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ABSTRACT 

One of Australia’s most significant infrastructure project in decades, the Western Sydney 

Airport (WSA) will be an international and domestic airport with two runways, a terminal 

and airport facilities at the ultimate development stage. The WSA site has a total catchment 

area of 1400ha and is situated in the upstream reaches of Badgerys Creek. The proposed 

WSA trunk drainage network consists of approximately 48km of underground pipe network, 

56km of open channels, 8 detention and 10 bioretention basins. Adding to the design 

complexity, the detailed design of the drainage network considered four milestone 

development stages concurrently. This created specific challenges for the stormwater quality 

design for the project. 

How do you build large MUSIC water quality models to minimise data entry and systematic 

errors? The large drainage network needed to be incorporated into a model to determine 

how the water quality objectives are met. Typically, MUSIC models are built using manual 

input. Is there another way of undertaking this task and making it quicker and reducing the 

incidence of systematic errors? 

For the project, there was already built detailed hydrological and hydraulic models for the 

stormwater drainage system. Can these models be used as the basis of the water quality 

models, by migrating the relevant data? 

Fortunately, in this case, both models allowed for the import and export of data in text 

formats and not in a propriety format. This would then allow the use of a script file and 

transform the data from one model to another. As part of the script file a logic tree was 

developed to determine how the data would be transformed and combined to create the 

MUSIC model with minimal editing within the MUSIC model. This paper describes the 

process of how this was undertaken and the lessons learned from the process. 



 

 

INTRODUCTION 

Mega-infrastructure is built in our cities to accommodate population growth and urbanisation. 

However, the natural water cycle will be disrupted as a result of developments such as buildings and 

other forms of infrastructure that seal surfaces, preventing infiltration and evapotranspiration. Thus, 

smart urban stormwater management to prevent flooding, erosion and pollution in our waterways is 

critical for our cities to be liveable and sustainable. 

The Western Sydney International (Nancy-Bird Walton) Airport (WSA) is a transformational 

infrastructure project that will provide much needed additional aviation capacity to meet the growing 

demand in the Sydney basin and improve access to flights for people in Western Sydney. Due to the 

significant change of the catchment characteristics, a sustainable stormwater management strategy 

had been provided to the WSA site to minimise adverse impact to the downstream environment. 

The WSA Bulk Earthworks Package (BEP) project was a Design and Construction project to deliver 

the critical phase for one of the largest infrastructures in decades. From a hydraulic point of view, the 

trunk drainage network design prepared at BEP development stage was the most critical to implement 

the stormwater management strategy with the consideration of environmental impact, safety, airport 

operation requirements and maintenance requirements. 

PROJECT DETAILS 

Background 

Western Sydney Airport (WSA) is a transformational infrastructure project that will generate 

economic activity, provide local employment opportunities and provide much needed additional 

capacity to meet the growing aviation demand in the Sydney basin. 

One of Australia’s most significant projects in decades, the international and domestic airport will 

open in 2026. The initial development involves the delivery of a single 3.7km runway (Runway 

05L/23R), terminal and airport facilities to provide for up to 10 million passengers annually (PAL 1) 

as shown in Figure 1. Future stages of development will expand the airport’s capacity up to 37 million 

annual passengers (PAL 3) and 82 million annual passengers (PAL 4) as shown in Figure 2 and 

Figure 3 respectively. 

 

Figure 1 PAL 1 Airport Site Layout 

 



 

 

 

Figure 2 PAL 3 Airport Site Layout 

 

Figure 3 PAL 4 Airport Site Layout 

 

The Western Sydney Airport (WSA) Bulk Earthworks Package (BEP) is the first major works 

package to be procured for the WSA and is a critical package to enable the airport to open in 2026. 

The BEP Contractor has significant design and construction responsibilities that are required to enable 

the start of later contracts, including the Pavements Package, Terminal and Speciality Works, and 

Landside Civil and Building Works. 

 

 



 

 

Stormwater Management Strategy 

The WSA site has a total catchment area of 1400ha and is situated in the upstream reaches of 

Badgerys Creek, Cosgroves Creek, Oaky Creek (a tributary of Cosgroves Creek) and Duncans Creek. 

Badgerys Creek and Cosgroves Creek are tributaries of South Creek, which is then a tributary of the 

Hawkesbury River. Duncans Creek is a tributary of the Nepean River. 

