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Executive Summary 

Background 

Jacobs was engaged by Transport for NSW (TfNSW) to develop a detailed design for the upgrade of Richmond 

Road between Elara Boulevarde and Heritage Drive, Marsden Park. The project specific objectives for Richmond 

Road upgrade are: 

▪ To provide safe and efficient access from Marsden Park and Marsden Park North Precincts to Richmond 

Road. 

▪ To support the use of Richmond Road as the key freight route linking Richmond with the Westlink M7 

Motorway, as well as for accessing major industrial areas such as Marsden Park; Improve the long-term 

route reliability along the Pacific Highway. 

▪ To be consistent with the features of previous Richmond Road upgrades in line with the Growth Centres 

Road Framework, such as provisions for buses, pedestrians, cyclists, and motorists.  

▪ To reduce the number of crashes and serious injuries on the corridor in line with the Road Safety Plan 2021. 

▪ Enhancing Richmond Road as a flood evacuation route by raising the road level to be above a minimum of 

20.0m AHD, allowing Bligh Park and Windsor Downs communities to utilise it during more severe flooding 

events.  

Richmond Road is being upgraded progressively to a four lane divided carriageway with a wide median that 

caters for the provision for future widening into six lanes. Just north of Elara Boulevard, this road narrows to a 

two lane undivided road that crosses South Creek about 2km north of Elara Boulevard. This current project 

develops the detailed design for the road upgrade including widening of the road and raising the road to provide 

improved flood immunity. 

Lyall & Associates (2020) previously undertook a flooding assessment to develop a concept drainage strategy 

for the Richmond Road upgrade and support the preparation of the Review of Environmental Factors (REF) for 

the upgrade. The assessment was based on previous industry guidance on flood estimation as documented in 

Australian Rainfall and Runoff 1987, “ARR 1987” (IEAust, 1987). The ARR guidelines have recently been 

updated and are documented in Australian Rainfall and Runoff 2019, “ARR 2019” (Ball et al, 2019), and have 

been adopted by TfNSW. 

The Lyall & Associates study also utilised preliminary design information for the adjacent “Clydesdale” 

residential development on the western side of the proposal site, within the Marsden Park Precinct. Updated 

design details are now available. This is an approved residential sub-division which is currently a greenfield site. 

As a part of the detailed design engagement, Jacobs were also commissioned to update the Lyall & Associates 

(2020) flooding assessment based on the recent guidelines and information in order to provide integration 

between the flooding and drainage design and the overall road upgrade detailed design. The main focus of the 

assessment was the design optimisation for proposed transverse culverts which cross Richmond Road and which 

cater for local catchment flooding. 

Update of flood modelling 

Flooding at the proposal site is caused by three different mechanisms of varying scales: 

▪ Major, regional flooding from the Hawkesbury-Nepean River 

▪ Major tributary flooding in watercourses including South Creek and Marsden Creek 

▪ Minor tributary flooding from small local catchments and in overland flow paths. 
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A focus on minor tributary (local overland flooding) and major tributary flooding was made in the modelling. 

Hawkesbury-Nepean River regional flooding does not influence the proposed hydraulic design and the effects 

and impacts on regional flooding from the proposal were assessed in separate analyses. 

The Lyall & Associates (2020) hydrologic and hydraulic modelling was updated based on the updated ARR 2019 

information, the updated Richmond Road upgrade design and additional topographic data of finished levels for 

the adjacent proposed Clydesdale residential development. In relation to ARR 2019, the following updates were 

made: 

▪ Update of design rainfall data 

▪ Update of design rainfall losses 

▪ Update of design blockages for existing and proposed transverse culverts. 

Existing and design (operational phase) case flooding conditions have been defined based on the updated 

modelling. Updates to the modelling resulted in 28% increase in peak 1% AEP flows for minor tributary flooding 

which drain to existing transverse drainage sites. 

Description of existing flood behaviour 

The 20%, 10%, 1% and 0.2% AEP and PMF design flood events were simulated. Observations of flood behaviour 

are summarised below. 

