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Executive Summary 

Objectives 

The Hawkesbury-Nepean Valley has one of the most significant flood risk exposures in NSW1.  Having 

up-to-date technical information is essential for community safety, evacuation and emergency 

management, and land use and infrastructure planning. 

To provide contemporary flood information, the NSW Government, through the Hawkesbury-Nepean 

Valley Flood Risk Management Directorate, commissioned Rhelm Pty Ltd and Catchment Simulation 

Solutions Pty Ltd, with input from WMAwater Pty Ltd and Baird, to develop the Hawkesbury-Nepean 

River Flood Study (described here as the 2024 Flood Study).  It builds on the foundations laid by the 

Hawkesbury-Nepean Valley Regional Flood Study (or 2019 Flood Study). 

The 2024 Flood Study uses best practice and the latest technology in flood estimation to define flood 

behaviour along the Hawkesbury-Nepean River and its ƭŀǊƎŜ ŦƭƻƻŘǇƭŀƛƴ ƭƻŎŀǘŜŘ ƛƴ {ȅŘƴŜȅΩǎ ǿŜǎǘ ŀƴŘ 

north.  The study area extends from Bents Basin near Wallacia to Brooklyn, intersecting 8 local 

government areas: Penrith, Hawkesbury, Blacktown, The Hills, Central Coast, Hornsby, Liverpool and 

Wollondilly. 

The key objective of the Hawkesbury-Nepean River Flood Study is to improve the understanding of flood 

behaviour and better inform management of flood risk in the study area, considering available 

information, together with the relevant standards and guidelines. 

This report summarises the outcomes of the 2024 Flood Study.  The extensive work undertaken to 

develop the study is detailed in 12 Technical Volumes. 

Approach & Methodology 

The following steps were taken: 

a) Compiling and reviewing all available flood-related information  

b) Updating and refining a hydrologic model to reflect contemporary catchment conditions 

c) Developing a new, detailed 2-dimensional hydraulic flood model of the Hawkesbury-Nepean River, 

major tributaries and adjoining floodplain areas 

d) Calibrating and validating the hydrologic and hydraulic computer models against information from 

11 historical floods, including the 2020, 2021 and 2022 flood events 

e) Updating the Monte Carlo model framework described in the 2019 Flood Study to reflect learnings 

from the 2-dimensional hydraulic flood model and the recent floods 

f) Using the calibrated models to simulate flood behaviour for a range of design floods up to and 

including the probable maximum flood (PMF) 

g) Completing various sensitivity and climate change simulations to gain an understanding of how 

modelling uncertainty and climate change may impact on the results produced by the models. 

Further details on the modelling approach are provided in Section 3. 

  

 
1 Taskforce Options Assessment Report (INSW, 2019) 
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Outputs 

Design flood modelling was undertaken for 12 flood likelihoods/sizes, from frequent/small to extreme: 

the 1 in 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000 and 5000 annual exceedance probability (AEP) floods, 

as well as the PMF.  The hydraulic model simulations produced continuous surfaces of flood information 

for each design flood.  The outputs from each of the design flood simulations were processed and 

provided in a variety of formats including maps (presented in a separate Map Book) and geographic 

information system (GIS) data.  The outputs from this study include: 

Á Peak flood levels, depths and velocities 

Á Flood extents 

Á Flood hazard categories 

Á Flood function categories 

Á Information to support emergency services and evacuation. 

In addition to the existing climatic conditions, an assessment was also undertaken on the potential 

influence of climate change, as well as influence of potential changes to the catchment through 

development. 

The design flood levels produced by this 2024 Flood Study have changed in some locations relative to 

the 2019 Flood Study and earlier investigations.  This is most evident in very large floods (i.e., larger 

than the 1 in 100 AEP flood), where the new hydraulic model provides a more detailed representation 

of the storage and conveyance across the river system including a better representation of hydraulic 

losses during high flow events around the tight bends in the lower river. 

Further details on the flood study outputs are provided in Section 4. 

Flood Behaviour 

Flood extents across the study area are shown in Figure i, and the range of flood depths is shown for 4 

locations in Figure ii.  Flood behaviour varies throughout this large area, and is considered across 4 

distinctive floodplains: Wallacia, Penrith, Windsor/South Creek, and the Lower Hawkesbury.  Flood 

behaviour in these areas is summarised below: 

Á Wallacia:  During frequent floods, flood behaviour at Wallacia is largely controlled by the gorge 

downstream of Wallacia Weir.  During large floods, backwater effects from the Warragamba River 

further reduce the ability of water to drain from the floodplain located upstream of Wallacia Weir.  

The combined impact of the gorge and Warragamba River produces a very large flood range, with 

peak PMF levels being more than 22 metres higher than the 1 in 100 AEP levels (see Figure ii). 

Á Penrith:  Flooding at Penrith is largely driven by the peak flow along the river rather than the volume 

of flow.  For floods up to the 1 in 50 AEP, floodwaters are largely contained in the Nepean River 

channel.  Breakouts from the river through Emu Plains and the Peach Tree Creek floodplain 

commence in the 1 in 100 AEP event.  Changes in vegetation along the river and floodplain 

downstream of Penrith have had a notable impact on design flood levels relative to previous 

flooding investigations. 

Á Windsor:  Flooding at Windsor is largely driven by the volume of runoff rather than the peak flow.  

Extensive inundation is predicted in the vicinity of Windsor (including backwater inundation of 

South and Eastern creeks) and is strongly correlated to the capacity of the incised gorge downstream 

ƻŦ ²ƛƴŘǎƻǊΦ  hƴŎŜ ǘƘŜ ƻǳǘŦƭƻǿ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƎƻǊƎŜ ƛǎ ŜȄŎŜŜŘŜŘ ǘƘŜ ŜȄŎŜǎǎ ǿŀǘŜǊ άǇƻƴŘǎέ ŀŎǊƻǎǎ 
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the Windsor basin resulting in significant water depths across a large area.  In rare to extreme floods, 

this pushes floodwater to great depths, with peak PMF levels being more than 13 metres higher 

than the 1 in 100 AEP levels (see Figure ii). 

Á Lower Hawkesbury:  The Lower Hawkesbury River is contained within a narrow, sandstone gorge 

along much of its length.  This results in flood extents that are commonly confined near the main 

river channel, with high flood depths and velocities, although notable backwater inundation is 

predicted along tributaries draining into the river.  Flooding downstream of Lower Portland is 

strongly influenced by the magnitude and timing of flow from the Colo River.  Flooding of the lower 

reaches towards Brooklyn is influenced by coastal flooding processes. 