The site and its surroundings are predominantly rural, vegetated and undeveloped, with a mixture of 

large agricultural lots, rural residential lots and other rural uses. There are numerous farm dams across 

the area connecting into small unnamed tributaries or flow paths, which in turn connect into the major 

creeks. Existing paved surfaces consist of sparsely located buildings and roads. 

Delineation of the airport site catchment followed as much as possible the existing 

watersheds/discharge routes of the downstream creeks around the airport site as per the current 

situation. This was based on the design criteria that the proposed peak flows shall not exceed the 

existing peak flows at the tie-points to the existing creeks downstream. 

The trunk drainage design for the conveyance of the catchment runoff from the Airport runways, 

taxiways, aprons and terminal buildings consists of an underground trunk drainage network and open 

channels in the grassed strips between the airport runways and taxiways. The pit and pipe network 

were minimised by providing swales to convey flows where practical. 

The 4EY (1 in 3 month) low flows from the trunk drainage network are diverted to the bioretention 

system via a low flow diversion device located in the open channel. Flows greater than 4EY will 

overtop or bypass the diversion device and drain to the designated detention basin before discharging 

to the existing watercourse downstream of the WSA site. 

The flow chart in Figure 4 demonstrates the operational stormwater management in the WSA project. 

Figure 4 Proposed stormwater management strategy  

A sketch of a typical combined basin section to demonstrate the above proposed stormwater 

management strategy is presented in Figure 5 below. 

 

Figure 5 Typical basin section 



 

 

The proposed open channels are typically vegetated swales. Vegetated swales and bioretention basins 

are the critical water quality treatment measures for the WSA site to achieve the water quality 

reduction targets in TSS, TP and TN: 

• Vegetated swales: Vegetated swales are provided throughout the site where practical. They are 

typically trapezoidal shaped open channels provided to convey stormwater runoff and filter this 

runoff through vegetation to assist in the removal of coarse sediment and TSS. Vegetated 

swales are normally dry and have been designed to prevent water retention. 

• Bioretention basins: Bioretention basins contain bio-filter materials and are vegetated with 

effective nutrient removal plants. The bioretention basins are proposed at the end of the trunk 

drainage network. Low flows from the trunk drainage network are diverted by low flow gabion 

weirs and treated in the bioretention system, while the higher flows are designed to bypass the 

weirs and discharge directly into the flood detention basins. The bioretention system is 

normally dry and has been designed to prevent prolonged water retention. 

Initially, the design called for a wet sediment forebay to manage incoming sediment before 

distribution onto filters. An initial review of the MUSIC models showed that all the coarse fractions of 

the sediment load would have been removed, more than 80% of TSS annual load, in the grassed 

swales upstream. This high removal rate rendered the sediment forebay ineffectual as it would not 

have enough contact time to settle out any further sediment. Any further capture of sediment would be 

done by the bioretention filter. 

Therefore, the forebays have been redesigned to shallower structures to capture some sediment but 

mainly to dissipate energy and distribute flows. By doing this the forebay could then be designed as a 

dry basin without the requirement of a bird net at all stages, which makes the operation and 

maintenance of the forebay simpler. 

 

Staging and Catchment Delineation. 

The WSA site is divided into 8 subcatchments. For the PAL 4 development stage, 8 detention basins 

with the associated 10 bioretention basins are provided to manage the quantity and quality of 

stormwater runoff from the airport site. Table 1 shows the catchment breakup. 

Table 1 Catchment Breakup and Scenario Comparison 

Catchment Detention 

Basin  

Area 
(Ha) 

Bioretention 

Basin 

Scenario Filter Area (m2) 

PAL1 PAL3 PAL4 PAL1 PAL3 PAL4 

Basin 1 Basin 1 320 BB1N     1780 1780 6250 

BB1S    1810 1810 2600 

Basin 2 DB2 172 BB2      5000 

Basin 3 DB3 115 BB3    1870 3100 5700 

Basin 4 DB4 152 BB4      7350 

Basin 5 DB5 214 BB5      6600 

Basin 6 DB6 173 BB6    3000 3000 4200 

Basin 7 DB7 192 BB7E    1240 1500 4500 

BB7W    1100 1400 3400 

Basin 10 DB10 90 BB10    2650 2650 5300 

From Table 1 there are up to 24 different design scenarios that potentially needed to be modelled. 

After the initial concept investigation, this was reduced to 20 as there were no changes in the 

catchment area between PAL 1 and 3 in a number of the basins. 

In addition to the design of the 10 bioretention basins, there are around 750 individual swale reaches 

to account for in the model. Like with the bioretention basins the sizing and timing of many of the 



 

 

swales changes with the scenarios. 

