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ABSTRACT 

Flood risk management in Australia is now required to be assessed using the latest Australian 
Rainfall and Runoff 2019 (ARR 2019) guidelines. In conjunction with these guidelines, we are 
also seeing the establishment of jurisdiction based requirements such as the NSW Office of 
Environment and Heritage (OEH) guidelines for NSW and various Council reviews of IFD 
data, with more likely to come. Practitioners need to understand the ARR 2019 implications 
on the detailed design delivery of large infrastructure projects.         

The detailed design of the Western Sydney Airport considered three design stages developed 
concurrently, with the final stage consisting of approximately 48km of stormwater pipes and 
eight detention basins. The flood risk assessment involved 1D/2D TUFLOW hydraulic 
modelling of the full suite of storm durations, from the very short storms critical to local 
catchment overland flow paths within the airport to long duration storms critical for impact 
mitigation in the downstream creeks. In all, 12 storm durations were assessed with the 
ensemble of ARR 2019 temporal patterns to understand the flood risk constraints across the 
site – a total of 120 storm scenarios were run per AEP per development stage, or 1680 
simulations per design submission.  

The number of storm events assessed, combined with the constant design development driven 
by pavement, roads, drainage, buildings, and dam safety, translated to a very digital resource 
intensive flood modelling project. 

This paper focuses on the flood risk management challenges and learnings experienced using 
ARR 2019 for the Western Sydney Airport, efficiencies in adopted ARR 2019 methodologies, 
flood modelling using TUFLOW HPC in conjunction with drainage design using DRAINS 
modelling, as well as data storage and transfer challenges exacerbated with the COVID-19 
restrictions. 



 

 

 

 

Flood risk management design for the Western 
Sydney Airport and the challenges associated with 

adopting ARR 2019 on large scale infrastructure 
design projects 

1. INTRODUCTION 

Western Sydney Airport (WSA) is building Sydney’s new airport which will be a transformational 
infrastructure project that will provide much needed additional capacity to meet the growing aviation 
demand in the Sydney Basin Area. The initial development involves delivery of a single 3.7km runway, 
terminal and airport facilities to provide for up to 10 million passengers annually by 2026 (PAL 1). 
Future stages of development will expand the airport’s capacity up to 37 million annual passengers by 
the 2050s (PAL 3) and 82 million annual passengers by the 2060s (PAL 4).  

This paper discusses the flood risk management design undertaken for the WSA bulk earthworks 
package. The package involved the 100% trunk drainage detailed design for PAL 1 and 60% detailed 
design for PAL 3 and PAL 4 stages. The trunk drainage included open channels, drainage pit/pipe 
networks and detention basins controlling all flow off-site. Flood modelling using TUFLOW was used 
to assess the overland flow paths for storm events which exceed the drainage network capacity, ensure 
flood immunity from the adjacent creeks and confirm that there are no unacceptable flood impacts 
outside the airport site. 

 

Figure 1  Final Stage of Western Sydney International Airport (Western Sydney Airport, 
Available at: https://westernsydney.com.au/, Accessed: August 2021) 



 

 

2. PROJECT OVERVIEW 

2.1 Catchment Description 

The WSA site is located within the suburb of Badgerys Creek. It sits within the upper reaches of the 
South Creek catchment which is a tributary of the Hawkesbury River. The north-western corner of the 
site drains into the Nepean River catchment. The current catchment condition is largely undeveloped 
but does contain a large number of small farm dams. 

The site is on a catchment ridge line with no floodways crossing the site. However, the site is closely 
enclosed by Cosgroves Creek along the northern boundary, Badgerys Creek along the southern 
boundary, and Duncans Creek along the western boundary (refer Figure 2).  

 

Figure 2 WSA Hydrological Catchments  

2.2 Design 

The design considered the three development stages for PAL 1, PAL 3 and PAL 4. Each stage required 
a mastergrading bulk earthworks design and associated trunk drainage network.  