Further details about flood behaviour are provided in Section 5. 
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Figure i. Overview of Flood Extents 
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Figure ii. Flood depths in rare to extreme floods across the Hawkesbury-Nepean floodplain (source: 

NSW Reconstruction Authority) 
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1 Introduction 

1.1 Hawkesbury-Nepean Flood Strategy 

¢ƘŜ ŦƻǊƳŜǊ b{² DƻǾŜǊƴƳŜƴǘΩǎ Resilient Valley, Resilient Communities: HawkesburyςNepean Valley 

Flood Risk Management Strategy (2017) identified high flood risks in the Hawkesbury-Nepean Valley 

and recognised there is no simple solution to managing or reducing this risk. The NSW Government is 

building on the strategy to deliver a high-priority regional Disaster Adaptation Plan focused on managing 

flood risk, together with local councils, businesses and the community. The plan will be aligned with the 

State Emergency Management Plan and the National Strategy for Disaster Resilience to ensure the 

considerable flood risk across the Valley is appropriately managed. This includes the need for access to 

contemporary flood risk information. 

The first stage of providing this information was through the Hawkesbury-Nepean Valley Regional Flood 

Study (2019 Flood Study) (WMAwater, 2019).  The 2019 Flood Study used a fast-running, 1-dimensional 

hydraulic model2 to simulate thousands of floods, to help understand the variability of flooding in the 

Valley.  

A peer review of the 2019 Flood Study confirmed that, as part of the continuous improvement of 

providing contemporary flood risk information and to better assist land use and emergency response 

planning, a fully 2-dimensional model should be developed.  Therefore, the second stage involved 

preparation of the Hawkesbury-Nepean River Flood Study (2024 Flood Study), which is the subject of 

this report.  It builds on the 2019 Flood Study, taking advantage of modern, fully 2-dimensional flood 

modelling technology to further improve the understanding of flooding across the Hawkesbury-Nepean 

Valley and assist in better understanding the flood risk across the floodplain. 

1.2 Study Area 

The 2024 Flood Study accounts for flows from the entire 21,400 km2 Hawkesbury-Nepean catchment, 

providing detailed flood information for the 190-km length of the Hawkesbury-Nepean River from Bents 

Basin near Wallacia through to Brooklyn, including backwater flooding up tributaries such as South and 

Eastern creeks. The study area falls mainly within the Penrith, Hawkesbury, Blacktown and The Hills 

Local Government Areas (LGAs) in western Sydney. Other LGAs impacted by flooding are Wollondilly, 

Liverpool, Hornsby and Central Coast (see Figure 1-1). 

 

 

 
2 Because the HNV 1-dimensional model includes some branches in the network, it is also described as a quasi-2-
dimensional model. 
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Figure 1-1. Study Area (source : NSW Reconstruction Authority) 
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1.3 Overview of Approach 

The overall objective of the flood study was to provide a detailed understanding of flood behaviour 

along the Hawkesbury and Nepean rivers for contemporary floodplain conditions while assessing the 

potential future variations in flood behaviour associated with climate change.  To achieve this 

overarching objective, the study was broken down into several stages, which are summarised below: 

1. Collation and review of available data 

2. Refinement and calibration of a WBNM hydrologic model 

3. Development and calibration of a new 2-dimensional TUFLOW hydraulic model 

4. Catchment/ocean level joint probability analysis 

5. Lower Hawkesbury analysis 

6. Wallacia flood frequency analysis 

7. Monte Carlo analysis 

8. March 2021 flood validation 

9. March 2022 flood validation 

10. July 2022 flood validation 

11. Design flood modelling 

12. Probable maximum flood (PMF) modelling. 

The project was completed in accordance with modern best practice for flood estimation and flood risk 

management.  This was largely informed by: 

Á ΨCƭƻƻŘ wƛǎƪ aŀƴŀƎŜƳŜƴǘ aŀƴǳŀƭΥ ǘƘŜ ǇƻƭƛŎȅ ŀƴŘ Ƴŀƴǳŀƭ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŦƭƻƻŘ ƭƛŀōƭŜ ƭŀƴŘΩ 

(NSW Government, 2023) 

Á ΨAustralian Rainfall and Runoff: ! ƎǳƛŘŜ ǘƻ ŦƭƻƻŘ ŜǎǘƛƳŀǘƛƻƴΩ (Ball et al, 2019) and its associated 

ǊŜǾƛǎƛƻƴ ǇǊƻƧŜŎǘ ǊŜǇƻǊǘǎΣ Ƴƻǎǘ ƴƻǘŀōƭȅ ΨtǊƻƧŜŎǘ мрΥ ¢wo Dimensional Modelling in Urban and Rural 

FƭƻƻŘǇƭŀƛƴǎΩ όEngineers Australia, 2012) 

Á ΨaŀƴŀƎƛƴƎ ǘƘŜ CƭƻƻŘǇƭŀƛƴΥ ŀ ƎǳƛŘŜ ǘƻ ōŜǎǘ ǇǊŀŎǘƛŎŜ ƛƴ ŦƭƻƻŘ Ǌƛǎƪ ƳŀƴŀƎŜƳŜƴǘ ƛƴ !ǳǎǘǊŀƭƛŀΩ (Australian 

Institute for Disaster Resilience, 2017). 

In addition, guidelines and reports published by the NSW Department of Climate Change, Energy, 

Environment and Water (DCCEEW), Australian Institute for Disaster Resilience, and Intergovernmental 

Panel on Climate Change were also used as part of the project.  

Further detailed information on the work completed as part of each stage of the project is contained in 

Technical Volumes, which are discussed further in Section 1.5.  

1.4 Scope of this Report 

This report serves as the main report for the Hawkesbury-Nepean River Flood Study.  It provides a 

summary of the work completed as part of each stage of the project.  This includes: 

Á Section 2 ς Background : provides an overview of the study area from Bents Basin near Wallacia to 

Brooklyn, including past flooding investigations. 

Á Section 3 ς Flood Modelling Approach: Documents the overall modelling approach including the 

hydrologic and hydraulic model development and calibration, joint probability assessments and 

Monte Carlo analysis. 
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Á Section 4 - Design Event Modelling: Summarises the design flood, sensitivity and climate change 

simulations and discusses how the results compare with previous flooding investigations.  It also 

discusses the potential flood impacts of future development. 

Á Section 5 ς Flood Behaviour: provides a detailed description of flood behaviour at key locations 

throughout the study area.  

Á Section 6 - Conclusions: Summarises the overall outcomes of the study. 

1.5 Technical Volumes 

The Hawkesbury-Nepean River Flood Study represents a significant body of work.  As a result, the 

outcomes of each stage of the project have been broken down into a number of separate Technical 

Volumes, as summarised below. 

Á Technical Volume 1: Data Collection & Review  

Á Technical Volume 2: Hydrologic Model Refinement and Calibration  

Á Technical Volume 3: Hydraulic Model Development and Calibration  

Á Technical Volume 4: Catchment/Ocean Level Joint Probability Assessment  

Á Technical Volume 5: Lower Hawkesbury Analysis  

Á Technical Volume 6: Wallacia Flood Frequency Analysis  

Á Technical Volume 7: Monte Carlo Analysis  

Á Technical Volume 8: March 2021 Flood Event Validation  

Á Technical Volume 9: March 2022 Flood Event Validation  

Á Technical Volume 10: July 2022 Flood Event Validation  

Á Technical Volume 11: Design Flood Modelling  

Á Technical Volume 12: Probable Maximum Flood (PMF) Modelling  

The Technical Volumes provide support of the methodology and results documented in this Flood Study 

Report.  If further detailed information is required on any stage of work, the reader is referred to the 

appropriate Technical Volume. 