▪ In the 20% AEP event, minor tributary flooding overtops the existing Richmond Road at existing transverse 

culvert EXD01 and an additional location 400m to the north up to a depth of 0.2m. The minor tributary 

flood flows are generally conveyed along the western side of the road and discharge to South Creek. Peak 

flood levels in Marsden Creek are 0.4m lower than the outlet of EXD01. 

▪ In the 1% AEP event, the depths of minor tributary flooding over Richmond Road at EXD01 are up to 0.27m 

(typically less than 0.1m). The majority of the floodwaters are directed north along the western side of the 

road. These spill onto and are conveyed in the entire road carriageway from 70m north of EXD01, through 

the in-cut section of the road, to depths of 0.18m (typically less than 0.1m). Peak flood level in Marsden 

Creek are 0.3m lower than the outlet of EXD01. 

▪ In the 0.2% AEP event, the depths of minor tributary flooding over Richmond Road at EXD01 are up to 0.3m 

(typically less than 0.1m). The majority of the floodwaters are directed north along the western side of the 

road. These spill onto and are conveyed in the entire road carriageway from 70m north of EXD01, through 

the in-cut section of the road, to depths of 0.21m (typically less than 0.1m). Peak flood level in Marsden 

Creek are 0.25m lower than the outlet of EXD01. 

▪ In the PMF event, Richmond Road is overtopped by minor tributary flooding at multiple locations in the 

proposal site to depths of 0.3 – 0.5m typically, with maximum depths of 0.9m. 

In summary, minor tributary flooding has the potential to significantly disrupt traffic in frequent events including 

the 20% AEP, as vehicles must slow down due to generally shallow flooding. The is the potential for hazardous 

flooding conditions in the PMF event and up with floodwaters sufficiently deep to cause some vehicles to float 

and wash away. 

Flooding from South Creek is at least 6m lower than ground levels at EXD01 and do not influence flooding at 

EXD01 for the flood event combinations adopted in this assessment. 

Design optimisation 

The design optimisation was undertaken according to the following criteria: 

1) Maintain flood-free access from minor tributary flooding on the upgraded Richmond Road in up to the 

0.2% AEP event, as a minimum 
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2) Maintain flood-free access from minor tributary flooding on proposed access roads in up to the 0.2% AEP 

event (aspirational). A reduced flood immunity may be considered if this is not achievable 

3) For proposed culverts with cross sectional area of 6m2 or greater, provide 0.3m freeboard from water 

surface level to culvert obvert in the 0.2% AEP event. For proposed culverts with less than 6m2 cross 

sectional area, the culvert may be designed with a submerged inlet with no freeboard to the obvert. Based 

on Austroads Guide to Road Design Part 5: Drainage – General and Hydrology Considerations (Section 4.7.6 

Culvert Design) 

4) Design blockages of proposed culverts are to be based on the guidance and procedures in Table 6.6.1 to 

Table 6.6.5 of ARR 2019 

5) Flooding conditions from minor tributary flooding on the adjacent Clydesdale residential development are 

not to be classed as “high hazard” in up to the PMF event. High hazard flooding is considered to be H3 

classification or higher, based on the classification presented in Australian Disaster Resilience Handbook 7. 

Managing the Floodplain: A Guide to Best Practice in Flood Risk Management in Australia (AIDR, 2017a) 

and Guideline 7-3 Flood Hazard (AIDR, 2017b), where the flood hazard is classified based on the depth and 

velocity of floodwaters. H3 classification is described as Unsafe for vehicles, children and the elderly”. Refer 

to Figure 4-1. As flow velocities are expected to be low in the area of interest, the peak flood depths are 

required to be below 0.5m in order to maintain a “low hazard” classification. The flood hazard on the 

proposed residential properties was identified in Lyall & Associates (2020) as a key concern. 

6) No criteria have been adopted for increase in flood levels from minor tributary flooding, however, the flood 

impact (change in flood level) as a result of the proposal are to be checked. 

A number of alternative transverse culvert configurations were assessed and a preferred option of two separate 

sets of transverse culverts crossing Richmond Road was adopted: 

▪ Main culvert, south of access road (culvert ID C2): 5 x 2.4m x 1.8m box culverts 

▪ Secondary culvert, north of access road (culvert ID C1): 3 x 1.2m diameter pipes.  

