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1. Introduction 

1.1. Overview 

AT&L Pty Ltd have been engaged by Waluya PTY LTD (the client) and prepared this flood impact assessment to 
support a development application (DA) for a proposed bus depot on Racecourse Road, West Gosford, NSW 
(the site), refer to Section 2.1 for a detailed site description. This report documents the findings of hydrology 
and hydraulic modelling of the site in existing and proposed conditions. Refer to Attachment A for detailed site 
survey and Attachment B for proposed site layout.  

 

1.2. Project Scope 

The project scope and objectives are: 

1. Prepare a hydrological model (DRAINS) of the external catchments that drain through and around the 
site.  

2. Prepare a hydraulic model (TUFLOW) and determine site flood characteristics for the 1% Annual 
Exceedance Probability (AEP) event and the Probable Maximum Flood (PMF) event. 

3. Import survey data and grading design to allow detailed hydraulic modelling of the site in existing and 
proposed conditions. 

4. Comment on flood characteristics and model outcomes in existing and proposed conditions. 

5. Provide a summary of compliance against the Central Coast Council Floodplain Management 
development controls. 

 

1.3. Relevant Guidelines 

This report has been prepared in accordance with the following guidelines and policies: 

1. Central Coast Development Control Plan (DCP) (2022). 

2. Central Coast Local Environment Plan (LEP) (2022). 

3. Commonwealth of Australia (Geoscience Australia) (2016), Australian Rainfall and Runoff – A Guide to 
Flood Estimation. 

4. NSW Department of Infrastructure, Planning and Natural Resources (2005), Floodplain development 
manual. 
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2. Site Characteristics and Overview 

2.1. Location and Site Description 

The site is approximately 2.12ha and located on Racecourse Road, West Gosford, within the Central Coast Local 
Government Area (LGA). The site is formed by the following allotments: 

◼ 6/DP801261 and 71/DP810836. 

◼ 72- 74/DP810836. 

◼ 20/82/DP758466 and 18/DP1100223. 

◼ 1/DP651249, 11/82/DP758466, 12/DP110010, 13/DP1100206, 14 - 15/DP1100206 and 16/DP1079150. 

 

 
Figure 1: site Extent (imagery from Planning Portal, dated 13 December 2022) 

2.2. Current Land Use and Zoning 

The Site remains largely undeveloped, with a commercial and residential building on site. It is characterised by 
poorly maintained and highly disturbed soils that were utilised for storage in the early 2010’s. Since that period 
sparce vegetation has regrown in area but it is evident that the soil has become highly compacted with high 
potential to generate runoff.  

The site is zoned as B6 Enterprise Corridor under the Central Coast LEP 2022 with the following development 
permitted with consent: 

Business premises; Community facilities; Garden centres; Hardware and building supplies; Hotel or motel 
accommodation; Landscaping material supplies; Light industries; Oyster aquaculture; Passenger transport 
facilities; Plant nurseries; Roads; Sewage reticulation systems; Shop top housing; Tank-based aquaculture; 
Warehouse or distribution centres; Waste or resource management facilities; Water recycling facilities; Water 
reticulation systems; Any other development not specified in item 2 or 4. 

2.3. Catchment Characteristics 

We note the following regarding the catchments upstream and downstream of the site: 

site 



 

Civil & Structural Engineers | Project Managers | Water Servicing Coordinators 

F:\22-1063 West Gosford\7.0 Docs\Reports\REP001-01-22-1063- Flood Impact Assessment.docx Page 6 

 

◼ The site is located approximately 400 metres east of Narara Creek and is upstream of The Entertainment 
Grounds. 

◼ The area downstream of the site is subject to the 1% AEP flood level and is likely to be considered flood 
storage. 

◼ Narara Creek discharges to Brisbane Waters and is prone to mainstream flooding.  

◼ The catchment upstream of the Site is predominately residential, warehouses and densely vegetated 
bushland on steep slopes >15%. Refer to Figure 2 for catchment plan.  

 

 
Figure 2: Catchment Plan 

2.4. Site Flood Mechanisms 

Investigations of the publicly available flood map data suggests that the site is not subject to flood overbank 
flow from Narara Creek or storm surge causing high ocean levels and upstream flows that back up onto the 
site. The site is affected by localised overland flows from the upslope catchment to the east.  Overland flow 
generally traverses the site in an east to west direction. 

