.8 777.2 

DS F6 Bridge 81.0 103.1 131.7 170.2 199.4 384.8 

DS Railway Bridge 102.1 132.8 169.3 214.7 255.5 455.7 

DS Marshall Mount Rd Bridge 98.2 129.5 169.3 221.6 264.0 468.4 

DS Yallah Rd Culvert (1) 10.1 13.2 17.4 21.7 25.8 56.3 

DS Yallah Rd Culvert (2) 6.1 7.9 10.0 12.7 15 30.6 

The simulated hydrographs shown in Figure 7-4 have a relatively rapid rise.  This has consequences 
in terms of flood warning and response which should be considered in future floodplain management 
investigations.  
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Figure 7-4 Design Flood Hydrographs for Duck Creek 

7.4.3 Hydraulic Categorisation 

There are no prescriptive methods for determining what parts of the floodplain constitute floodways, 
flood storages and flood fringes.  Descriptions of these terms within the Floodplain Development 
Manual (NSW Government, 2005) are essentially qualitative in nature.  Of particular difficulty is the 
fact that a definition of flood behaviour and associated impacts is likely to vary from one floodplain to 
another depending on the circumstances and nature of flooding within the catchment. 

The hydraulic categories as defined in the Floodplain Development Manual are: 

 Floodway - Areas that convey a significant portion of the flow. These are areas that, even if 
partially blocked, would cause a significant increase in flood levels or a significant redistribution 
of flood flows, which may adversely affect other areas. 

 Flood Storage - Areas that are important in the temporary storage of the floodwater during the 
passage of the flood. If the area is substantially removed by levees or fill it will result in elevated 
water levels and/or elevated discharges. Flood Storage areas, if completely blocked would cause 
peak flood levels to increase by 0.1m and/or would cause the peak discharge to increase by 
more than 10%. 

 Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas 
have been defined. Blockage or filling of this area will not have any significant affect on the flood 
pattern or flood levels. 

A number of approaches were considered when attempting to define flood impact categories across 
the Duck Creek catchment. Approaches to define hydraulic categories that were considered for this 
assessment included partitioning the floodplain based on: 

 Peak flood velocity; 
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 Peak flood depth; 

 Peak velocity * depth (sometimes referred to as unit discharge); 

 Cumulative volume conveyed during the flood event; and 

 Combinations of the above. 

The definition of flood impact categories that was considered to best fit the application within the Duck 
Creek catchment, was based on a combination of velocity*depth and depth parameters.  The 
adopted hydraulic categorisation is defined in Table 7-6.  

Hydraulic category mapping for the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and PMF 
design events is included in Appendix A. It is also noted that mapping associated with the flood 
hydraulic categories may be amended in the future, at a local or property scale, subject to appropriate 
analysis that demonstrates no additional impacts (e.g. if it is to change from floodway to flood 
storage). 

Table 7-6 Hydraulic Categories 

Floodway Velocity * Depth > 0.5 Areas and flowpaths where a significant proportion 
of floodwaters are conveyed (including all bank-to-
bank creek sections).   

Flood Storage Velocity * Depth < 0.5 and 
Depth > 0.5 metres 

Areas where floodwaters accumulate before being 
conveyed downstream.  These areas are important 
for detention and attenuation of flood peaks. 

Flood Fringe Velocity * Depth < 0.5 and 
Depth < 0.5 metres 

Areas that are low-velocity backwaters within the 
floodplain.  Filling of these areas generally has little 
consequence to overall flood behaviour. 

7.4.4 Provisional Hazard  

The NSW Government‟s Floodplain Development Manual (2005) defines flood hazard categories as 
follows: 

 High hazard – possible danger to personal safety; evacuation by trucks is difficult; able-bodied 
adults would have difficulty in wading to safety; potential for significant structural damage to 
buildings; and 

 Low hazard – should it be necessary, trucks could evacuate people and their possessions; able-
bodied adults would have little difficulty in wading to safety. 

The key factors influencing flood hazard or risk are: 

 Size of the Flood 

 Rate of Rise - Effective Warning Time 

 Community Awareness 

 Flood Depth and Velocity 

 Duration of Inundation 
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 Obstructions to Flow 

 Access and Evacuation 

The provisional flood hazard level is often determined on the basis of the predicted flood depth and 
velocity.  This is conveniently done through the analysis of flood model results.  A high flood depth will 
cause a hazardous situation while a low depth may only cause an inconvenience.  High flood 
velocities are dangerous and may cause structural damage while low velocities have no major threat. 