Hydraulic modelling of the culvert design confirmed that the design criteria relating to main road flood 

immunity, flood hazard on adjacent proposed residential properties and other hydraulic performance conditions 

were achieved.  

An assessment of climate change impacts on flooding in the design case indicate that there would be minor 

increases in 1% AEP flood levels from minor and major tributary flooding. Since the upgraded road is mostly 

above the minor tributary PMF the upgraded road is not expected to be affected by increased flooding as a result 

of future climate change. 

Potential flooding impacts and proposed mitigation 

Flooding impacts to minor and major tributary flooding due to the proposed culverts increasing transverse 

drainage capacity are minor and considered acceptable. No mitigation measures are proposed for incorporation 

into the Richmond Road upgrade design. Consultation by TfNSW and stakeholders of the Marsden Park North 

Precinct (developers, Blacktown City Council, NSW Department of Planning and Infrastructure) is recommended 

to ensure that future subdivision has provision for the drainage and flood conditions at and downstream of the 

proposed transverse culvert C2. The current precinct plan does not appear to have adequate provision for this 

drainage. Finished levels of Marsden Park North Precinct are required to be 0.5m above the 1% AEP flood level 

in accordance with Blacktown LEP 2015 and DCP 2015. 

Construction phase flooding impacts were assessed to be no worse than operational phase impacts. The impact 

of flooding on proposed construction compounds was assessed. The compound is proposed to be on the 

Clydesdale site and the compound would be flood-free in up to and including the 0.2% AEP event if the site is 

raised up to the finished site levels. If the site is retained at existing ground levels then flooding depths of up to 

1m would affect the site in the 1% and 0.2% AEP events. 
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There is the potential for flooding impacts on regional flooding due to the raising of the road and loss of 

floodplain storage. It is proposed that a total compensatory volume of 82,500m3 be provided between 

elevations of 9.8 and 17.3m AHD to offset the filling for the road upgrade, based on the strategic design of the 

proposal. The 17.3m AHD level relates to the 1% AEP Hawkesbury-Nepean River flood level at Windsor, and 

hence this measure will provide mitigation in up to the 1% AEP regional flood event. The selected location for 

the compensatory flood storage for Richmond Road upgrade is proposed to be outside the proposal site, on the 

South Creek floodplain approximately 2.5km upstream of the Richmond Road bridge. 

Recommendations 

Recommendations from the flooding assessment are: 

▪ Consultation by TfNSW and stakeholders of the Marsden Park North Precinct (developers, Blacktown City 

Council, NSW Department of Planning and Infrastructure) is recommended to ensure that future subdivision 

has provision for the drainage and flood conditions at and downstream of the proposed transverse culvert 

C2. The current precinct plan does not appear to have adequate provision for this drainage.  

▪ A minimum of 82,500m3 compensatory storage is recommended to mitigate against potential impacts to 

regional flooding.  

 

 



Detailed Design - Flooding Assessment 
 

 

Richmond Road Upgrade, Marsden Park viii 

Glossary 

Term Meaning 

AEIs Areas of environmental interest 

afflux Increase in flood level as a result of obstruction to flow 

AHD Australian Height Datum. A common national surface level datum 

approximately corresponding to mean sea level. 

Annual Exceedance Probability 

(AEP) 

The chance of a flood of a given or larger size occurring in any one year, 

usually expressed as a percentage.  In this study AEP has been used 

consistently to define the probability of occurrence of flooding. The 

following relationships between AEP and ARI applies to this study (ARR, 

2019). 

 

ARR Australian Rainfall and Runoff. Guidelines prepared by the Institute of 

Engineers Australia for the estimation of design floods. Reference is made 

to the 1987 or the 2019 versions of ARR, as specified. 
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Term Meaning 

Average Annual Damage (AAD) Depending on its size (or severity), each flood will cause a different 

amount of flood damage to a flood prone area. AAD is the average 

damage per year that would occur in a nominated development situation 

from flooding over a very long period of time.  