MUSIC MODEL SETUP 

Initial Model Setup 

The MUSIC models were initially set up manually using the typical method of collecting the data 

from the various sources (drawings, 12D and DRAINS) and then collating this data within a 

spreadsheet for entry into MUSIC modelling. The import into the model was done using spreadsheet 

transfer of data, however, only a small part of the model could be built this way. The most of the 

model was then built manually. Figure 6 shows the setup of a typical MUSIC model for one of the 

basins. 

 

Figure 6 Typical MUSIC Layout 

With the initial model builds, only the ultimate case (82 MAP) models were built with a full 

representation of the drainage network. For the other cases, the drainage network was modelled as a 

simplified lumped model. This approach worked fine for the initial modelling, but as the design 

developed the MUSIC models got out of sync with the design. This required ongoing effort and time 

to keep the models up to date. 

 

Revised Model Setup 

There had to be a better way of keeping the models synchronised with the design, without having to 

manually update the models. The decision was made to then look into options for automating the 

process to reduce the possibility of the systematic errors of doing this task manually. We already had 

a conversion process running between 12D and DRAINS, could we do a similar process to convert the 

DRAINS data to MUSIC? 

Fortunately, with the drainage network being fully modelled in the DRAINS hydrology and 

hydraulics package, this software allows for the export of the input data to a spreadsheet. Similarly, 

the MUSIC model also allows for data to be inputted via a spreadsheet, all that is now required is a 

method to transform the data from one program to the other. Figure 7 shows the components we want 



 

 

to convert in the DRAINS model and how it would look like in the MUSIC model. 

 

 

 

DRAINS  MUSIC 

Figure 7 DRAINS to MUSIC Components 

Our approach utilised python to not just write a script, but develop an entire framework for interfacing 

with the portions of the two models that we needed. Believe it or not, it’s just as easy to do that as it is 

just writing a bespoke script, you just have to give it some thought.  

We followed an object-oriented library approach, which in the end, made complex data manipulation 

easy. this is an example of what that looks like. We have established a library of objects and functions 

that can be readily repurposed and expanded on to suit future needs. Figure 8 shows the components 

used in the conversion. 

 

Figure 8 DRAINS to MUSIC Conversion 

GitLab is a web-based Git repository that provides free open and private repositories, issue-following 

capabilities, and wikis. It is a complete DevOps platform that enables professionals to perform all the 

tasks in a project—from project planning and source code management to monitoring and security1. 

Using GitLab allowed the building of a library for the various component of the model and allow for 

quick changes in the data. The use of this library reduces the bespoke nature of the code as it allows 

for the library to be utilised on other projects. Figure 9 shows how the library is set up. 

 
1 See https://about.gitlab.com/ 



 

 

 

Figure 9 GitLab Library Setup 

 

The automation approach was done using a set of rules to modify the data into a format that MUSIC 

can read. Figure 10 shows the process The logic for determining the Examples of some of the rules 

used are: 

• Swale grade, if greater than 2% were not transferred as a treatment node but rather as a 

junction node to maintain connectivity. 

• Reduce swale length to allow for scour protection. In DRAINS, swales are measured from 

headwall to headwall. At headwalls and junctions of swales, rock scour protection is 

provided, which provides no water quality treatment. Typical lengths for the scour protection 

were used. This length is dependant on the cross-section of the swale. Figure 9 shows how 

this logic was developed. 

• Pipe reached converted to junction node to maintain connectivity. 

• Catchment areas were split into separate pervious and impervious source nodes. 

• Basins were converted to junction nodes to maintain connectivity. 



 

 

 

Figure 10 Logic Control for Swales 

 

Once the script file was debugged and logic confirmed a base MUSIC model could be created in a 

matter of minutes rather than a couple of days. Apart from checking the model setup, the only manual 

input was the replacement of the basin nodes with bioretention and detention basin treatment nodes. 

Once these nodes have been setup they can be quickly copies across from the previous models, again 

minimising the amount of manual data entry. 

The main issue with the process is that it is currently project specific and the logic would need to be 

developed for that project. In addition, this has been run for the previous release of MUSIC and would 

need to be tested against the current release. 

CONCLUSION 

This process allowed for the rapid building of the 20 MUSIC models for all the cases and allowed for 

changes to be quickly incorporated into the models. The process significantly reduced the potential for 

systematic errors. This methodology was successfully used for a major revision of the airport’s 

drainage network. Further development work is required to make this process non project specific and 

to reduce the amount of post-processing. 
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