The surface runoff from the proposed airport site will be conveyed by open channels and grated inlets 
to the trunk drainage network. The trunk drainage discharges into designated flood detention basins. 
Figure 4 presents the PAL 4 design and highlights the key discharge points from the development. The 
basins control the site discharge to manage impacts in the downstream creeks.  The PAL 4 stage has a 
development footprint area of approximately 1,400 ha., with the stormwater runoff being managed 
through 48 km of trunk pipework feeding to eight detention basins.  

Future building design and roof drainage catchments were also considered, particularly the terminal 
building which has a roof catchment area of 59 ha.  

The local catchment drainage connecting to the trunk drainage will be determined by future designers, 
and, as a result, was not included in the flood modelling prepared for this package. Instead, the 
stormwater runoff is assumed in the model to follow overland flow paths and connect directly to the 
trunk drainage.  



 

 

 

Figure 3 WSA PAL 4 Trunk Drainage Network Overall Site Plan  

2.3 Scope and Relevant Design Criteria  

The flood assessment scope was to assess the WSA overland flow paths for storm events which exceed 
the drainage network capacity, check flood immunity from the adjacent creeks and confirm that there 
are no unacceptable flood impacts outside the airport site. The scope also included addressing dam 
safety requirements. These flood assessment requirements were set by the project Scope of Works and 
Technical Criteria document and the Functional Specification. 

3. FLOOD ASSESSMENT 

3.1 Methodology 

The trunk drainage network was designed to convey the 1% AEP flood event as part of the drainage 
package using 1D DRAINS software. The DRAINS 1D software was used to estimate sub-catchment 
runoff and undertake one-dimensional unsteady flow network hydraulic modelling.  

2D TUFLOW modelling was adopted for the flooding package to assess the overland flow paths within 
the WSA site for the PMF event, assess flood impacts downstream for events up to and including the 
1% AEP, and determine flood levels in the surrounding creek systems. 

A coupled 1D/2D hydraulic model using TUFLOW (Figure 5) was developed covering the airport site 
as well as the Badgerys Creek and Cosgroves Creek catchments, with a total modelled area of 44 km2. 
The HPC GPU (Heavily Parallelised Compute)  TUFLOW module was adopted to enable faster 
simulation times. The simulation times were dependent on the storm duration assessed and ranged from 
10 minutes to 2 hours per storm. 

A rain on-grid modelling approach was adopted, applying the rainfall across the catchment and routing 
the runoff through the hydraulic model itself. No explicit hydrologic modelling was prepared. An initial-
continuing loss model was adopted for the catchment modelling. Calibrated losses from the 2015 
Updated South Creek Flood Study were adopted. The initial losses were reduced by the ARR pre-burst 
rainfall depths to simulate a complete storm with the Bureau of Meteorology design burst rainfall 
(Figure 4). 
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Figure 4 Distinction between Storm and Burst Initial Loss (ARR Book 5, Figure 5.3.5) 

A 5m grid size was adopted as a suitable grid size to define the area of interest and creek widths whilst 
maintaining reasonable model run times. The time step for the HPC GPU TUFLOW model is adaptive 
and changes as the simulation progresses. 

Drainage pits and pipes were represented in the TUFLOW hydraulic model as 1D elements. The trunk 
drainage structure details, including location and orientation, were directly exported from the drainage 
design 12D models using GIS tools. As the local catchment connections to the trunk drainage are to be 
determined by future designers, the local airside and landside runoff was connected to the trunk drainage 
directly from the overland flows. Although there is a risk associated with this assumption, it is an 
accepted limitation in the absence of information only available at future design stages.  

The Badgerys Creek and Cosgroves Creek catchments contain a large number of small farm dams and 
storages. Using a direct rainfall hydraulic model, these storages have the potential to attenuate the 
modelled runoff from the catchment. An initial water level grid was adopted assuming the storages to 
be full. The initial water level grid was prepared by running a large storm event and allowing the model 
to drain out completely, leaving only ponding water in low points and storages. This approach removes 
the impact of storages and topography noise within the catchment. It provides a better match with 
hydrology model estimates. 