Average Recurrence Interval 

(ARI) 

The long-term average number of years between the occurrences of a 

flood as big as or larger than the selected event. For example, floods with 

a discharge as great as or greater than the 20 year ARI flood event will 

occur on average once every 20 years. ARI is another way of expressing 

the likelihood of occurrence of a flood event. Also refer to Average 

Exceedance Probability (AEP), which is the industry standard terminology 

for definition of design flood events. 

catchment The land area draining through the main stream, as well as tributary 

streams, to a particular site.  It always relates to an area above a specific 

location. 

conveyance The transport of flood water downstream. 

development Is defined in Part 4 of the EP&A Act 

In fill development: refers to the development of vacant blocks of land 

that are generally surrounded by developed properties and is permissible 

under the current zoning of the land. Conditions such as minimum floor 

levels may be imposed on infill development. 

New development: refers to development of a completely different nature 

to that associated with the former land use (e.g. The urban subdivision of 

an area previously used for rural purposes). New developments involve 

re-zoning and typically require major extensions of exiting urban services, 

such as roads, water supply, sewerage and electric power.  

Redevelopment: refers to rebuilding in an area (e.g. As urban areas age, it 

may become necessary to demolish and reconstruct buildings on a 

relatively large scale). Redevelopment generally does not require either 

re-zoning or major extensions to urban services. 

discharge The rate of flow of water measured in terms of volume per unit time, for 

example, cubic metres per second (m³/s). Discharge is different from 

speed or velocity of flow, which is a measure of how fast the water is 

moving for example, metres per second (m/s). 

DPIE NSW Government Department of Planning, Infrastructure and 

Environment (Environment, Energy and Science). 

DRAINS DRAINS is a computer program which is used to simulate local catchment 

rainfall-runoff and stormwater system hydraulics and is widely used 

across Australia. 

effective warning time The time available after receiving advice of an impending flood and 

before the floodwaters prevent appropriate flood response actions being 

undertaken. The effective warning time is typically used to move farm 

equipment, move stock, raise furniture, evacuate people and transport 

their possessions. 
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Term Meaning 

exceedances per year (EY) The number of times an event is likely to occur or be exceeded within any 

given year. 

flood Relatively high stream flow which overtops the natural or artificial banks 

in any part of a stream, river, estuary, lake or dam, and/or local overland 

flooding associated with major drainage before entering a watercourse, 

and/or coastal inundation resulting from super-elevated sea levels 

and/or waves overtopping coastline defences excluding tsunami. 

flood fringe areas The remaining area of flood prone land after floodway and flood storage 

areas have been defined. 

flood liable land /flood prone 

land 

Is synonymous with flood prone land (i.e.) land susceptibility to flooding 

by the probable maximum flood event. Note that the term flooding liable 

land covers the whole floodplain, not just that part below the FPL (see 

flood planning area) 

floodplain Area of land which is subject to inundation by floods up to and including 

the probable maximum flood event, that is flood prone land. 

floodplain risk management 

options 

The measures that might be feasible for the management of particular 

area of the floodplain. Preparation of a floodplain risk management plan 

requires a detailed evaluation of floodplain risk management options. 

floodplain risk management 

plan 

A management plan developed in accordance with the principles and 

guidelines in this manual. Usually includes both written and diagrammatic 

information describing how particular areas of flood prone land are to be 

used and managed to achieve defines objectives. 

flood plan (local) A sub-plan of a disaster plan that deals specifically with flooding. They 

can exist at state, division and local levels. Local flood plans are prepared 

under the leadership of the State Emergency Service. 

flood planning levels (FPLs) Are the combination of flood levels (derived from significant historical 

flood events or floods of specific AEPs) and freeboards selected for 

floodplain risk management purposes, as determined in management 

studies and incorporated in management plans. FPLs supersede the 

"designated flood" or the “flood standard” used in earlier studies.  

flood proofing A combination of measures incorporated in the design, construction and 

alteration of individual buildings and structures subject to flooding, to 

reduce or eliminate flood damages. 

flood readiness Readiness is an ability to react within the effective warning time. 

flood risk Potential danger to personal safety and potential damage to property 

resulting from flooding. The degree of risk varies with circumstances 

across the full range of floods. Flood risk in this manual is divided into 3 

types, existing, future and continuing risks. They are described below. 