Figures L1 and L2 in the Floodplain Development Manual (NSW Government, 2005) are used to 
determine provisional hazard categorisations within flood liable land.  These figures are reproduced in 
Figure 7-5. 
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Figure 7-5 Provisional Flood Hazard Categorisation 

The provisional hydraulic hazard is included in the mapping series provided in Appendix A for the 
20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and PMF design events. 

7.5 Sensitivity Tests 

A number of sensitivity tests have been undertaken on the modelled flood behaviour in Duck Creek.  
In defining sensitivity tests, consideration is given to the most appropriate tests taking into account 
catchment properties and simulated design flood behaviour.  The tests undertaken have included: 

 increased hydraulic roughness; 

 structure blockage; and 

 climate change. 

The rationalisation for each of these sensitivity tests along with adopted model 
configuration/parameters and results are summarised in the following sections.  The impact of the 
sensitivity tests on the standard design 1% AEP flood condition (2-hour duration) is also presented in 
Appendix B as a series of peak water level afflux diagrams. 
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7.5.1 Hydraulic Roughness 

Sensitivity tests on the hydraulic roughness (Manning‟s „n‟) were undertaken by applying a 25% 
decrease and a 25% increase in the adopted values for the baseline design conditions.  Whilst a 
calibration process has been undertaken with respect to available data, and adopted design 
parameters are within typical ranges, the inherent variability/uncertainty in warrants consideration of 
the relative impact on adopted design flood conditions. 

The sensitivity tests have been undertaken for the 1% AEP catchment rainfall event (2 hour duration).  
The results of the sensitivity tests on hydraulic roughness for the 1% AEP design event are 
summarised in Table 7-7.  The change in peak flood level conditions from the adopted design base 
case is also shown as afflux diagrams in Appendix B. 

 Table 7-7 Peak 1% AEP Flood Levels for Hydraulic Roughness Sensitivity Tests 

Location 
Peak Design Flood Level (m AHD)  

Base  25% Decrease 25% Increase 

US Historical Bridge 4.0 4.0 (0.0) 4.1 (+0.1) 

US Princes Hwy Bridge 7.0 7.0 (0.0) 7.1 (+0.1) 

US F6 Bridge 8.7 8.7 (0.0) 8.6 (-0.01) 

US Railway Bridge 10.0 10.0 (0.0) 10.0 (0.0) 
US Marshall Mount Rd 
Bridge 12.1 12.1 (0.0) 12.1 (0.0) 

US TAFE Bridge 13.3 13.3 (0.0) 13.3 (0.0) 

US Access Road 18.8 18.7 (-0.1) 18.9 (+0.1) 

US Yallah Rd Culvert (1) 20.8 20.8 (0.0) 20.9 (+0.1) 

US Yallah Rd Culvert (2) 22.1 22.1 (0.0) 22.2 (+0.1) 

  Note: Bracketed value is change in peak flood level from base design conditions 

The model simulation results show minor reductions in peak flood level (generally < 0.1m) for 
reduced hydraulic roughness.  The main areas affected are the in-channel regions where the great 
majority of flow is conveyed for the 1% AEP event.  The decrease in roughness has minimal influence 
on inundation extents in overbank areas. 

Minor increases in peak flood level (generally < 0.1m) are simulated for the increased hydraulic 
roughness conditions applied in the sensitivity test.  Again, the principal areas affected are the in-
stream regions with only minor changes to the flood inundation extents. 

7.5.2 Structure Blockage 

As discussed in Section 7.3 structure blockages have the potential to substantially increase the 
magnitude and extent of property inundation through local increases in water level, redistribution of 
flows on the floodplain, and activation of additional flow paths.  To account for this potential increase 
in peak water levels, the following blockage assumptions were applied to structures across all 
watercourses for the design event modelling as defined in Councils brief: 
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 100% blockage for structures with a major diagonal opening width less than 6m; 

 25% bottom up blockage for structures with a major diagonal opening width greater than 6m.  
For bridge structures involving piers or bracings, the major diagonal length is defined as the clear 
diagonal opening between piers/bracings, not the width of the channel at the cross-section; and 

 100% blockage for handrails over structures where overtopping occurs.   

However, should all structures remain unblocked for the duration of the flood event, the magnitude 
and extent of property inundation may be significantly lower then that modelled.  Therefore, sensitivity 
tests on the design flood conditions for the Duck Creek catchment have been undertaken assuming 
no blockage for all structures across all watercourses. 

