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ABSTRACT 

Western Sydney Airport (WSA) is constructing Sydney's new airport which will be an 

international and domestic airport. It will have two runways, a terminal and airport facilities 

to provide up to 82 Million Annual Passengers at the ultimate development stage. It will be one 

of Australia’s most significant infrastructure project in decades.  The WSA site has a total 

catchment area of 1780ha and is situated in the upstream reaches of Badgerys Creek, 

Cosgroves Creek and Duncans Creek. The complexity of the WSA trunk drainage network was 

quite significant as it consisted of approximately 48km of underground pipe network, 56km of 

open channels, 8 detention basins and 10 bioretention basins.  Adding to the design complexity, 

the detailed design of the trunk network considered four milestone development stages 

concurrently. This created specific challenges for the drainage design, hydraulic modelling 

and BIM model management of the project.  

This paper outlines the stormwater management strategy of the WSA site and the design 

challenges to meet the specific airport operation requirements. Due to the significant change 

of the catchment characteristics, stormwater quality and quantity control requirements were 

key targets for the design. Other critical criteria for the design included maximum ponding 

durations and no supercritical flow conditions within the open channels. These were addressed 

through detailed DRAINS software modelling of storm events from the 4EY (Exceedances per 

Year) to the 1% AEP(Annual Exceedance Probaility). The modelling challenges and learnings 

experienced in applying the ensemble of ARR 2019 are discussed. This includes the approaches 

used to resolve model instabilities associated with DRAINS modelling of the complex network 

of open channels, storages, headwalls, underground pipe network, diversion weirs and 

detention basins with associated inlet/outlet structures. Insight is also provided into efficiencies 

around large data transfer between DRAINS models, BIM models and design outputs 

associated with large infrastructure projects.   

  



 

 

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. 

Western Sydney International (Nancy-Bird Walton) Airport 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 decisive 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 crucial to implement 

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

operation requirements and maintenance requirements.  

PROJECT DETAILS 

Background 

Western Sydney International (Nancy-Bird Walton) 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 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 passenger (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. 

The key design elements in BEP include: 

• Preliminary Detailed Design (60%) of the bulk earthworks and trunk drainage for the whole of 

the site for the BEP, PAL 1, PAL 3 and PAL 4 



 

 

• Issued for Construction (IFC) Design of the bulk earthworks and trunk drainage for the BEP 

• 100% developed design of the mastergrading for all surfaces for all stages of the development 

of the Airport (PAL 1, PAL 3 and PAL 4) 

STORMWATER MANAGEMENT STRATEGY 

The WSA site has a total catchment area of 1780ha 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. Whilst 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 comprise of sparsely located buildings and roads.  

Delineation of the airport site catchment followed the existing watersheds/discharge routes of the 

downstream creeks around the airport site as much as possible. 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 swales also provided water 

quality treatment to retain the TSS (Total Suspended Solids), TP (Total Phosphorous) and TN (Total 

Nitrogen) such that it removed the requirement for pretreatment of the runoff and reduce in the sizing 

of the proposed bioretention basins.  

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

system via a low flow diversion device located in the open channel. Flows above the 4EY (1 in 3 

month) would vertop or bypass the diversion device and drained to the designated detention basin 

prior to 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 
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CHALLENGES 

Hydrology Modelling 

Figure 5 illustrates the existing waterways around the WSA site and the associated contributed 

catchments. To estimate the existing peak flows from the catchment for comparison with post-

developed peak flows, several hydrological methodologies were reviewed, including the online RFFE 

(Regional Flood Frequency Estimation) model, Probabilistic Rational Method, Initial Loss – 

Continuing Loss (IL-CL) model, and RAFTS storage routing model.  

