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16 October 2019 

 

 

Mr Hendrik Wijaya 

Senior Civil Engineer 

Peritas 

74 Goodwood Parade  

BURSWOOD, WA 6100 

 

Dear Hendrik, 

Re: Keysbrook Motorsport Facility: 2D Flood Modelling 

Urbaqua have been commissioned by Stati Group to undertake 2-Dimensional modelling of 

the site of a proposed motorsport facility in Keysbrook. This modelling is intended to test 

scenarios for diversion of significant flood flows originating from the adjacent Punrak drain 

around the property for storage on a separate land parcel to the north-west of the site. 

This report outlines the modelling structure and findings from the floodplain modelling 

investigation. Results and recommendations for further investigations to support further 

planning and development are provided.  

Model Structure 

The Keysbrook site model was constructed using InfoWorks ICM. Model construction has 

generally applied the same principles as used in the Department of Water and Environmental 

Regulation’s Punrak Flood Modelling Study. InfoWorks ICM is a fully integrated 1D/2D hydraulic 

and hydrologic modelling system. 

Model Domain 

The model domain has a total area of 1,224 hectares and is constructed as a Shewchuk 

Triangle variable mesh with maximum and minimum triangle areas of 5m and 100m 

respectively. The mesh varies according to the local terrain, resulting in a smaller mesh in 

steeper parts of the domain. Figure 1 presents the model domain and basic structure. A global 

eddy viscosity of 1.33 m2/s was applied throughout the model domain. 

Model Topography 

Model topography was developed based on the Swan Coastal Plain 1m LiDAR dataset. The 

dataset was refined within the boundaries of the site using the results of a detailed site feature 

survey and clipped to the model domain to generate a DEM. The modelled DEM is presented 

in Figure 2. 

The DEM was used within the model to directly generate the variable mesh elements based on 

local slope. Heights at the vertices of the generated mesh elements were calculated by 

interpolation from the DEM.  
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Rainfall 

Rainfall for design events were developed using ARR2016 and BoM IFD ensemble methodology 

resulting in an ensemble of 10 rainfall simulation events for each design storm. Ensembles were 

generated for 1% AEP events of 6hr, 12hr, 36hr, 48hr and 72hr durations. Rainfall was applied 

universally to the model domain using the direct rainfall (rain on grid) method. To facilitate 

reduced processing times for consideration of post-development simulations pre-development 

ensemble runs were analysed to determine the event resulting in the largest maximum volume 

contained within the site boundary which is the critical condition of interest for this study. This is 

a more conservative approach than recommended by ARR2016 which considers the 

averaged impact of all 10 ensemble events. 

Infiltration and Inundation 

Infiltration was varied across the model domain based on soil type from Department of Primary 

Industries and Regional Development (DPIRD) drainage potential mapping and groundwater 

inundation based on the average annual maximum groundwater level (Scenario S0) from 

Lower Serpentine groundwater modelling (Hall et al, 2010). These datasets are presented in 

Figure 3. Three infiltration rates were applied within the model, these were: 

 Inundated areas – zero infiltration  

 Poorly draining soils – 5mm/day  

 Well-draining soils – 50mm/day  

Surface Roughness 

After losses due to infiltration have been accounted for and depression storage has been used 

up, the flow of runoff across the model domain is controlled by slope and surface roughness. 

Roughness values were applied to the model domain based on an assessment of land use and 

vegetation cover shown in Figure 4. Four different roughness rates (applied as Manning’s N) 

have been modelled, which are: 

 Roads – 0.025 

 Pasture – 0.040 

 Vegetation – 0.040 

 Drainage – 0.050 

Initial Conditions 

A similar methodology to represent initial surface wetting was applied to that used in the 

Punrak flood modelling and drainage study (Alam, M, 2017). This method involves applying a 6-

hour 20mm rainfall event to the model and running the simulation for a total of 72 hours. The 

model state is saved at the end of the simulation and applied as an initial condition to all other 

model simulations. Figure 5 presents the applied initial conditions. 

Inflows from the Punrak flood model 

There are two inflow boundaries where flow out of the Punrak drain and Karnet drain can enter 

the model domain. Hydrographs were provided by DWER from the Punrak flood model at two 

defined breakout locations on the Punrak drain and Karnet drain which are shown on Figure 6. 

These hydrographs were applied as inflow hydrographs at inflow boundaries in the model 

domain. Inflow hydrographs were provided for 1% AEP events of 6hr, 12hr, 36hr, 48hr, and 72hr 

durations at each location and are presented in Chart 1 and Chart 2.  