The change in peak water levels with the zero blockage conditions is summarised at key locations 
(generally corresponding to the structure locations) in Table 7-8 for the 1% AEP event simulated.  
Mapping of the extents of the simulated afflux is included in Appendix B for the 1% AEP event.  Table 
7-8 shows the simulated peak flood level with no structure blockage, along with the change from the 
assumed structure blockage flood conditions shown in brackets. 

Table 7-8 Peak Flood Levels with No Structure Blockage  

Location 
Peak Design Flood Level (m AHD) 

Base No Blockage 

US Historical Bridge 4.0 4.1 (+0.1) 

US Princes Hwy Bridge 7.0 7.0 (0.0) 

US F6 Bridge 8.7 8.5 (-0.2) 

US Railway Bridge 10.0 9.7 (-0.3) 
US Marshall Mount Rd 
Bridge 12.1 12.0 (-0.1) 

US TAFE Bridge 13.3 13.2 (-0.1) 

US Access Road 18.8 18.8 (0.0) 

US Yallah Rd Culvert (1) 20.8 20.8 (0.0) 

US Yallah Rd Culvert (2) 22.1 22.1 (0.0) 

  Note: Bracketed value is change in peak flood level from standard design conditions (ref: Table 7-4) 

As shown in Table 7-8 and the afflux mapping in Appendix B, the assumed blockage condition has 
minimal impact on flood conditions upstream of the TAFE Bridge.  In this regard, the assumed 
blockage condition does not change the broader flooding behaviour in the mid to upper catchment.   

As previously discussed, both the railway line and the Southern Freeway are shown to provide for 
significant control of floodwater levels, as evidenced by the significant backing up of floodwaters 
behind the elevated embankments.  The zero blockage condition allows theses structures to operate 
at their full hydraulic capacity and results in a decrease in the peak water level of the floodwaters built 
up behind these hydraulic structures as shown in Table 7-8.   

The increase in the flow capacity of the hydraulic structures also results in some augmentation of 
peak flows and a corresponding increase in peak flood levels in the lower catchment downstream of 
the F6 Bridge as indicated in Table 7-8.   
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7.5.3 Climate Change 

Current practice in floodplain management generally requires consideration of the impact of potential 
climate change scenarios on design flood conditions.  For the Duck Creek catchment this requires 
investigation of increases in design rainfall intensities and the potential for future sea level rise in Lake 
Illawarra.  Accordingly, this increase in design rainfall and Lake Illawarra water level will translate into 
increased design flood inundation in the Duck Creek catchment, such that future planning and 
floodplain management in the catchment will need to take due consideration of this increased flood 
risk.   

As specified in the project brief, a similar approach to that adopted in the draft Mullet and Brooks 
Creeks FPRM Study and Plan (Bewsher, 2010) has been applied to the climate change sensitivity 
tests for the Duck Creek catchment. 

As part of the Mullet and Brooks Creeks FPRM Study and Plan (Bewsher, 2010) a preliminary model 
run to assess the sensitivity of the Mullet Creek and Brooks Creek flood models to climate change 
was undertaken. The Technical Working Group for the study decided to adopt a level of 3.04m AHD 
– being the 1% AEP flood level calculated for Lake Illawarra under a high sea level rise (SLR) 
scenario (0.91m) (Cardno Lawson Treloar, 2008) - as the minimum downstream level for the Mullet 
Creek and Brooks Creek climate change model simulations.  In addition, an increase in the 1% AEP 
rainfall intensity of 20% was applied to the hydrological model, which is the midlevel increase 
recommended as a sensitivity test in the Practical Consideration of Climate Change Guideline 
(DECC, 2007, p.4).  

A single Climate Change scenario was simulated for the Duck Creek catchment.  This scenario 
combined an increase in the 1% AEP rainfall intensity of 20% with a minimum downstream water 
level in Lake Illawarra of 2.76m AHD (being the 20% AEP design Lake level (1.85m AHD) with high 
sea level rise (0.91m)).   

The climate change sensitivity tests have been undertaken for the 1% AEP design flood condition.  
The results of the sensitivity tests are summarised in Table 7-9 with reference to the predicted peak 
flood level for the baseline conditions at selected locations.  As with the other sensitivity tests, a map 
of predicted afflux for selected modelled scenarios is included in Appendix B. 