 

 

 

Figure 5 WSA TUFLOW Model Extent 

3.2 Hydraulic Model Validation 

Flood gauges suitable for calibration are located further downstream in the South Creek catchment, and 
not within the Badgerys Creek and Cosgroves Creek catchment reaches. Rainfall losses were adopted 
from the calibration undertaken for the 2015 Updated South Creek Flood Study. This is in accordance 
with the jurisdiction specific guidance for NSW as provided through ARR data hub. 

The RFFE tool was developed as part of ARR 2019 to estimate peak flows for small to medium-sized 
rural catchments. This method uses flood frequency characteristics from a database of 853 gauged 
catchments and transfers nearby characteristics to the location of interest. There are limitations 
associated with the use of RFFE. Of most relevance, is that RFFE cannot be applied to catchments 
where the construction of a dam or weir has significantly altered the natural rainfall-runoff behaviour. 
The presence of a significant number of small farm dams within the Badgerys Creek and Cosgroves 
Creek catchments may affect the reliability of using RFFE. Furthermore, the NSW Office of 
Environment and Heritage (OEH) (now Department of Planning, Industry and Environment) guidelines 
for NSW catchments developed revised Flood Frequency Analysis using reconciled rainfall losses for 
a number of gauges in NSW. This work included the stream gauge on South Creek at Elizabeth Drive, 
the nearest gauge to the WSA site used in the RFFE. The OEH reconciled FFA estimates for the 1% 
and 2% AEP are significantly lower than the at site FFA and RFFE estimates for the same location 
(Figure 6).  

As a result of the overestimate bias associated with RFFE within the South Creek catchment, the RFFE 
was not adopted as a validation method. Instead, the TUFLOW hydraulic model performance was 
validated against the DRAINS model developed for the WSA BEP trunk drainage design. The DRAINS 
model adopted the RAFTS storage routing approach for the undeveloped catchments and the IL-CL 
model for assessing the WSA developed catchment. 



 

 

The downstream creek pre and post project peak flow estimates from the two models were generally 
within 10% of each other. The model flow comparisons are presented in Table 1 and Table 2 below.  

Post-project peak flow estimates within the WSA site were within 20% on average between the two 
models. The DRAINS model tends to estimate shorter times of concentration than the TUFLOW model. 
This is consistent with the DRAINS model assumptions on times of concentrations for sub-catchments 
compared with the TUFLOW rain on grid routing approach. 

 

Figure 6 OEH FFA Reconciled Losses for South Creek at Elizabeth Drive (Reconciled Losses 
Map, ARR Data Hub) 

 



 

 

Table 1 DRAINS and TUFLOW Peak Flow Comparisons for Pre-Project Conditions 

Reporting Location Reference 

WSA TUFLOW 
Model Flows 

(m3/s) 

DRAINS Flows 
(m3/s) 

% Difference 

1% AEP 2% AEP 1% AEP 2% AEP 1% AEP 2% AEP 

Badgerys Creek at Elizabeth Drive 
(Downstream of Basin 1) 

130.7 116.1 130.0 113.0 1% 3% 

Badgerys Creek 1300m upstream 
of Elizabeth Drive (Downstream of 
Basin 2 

113.0 96.3 105.9 91.2 6% 5% 

Oaky Creek at Elizabeth Drive 
(Downstream of Basin 6)  

31.5 26.6 30.2 26.0 4% 2% 

Cosgroves Creek Discharge Point 
(Downstream of Basin 7) 

16.1 13.9 14.7 12.8 9% 8% 

Duncans Creek Discharge Point 
(Downstream of Basin 10) 

14.1 12.3 11.8 10.3 16% 16% 

Table 2 DRAINS and TUFLOW Peak Flow Comparisons for Post-Project Conditions 

Reporting Location Reference 

WSA TUFLOW 
Model Flows 

(m3/s) 

DRAINS Flows 
(m3/s) 

% Difference 

1% AEP 2% AEP 1% AEP 2% AEP 1% AEP 2% AEP 

Badgerys Creek at Elizabeth Drive 
(Downstream of Basin 1) 

122.7 100.0 128.0 108.0 
-4% -8% 

Badgerys Creek 1300m upstream 
of Elizabeth Drive (Downstream of 
Basin 2 

106.3 90.5 106.0 90.2 
0% 0% 

Oaky Creek at Elizabeth Drive 
(Downstream of Basin 6)  