 

Figure 5 Existing catchment 

The existing catchment is predominantly a rural catchment with minimal development or impervious 

areas, meaning rainfall losses are the critical parameters in the hydrological model. The Updated South 

Creek Flood Study (2015) storm losses were calibrated against two historic flood events and were 

adopted as the initial and continuing losses in the hydrological models rather than the ARR (Australian 

Rainfall and Runoff) Data Hub losses. However, in order to use pre-burst rainfall data based on 

ARR2019 and OEH (Office of Environment & Heritage) guidelines, the calibrated losses were used 

together with the ARR Data Hub pre-burst rainfall depths and losses to back-calculate the pre-burst 

rainfall depths for the hydrological model. Equation 1 from the Floodplain Risk Management Guide, 

OEH was used. These adjusted pre-burst rainfall depths and calibrated losses were adopted in the 

DRAINS hydrological model. 

 

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

Guide, OEH) 

 

DRAINS software was used to create a hydrological model to simulate rainfall and runoff routing and 

estimate peak flows at various points in the catchment. The IL-CL model and Probabilistic Rational 

Method were not considered suitable due to the large catchment areas and great difficulty in estimating 

time of concentration, particularly for undefined or long flow paths (e.g. greater than 1km). The 

Probabilistic Rational Method was also not considered suitable as those methods were based on 

ARR1987 IFD datasets. Results from the RFFE model were used for reference only as the RFFE model 

is less accurate for catchment areas smaller than 10km2 and were significantly different to all other 



 

 

models. The RAFTS storage routing model in DRAINS was ultimately selected due to large sub-

catchment areas exceeding 100 ha (1km2), ability to interrogate catchment characteristics through 12d 

including average slope and impervious percentages, ability to use the new ARR2019 IFD data and 

ability to model and link multiple sub-catchments to simulate flow attenuation. 

2D TUFLOW modelling was adopted for the project wide hydrology and hydraulic assessment to assess 

the overland flow paths within the site and flood impacts to the downstream environment. This was 

discussed in the paper Flood risk management design for the Western Sydney Airport and the challenges 

associated with adopting ARR 2019 on large scale infrastructure design projects (2021). The peak flows 

estimated from the RAFTS model on the existing catchment were compared with the Rain-On-Grid 

Tuflow modelling results at the same reference points. It was found that the results were typically within 

10% of each other, so the RAFTS model was considered appropriate to be adopted for design.  

To estimate the peak flow from post developed catchment, all sub-catchments within the trunk drainage 

system that drain to the designated detention basins used IL-CL hydrology model in DRAINS with a 

nominal time of concentration of 5 minutes. This was considered appropriate as the sub-catchments 

were much smaller, heavily paved and with urban stormwater system. 

Hydraulic Modelling 

The trunk drainage network has been modelled as an integrated hydraulic model that includes open 

channels, an underground pit and pipe network, cross drainage and detention basins with the associated 

inlet and outlet control structures. The primary modelling software that had been used were 12d model 

and DRAINS. 12d model was used for the 3 dimensional modelling of topography, earthworks and 

drainage structures. DRAINS was used as a predictive model for the hydrologic and hydraulic 

assessment of the developed site.  

The complexity of the WSA trunk drainage network was significant as it consists of approximately 

48km of underground pipe network, 56km of open channels, 8 detention basins and 10 bioretention 

basins.  Adding to the design complexity, the detailed design of the trunk network considered four 

milestone development stages concurrently, as it is critical to future proof the airport development in 

the medium and long term. This created specific challenges for the drainage design and hydraulic 

modelling of the project. 

Trunk Drainage Network  

Modelling instability 

The trunk drainage network within the WSA site consist of open channels and underground pipes to 

cross runway, taxiway and access road. Large open channels with grass lining have been provided at 

runway and taxiway strips to provide runoff conveyance, storage and surface water quality treatment as 

shown in Figure 6. 

  



 

 

 

 

 

  
Figure 6 WSA PAL 4 Trunk Drainage Network Overall Site Plan 

The provision of the open channels significantly reduced the requirements of the underground pipes, 

increased maintenance accessibility and the overall site aesthetics. From a hydraulic perspective, the 

large open channels reduce the peak flows by delaying the runoff time of concentration with the 

provision of detention storage, as shown in Figure 7.  