The combination of increased rainfall intensity and potential sea level rise in Lake Illawarra has 
significant flooding implications for the lower floodplain of the Duck Creek catchment downstream of 
the Illawarra Railway Line.  As indicated in Table 7-9, the increase in the design 1% AEP catchment 
rainfall intensity, coupled with increased Lake Illawarra water levels, provides for significant increases 
(>0.4m) in peak water levels estimates compared to existing conditions.  

Upstream of the Illawarra Railway line smaller increases in the peak flood level (0.1 – 0.2m) are 
observed.  Upstream of the railway line the influence of the increased downstream water level is 
removed with increases in peak flood levels attributed to the increase in design rainfall alone.  
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Table 7-9 Peak 1% AEP Flood Levels for Climate Change Scenario 

Location 
Peak Design Flood Level (m AHD) 

Base Climate Change 
Scenario 

US Historical Bridge 4.0 4.4 (+0.4) 

US Princes Hwy Bridge 7.0 7.5 (+0.5) 

US F6 Bridge 8.7 9.2 (+0.5) 

US Railway Bridge 10.0 10.4 (+0.4) 

US Marshall Mount Rd Bridge 12.1 12.3 (+0.2) 

US TAFE Bridge 13.3 13.5 (+0.2) 

US Access Road 18.8 19.0 (+0.2) 

US Yallah Rd Culvert (1) 20.8 20.9 (+0.1) 

US Yallah Rd Culvert (2) 22.1 22.2 (+0.1) 

  Note: Bracketed value is change in peak flood level from standard design conditions (ref: Table 7-4) 
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8 CONCLUSIONS 

The objective of the study was to undertake a detailed flood study of the Duck Creek catchment and 
establish models as necessary for accurate flood level prediction. Central to this was the 
development of a two-dimensional hydraulic model of the catchment.  

In completing the flood study, the following activities were undertaken: 

 Collation of database of historical flood information for the Duck Creek catchment; 

 Acquisition of topographical data for the catchment including cross section and hydraulic 
structure survey; 

 Consultation with the community to acquire historical flood information and liaison in regard to 
flooding concerns/perceptions and future floodplain management activities; 

 Development of a hydrological model (using WBNM software) and hydraulic model (using 
TUFLOW software) to simulate flood behaviour in the catchment; 

 Calibration of the developed models using available data for the February 1984, February 2008 
and March 1978 flood events; 

 Prediction of design flood conditions in the catchment using the calibrated models; and 

 Production of design flood mapping series. 

The principal outcome of the flood study is the understanding of flood behaviour in the catchment and 
in particular design flood level information that will be used to set appropriate flood planning levels for 
the study area. The flood study will form the basis for the subsequent floodplain risk management 
activities, being the next stage of the floodplain management process. Accordingly, the adoption of 
the flood study and predicted design flood levels is recommended. 

The flood risk to existing development as a result of catchment rainfall derived flooding for Duck 
Creek is relatively low. The majority of the relatively sparse, rural residential development is located 
on higher ground.  Nevertheless, significant flood inundation across the Duck Creek floodplain may 
be realised in major flood events as simulated in the model results for events up to and including the 
Probable Maximum Flood. 

The Draft West Dapto LEP Masterplan provides a framework for future development of the broader 
region, including area in the Yallah-Marshall Mount Precinct identified as future residential 
development that lies within the Duck Creek catchment.  Flooding considerations will be one of the 
major inputs/constraints on the location of this infrastructure in the Plan.  The developed models 
provide a tool for assessment of potential flood impact of future development in the catchment.  

Low-lying coastal areas, such as those surrounding Lake Illawarra, including the lower reaches of 
Duck Creek, are at high risk to climate change due to sea-level rise.  However, the extent of sea-level 
rise impacts in the Duck Creek catchment are limited to downstream of the Princes Highway. 
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APPENDIX D: ANALYSIS OF RADAR RAINFALL DATA 

Use of Rainfall Radar Data for March 2011 Event Hyetograph Derivation 

Introduction 

The Wollongong Airport gauging station is a continuous recorder which provided a recorded rainfall 
hyetograph for the March 2011 event.  Given the size and orientation of the Duck Creek catchment 
and also the rainfall pattern that occurred during March 2011, it is unlikely that the recorded 
hyetograph at the Wollongong Airport rainfall station is representative of the entire catchment.  Across 
the catchment it is anticipated that there was actually significant variations in both rainfall depth and 
temporal pattern.   