2.5. Available Flood Studies 

A review of available flood studies yielded the following information: 

◼ The Updated Narara Creek Flood Study (Golder Associates, 2018) documents the extents of flooding 
within the Narara Creek catchment for a range of design storm events from the 50% AEP to the 0.5% AEP 
and the PMF.   

EXI002 

EXI001 

EXI003 

EXI004 

SITE EXI005 
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◼ The NSW State Emergency Service engaged Cardno (2015) to prepare a Floodplain Risk Management Plan 
for the Brisbane Water Foreshore. This information is not publicly available and is inaccessible to the 
general public. 

2.6. Proposed Development 

A proposed site development layout is provided in Attachment B and includes: 

◼ The creation of two buildings for offices, maintenance and washing. 

◼ A bus parking lot for approximately 94 vehicles. 

◼ A car parking lot for approximately 119 cars.  

◼ A landscape buffer surrounding the property. 

◼ On-site Detention (OSD) designed to attenuate flows for all storms up to and including the 1% AEP in 
accordance with Councils specifications. (Not included in this assessment) 

◼ A pit and pipe network to convey local flows in accordance with Council specifications (Not included in 
this assessment). 
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3. Hydraulic Modelling 

3.1. Overview 

AT&L have prepared this flood assessment to a support a development application (DA) for a proposed bus 
depot on Racecourse Road, West Gosford, NSW (the site). This section documents the findings of hydrology 
and hydraulic modelling of the site in existing and proposed conditions. 

3.2. Scenarios 

3.2.1. Catchment Conditions 

The hydraulic model was setup to represent the following flood condition scenarios: 

1. E01: Existing conditions, the catchment in its current state as described in Section 2.3. 

2. P01: Proposed conditions, the catchment in its current state as described in Section 2.3 and the site as 
describes in Section 2.6. 

3.2.2. Storm Events 

The hydrological modelling Scenarios adopted for this assessment include: 

◼ 1% AEP event. 

◼ PMF event. 

Potential impacts of climate change (e.g., increased rainfall intensity, sea level rise) was not included as part of 
this assessment. 

3.3. Catchment Hydrology 

The DRAINS software package was used with ILSAX hydrological engine to generate flow rates based on the 
catchment characteristics described in Section 2.3 and Section 2.6 

Modelling assumptions were derived from the following sources: 

◼ Intensity Frequency Duration (IFD) data and pre-burst rainfall depths were derived from the Bureau of 
Meteorology Datahub in accordance with ARR2019. Longitude: 151.329 Latitude: - 33.422. Refer to 
Attachment C for IFD Charts. 

◼ The Probably Maximum Precipitation (PMP) intensities and temporal distribution were determined using 
the Bureau of Meteorology Generalised Short Duration Method (1994). 

◼ Sub-catchment delineation and flow paths have been determined from LIDAR data and survey 
information. Sub-catchment impervious areas were derived from a combination of Google Street Maps 
and Nearmap aerial imagery (2022).  Refer to Attachment D for Catchment setup. 

◼ ILSAX parameters have been derived from the suggested values in the DRAINS Content Menu for similar 
catchments and is consistent with parameters used across the industry.  Refer to Table 1 for ILSAX 
parameters. 

Table 1: Summary of ILSAX parameters 

Element Value 

Impervious area depression storage (mm) 1 

Supplementary area depression storage (mm) 1 

Pervious area depression storage (mm) 5 

Soil Type 3 
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◼ Time of concentration values were calculated as an estimate of a combination of flow types in different 
states being sheet and concentrated flow. Tc’s with a value of less than 5 minutes were increased 
rounded up to a value of 5 minutes as required by modelling timesteps. The following combination flow 
paths: 

 Sheet flow (Friend’s Equation). 

 Concentrated Flow (Manning’s Equation). 

 Kerb Flow. 

 Pipe Flow. 

 Downpipes. 

◼ At the time of writing the OSD system has not been detailed. We have assumed that the site will 
discharge all flows to the OSD and match existing flows for the 1% AEP prior to leaving the site. These 
flows will then connect to Council’s underground pipe on the local council road. 