  
Figure 7 WSA Trunk Drainage Network DRAINS Modelling Results – 1%AEP 

Modelling instabilities occurred at some of the headwall inlets junction nodes in the design as shown in 

Figure 7. This was likely caused by the headwall inlet receiving flows from two open channels and an 

upstream pipe crossing at a similar time. As the full St Venant unsteady flow equations were used for 

the DRAINS model in pipes and channels, the flows at the junction node were going to fall in any 



 

 

direction to fill channels with lower water levels. Ultimately this was the reason for the ‘instability’ in 

the hydrograph of different channels, as the software was attempting to create a balance of water level 

within the channel. The delay of the flows from upstream channels resulted in more smooth filling in 

the open channels of the network downstream, and thereby observing a reduction of instabilities 

gradually. Support from Watercom (DRAINS) confirmed that the instabilities would not cause loss of 

flows or large error in peak flow estimation. To validate the modelling results were appropriate to design 

the network, several sensitivity checks were undertaken during design:  

• Sensitivity test 1 - Modelling the open channel as overflow link in DRAINS. This modelling 

approach was disregarded as it will not account for any storage available within the channels 

and it will not integrate with the downstream network to consider backwater effects. 

• Sensitivity test 2 – Modelling the channel as a detention basin node in DRAINS. Each channel 

provides approximately 6000m3 detention storage minimum and it provides a great benefit to 

reduce the peak flow rates. Results from this sensitivity test were comparable to the results 

when modelling them as open channels in DRAINS without model instabilities. However, this 

modelling method was used as sanity check only and was not adopted for the design as it did 

not assess the velocities and actual water level within the open channels.  

• Sensitivity test 3 – Modelling the channel as a channel link in DRAINS but with further sub-

divided catchment and shorter channel segments. Each channel has a total length of 200m to 

300m with a receiving catchment from 2ha to 5ha. In order to not overestimate the storage when 

a large catchment is assigned to the upstream of the open channel, the channel was sub-divided 

into four shorter segments with smaller local catchments. The modelling results were found to 

be comparable, however, with some instabilities within the shorter channel. Similar to the 

instabilities at the junction node, this is likely due to the flows within the dynamic model 

attempting to create balance of water level within the channels with water flowing back and 

forth between the channel segments. This sensitivity check has confirmed that the adopted 

modelling approach will not have a lateral flow impact and will not underestimate the peak 

flows to design the network.  

Design measures against supercritical flow conditions 

All the channels within the WSA site were provided with proper lining protection to minimise long 

term scour risk. The channel lining treatment included grass, turf reinforcement mat, riprap and reno-

mattress.  One of the key design criteria for the project was to ensure no channel within the trunk 

network will form conditions of supercritical flow, nor form a hydraulic jump except at a controlled 

location such as a weir or stilling basin. It is a sound engineering practice to, where practicable, design 

open channels that convey large flows with grades that prevent supercritical flow. The higher velocities 

associated with supercritical flow increases the cost of lining protection and increases drowning hazard. 

Hydraulic jumps that occur when the flow regime changes from supercritical to subcritical can also 

cause significant scour damage and initiate waves that promulgate along the channel causing scour and 

flooding risks further downstream. The WSA drainage design looked at flows within the large collector 

channels that form part of the trunk drainage network. Measures were adopted in the design to provide 

a solution or treatment to channels with supercritical flows. The adopted measures included: 

• Type 1 - Channel regrading: minor regrading of channel where possible to eliminate the 

supercritical flow conditions.   

• Type 2 – Provide dumped riprap or reno mattress: specified a dumped riprap lining to increase 

the flow depths and ensure flows remain subcritical. Or alternatively, where it was considered 

impractical, energy dissipator transition structures were incorporated between the more scour 

resistant rock and turf reinforcement mat lined sections of the channel and the grassed lined 

sections to ensure any hydraulic jumps occurred at a controlled location. 

Detention Basin 

Detention basins were designed to capture and store run-off from the WSA site such that it can be 

slowly released through the provision of restrained outlets. To that effect, peak flows discharging from 

the detention basin were significantly reduced for the developed site condition such that it will not have 

adverse impact to the downstream environment.  