This flood study report is also supported with a separate Map Book.  The Map Book provides a 

comprehensive set of maps providing design flood results across a range of the events and is discussed 

further in Section 4.1.   

1.6 Review Processes 

1.6.1 Independent Technical Review 

The draft Hawkesbury-Nepean River Flood Study was reviewed by Associate Professor Fiona Johnson 

from the Water Research Centre, UNSW Sydney, checking the validity and accuracy of the data, method 

and results. Emeritus Professor Colin Apelt from the University of Queensland also assessed the 

hydraulic modelling. 
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1.6.2 Technical Working Group 

To ensure the technical objectives of the study were consistently achieved, each stage of work was 

overseen by a Technical Working Group (TWG).  The TWG comprised key project stakeholders and 

included representatives from the following organisations: 

Á State Government: 

o Hawkesbury-Nepean Valley Flood Risk Management branch, NSW Reconstruction Authority 

(formerly within Infrastructure NSW) (chair) 

o Department of Climate Change, Energy, Environment and Water ς Biodiversity, 

Conservation and Science Group (DCCEEW - BCS), formerly the Department of Planning and 

Environment ς Environment and Heritage Group (DPE - EHG) 

o Department of Planning, Housing and Infrastructure ς Resilience and Urban Sustainability 

Division (DPHI - RUS), formerly the Department of Planning and Environment ς Resilience 

and Urban Sustainability Group (DPE - RUS) 

o NSW State Emergency Service (NSW SES) 

Á Local Government: 

o Blacktown City Council 

o Central Coast Council 

o Hawkesbury City Council 

o Hornsby Shire Council 

o Liverpool City Council 

o Penrith City Council 

o The Hills Shire Council 

o Wollondilly Shire Council 

Á Commonwealth Government: 

o Bureau of Meteorology. 

Presentations and information were provided to the TWG to outline each stage of work, and key 

feedback and comments were incorporated into the study.   Draft reports on hydrologic and hydraulic 

model development, as well as calibration and verification, were also provided for review and comment 

A total of 15 TWG meetings were completed over the course of development of the 2024 Flood Study. 
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2 Background 

2.1 Hawkesbury-Nepean Catchment 

2.1.1 Catchment Description 

The Hawkesbury-Nepean River Catchment covers 21,400 square kilometres, including the Warragamba 

and Nepean catchments, extending as far as Goulburn, Lithgow and Bowral, and downstream to Broken 

Bay.  It represents one of the largest coastal catchments in New South Wales.  The extent of the 

catchment is shown in Figure 2-1.   

An overview of the key sub-catchments that make up the overall Hawkesbury-Nepean River Catchment 

is provided in Figure 2-2.  As shown in Figure 2-2, the major subcatchments and their contributing 

catchment areas include: 

Á Warragamba River: 9,050 km2 

Á Colo River: 4,640 km2 

Á Macdonald River: 1,900 km2 

Á Nepean River: 1,760 km2 

Á Grose River: 670 km2 

Á South Creek: 640 km2 

Á Mangrove Creek: 430 km2 

Á Webbs Creek: 350 km2 

Á Cattai Creek: 290 km2 

The catchment includes extensive grazing areas in the southwest and large national parks in the Blue 

Mountains to the west and northwest. Urban development includes a number of country towns (e.g., 

Goulburn, Bowral and Lithgow) as well as many outer Sydney suburbs including Penrith, Richmond, and 

Windsor.  The focus of the Hawkesbury-Nepean River Flood Study is the section of the catchment within 

the Sydney Basin, including much of the urban growth areas of western and north-western Sydney.   

Within the Sydney Basin, the Hawkesbury-Nepean Valley comprises a sequence of floodplains that are 

linked by incised sandstone gorges.  The upstream most floodplain is located on the Nepean River near 

Camden which drains through a narrow gorge between Theresa Park and Bents Basin and discharges 

into a floodplain near Wallacia.  Another sandstone gorge runs between Wallacia and Regentville.  Part 

way along this gorge, the Warragamba River joins the Nepean River.  Flows from the Warragamba River 

are highly influenced by Warragamba Dam, which is discussed further in Section 2.1.2.   

 

Image source: Adam Hollingworth, 21 March 2021 
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Figure 2-1. Hawkesbury-Nepean River Catchment 
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Figure 2-2. Key Sub-Catchments 
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Downstream of Regentville, there is another floodplain that includes Penrith and Emu Plains which 

becomes constricted alongside Penrith Lakes/Castlereagh (although this constriction is not as significant 

as the other gorge areas with potential for water to break out from the river and into Penrith Lakes 

during medium and larger sized floods).   

The Grose River joins the Nepean River near Yarramundi, forming the Hawkesbury River.  This location 

also represents the start of the Richmond-Windsor floodplain which is the most substantial floodplain 

in the Hawkesbury-Nepean Valley extending from near North Richmond downstream towards Sackville.  

The area between Sackville and Brooklyn comprises another incised sandstone gorge with many sinuous 

river bends that stretch for over 100 kilometres before the river discharges into Broken Bay.  This is 

highlighted by the digital terrain model shown in Figure 2-3.   

As a result of this topography, major floods are characterised by significant inundation across the various 

floodplains.  Significant water depths coupled with relatively low flow velocities are most typical across 

the floodplain areas.  The gorges between floodplains are characterised by flooding that is confined near 

the main river, although flow velocities are much more significant.  The water levels around Wallacia 

and Windsor are primarily determined by the flow volume entering the floodplain and the size of the 

downstream gorges which controls the release of floodwater from each floodplain (commonly referred 

ǘƻ ŀǎ ǘƘŜ άōŀǘƘǘǳō ŜŦŦŜŎǘέύΦ  The area around Penrith, by comparison, is driven more by the peak flow 

rather than the volume.  A schematic view of the Hawkesbury-Nepean Valley and the associated gorges 

and floodplains/bathtubs is provided in Figure 2-4. 

2.1.2 Warragamba Dam 

Warragamba Dam is located about 65 kilometres west of Sydney in a narrow gorge on the Warragamba 

River.  It represents the largest urban water supply in Australia and is one of the largest domestic water 

supply dams in the world (WaterNSW, 2022).  Construction of Warragamba Dam commenced in 1948 

and was completed in 1960.  The dam wall is 142 metres high and holds back more than 2000 gigalitres 

of water (a volume 4 times larger than Sydney Harbour) (WaterNSW, 2022).  The water body behind the 

dam wall is referred to as Lake Burragorang.   

During the late 1980s, the dam wall was raised by 5 metres and strengthened to meet modern dam 

safety standards.  In the early 2000s, an auxiliary spillway was installed to divert floodwaters around the 

dam wall in extreme floods, to protect the dam wall and ensure it remains safe during rare floods. 