3.3.1. Results 

Results for the peak flow rates of each sub-catchment arriving at the site for the critical durations of the 1% 
AEP and PMF event are summarised in Table 2. The critical duration was determined to be the 15 minutes 
duration for both events. 

Table 2: Summary of peak catchment flow rates. 

Catchment ID 1% AEP Peak Q (m3/s) PMF Peak Q (m3/s) 

EXI001 0.96 3.64 

EXI002 1.85 6.74 

EXI003 0.44 1.42 

EXI004 0.39 1.27 

EXI005 0.32 1.07 

site_Exi 1.38 4.14 

site_Pro 1.47 4.83 

We note that the site has a quick response time due to the steepness of the upstream catchment slopes and 
roughness. It is unlikely that the overland flows from the site and upstream catchment will coincide with the 
mainstream flooding of Narara Creek which would likely have a much larger response time. A detailed 
assessment of Narara Creek lies outside the scope of this assessment. We therefore conclude that a direct 
hydrograph method is appropriate for this assessment. 

3.4. Hydraulic Modelling 

TUFLOW 1d/2d Hydraulic model was used to determine the existing and proposed development flood 
characteristics, including flood water levels, depth and VD products for each scenario nominated in Section 3.2. 

3.4.1. Terrain Data 

The 3D surface for existing and conditions was generated from a combination of: 

◼ LIDAR Data. 

◼ Detailed survey of the site and surrounding roads by Beveridge Williams (2022) surveyors. 

◼ Proposed earthworks. 

3.4.2. TUFLOW Modelling Setup 

3.4.2.1. Existing Conditions 

The existing conditions model construction consisted of: 
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a) Creating a 1m x 1m topographic grid based on the available Lidar and survey information outlined in 
Section 3.4.1. 

b) Establishment of model boundary extents which generally align with catchment ridgelines. 

c) Establishment of boundary conditions and extents downstream of the site on Racecourse Road. The 
downstream boundary extent slope has been calculated to be 0.01. 

d) Incorporating inflow hydrographs: 

i. Offsite catchment hydrographs applied upstream of the site. 

ii. Existing site catchment hydrograph applied evenly across each cell distributed flow over the 
nominated surface area. 

e) Assigning elevations to existing buildings above the generated topographic grid to model flow 
obstructions. 

f) Assigning a water depth filter of 0.05m, consistent with industry standard to remove flows not considered 
flood flows. 

g) Assigning existing site Manning’s roughness coefficients based on Google Street Maps and Nearmap aerial 
imagery. Manning’s Roughness values are summaries in Table 3. 

Table 3:  Manning’s Roughness Values. 

Surface Type Manning’s Roughness Value 

Asphalt 0.015 

Concrete 0.012 

Earth Channel Gravelly 0.025 

Earth Channel Weedy 0.030 

Floodplain Pastures / Average Lawn 0.035 

Floodplain Light Brush / Spare Vegetation 0.050 

Floodplain Heavy Brush / Dense Vegetation 0.075 

Natural Streams / Rivers 0.035 

Ponds and other water  0.010 

Buildings 1.000 

3.4.2.2. Proposed Conditions 

All elements and parameters described in Section 3.4.2.1 were used in the proposed scenario with the 
following additions and modifications: 

a) Creating a 1m x 1m topographic grid based on the proposed earthworks and existing case surface. 

b) Assigning Manning’s roughness coefficients based on Section 2.6. 

c) Assigning elevations to buildings above the generated topographic grid to model flow obstructions.  

d) Replacing existing site catchment inflows hydrographs with attenuated OSD flows for the 1% AEP and PMF 
event.  

i. 1% AEP site flows are assumed to be captured by the future drainage pit and pipe and attenuated by 
an OSD which are conveyed to the underground network. Therefore, no surface flow has been 
modelled.  

ii. Peak proposed PMF event flow rates have been reduced by the existing peak 1% AEP flow rate. This 
was done to ensure the OSD volume is utilised in the PMF event. We note that the PMF is 
approximately 2.5 x the 1% AEP flow rate. Refer to Figure 3 for “modified PMF” hydrograph adopted 
in TUFLOW. 
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Figure 3: PMF hydrograph adopted for flood modelling. 