 

 

Low flow diversion device determination 

Prior to discharging to the designated detention basin, as a minimum, the 4EY (1 in 3 month) treatable 

flow rate from the trunk drainage network is diverted to the bioretention system via one of the two 

below diversion types:  

• Low flow gabion weir  

• Low level inlet to bioretention basin, and high-level inlet pipe to detention basin  

The DRAINS model was run for the 4EY storm events to determine the 4EY treatable flow rates. The 

low-flow culvert was then sized using HY-8 software to convey the 4EY flow and limit the upstream 

headwater level during this event to 100mm beneath the maximum weir height. Multi-cell shallow box 

culvert was adopted in the design to minimise the height of the diversion weir.  

The proposed diversion weir in the channel will locally reduce the effective depth of the open channel 

for flow conveyance at the higher storm events. Additionally, the diversion weir could potentially create 

tailwater impacts on the upstream system.  

The diversion weirs have been designed with both minimum and maximum allowable heights. The 

minimum height was determined to be the peak flow depth within the channel for the 4EY event and 

prevents the flows from overtopping in this event. The maximum weir height was nominally set at 40% 

of the channel depth at the location of the weir. This is to prevent the weir from excessively blocking 

flows within the channel in larger storm events and hindering the drainage system. The nominal weir 

size was selected between these two limits.  

A culvert size was then iteratively selected and tested in HY-8 such that the peak headwater elevations 

for the low flow culvert was less than the diversion weir level. Additionally, it was required that the 

culvert be running near-full during the 4EY event to limit flow rates through the culvert due to the 

higher hydraulic head within the open channel during the large storm events.  

A detailed analysis was undertaken to conduct a full hydraulic assessment of the behaviour of the 

diversion weirs and low flow culverts. In particular, this was to pursue an understanding of the below: 

• Any impacts that the weir may have to the water levels which might result in overtopping 

channels in the immediate vicinity of the weir. 

• The formation of supercritical flow in the vicinity of the weir.  

• Flow rates through the low flow culvert in storm events greater than the 4EY rainfall.  

To achieve the above, a detailed full unsteady hydraulic DRAINS model was developed to accurately 

accurately model the low-flow diversions at the worst case location where the diversion weir locates 

within the open channel next to the runway and the upstream swales have a relatively flat longitudinal 

grade.  

The detailed assessment with the full unsteady hydraulic model confirmed that the inclusion of the 

diversions has not compromised the functionality of the drainage system and has not forced the local 

overtopping of channels at the location of the diversion weir. Additionally, the diversion weir has not 

created a tailwater condition for the upstream drainage system which compromises its functionality.  

The full unsteady hydraulic modelling results also indicate the peak flow rates through the low flow 

culvert in the 1% AEP are between 2-2.5 times of the 4EY peak flow. This approximately represents 

the peak flow within the upstream channel during a 1EY storm event and will not present high risk to 

scour the bioretention basin. Additionally, the majority (approximately 2/3) of the incoming 1% AEP 

peak flows were diverted to flow over the diversion weir or through the elevated diversion pipe.  

With the additional weir within the open channel, supercritical flow condition and hydraulic jump are 

expected in the vicinity of the weir. Due to the condition of supercritical flow and the presence of 

hydraulic jump, sufficient scour protection armoured with reno mattresses have been provided 

downstream of the diversion weir. The length of the hydraulic jump was calculated using methods 

outlined in Chapter 6 of HEC 14 (July 2006). This method uses the empirically derived chart which 

provides the ratio of the hydraulic jump length to the flow depth (upstream of the hydraulic jump) for a 

range of Froude values.  



 

 

A HEC-RAS model was created to model the diversion weir, the low flow culverts and 60m of channel 

both upstream and downstream of the weir. Flow depths and Froude values were determined from the 

HEC-RAS modelling results for the peak 1% AEP flow. The hydraulic jump length was estimated based 

on HEC-14 section 6.2 using the flow depth and Froude number calculated from the HEC-RAS model. 