The Warragamba River represents the largest sub-catchment within the Hawkesbury-Nepean River 

catchment, comprising approximately 80% of the catchment draining to Penrith and 70% of the 

catchment draining to Windsor.  Therefore, significant flows from Warragamba Dam have the greatest 

potential to impact on flooding along both the Nepean and Hawkesbury rivers.   

During floods, there is an operational procedure (i.e., H14 Operational Protocol) for the various gates 

located near the top of the dam wall.  The procedures are designed to manage the inflows and release 

of water from the dam during a flood.   

It should be noted that Warragamba Dam was designed and is operated as a water supply dam and not 

a flood mitigation dam.   
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Figure 2-3. Variation in Terrain Across the Hawkesbury- Nepean Valley 
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Figure 2-4. Schematic View Looking West Across the Hawkesbury- bŜǇŜŀƴ ±ŀƭƭŜȅ {ƘƻǿƛƴƎ Ψ.ŀǘƘǘǳōΩ 
Effect (Source: NSW Reconstruction Authority) 
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2.1.3 Other Dams 

The catchment incorporates several other water supply dams that are located within the Upper Nepean 

River catchment.  This includes Nepean, Avon, Cordeaux and Cataract dams.  The Wingecarribee 

Reservoir is located in the headwaters of the Wingecarribee River catchment which is a sub-catchment 

of the Warragamba River catchment.  Key characteristics of each dam are summarised in Table 2-1. 

Table 2-1. Properties of Major Dams in the Hawkesbury-Nepean River Catchment upstream of Penrith 
(WaterNSW, 2022) 

Dam Wall Height (m) Storage Capacity (GL) Catchment Size (km2) 

Avon 72 147 142 

Cataract 56 97 130 

Cordeaux 57 94 91 

Nepean 82 68 320 

Warragamba 142 2,027 9,051 

 

As shown in Table 2-1, the catchments draining to each of these other dams is a small proportion of the 

overall Hawkesbury-Nepean catchment.  As a result, the other dams have only a minor impact on 

flooding in areas downstream of Wallacia and Warragamba Dam. 

Further downstream, Mangrove Creek Dam (188GL) is located in the upper Mangrove Creek catchment.  

With Mangrove Creek joining the Hawkesbury River at Spencer, this dam has a minor influence on flood 

behaviour in this lower part of the study area.   

2.2 Terminology 

Design floods are hypothetical floods that are commonly used for flood risk management investigations 

and are defined by their frequency or probability of occurrence.  ΨAustralian Rainfall and Runoff: A Guide 

to Flood EstimationΩ ό.ŀƭƭ Ŝǘ ŀƭΦΣ нлмфύ ǊŜŎƻƳƳŜƴŘs that flood frequencies are expressed as an Annual 

Exceedance Probability (AEP).  The AEP is the chance of a flood of a specific size being equalled or 

exceeded in any year and it can be expressed as a percentage or 1 in X.  For example, the 1 in 100 

AEP/1% AEP flood has a 1% (or 1 in 100) chance of being equalled or exceeded in any year.  This report 

adopts the 1 in X AEP terminology for design floods ranging from the 1 in 2 AEP up to the 1 in 5000 AEP.  

A brief overview of the likelihood of different events, and the chance that they would be experienced 

in a typical lifetime, are summarised in Table 2-2. 

The largest flood possible is called the probable maximum flood or PMF. It is an extremely rare and 

unlikely flood, however a number of historical floods in Australia have approached the scale of a PMF.  

It should be noted that floods occur independently.  Therefore, the occurrence of a large flood occurring 

in any 1 year does not alter the chance of an equivalent flood (or larger) occurring in subsequent years.  

This is evidenced by the occurrence of the February 2020, March 2021, March 2022 and July 2022 floods.  
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Table 2-2. Overview of Likelihood of Events 

Likelihood 
Chance of Occurring in Any Given Year Probability of Occurring at Least 

Once in an 80-year lifetime AEP (%) AEP (1 in x) 

Very High 20% 1 in 5 >99.9% 

High 5% 1 in 20 98.3% 

Medium 1% 1 in 100 55.3% 

Low 0.2% 1 in 500 14.8% 

Extremely Low 0.001% 1 in 100,000 < 0.1% 

 

2.3 Flood History 

The Hawkesbury-Nepean River (called Dyarubbin by First Nations people) has a long history of flooding.  

Documented reports of flooding date back to 1789 - the longest flood record in Australia.  There have 

been over 130 moderate to major floods in that time (NSW Government, 2019).  The largest flood in 

living memory at Windsor occurred in 1961 (14.95 mAHD peak flood level).  The largest flood on record 

occurred in 1867 and reached a peak level of 19.7 mAHD at Windsor, 2.4m above the 1 in 100 chance 

per year flood on which the flood planning level is based.   

First Nations people have lived along Dyarubbin for at least 50,000 years and have seen many floods. 

Reported oral traditions describe a flood at Windsor in around 1780 that was higher than the 1867 flood 

and swept away people taking refuge in tall trees.  Geological evidence also points to flooding much 

higher than the 1867 flood, prior to European settlement (Saynor and Erskine, 1993).  

Despite the random nature of flooding, the flood history of the Hawkesbury-Nepean River suggests 

flooding in the catchment can be cyclic.  This includes periods of frequent and larger floods that can last 

for decades (including multiple floods within the same year).  These can be followed by similar length 

periods of fewer and smaller floods.  This pattern has been described as flood-dominated and drought-

dominated regimes (Figure 2-5). 

The most significant flood-dominated period extended from 1857 to 1900 and included nineteen floods 

that produced a peak level of at least 10 mAHD at Windsor, including the 1867 flood of record.  This 

flood-dominated period was preceded by a drought-dominated period between 1820 and 1857 when 

no significant floods were recorded at Windsor. 

It is not yet clear whether the cluster of floods from 2020 to 2022 marks the start of a new flood-

dominated regime. 
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Figure 2-5. Hawkesbury River Floods at Windsor - 1791 to 2023 

2.4 Previous Studies 

A number of flooding investigations have been prepared in an effort to better understand the flood risk 

along different sections of the Hawkesbury-Nepean River system.  Included below is a list of the most 

contemporary flooding investigations for the study area. 

Á Upper Nepean River Flood Study (DLWC, 1995) ς relevant to the Wallacia floodplain 

Á Nepean River Flood Study (Advisian, 2018) ς relevant to the Penrith floodplain 

Á Lower Hawkesbury River Flood Study (AWACS, 1997) ς relevant to Sackville and downstream 

Á Hawkesbury-Nepean Valley Regional Flood Study (WMAwater, 2019) (2019 Flood Study). 

2.4.1 Upper Nepean River Flood Studies 

The Upper Nepean River Flood Study (DLWC, 1995) developed a RORB hydrologic model and a MIKE-11 

hydraulic model to define Nepean River flooding between Menangle and the Warragamba River 

junction, including the Wallacia floodplain.  Flood frequency analysis informed the work.  The hydraulic 

model was calibrated to historical floods in 1964, 1978 and 1988.  Design flood behaviour was modelled 

for the 1 in 5, 20, 100 and 200 AEP events, plus the PMF. 