13.1 11.6 19.1 16.9 
-46% -46% 

Cosgroves Creek Discharge Point 
(Downstream of Basin 7) 

12.2 10.7 13.9 10.7 
-14% 0% 

Duncans Creek Discharge Point 
(Downstream of Basin 10) 

8.9 7.5 10.7 9.2 
-20% -23% 

4. AUSTRALIAN RAINFALL AND RUNOFF 2019 

The WSA project required the design to be prepared in accordance with the latest version of Australian 
Rainfall and Runoff 2019. Some of the key ARR 2019 updates adopted for the WSA project are noted 
below.  

4.1 Jurisdiction Specific Guidelines for NSW 

The ARR data hub provides NSW specific recommendations for rainfall losses to be used in flood 
investigations. This approach was developed by the former NSW Office of Environment and Heritage 
(OEH) (now Department of Planning, Industry and Environment) in response to under-estimation of 
flows being experienced when using ARR 2019 design event methods with default data from the ARR 
data hub. The OEH guideline adopts a hierarchical approach to loss and pre-burst estimation. The 
proposed hierarchy prioritises the use of calibration losses for the catchment, if available. Calibrated 
losses were available for the WSA catchment from the 2015 Updated South Creek Flood Study.  

NSW FFA-reconciled losses are also available through the ARR 2019 data hub. The OEH hierarchy for 
design losses notes that, in the absence of calibrated data, these losses should be used within the 
catchment in which they were derived or similar adjacent catchments. NSW FFA-reconciled losses are 
available for the South Creek catchment to Elizabeth Drive, located adjacent to the Badgerys Creek 



 

 

catchment. A comparison of the losses is presented in Table 3 and shows a reasonable match within 
15% of the Updated South Creek Flood Study calibrated losses for Badgerys Creek and Cosgroves 
Creek. The Updated South Creek Flood Study calibrated losses were thus used for the assessment.  

The calibrated losses presented in the Updated South Creek Flood Study represent the initial storm 
losses for the catchment. These initial storm losses have been adjusted to probability neutral burst losses 
for use with burst rainfall in accordance with the OEH guidelines. The default storm initial loss and pre-
burst losses presented in ARR Data Hub were used to adjust the Updated South Creek Flood Study 
storm initial losses using Equation 1 below.  

𝐼𝐿   𝐼𝐿    
𝐼𝐿    

𝐼𝐿    
 

Equation 1 Adjustment for Burst Initial Losses (Floodplain Risk Management Guide, OEH) 

Table 3 Rainfall Loss Comparison 

Document/ Model Pervious Areas 

IL (mm) CL (mm/hr) 

ARR data hub default data 46.0 3.40 

NSW FFA-reconciled losses for South Creek to 
Elizabeth Drive (Station Number 212320, Mulgoa 
Road) 

42.4 1.04 

Updated South Creek Flood Study (2015) 37.1 0.94 

4.2 Preburst Rainfall 

The Intensity Frequency Duration rainfall data adopted from the Bureau of Meteorology represents 
burst rainfall data rather than complete storms. To assess a complete storm in accordance with ARR 
2019, pre-burst rainfall should be included with the burst rainfall (Figure 4). Pre-burst rainfall data is 
available through ARR Data Hub. The flood modelling prepared for the Site has accounted for pre-
burst rainfall, reducing the adopted storm initial losses by the pre-burst rainfall depths. 

4.3 Temporal Patterns 

Temporal patterns are used in flood hydrology to define a storm’s rainfall distribution over time. ARR 
1987 recommended a single pattern for each storm duration based on the Average Variability Method 
(AVM). Pluviograph data was used to develop burst patterns which were then averaged to develop a 
single averaged pattern (refer Figure 7). 

ARR 2019 recommends the ensemble approach to flood modelling wherein ten temporal patterns are 
assessed for each duration. The patterns are based on real storm observations with variability in the 
rainfall distributions.  

For this assessment, all ten ARR temporal patterns were assessed for each storm duration. For the PMF, 
the ensemble of temporal patterns presented in Jordan et al (2005) were adopted as recommended in 
Book 8 of ARR 2019. 