DRAFT



 

 - 3 -  

Outflow Boundary Conditions 

Model outflow boundaries are set to ‘normal’ flow conditions, meaning that it is assumed that 

slope balances friction forces (normal flow). Depth and velocity are kept constant when water 

reaches the boundary, so water can flow out of the domain without losses. 

Local Drainage System – 1D Model Construction 

The model domain is traversed by a network of minor agricultural drains that feed into 

Hopelands drain which is a more significant rural drain that flows northwards, crosses Karnup 

Road and ultimately discharges into the Serpentine River.  There is one culvert at the northern 

boundary of the site where a minor agricultural drain crosses Henderson W Road and leaves 

the site to join the Hopelands drain system. 

Minor agricultural drains and the Henderson W Road culvert have been built into the model as 

a 1D network. The dimensions and invert levels for the culvert have been surveyed whilst cross 

sections for other drains have been modelled based on LiDAR information. 

The 1D model network is presented in Figure 7 and cross sections for each of the drains are 

shown in Figure 8 to Figure 14. 

 

Chart 1: Inflow hydrographs (location 1 – Punrak Drain) 
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Chart 2: Inflow hydrographs (location 2 – Karnet Drain) 

Pre-Development Model Performance 

A pre-development scenario of the model was run to establish baseline conditions. 

Model Calibration 

Model calibration requires comparison of the model’s performance to measured data under 

the same conditions. In this case, there is no measured data available for calibration purposes 

and therefore the results provided by this modelling exercise must be considered un-calibrated 

and should be applied with some caution for design purposes. 

Pre-development Scenario Analysis 

Table 1 below presents peak volumes stored within the subject site in each of the 10 ensemble 

scenarios simulated for each rainfall duration. 

 

Table 1: Peak flood volumes stored within the site (m3) 

Event 1 2 3 4 5 6 7 8 9 10 

1%6hr 57,859 56,964 56,216 58,317 55,078 57,143 55,453 55,983 57,275 57,563 

1%12hr 81,011 75,577 73,106 75,356 79,756 77,091 71,920 76,003 80,910 79,845 

1%24hr 74,995 73,797 70,107 81,778 79,189 74,991 72,859 74,350 77,987 76,443 

1%36hr 65,060 67,183 62,823 72,617 71,324 74,892 61,802 62,121 64,039 62,953 

1%72hr 62,167 54,756 63,093 58,087 49,898 52,935 47,630 47,019 57,717 52,818 
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During flood events, floodwaters leave the site overland to enter adjoining land to the north 

and to the west. Discharge hydrographs for the critical ensemble simulation for each modelled 

duration are shown in Chart 3 and Chart 4 below.  From the information presented in Table 1, 

Chart 3 and Chart 4 it can be inferred that the critical duration event for the assessment of 

flooding on the site is the 24 hour duration event. This event results in the maximum storage 

volume within the site as well as generating the peak discharge flow rate out of the site to the 

north and west. 

Figure 15 presents the maximum extent and depth of inundation within the 2-Dimensional 

model domain for the 24-hour duration 1% AEP event (Ensemble simulation number 4).  

Figure 16 presents the maximum velocity of flows within the 2-Dimensional model domain for 

the 24-hour duration 1% AEP event (Ensemble simulation number 4).  

Figure 17 presents an assessment of flood hazard (depth x velocity) within the 2-Dimensional 

model domain for the 24-hour duration 1% AEP event (Ensemble simulation number 4). 

 

 

Chart 3: Predevelopment discharge hydrographs (northern site boundary) 
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Chart 4: Predevelopment discharge hydrographs (western site boundary) 

Post-Development Concept Modelling 

As noted in section 3.2 with the site in its current state, during flood events, floodwaters leave 

the site overland to enter adjoining land to the north and to the west. To provide for the future 

development of the site, a conceptual post-development model scenario has been 

developed for consideration of potential impacts. Key features of the post-development 

concept scenario are: 

 Proposed development site has been elevated by 2m 

 A new trapezoidal drain (1m wide at its base, 1m deep, 1:4 side slopes) has been 

located along the southern boundary of the motorsport facility site to intercept 

overflows from the Punrak drain. These flows are then conveyed to the north along the 

western boundary of the site to the north-western corner adjacent to Henderson Road. 