The Nepean River Flood Study (Worley Parsons, 2015) provided updated design flood behaviour for the 

Nepean River within Camden LGA.  However, while the hydraulic model extended down to the 

Warragamba River junction, the 2015 Flood Study did not appear to include flood inflows from the 

Warragamba River, and so its results for the Wallacia floodplain are not comparable to the design flood 

behaviour being investigated as part of the current study.  The record of historical flood levels at 

Wallacia described in the 2015 Flood Study formed part of the dataset used for the Wallacia flood 

frequency analysis described in Technical Volume 6 of the current study. 
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2.4.2 Nepean River Flood Study (2018) 

The Nepean River Flood Study (Advisian, 2018) developed an RMA-2 hydraulic model and used 

boundary conditions taken from an earlier version of the valley-wide RUBICON model to define Nepean 

River flooding between Glenbrook Creek and Yarramundi Bridge.  The model was calibrated to historical 

floods in 1978, 1988 and 1990.  Design flood behaviour was modelled for the 1 in 20, 50, 100, 200, 500, 

1000 and 2000 AEP events, plus the PMF. 

2.4.3 Lower Hawkesbury River Flood Study (1997) 

The Lower Hawkesbury River Flood Study (AWACS, 1997) developed an RMA-2 hydraulic model and 

used adjusted inflows from an earlier version of the valley-wide RUBICON model to define Hawkesbury 

River flooding between Sackville and Broken Bay.  The model was calibrated/verified to historical floods 

in 1978 and 1990.  The joint probabilities of flooding from the Hawkesbury and Colo rivers, and of 

catchment flooding with ocean levels, were considered.  Design flood behaviour was modelled for the 

1 in 5, 20, 50 and 100 AEP events, plus the PMF. 

2.4.4 HNV Regional Flood Study (2019) 

The 2019 Flood Study represents the most recent flood study for the Hawkesbury-Nepean River in its 

entirety.  It used a combination of a RORB model to define catchment hydrology and a quasi-2D 

RUBICON model to define flood hydraulics along the river and across the broader floodplain areas.  This 

modelling system drew on earlier work that had been undertaken for the Warragamba Dam Auxiliary 

Spillway Environmental Impact Statement (Webb McKeown & Associates, 1996).  This combination of 

fast-running models was particularly suited to the Monte Carlo methodology that was adopted as part 

of the 2019 Flood Study as it allowed for rapid assessment of the numerous parameters that fed into 

the Monte Carlo assessment.  The Monte Carlo framework allowed an understanding of the variability 

of real floods across the large catchment, including key outputs such as rate-of-rise which is important 

for understanding evacuation constraints. 

The 2019 Flood Study also provides information on flood levels throughout the study area; however, it 

has limited ability to provide fine scale (i.e. land parcel scale) descriptions of local flood behaviour, such 

as velocities and depths, across the large floodplain area.  As a result, the 2019 Flood Study 

recommended that a fully 2-dimensional hydraulic model be developed for the next phase of flood 

modelling to provide a more detailed description of the spatial variation in flood hazard. 
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3 Flood Modelling Approach 

3.1 Overview 
The Hawkesbury-Nepean River floodplain covered by this study is large and complex and is influenced 

by a range of hydrologic and hydraulic factors.  To capture the variability of floods due to these various 

factors, ŀ ΨaƻƴǘŜ /ŀǊƭƻΩ approach was used in the 2019 Regional Flood Study, which is considered to 

reflect best practice in flood estimation.  This models flood variability by randomly combining the range 

of inputs that generate and influence flooding.  This includes (WMAwater, 2019): 

Á rainfall intensity and frequency 

Á spatial pattern of rainfall  

Á temporal variation in rainfall 

Á pre-burst rainfall 

Á initial rainfall losses 

Á the timing of various tributary inflow 

Á tides 

Á water level in Warragamba Dam.   

Using this approach, close to 20,000 possible flood events were simulated, which represents the range 

of floods that could be experienced over a 200,000-year period.  As a result, the Monte Carlo approach 

provides the most rigorous means of deriving expected flood quantiles (Ball et al, 2019) while also 

providing a range of auxiliary information that is important for evaluating mitigation options and 

evacuation strategies (WMAwater, 2019).   

This study builds on the Monte Carlo approach used in the 2019 Flood Study.  Key advances are 

summarised below: 

Á A WBNM hydrologic model was updated and refined.  The updated WBNM model was calibrated 

and was then incorporated into the Monte Carlo framework to improve the understanding of 

hydrologic processes for the catchment. 

Á A new, fully 2-dimensional (2D) hydraulic model of the study area was developed using the TUFLOW 

software and calibrated to observed floods.  The 2D model provides greater resolution in flood 

behaviour across the floodplain relative to the 2019 Flood Study. 

Á The 1-dimensional (quasi-2-dimensional) RUBICON hydraulic model that was used for the 2019 

Flood Study was refined to reflect learnings from the 2-dimensional flood modelling.  This refined 

model was used to ǎŜƭŜŎǘ ŀ ǎǳōǎŜǘ ƻŦ ǘƘŜ aƻƴǘŜ Ǌǳƴǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŜǾŜƴǘǎέ ǘƻ 

represent floods of different frequencies (e.g. 1 in 100 AEP, 1 in 500 AEP etc), which are then run 

through the TUFLOW model. 

Image source: Adam Hollingworth, February 2020 
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Á The Monte Carlo analysis was also refined as part of the current study to better understand flooding 

at key locations.  This update was informed by joint probability analysis of flooding at Wallacia and 

the Lower Hawkesbury River, as well as ocean water levels.   

A general overview of the modelling approach applied as part of the current study is provided in Figure 

3-1.  Further details of the modelling approach are included in Table 3-1, along with a summary of 

updates undertaken as a part of this study relative to the 2019 Flood Study.  Further details and 

discussion on these models are provided in the following sections. 

 

Figure 3-1. Conceptual Overview of Modelling Approach 
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Table 3-1. Summary of Modelling Approach and Key Updates 

Model 
Component 

Model Approach Summary 
Key Updates and Refinements from 2019 
Flood Study 

Monte Carlo 

The Monte Carlo model assesses flood 
variability by combining a range of hydrologic 
inputs that generate and influence flooding.  
The analysis uses the hydrologic and RUBICON 
hydraulic models to analyse nearly 20,000 
different flood scenarios.  The RUBICON model 
rather than the TUFLOW model is used for this 
analysis as it has significantly shorter 
computational model run times.  

Analysis of the RUBICON model allows for 
assessment of the different frequencies of 
ŦƭƻƻŘƛƴƎ ŀƴŘ ƛŘŜƴǘƛŦƛŜǎ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜέ ŜǾŜƴǘǎ 
for analysis in the TUFLOW model.  These 
representative events are a short-list of events 
representing different frequencies from the 
Monte Carlo analysis (e.g., 1 in 100 AEP, 1 in 
500 AEP etc). 