For events more frequent than the PMP, the critical storm was determined by first assessing the median 
flood level resulting from the ensemble of temporal patterns for each duration. The maximum (of the 
median) flood levels across all durations was selected as the critical storm. The critical PMP storm was 
determined as the maximum of all relevant durations and temporal patterns and represents the Probable 
Maximum Flood (PMF) storm. The ARR 2019 temporal patterns associated with the 6 hour storm 
duration are presented in Figure 7.  The ARR 1987 pattern is included for reference.  
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Figure 7 ARR 2019 6 Hour Duration Temporal Patterns 

4.4 Design Blockage 

The design blockage was determined in accordance with the ARR 2019 blockage assessment 
methodology which considers the debris availability and mobility. 50% blockage was applied at all sag 
pits within the channels and between taxiways/runways. 0% blockage was adopted at headwalls. The 
headwall inlets are unlikely to be blocked due to the low debris potential within the airport environment 
and the relative minimum culvert sizes. 

5. CHALLENGES AND LEARNINGS 

The following section outlines the flood risk management challenges and learnings experienced using 
ARR 2019 for the Western Sydney Airport. 

5.1 Challenges 

With a very constrictive project program, the most critical challenge to the flood risk assessment was 
the time constraint for delivery. This led to a number of associated challenges identified below. 



 

 

 Project Programme & Design Development - Design submissions were required at 30%, 60%, 
100% and IFC with approximately six weeks between each submission. Despite the constrictive 
delivery programme, the design case flood modelling could only be progressed once the 
earthworks and drainage design models were locked or sufficiently developed for a design 
stage. This timing was impacted by a continuously evolving design based on input from roads, 
dams, pavements and buildings.  

 Magnitude of the proposed development - The PAL 4 design had a 1400 ha footprint, consisted 
of eight detention basins and approximately 48km of drainage pipe length or 300 TUFLOW 
pipe elements. Eight discharge points were associated with the development with the potential 
to impact downstream flood conditions. 

 Scenarios required to be assessed - The 10% AEP, 2% AEP, 1% AEP and PMF events were 
assessed for the PAL 1, PAL 3 and PAL 4 design stages to demonstrate compliance with the 
events required by the SWTC and Functional Specification. Within the airport site, the shorter 
duration storms less than 3 hours were critical. Downstream of the airport within Badgerys 
Creek and Cosgroves Creek the longer storm durations were critical up to a duration of 12 
hours. A total of 14 storm durations were assessed to present the critical flood envelope within 
the airport site as well as the downstream catchments. Including the ensemble of 10 ARR 
temporal patterns for each storm duration resulted in a total of 1680 model runs per design 
submission. The simulation times were dependent on the storm duration assessed and ranged 
from 10 minutes to 2 hours per storm. The complete set of scenarios would take approximately 
eight days to run. The ensemble approach can be counterproductive in an infrastructure project. 

 Defining the allowable afflux – The project requirement for allowable afflux was not defined 
prior to commencement of detailed design. The detailed design scope included Council and 
community consultation on any identified downstream impacts. This was a lengthy process 
which impacted the delivery program.  

 Ensemble of temporal patterns – Assessing the ensemble of temporal patterns greatly added to 
the modelling effort required for the project. It also introduced challenges to the design of the 
detention basins. The detention basins were found to be least effective against backloaded storm 
patterns such as TP 4722 (refer Figure 7), when the majority of the rainfall occurs towards the 
end of the storm, and result in reduced storage capacity as the basin is already partially filled at 
the time of the flood surge. Figure 8 presents a comparison of the performance of detention 
Basin 3 under a front versus back loaded storm. The detention basin works harder to attenuate 
the smaller peak inflow from the back loaded storm.  

 COVID-19 – The majority of the project was delivered at the height of the COVID restrictions 
with project staff working from home. Home internet speeds and VPN constraints were 
significant challenges encountered.  