Scour protection length of 1.2 (safety factor) times the calculated hydraulic jump length for each 

diversion weir downstream has been provided. 

Multi-stage outlet for detention basin 

Due to the size of the catchment, large detention basins with total storage volumes ranging from 

45,000m3 to 130,000m3 have been provided in the system to reduce the peak flows due to development 

of the airport site. To control the flows discharging out of the detention basin, a multi-stage outlet has 

been proposed which consists of an orifice, an elevated grated inlet to a box culvert and an overflow 

spillway as illustrated in Figure 8. This arrangement uses the orifice to restrict low intensity rainfall 

events and is the primary flow control measure. In storm events larger than this, water levels will rise 

high enough to overflow into the elevated grated inlet structure which is the secondary flow control 

measure. In even larger storm events, water level will rise high enough to overflow the spillway weir 

which acts as the final flow control measure. 

 
Figure 8 Multi-staged discharge control structures for detention basin 

This is a complex configuration and Figure 9 illustrates the modelling approach in DRAINS for the 

staged discharge control structure. The detention basin with the associated outlet control structure is 

required to achieve a reduction in post-development flows such that they match or no higher than the 

pre-development condition for all the design storm events from 1EY to 1% AEP, where practical. 

Additionally, the drainage design must be undertaken in accordance with Australian Rainfall and 

Runoff, 2019 (ARR2019). The key variables to impact the discharge peak flows from the detention 

basin include: 

• Available volume within the detention basin 

• Orifice size of the primary control 

• Grate size of the secondary control 

• Grate level of the secondary control 

• Box culvert size 

• Spillway level 



 

 

 
Figure 9 Modelling staged discharge control structure for detention basin in DRAINS  

Due to the scale of the project site and the details of the modelling approach, the DRAINS models 

contain modelling nodes ranging from 200 to 700 such that the models could assess the design network 

integrally and the downstream impact cumulatively. The models were dynamic and all the variables 

interacted with each other. Therefore, dozens of iterations were run to optimise the design outcome to 

assess all the key variables and all the storm events from 1EY to 1% AEP. Applying the ensemble of 

ARR 2019 temporal patterns with long duration storm events to assess the basin performance created a 

big challenge with the tight design program. As indicated in  Figure 10, It was a very time consuming 

process to finish one model iteration. Changing the value for one variable within the model required to 

be tested for all the storm events from 1EY to 1% AEP. To reduce the modelling running time, critical 

storm duration was identified for each storm event by running all the durations for the model. The model 

was run on the critical storm duration only to inform the basin performance due to the change of the 

variables. In the end, all the storm events with all the durations were simulated to validate the results.  

Furthermore, a dedicated computer was used during design phase with remote access to help speed up 

the modelling simulation and reduce computer down time.   

 
Figure 10 Applying ARR2019 ensemble to assess performance – 1% AEP 

Ponding Duration 

Bird strike is a significant risk to flight safety and airport operation. A bird strike is a collision between 

a flying animal, usually a bird or bat, and a flying aircraft (Gard, Groszos, Brevik, & Lee, 2007). Birds 



 

 

and bats are attracted to airport environment in response to the availability of food, ponding water, 

shelter and the safety of a relatively predator-free environment. To counter the risk of bird strike, the 

drainage system was designed such that the ponding water of the open surface within the airport will 

be drained out after the storm event within the maximum duration as specified by the project criteria. 

This is particularly critical at the runway and taxiway areas as the risk of bird strike is higher during 

aircraft landing or taking off, and the swales in close proximity to the runway and taxiway areas as 

shown in Figure 11 must achieve the ponding duration requirement.  

The design requirement at these high risk areas between runways and taxiways are to have no ponding 

or standing water of a depth greater than 100mm for a period greater than 2 hours after a single critical 

duration 10% AEP event. The hydraulic performance at the open channels as shown in Figure 11 are 

subject to the size and the longitudinal gradient of the open channels, the size and the gradient of the 

runway pipe crossing and the tailwater impact downstream of the runway pipe crossing. All these have 

been considered and modelled in the dynamic and integrated DRAINS model to ensure that these open 

channels will be drained out with less than 100mm ponding water within the maximum ponding 

duration as shown in  Figure 12. 