Updates to the Monte Carlo assessment 
included an improved understanding of joint 
probability of flooding for the Nepean and 
Warragamba rivers (and the influence at 
Wallacia) as well as the Colo and Hawkesbury 
rivers.  Analysis was undertaken of the ocean 
conditions that are likely to occur during a 
Hawkesbury-Nepean River flood.  The recent 
flood events in 2021 and 2022, together with 
additional historic data collation, allowed for 
additional rainfall spatial patterns to be 
considered together with a validation of the 
model to flood frequency analysis at 
additional locations.  Further details are 
provided in Section 3.6. 

Hydrology 

Hydrology is the study of how rainfall is 
converted into runoff from a catchment over 
time. It takes into account the rainfall (e.g., 
amount, timing and location) and ground 
conditions in the catchment. 

The RORB model developed and calibrated for 
the 2019 Flood Study was retained to describe 
the hydrology of the catchment draining to 
Warragamba Dam. 

A WBNM hydrologic model developed as part 
ƻŦ ǘƘŜ ΨIŀǿƪŜǎōǳǊȅ bŜǇŜŀƴ IȅŘǊƻƭƻƎƛŎ aƻŘŜƭ 
¦ǇŘŀǘŜΩ όWMAwater, 2018) was updated as 
part of the current study.  It was used to 
describe the hydrology of catchments external 
to the Warragamba Dam catchment.   

The WBNM hydrologic model was updated 
and refined for the catchments external to 
the Warragamba Dam catchment, including 
the Nepean River, Grose River, South Creek, 
Colo River and Macdonald River.  The 
updates included greater spatial resolution in 
the model, and calibration and validation to 
more historical events.  Further details are 
provided in Section 3.3. 

RUBICON 
Hydraulic 
Model 

A quasi-2-dimensional hydraulic model 
extending from Camden to the ocean.  

This hydraulic model provides information on 
the flow behaviour in the rivers and creeks and 
over floodplains.  This model was used as the 
basis to estimate flood extents and flood 
depths across the floodplain in the 2019 Flood 
Study. In the current study, it was used to 
simulate flood behaviour for the large number 
of Monte Carlo simulations due to its fast run 
times. 

The RUBICON model was refined to better 
represent the conveyance and storage 
characteristics of the river system and 
floodplain.  This was achieved using outputs 
from the TUFLOW 2D model (discussed 
below).  This ensures consistency when 
translating the hydraulic behaviour from the 
RUBICON to the more detailed TUFLOW 2D 
model.  Further details are provided in 
Section 3.4. 
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Model 
Component 

Model Approach Summary 
Key Updates and Refinements from 2019 
Flood Study 

TUFLOW 
Hydraulic 
Model 

The 2-dimensional (2D) model defines the flood 
behaviour between Bents Basin through to Juno 
Point, just downstream of Brooklyn.  This model 
uses the latest bathymetry and terrain data to 
provide high resolution information on the 
flood behaviour throughout the study area.   

The model was used to simulate the range of 
representative events selected from the Monte 
Carlo analysis and produce detailed flooding 
information across the study area including 
floodwater levels, depths and velocities. 

A new 2D model was created using the 
TUFLOW software.  This model was calibrated 
and validated to a range of historical flood 
events, including the March 2021, March 
2022 and July 2022 floods, to ensure it was 
providing a reliable description of flood 
behaviour.  Further details are provided in 
Section 3.5. 

 

3.2 Available Data 

Several datasets were available to inform the 2024 Flood Study.  A summary of each dataset is provided 

in Table 3-2.  A more detailed description of each dataset, including quality review processes, is provided 

in Technical Volume 1. 

3.3 Hydrologic Models 

A hydrologic model is a computerised representation of the catchment and is used to simulate the 

conversion of rainfall into runoff.  As outlined in Figure 3-1, 2 hydrologic models were used as part of 

the project: 

Á A RORB (Laurenson et al, 2010) model was used to define hydrologic processes for the catchment 

draining to Warragamba Dam 

Á A WBNM (Boyd et al, 2012) model was used to define hydrology for the balance of the catchment 

located outside of the Warragamba Dam catchment.  This includes the Nepean River, Grose River, 

South Creek, Colo River and Macdonald River catchments.   

The RORB model from the 2019 Flood Study was retained for the catchment draining to Warragamba 

Dam as the model underwent a significant calibration effort as part of the 2019 Flood Study with a 

particular focus on streamflow and rainfall records upstream of the dam.  Therefore, there was 

considered limited opportunity to further improve on the performance of this existing model for 

Warragamba Dam catchment.  

The WBNM model that was developed for the ΨIŀǿƪŜǎōǳǊȅ bŜǇŜŀƴ IȅŘǊƻƭƻƎƛŎ aƻŘŜƭ ¦ǇŘŀǘŜΩ 

(WMAwater, 2018) formed the basis for defining hydrologic processes for the catchment areas external 

to Warragamba Dam.  The WBNM model was adopted in preference to the RORB model as it was 

calibrated to additional locations outside of the Warragamba Dam catchment. 

However, as a key outcome of the current study includes providing contemporary and detailed flood 

information, further updates and refinement of the WBNM model were completed as part of the 

current study.  The key components of the update are as follows: 

Á Refinement of the model, providing greater resolution at sub-catchment scale, with an increase 

from 233 sub-catchments to 792 sub-catchments  

Á Detailed consideration of the imperviousness fraction of those sub-catchments within the model 

based on contemporary land uses 
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Á Refinements of the representation of the Upper Nepean Dams and Mangrove Creek Dam storage 

relationships 

Á Calibration and validation of this refined hydrologic model, incorporating additional streamflow 

locations for areas external to the Warragamba Dam catchment, for a range of historical flood 

events including recent floods which were not available for the calibration of previous hydrologic 

models. 

An overview of the refined catchment delineation and the extent of the WBNM model is shown in Figure 

3-2. 

Table 3-2. Summary of Available Dataset 

Dataset Description 

Hydrologic Data 

Rain gauges 
Rain gauge data for historical events was collected from various sources, including 
Bureau of Meteorology (BoM), Manly Hydraulics Laboratory (MHL) and Sydney Water.  
This was supplemented by radar data for more contemporary flood events. 

Stream gauges Stream gauge data were collected from BoM, MHL and WaterNSW.   

Dam details 
Details on the dams (Upper Nepean, Warragamba and Mangrove Creek), including 
stage-storage relationships, as well as the spillway details, were compiled from data 
from WaterNSW, the 2019 Flood Study and other reporting previously undertaken. 

Land use 
Land-use information was derived based on LiDAR point classification data, to assist in 
defining the catchment imperviousness in the more developed areas of the catchment. 

Hydraulic Data 

Terrain Data 
A combination of different LiDAR survey and ground survey was available for the 
establishment of the model terrain.  This was further supplemented with information 
on current developments occurring in and adjacent to the floodplain. 