 

Figure 8 Front Versus Back Loaded Storms Through Detention Basin 6 



 

 

5.2 Adopted Approaches 

The following approaches were adopted to address the challenges identified in Section 5.1 

 DRAINS modelling for design - the DRAINS model is a 1D network model best suited for 
assessing drainage networks that are not surcharging. The TUFLOW hydraulic model is a 2D 
hydraulic model better suited to predict overland flow paths including the flood hydraulics 
within the larger creek systems surrounding the site. For the design of the WSA trunk drainage 
pit/pipe network and detention basins, it was identified that the faster running 1D network 
model provided substantial benefits to meet the delivery programme. The two modelling 
platforms were found to be required to best respond to the diverse needs of the design delivery, 
between the stormwater network design and the flood management. In such instances, 
communication protocols are essential to ensure the consistency of design data between all the 
design packages. 

 HPC GPU (Heavily Parallelised Compute) – this TUFLOW solver enables parallelisation of 
the TUFLOW model to run a single TUFLOW model across multiple GPU graphics cards 
which utilise thousands of smaller CUDA GPU cores. This provided significantly quicker 
model run times and was critical for delivery of this project.  

 Rain on grid model – The rain on grid hydraulic modelling approach was adopted to allow for 
flexibility in assessing the continuously evolving earthworks design for the three development 
stages. This removed uncertainties around intercatchment flow distributions. The resulting 
model did have to cover the full Badgerys Creek and Cosgroves Creek catchment areas. 
Hydrology modelling of the external catchments would have reduced the required model extent 
and potentially the associated run times. However, it is not expected that the reduction in run 
time would have been significant. 

 GIS design import - GIS tools were applied to automatically convert the 12d model data into 
the TUFLOW input files. In the instances of detailed design elements, such as the headwall tie-
ins to the open channels, manual conversion was still required, which was time-consuming.  

 Streamlined modelling – During the design development the assessment was very model run 
intensive. Streamline processes had to be created and introduced to focus on the critical 
durations and temporal patterns of interest, to support the rapid decision process inherent to this 
design phase. Of particular value was the use of critical duration flood mapping to identify 
critical storms for consideration in any focus areas. After an early full set of runs, a peak flood 
level envelope was produced using the TUFLOW GIS tools. This outputs a maximum flood 
level grid across the model domain. It also outputs a source file grid which can be tracked to 
the source duration grid. The classified data within this grid can then be used to map the critical 
durations across the entire 2D model domain. A similar GIS grid output is available for the 
critical temporal patterns associated with each duration.  

 Hardware resources – Splitting the project across the hardware identified in Table 4 allowed 
for 10 simulations in parallel. This reduced the run times significantly, but still required eight 
days to run the complete set of scenarios.  

 COVID-19 - Networking software such as Microsoft Teams was critical to the project delivery 
when working from home. A modelling computer hub based in the project office allowed for 
remote access for flood modellers, minimising data transfer delays. Each design scenario 
required approximately 1 terabyte of storage space or 4 terabytes for the full set of runs, 
excluding model check files. VPN upgrades were also carried out to improve networking 
speeds. 



 

 

Table 4 TUFLOW Modelling Machines 

Computer 
Number 

Cores RAM GPU Card GPU Cards Parallel 
Simulations 

1 18 64 GTX 1080 Ti 2 3 

2 18 64 GTX 1080 Ti 2 3 

3 8 64 RTX 2080 Ti 1 2 

4 8 64 RTX 2080 Ti 1 2 

5.3 Potential Improvements 

The following are identified as potential improvements to the project delivery and should be considered 
for future large infrastructure projects.  

 Hardware resourcing - Computing power to enable parallel simulations has become a necessity 
for detailed design project delivery. Additional hardware would have further reduced 
simulation times.  

 GIS design import - Further research and development needs to be undertaken to improve the 
automation of this process. 

 Basin Design - It is recommended that the size of the retarding basins should only be confirmed 
towards the end of the design process, allowing freeboard in the earlier stages of development. 
It is easier to reduce a basin size to optimise it at the end of the design, than reclaim space to 
find additional storage when the site is already fully constrained.  

 Allowable afflux – Stakeholder discussion on this could have been undertaken after the EIS or 
concept design stages to reduce the delay at detailed design.   
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