 
 Figure 11 Swales between runway and taxiway 

 
Figure 12 swales ponding depth for 1-hour critical storm 

 



 

 

Model Management 

The drainage network model in 12d contained 450 individual drainage strings with many more nodes 

and links. The models also considered four milestone development stages concurrently, and were 

developed by several modellers. The hydrology and hydraulic assessments were undertaken in DRAINS 

to reduce the model run times as running the ARR2019 temporal pattern ensembles required less time 

in DRAINS compared to 12d. To consider all four development stages and assess the impact to the 

downstream receiving waterways, a total 21 DRAINS models were built and assessed.  Altogether this 

required constant data sharing between different modellers, and efficient and accurate data transfer 

between 12d, DRAINS and design outputs to other disciplines. This created a challenge in creating a 

workflow that could efficiently and accurately share information. Figure 13 provides an overview of 

the WSA drainage network modelled in 12d. Below summarises the modelling approach adopted in the 

design phase to overcome this challenge: 

• Each basin was identified as having its own overall catchment. Therefore, the proposed site was 

split into 8 catchments with 8 basin models. Once the trunk drainage network are appropriately 

sized, all the basin catchments are combined into one large DRAINS model which is required 

to assess the wholistic impact to the downstream receiving waterway. 

• Modelled the final development stage for each catchment, 8 basin models, as the base models. 

These models contained data that was identical across all 4 design stages and this data was 

duplicated for each stage to create consistent final models 

• Modelled the parts of the network that changed between stages, 8 basin models, as extra models. 

These models were appended to the appropriate final models. 

• The 16 models were shared into a master federated model with a pre-defined naming 

convention. Each drainage string was also named and coloured using a pre-defined convention 

to allow filtering. 

• By using the string names and colours, we utilised multiple chains to merge all 16 models and 

build the final 4 models for each design stage.  

• As part of building the final 4 models, we utilised chains to create headwalls, add and 

manipulate attributes, create drainage plan and long section plots, and also exported the data to 

required formats. 

• Created spreadsheet macros to streamline the large data transfer process between DRAINS and 

12d.  

 
Figure 13 Overview of the WSA Network Model in 12D  



 

 

KEY FINDINGS AND LESSON LEARNT 

The key findings and lesson learnt from the hydraulic design of stormwater network for WSA BEP are: 

• It is critical to provide stormwater quantity and quality control measures for large infrastructure 

to minimise adverse impact to downstream environment.  

• Open channels with grassed linings can provide effective runoff storage and stormwater 

treatment. It could reduce the requirement of underground structure, improve maintenance 

accessibility and increase landscape aesthetic for large infrastructure. 

• Modelling instability could occur at headwall inlet when receiving flows from multiple inlets 

at a similar time. However, instability impact to the peak flow estimation is minimal and is not 

likely to impact the network sizing. 

• Measures should be adopted for large open channel against supercritical flow conditions to 

minimise scour and flooding risks further downstream due to hydraulic jump when supercritical 

flow conditions transition to subcritical flow conditions.  

• It is a good practice to divert low flow only to bioretention basin through diversion weir within 

an open channel. However, care should be taken to ensure channel performance will not be 

compromised during large stormwater event due to the introduction of the diversion weir. 

Additionally, hydraulic jump could occur at the vicinity of the diversion weir and therefore it 

should be protected from scouring. 

• For large detention basin, multi-stage outlet control might be required to provide flow control 

from frequent storm events to less frequent storm events.  

• Applying ARR2019 ensemble for a large stormwater network could be very time consuming. 

Generally, for hydrology and hydraulic assessment, DRAINS could be more efficient as 

compared to 12d. However, 12d is still considered an essential tool in 3 dimensional modelling 

to integrate drainage network structure and earthworks modelling. Data transfer between 

DRAINS and 12d can be streamlined through the use of excel macros.  
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