Background to Rainfall Radars (ref www.bom.gov.au) 

The Bureau of Meteorology (BoM) operates a network of “weather watch” radars including one in the 
Wollongong region at Appin.  The radar measures reflectivity, with the received signal strengths 
converted to an estimated rainfall intensity.  

The use of radar information in combination with rain gauge measurements helps to improve rainfall 
estimates over those based on either form of measurement alone.  This improvement is 
accomplished by adjusting, or calibrating, radar-rainfall data with data from rain gauges.  The rain 
gauge data enables a “calibration” of the radar data in the form of ground truth, and the radar data 
allows us to fill in the "gaps" between rain gauges. 

Rain gauges accurately measure rainfall on the ground at point locations.  Generally, rain gauges are 
distributed evenly across broad catchment areas, but there may be many kilometres between each 
gauge.  In contrast, radar reflectivity represents precipitation occurring in the atmosphere over a large 
geographic area, and therefore provides good spatial coverage.  However because weather radars 
do not point at the ground, radar reflectivity does not accurately represent rainfall on the ground.  The 
radar-derived rainfall accumulations combine the benefits of both these systems - the accurate point 
data from the rain gauges and the excellent spatial coverage of the radar. 

Radar Data for March 2011 

Geographical grids of reflectivity recorded at 10 minutes are converted into a spatial distribution of 
rainfall depth occurring over each 10 minute interval.  Radar intensity grids were acquired from the 
BoM for the period 10:00am 19th March to 10:00am 24th March 2011.  Sample grids during the course 
of the flood event are shown in Figure E-1.  The grids give an indication of both the distribution and 
change in rainfall intensity during the storm and the storm path. 

http://www.bom.gov.au/
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4am 21st March 2011        10am 21st March 2011 

   

11am 21st March 2011        1pm 21st March 2011 

   

7pm 21st March 2011        10pm 21st March 2011 

Figure E-1 Radar Rainfall Intensity Grids March 2011 Event 
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The radar reflectivity signal strengths are divided into fifteen levels of rainfall intensity, each level 
provides an approximate indication of the rainfall rate in millimetres per hour.  This conversion rate is 
shown in Table E-1. 

Table E-1 Conversion of Reflectivity Signal to Rainfall Intensity 

Video Level 
Signal Strength 

(dBz) 

Assumed Rain Rate 

(mm/hr) 

0 0 0 
1 12 0.2 
2 23 1 
3 28 2.1 
4 31 3.2 
5 34 4.9 
6 37 7.5 
7 40 11.5 
8 43 17.8 
9 46 27.3 
10 49 42.1 
11 52 64.8 
12 55 99.9 
13 58 153.8 
14 60 236.8 
15 64 364.6 

Therefore average rainfall intensity for each 10 minute grid is used to determine a rainfall depth for 
the interval.  Accordingly a hyetograph for the event can be derived from the radar data. 

Adjustment of Radar Data Using On-ground Rainfall Gauges 

As discussed, the rainfall depth information from the radar does not match recorded rainfall on the 
ground and requires an adjustment or calibration.  The radar estimates rainfall over 1 square 
kilometre at a height of 1000 m above the radar and the rain gauge observes rainfall at a point on the 
ground.  The differences between the radar estimate and the gauge observation include the 
uncertainty in the conversion of radar reflectivity into rainfall as well as the sampling differences that 
arise due to the different resolutions of the two instruments. (ref www.bom.gov.au) 

The nearest detailed on-ground rainfall record to the Duck Creek catchment for the March 2011 event 
is the continuous rainfall gauge located at Wollongong Airport.  Table E-2 provides a comparison of 
the recorded rain gauge totals and accumulated daily rainfall estimate from the radar data for the 
Wollongong Airport location.  Generally it is found that the radar total is of the order of 50% of the 
recorded rain gauge totals. 

A scaling procedure has been applied to adjust the radar data to match the recorded daily totals over 
the respective 24-hour period.  The scaling factor has been derived by dividing the recorded daily 
gauge total by the estimated daily radar total for the same location.  The scaling factor was then used 
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to derive a representative hyetograph for the modeled catchment by applying the scaling factor to the 
estimated daily radar total for the Duck Creek catchment. 

Table E-2 Comparison of Gauge and Estimated Radar Totals March 2011 

Station Name 
Gauge Total 

To 9am 22/07/11 
Radar Total 

To 9am 22/07/11 
Scaling Factor 
(Gauge/Radar) 

Wollongong Airport 249.2 51.4 4.85 

 

 