 New culverts (two (2) 1.2m x 1.2m RBC) has been located at the north-western corner 

of the motorsport facility site to convey flows across Henderson road and into the 

proposed flood storage site to the north-west. These culverts are unrealistically 

oversized in the model to ensure that all flow can enter the storage site unconstrained 

except by the flood level in the storage site. Ultimately, culverts will need to be 

designed in the context of local ground and road surface levels. 

 Other drainage flows from the site are also collected and conveyed to this location 

along the northern boundary of the site. 

 The conceptual flood storage area has been modelled with a total available capacity 

of 106,000m3 and a depth of 0.25m between 13.95 m AHD and 14.2m AHD. 

Discharge hydrographs for the critical ensemble simulation for each modelled duration are 

shown in Chart 5 and Chart 6  and comparison of peak discharge rates is presented in Table 2 

below. 
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Table 2: Peak discharge comparison 

 Northern site boundary Western site boundary 

Event Predevelopment Post-development Predevelopment Post-development 

1%6hr 2.367 2.028 0.940 3.036 

1%12hr 3.730 3.608 1.014 5.820 

1%24hr 4.765 4.810 1.384 7.476 

1%36hr 4.727 3.955 1.512 8.003 

1%72hr 2.097 2.890 1.855 4.581 

 

Figure 18 presents the maximum extent and depth of inundation within the 2-Dimensional 

model domain for the 24-hour duration 1% AEP event (Ensemble simulation number 4). 

Figure 19 presents the maximum velocity of flows within the 2-Dimensional model domain for 

the 24-hour duration 1% AEP event (Ensemble simulation number 4). 

Figure 20 presents an assessment of flood hazard (depth x velocity) within the 2-Dimensional 

model domain for the 24-hour duration 1% AEP event (Ensemble simulation number 4). 

Figure 21 presents the change in inundation depth resulting from the conceptual post-

development scenario.  

 

Chart 5: Post-development discharge hydrographs (northern site boundary) 
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Chart 6: Postdevelopment discharge hydrographs (western site boundary) 

 

Conclusions and Recommendations 

It is observed from Figure 21 that the conceptual development scenario results in increased 

discharges into the adjacent property to the west increasing inundation levels in this property 

by up to 0.2m along the boundary of the site with an associated increase in flood hazard. This 

increase can be observed as an increase in the volume stored within the adjacent property 

which is presented in Chart 7.  

 

Chart 7: Pre- and post-development flood storage hydrographs (adjacent property to the west) 
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The results of post-development modelling indicate that flood overflows from the Punrak drain 

can be successfully diverted around the boundary of the site and stored in excavated land on 

the north-western property.  

The current model scenario locates the drainage channel within the filled land. As a result, it is 

not accessible to overland flow from the adjacent property that would previously have 

entered the site via overland flow. By constructing the drainage channel at the edge of the 

filled area, it would be possible to also pick up these flows and divert them into the excavated 

land on the north-western property. This would prevent the increased build-up of flood waters 

within the adjacent property and mitigate the impacts of filling the site. 

Conclusion 

This modelling demonstrates that, conceptually at least, it will be possible to divert flood waters 

around the proposed facility for storage in the north-western property with minor changes to 

the flood regime on surrounding properties. However, the currently modelled conceptual 

representation of the proposed earthworks and drainage design proposal, is not able to 

demonstrate that no significant changes to the flood regime on surrounding properties will 

occur.  

Recommendations 

It is recommended that an earthworks and drainage design for the site and proposed diversion 

drain is prepared so that a more accurate post-development model scenario can be 

modelled to provide final confirmation that the proposal will successfully prevent significant 

changes to the flood regime on surrounding properties. 

Please do not hesitate to contact me on (08) 9328 4663 or at helen@urbaqua.org.au should 

you have any questions on this report.   

Yours sincerely, 

 

Helen Brookes 

DIRECTOR 

URBAQUA  
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Figure 8: Drain 1 (Hopelands drain tributary within site boundary, upstream Henderson W Road) 

 

  

Figure 9: Drain 2 (Hopelands drain tributary from site downstream Henderson W Rd) 
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Figure 10: Drain 3 (Hopelands drain upstream tributary from site) 

  

Figure 11: Drain 4 (Hopelands drain between tributary from site and tributary from Serpentine 

Airfield) 

 

  

Figure 12: Drain 5 (Hopelands drain downstream Serpentine Airfield) 
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Figure 13: Drain 6 (Hopelands Drain) 

 

Figure 14: Hopelands drain tributary from Serpentine Airfield site 
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