Existing flood risk: the risk a community is exposed to as a result of its 

location on the floodplain. 
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Term Meaning 

Future flood risk: the risk a community may be exposed to as a result of 

new development on the floodplain. 

Continuing flood risk: the risk a community is exposed to after floodplain 

risk management measures have been implemented. For a town 

protected by levees, the continuing flood risk is the consequences of the 

levees being overtopped. For an area without any floodplain risk 

management measures, the continuing flood risk is simply the existence 

of its flood exposure. 

flood storage areas Those parts of the floodplain that are important for the temporary 

storage of floodwaters during passage of a flood. The extent and 

behaviour of flood storage areas may change with flood severity, and loss 

of flood storage can increase the severity of flood impacts by reducing 

natural flood attenuation. Hence, it is necessary to investigate a range of 

flood sizes before defining flood storage areas. 

floodway areas Those areas of the floodplain where a significant discharge of water 

occurs during floods. They are often aligned with naturally defined 

channels. Floodways are areas that, even if only partially blocked, would 

cause a significant redistribution of flood flow, or a significant increase in 

flood levels. 

freeboard Provides reasonable certainty that the risk exposure selected in deciding 

on a particular flood chosen as the basis for the FPL is actually provided. It 

is a factor of safety typically used in relation to the setting of floor levels, 

levee crest levels, etc.  Freeboard is included in the flood planning level.  

hazard A source of potential harm or situation with a potential to cause loss. In 

relation to this technical paper the hazard is flooding which has the 

potential to cause damage to the community.  

hydraulics The study of water flow in waterways; in particular, the evaluation of flow 

parameters such as water level and velocity. 

hydrograph A graph which shows how the discharge or stage/flood level at a 

particular location varies with time during a flood. 

hydrology The study of the rainfall and runoff process; in particular, the evaluation of 

peak flows, flow volumes and the derivation of hydrographs for a range of 

floods. 

IFD Intensity Frequency Duration. Describes rainfall in terms of intensity 

(typically mm/hr), frequency (e.g. ARI) and duration of the storm.  

LEP Local Environmental Plan 

local overland flooding Inundation by local runoff rather than overbank discharge from a stream, 

river, estuary, lake or dam.  

LPI Land and Property Information 

m AHD metres Australian Height Datum (AHD) 
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Term Meaning 

m/s metres per second.  Unit used to describe the velocity of floodwaters. 

m3/s Cubic metres per second or "cumecs".  A unit of measurement of creek or 

river flows or discharges.  It is the rate of flow of water measured in terms 

of volume per unit time. 

mainstream flooding Inundation of normally dry land occurring when water overflows the 

natural or artificial banks of a stream, river, estuary, lake or dam. 

modification measures Measures that modify either the flood, the property or the response to 

flooding.  

overland flow path The path that floodwaters can follow as they are conveyed towards the 

main flow channel or if they leave the confines of the main flow channel.  

Overland flow paths can occur through private property or along roads. 

probable maximum flood (PMF) The largest flood that could conceivably occur at a particular location, 

usually estimated from probable maximum precipitation coupled with the 

worst flood producing catchment conditions.  Generally, it is not 

physically or economically possible to provide complete protection 

against this event.  The probable maximum flood defines the extent of 

flood prone land, that is, the floodplain. 

probable maximum 

precipitation (PMP) 

The PMP is the greatest depth of precipitation for a given duration 

meteorologically possible over a given size storm area at a particular 

location at a particular time of the year, with no allowance made for long-

term climatic trends (World Meteorological Organisation, 1986).  It is the 

primary input to probable maximum flood estimation. 

risk Chance of something happening that will have an impact. It is measured 

in terms of consequences and likelihood. In the context of this technical 

paper it is the likelihood of consequences arising from the interaction of 

floods, communities and the environment. 