Bathymetry 
The bathymetry was derived from a composite of different bathymetry data sets that 
have been collected, including an infill survey commissioned for the 2024 Flood Study. 

Surface Roughness 
Land-use information was derived based on LiDAR classification data, together with 
ƻǘƘŜǊ ǎƻǳǊŎŜǎΣ ǘƻ ŘŜǊƛǾŜ ŀ άǊƻǳƎƘƴŜǎǎέ categorisation for the study area. 

Hydraulic Structures 
Data on hydraulic structures (bridges and culverts) was collated from a variety of 
sources, including TfNSW, councils, previous studies and available data. 

Calibration and 
Validation Data 

Data on historical events included water level gauge data as well as observations of 
flooding collated from previous reporting. 

For the most recent historical events of February 2020, March 2021, March 2022 and 
July 2022, significant datasets were captured, particularly for the last 3 events.  In 
addition to gauging, aerial imagery, drone imagery, on-the-ground survey and various 
other sources of data were compiled to create a comprehensive library of data for each 
flood event.  This was used to assist in the calibration and validation of the hydraulic 
model. 
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Figure 3-2. Overview of Updated Hydrologic Model Sub-Catchment Delineation 



 
 

Hawkesbury-Nepean River Flood Study ς Final Report  22 

Following refinement of the hydrologic model, it was calibrated against 8 historical flood events that 

have occurred within the Hawkesbury-Nepean catchment, using data from 15 streamflow gauges: 

Á June 1964 

Á June 1975 

Á March 1978 

Á August 1986 

Á April/May 1988 

Á August 1990 

Á August 1998 

Á February 2020. 

An overview of the streamflow gauge locations used for calibration is provided in Figure 3-3. 

At the commencement of the calibration process, parameters were initially adopted consistent with the 

WMAwater (2018) configuration.  Then, an iterative approach was adopted, to modify the model 

parameters to best fit the overall flow gauge data.  This iterative approach involved: 

Á Testing of alternative WBNM lag routing parameter values, to ensure that the flow hydrographs 

were representative of the timing and shape associated with each of the historical events 

Á Modification of the initial and continuing losses for each storm event to represent the appropriate 

condition for each flood event. 

This process was undertaken in the context of the overall accuracy of both the input data for the model, 

particularly the rainfall information, and the accuracy of the different streamflow records.  The 

calibration focused on both the representation of the peak flows, as well as the shape and timing of the 

hydrograph.  The model results show a good comparison to the observed streamflow records in the 

various catchments.  Examples of the calibration hydrographs are shown in Figure 3-4. 

Further details on the development and calibration of this WBNM model are provided in Technical 

Volume 2.   

Following the initial model calibration, significant floods occurred in March 2021, March 2022 and July 

2022.  These events provided an opportunity to collect additional data to further validate the WBNM 

model performance.  Further discussion on the outcomes of the model validation is provided in: 

Á March 2021 Validation: Technical Volume 8. 

Á March 2022 Validation: Technical Volume 9. 

Á July 2022 Validation: Technical Volume 10. 
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Figure 3-3. Streamflow Gauges and Catchments for Calibration 
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Figure 3-4. Example WBNM Calibration Flow Hydrographs for 1978 Flood - Nepean River at Maldon 
Weir (left) and Colo River at Upper Colo (right) 

3.4 RUBICON Hydraulic Model 

The RUBICON hydraulic model was developed as a part of the 2019 Flood Study.  It is referred to as a 

quasi-2D model, as it incorporates a number of branches and flowpaths within the one-dimensional 

domain in order to represent the complex overbank flowpaths and storages.  This is a fast running model 

that is suitable for use with a Monte Carlo framework (Section 3.6) and it underwent extensive 

calibration and verification as a part of the 2019 Flood Study.   

This model was further refined as a part of the 2024 Flood Study.  This included extending the calibration 

of the model to Wallacia, based on the joint probability assessment in Technical Volume 6.  Similarly, 

additional calibration was undertaken at Sackville Ferry, Colo Junction and Webbs Creek Ferry based on 

stage frequency analyses undertaken in those locations.  This assisted in informing the initial and 

continuing losses in the Monte Carlo framework, together with the timing of inflows on the Colo River 

and downstream tributaries.   

Further verification and modification of the model was undertaken to align it with the TUFLOW model 

(Section 3.5), to ensure that the RUBICON would provide suitable outputs from the Monte Carlo 

framework.   

Further details on the refinement of the RUBICON model are provided in Technical Volume 7. 

3.5 TUFLOW Hydraulic Model 

3.5.1 Model Setup 

The Hawkesbury-Nepean River system includes an array of features that influence the movement of 

floodwaters.  Each of these features needs to be represented in the model in sufficient detail to ensure 

a reliable description of flood behaviour is provided.  However, this is a challenging task as the hydraulic 

model area is large (i.e., more than 1,500 km2) which can limit the detail that can be incorporated in the 

model without encountering extensive simulation run times and/or computer memory limitations.   

The TUFLOW Highly Parallelised Computer (HPC) software3 was selected to develop the new hydraulic 

computer model of the Hawkesbury-Nepean River system as part of the project.  The TUFLOW HPC 

 
3 TUFLOW Version 2020-1-AB was used for all hydraulic simulations (BMT, 2020) 
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software was selected due to its widespread use in the industry, significant research on its application 

in similar environments, and its allowance for a 2D representation of the movement of floodwater.  The 

HPC version of the software takes advantage of the additional processing power of graphics cards to 

provide expedited simulation times.  This allows the model simulations to be completed within 

reasonable timeframes (days).   

The goal of the 2024 Flood Study is to define mainstream flood behaviour for the Hawkesbury-Nepean 

River system.  Although the hydraulic model incorporates a number of tributaries, the scale/resolution 

of the model does not permit a detailed description of local catchment flood behaviour along each of 

these smaller/narrower watercourses.  However, the backwater storage volume from the Hawkesbury-

Nepean River afforded by these tributaries is represented.  The reader should refer to specific, detailed 

flood studies for each of these tributaries that may be available from local councils for the most 

contemporary description of local flood behaviour.   

A detailed description of the TUFLOW model setup is provided in Technical Volume 3 and a summary 

of key model inputs and features is provided in Table 3-3. 

Table 3-3. Summary of TUFLOW Model Configuration 

Key Features Description 

Model Extent 

The TUFLOW model was developed to provide a reliable description of flood behaviour 
within the defined study area extent (i.e., from Bents Basin downstream to Juno Point).  
However, the model was subsequently extended further upstream during the model 
calibration as it was determined the floodplain storage in the vicinity of Camden has a 
notable impact on flood behaviour in the vicinity of Wallacia.  Therefore, the final 
model extends upstream to Cowpasture Bridge at Camden.   

The model also includes the lower reaches of major tributaries such as the Grose River 
and Colo River as well as all backwater storage areas such as South Creek and Eastern 
Creek. 

The extent of the TUFLOW model is shown in Figure 3-5. 