3.4.3. TUFLOW Modelling Results 

Results for the water level, depth, hazard, and impact plot for the 1% AEP and PMF event are provided in 
Attachment D. Refer to Table 4 for drawing references. 

Table 4: Drawing reference 

Flood Event Water Level Depth Hazard Impact 

Existing 1% AEP 22-1063-FLD-001 22-1063-FLD-002 22-1063-FLD-003 - 

Existing PMF  22-1063-FLD-011 22-1063-FLD-012 22-1063-FLD-013 - 

Proposed 1% AEP 22-1063-FLD-101 22-1063-FLD-102 22-1063-FLD-103 22-1063-FLD-110 

Proposed PMF 22-1063-FLD-111 22-1063-FLD-112 22-1063-FLD-113 - 

3.4.4. Discussion 

We note the following regarding the modelled flood behaviour: 

3.4.4.1. Existing Conditions 

◼ The primary source of site flooding is overland flows from the upstream catchments east of the site. 
These flows originate from Waterview Park and travel overland through residential properties, eventually 
overtopping Young Street onto the site. 

◼ The site does not appear to be affected by tidal tailwater conditions or mainstream flooding from Narara 
Creek. 

◼ The site discharges uncontrolled flows onto Racecourse Road. These flows overtop Racecourse Road and 
flow onto the  

3.4.4.2. Proposed Conditions 

◼ The proposed redevelopment of the site does not have impacts on upstream or adjacent properties. 

◼ The provision of an OSD system to capture and attenuate flows for events up to and including the 1% AEP 
design event from the site results in a beneficial outcome for the downstream receiving environment, 
being Racecourse Road and The Entertainment Grounds. 

◼ Proposed condition flood extents retain the existing condition flood characteristics offsite. 

◼ Proposed condition water depths are largely reduced on Racecourse Road. 

◼ For flood affected areas on site, a minimum 150 mm freeboard for non-habitable areas should be 
provided consistent with Central Coast Council DCP. 
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◼ There is a negligible increase in water depth on Racecourse Road immediately downstream of the site 
which is attributed to the concentration of flows. This impact affects approximately 90 m2. No private 
properties are affected.  

◼ There is a large quantity of water depth reduction on Racecourse Road immediately downstream of the 
site which is attributed to the OSD attenuation. 

◼ Hazards across the site are generally safe and traversable in the 1% AEP and PMF event. The VxD product 
is less than 0.4 m2/s.  

◼ There is an increase in hazard categorisation for the PMF event at the proposed driveway on Racecourse 
Road. Due to the short duration of the storm this hazard is only present for 5 minutes prior to returning to 
a safe level.  We note that this issue can be addressed with an appropriate flood risk management plan at 
the detailed design stage.  

This assessment has considered the impacts generated by the proposed development. AT&L considers the 
magnitude and scale of the flood impacts from the proposed development are acceptable. The impacts do not 
materially affect private properties and the consequences of development are consistent with the 
requirements of the CC LEP (2022). 
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4. Summary and Recommendations 

This report demonstrates that the proposed development on site can safely convey standard flood flows across 
the site. We note that the site has a quick response time due to the steep slopes and rough nature of the 
upstream catchment. It is unlikely that the overland flows from the site and upstream catchment will coincide 
with the mainstream flooding of Narara Creek which would likely have a much larger response time. Flood 
modelling indicates: 

1) Flows resulting from the 1% AEP conveyed to the conceptual OSD tank will not have adverse impacts on 
the downstream receiving environment.  

2) PMF event flows can be conveyed across the site safely by way of overland flow. 

3) Low Hydraulic hazards for flood flows within the site and improved impacts downstream of the site.  

4) Freeboard requirements to the buildings is achievable. 

We recommend that following detailed design of the proposed development a detailed hydraulic model be 
prepared to reaffirm compliance with the Central Coast Council DCP and LEP. This flood model should include 
the final engineering elements comprised of the earthworks, pavement and landscape design, stormwater 
pipes (site and road) and OSD.  
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Attachment A – Survey 
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Attachment B – Proposed Development 
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Attachment C – IFD Charts 
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Attachment D – TUFLOW Flood Maps  
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