Grid Size 

The TUFLOW software uses a grid to define key features of the study area including the 
topography and hydraulic roughness.  Therefore, the grid cell size of the model defines 
the level of detail, or resolution, of the model.  A finer resolution can provide for more 
detailed representation of hydraulic features but will encounter extended run times 
and, potentially, computer memory limitations. 

A 15 metre grid size was adopted for all final calibration and design flood simulations 
(the model was also set up to allow use of a 20 metre grid size for initial model 
simulations with expedited run times).  In addition, sub grid sampling was employed 
to enable a more detailed representation of features at the sub-grid level.  A 5 metre 
sub grid sampling interval was adopted across the broader model area and a 2 metre 
sampling interval was adopted across more urbanised areas. 

Terrain and 
Bathymetry 

The floodplain topography in the TUFLOW model was defined based on contemporary 
data sets, including the most recent LiDAR terrain data, supplemented with 
representations of recent developments in the study area.  This results in a floodplain 
terrain representative of mid-2020 conditions. 

The channel bathymetry (i.e., areas located below the permanent water surface and 
therefore, absent from LiDAR datasets) has been sourced from the most up to date 
hydrographic survey data throughout the Hawkesbury and Nepean Rivers, providing a 
continuous and detailed description of the conveyance capacity of the main 
watercourses at a resolution not previously available. 
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Key Features Description 

Hydraulic Roughness 

¢ƘŜ ƘȅŘǊŀǳƭƛŎ ǊƻǳƎƘƴŜǎǎ όƛΦŜΦΣ aŀƴƴƛƴƎΩǎ ΨƴΩύ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ǘƻ Ŧƭƻǿ ŀŦŦƻǊŘŜŘ 
by different land uses/obstructions (e.g., trees, buildings, grass).  The spatial variation 
in roughness was defined using remote sensing land use information which is 
described in Technical Volume 2.  This land use information was further updated and 
refined using recent aerial imagery as well as the outcomes of site visits.  

The roughness coefficients assigned to each land use were initially assigned based on 
values quoted in literature.  The coefficients were subsequently refined as part of the 
model calibration process. 

Bridges and Culverts 

A representation of all bridges and major culverts located within the Hawkesbury-
Nepean floodplain was included in the TUFLOW model.  The individual spans of 
άƳŀƛƴǎǘǊŜŀƳέ ƘȅŘǊŀǳƭƛŎ ǎǘǊǳŎǘǳǊŜ όƛΦŜΦΣ ƳŀƧƻǊ ōǊƛŘƎŜǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ Hawkesbury and 
Nepean Rivers) were represented as 2-dimensional structures.  This allows the differing 
blockage potential of individual bridge spans to be represented. 

{ǘǊǳŎǘǳǊŜǎ ǎǳōƧŜŎǘ ǘƻ άƻǾŜǊōŀƴƪέ ŀƴŘ άōŀŎƪǿŀǘŜǊέ ƛƴǳƴŘŀǘƛƻƴ ǿŜǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀǎ 
either 2-dimensional structures (for larger bridges) or 1-dimenstional structures (for 
smaller culverts). 

Blockage was assigned to each mainstream hydraulic structure as well as overbank 
structures in the Emu Plains and Peach Tree Creek floodplains for all design flood 
simulations based on ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛƴ Ψ!ǳǎǘǊŀƭƛŀƴ wŀƛƴŦŀƭƭ ŀƴŘ wǳƴƻŦŦΥ ! DǳƛŘŜ ǘƻ 
CƭƻƻŘ 9ǎǘƛƳŀǘƛƻƴΩ ό.ŀƭƭ Ŝǘ ŀƭΦΣ нлмфύ. 

Weirs 

A representation of weirs located within the study area was also incorporated in the 
model.  The river area ƭƻŎŀǘŜŘ ōŜƘƛƴŘ ŜŀŎƘ ǿŜƛǊ ǿŀǎ άŦƛƭƭŜŘέ ǿƛǘƘ ǿŀǘŜǊ ǘƘŀǘ ǿŀǎ ǎŜǘ ǘƻ 
the top of each weir elevation.  That is, it was assumed that the river areas contained 
behind each weir were άfullέ for each flood simulation. 

Model Boundary 
Conditions 

Hydraulic computer models such as TUFLOW require suitable boundary conditions to 
define where water enters and leaves the model area.  The upstream model 
boundaries (representing where flows enter the TUFLOW model area) were defined 
using flow hydrographs produced by the hydrology models.  The flow hydrographs for 
smaller tributaries (e.g., Cattai Creek) were applied directly to the Hawkesbury and 
Nepean Rivers. Flow hydrographs for major tributaries (e.g., Colo River) were applied 
at the upstream model boundaries.  ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ άǊƻǳǘƛƴƎέ ƻŦ Ŧƭows along minor 
tributaries was represented in the hydrology model and the routing of flow along major 
tributaries was represented in the TUFLOW model. 

The downstream boundary (defining where water leaves the model) was defined as a 
time varying ocean water level (i.e., tide).  
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Figure 3-5. Hydraulic Model Area 
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3.5.2 Calibration  

Calibration of the new TUFLOW model was completed to ensure the model setup was providing a 

reliable representation of flood behaviour across the study area.  This involved comparing simulated 

flood levels generated by the model against recorded water levels at stream gauge locations as well as 

surveyed flood mark elevations for the following historical floods: 

Á November 1961 

Á June 1964 

Á June 1975 

Á March 1978 

Á August 1986 

Á May 1988 

Á August 1990 

Á February 2020. 

The location of active stream gauges that were used as part of the calibration is shown in Figure 3-6. 

Inflows to the TUFLOW model were defined based on flow hydrographs produced by the calibrated 

hydrology models.  Calibration was then completed by adjusting the TUFLOW model parameters (mainly 

hydraulic roughness) to minimise differences/achieve the best possible correlation between simulated 

and recorded flood levels while keeping parameters within reasonable bounds.   

Following the initial model calibration, significant floods occurred in March 2021, March 2022 and July 

2022.  These floods provided an opportunity to collect additional data to further validate the TUFLOW 

model performance.  This included extensive data collection efforts in the Lower Hawkesbury River 

where only sparse amounts of historical flood information were previously available.   

The calibration and validation focused on both the representation of the peak flood levels (for locations 

with surveyed peak flood levels), as well as the time variation in water levels (for stream gauge 

locations).  The model results provide a good reproduction to the gauge records along the Nepean and 

Hawkesbury Rivers.  Examples of the stage hydrographs for the March 2021 flood are shown in Figure 

3-4. 

Further details on the calibration of the TUFLOW model are described in Technical Volume 3 and 

information on the validation of the TUFLOW model to the recent floods are provided in: 

Á March 2021 Validation: Technical Volume 8. 

Á March 2022 Validation: Technical Volume 9. 

Á July 2022 Validation: Technical Volume 10. 
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Figure 3-6.  Location of water level gauges for hydraulic model calibration floods 


























































































