runoff The amount of rainfall which ends up as a streamflow, also known as 

rainfall excess. 

scour Erosion by mechanical action of water, typically of soil.  

stage Equivalent to water level (both measured with reference to a specified 

datum) 

SEARs Secretary’s Environmental Assessment Requirements 

TUFLOW TUFLOW is a computer program which is used to simulate free-surface 

flow for flood and tidal wave propagation. It provides coupled 1D and 2D 

hydraulic solutions using a powerful and robust computation. The engine 

has seamless interfacing with GIS and is widely used across Australia. 
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Important note about your report 

In preparing this report, Jacobs has relied upon and presumed accurate, any information provided by Transport 

for NSW. Except as otherwise stated in the report, Jacobs has not attempted to verify the accuracy or 

completeness of any such information. If the information is subsequently determined to be false, inaccurate or 

incomplete then it is possible that our observations and conclusions as expressed in this report may change. 

Jacobs derived the data in this report from information sourced from Transport for NSW and/or available in the 

public domain at the time or times outlined in this report. Jacobs has prepared this report in accordance with the 

usual care and thoroughness of the consulting profession, for the sole purpose described above and by reference 

to applicable standards, guidelines, procedures and practices at the date of issue of this report. For the reasons 

outlined above, however, no other warranty or guarantee, whether expressed or implied, is made as to the data, 

observations and findings expressed in this report, to the extent permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings. No 

responsibility is accepted by Jacobs for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, Transport for NSW and is subject to, and 

issued in accordance with, the provisions of the contract between Jacobs and Transport for NSW. Jacob accepts 

no liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third 

party.  
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1. Introduction 

1.1 Background 

In August 2018, the Road Design section of Transport for NSW’s (TfNSW) Western Sydney Project Office was 

engaged to develop a strategic design for extension of Richmond Road upgrade. This design incorporates the 

upgrade of access to Marsden Park Precinct (MPP) and Marsden Park North Precinct (MPNP). Richmond Road 

(MR537) is a north-south arterial road, that provides a link between Blacktown and Windsor and passes through 

the North West Priority Growth Area (NWPGA). Richmond Road has been upgraded progressively to a four lane 

divided carriageway with a wide median that caters for the provision for future widening into six lanes. Just north 

of Elara Boulevard this road narrows to a two lane undivided road that crosses South Creek about 2km north of 

Elara Boulevard. The progressive upgrade along with the upgrade proposed by this project is shown in Figure 

1-1. 

Richmond Road is a regional flood evacuation route. It is designated as the initial flood evacuation route for 

Bligh Park and Windsor Downs. When backwater flooding from the Hawkesbury River reaches 14.2m AHD, 

Richmond Road would be cut at South Creek. Evacuating traffic from Bligh Park and Windsor Downs would then 

be diverted south west via Landilo Road. Infrastructure NSW (INSW) and State Emergency Services (SES) has a 

strategy for improving flood evacuation for the Hawkesbury-Nepean Valley which includes raising the level of 

Richmond Road to relieve the heavy demand on south western bound flood evacuation routes.  The route out of 

Bligh Park and Windsor Downs via the Thorley Street exit is cut when floodwaters reach 18.5m AHD. At a 

meeting between representatives from INSW, SES, Department of Planning and Environment and Roads and 

Maritime (12 April 2019), it was agreed that Richmond Road be raised to 18.5m AHD across the South Creek 

flood plain so it can be maintained as the primary evacuation route for Bligh Park and Windsor Downs.  

Subsequent to this decision, TfNSW indicated that the deck level for a future bridge over South Creek be 1.5m 

above the 18.5m AHD flood level at 20m AHD. TfNSW also advised that the approach road level match the 

future bridge and therefore be not lower than 20m AHD.   

The project specific objectives for Richmond Road upgrade are: 

▪ To provide safe and efficient access from Marsden Park and Marsden Park North Precincts to Richmond 

Road. 

▪ To support the use of Richmond Road as the key freight route linking Richmond with the Westlink M7 

Motorway, as well as for accessing major industrial areas such as Marsden Park; Improve the long-term 

route reliability along the Pacific Highway. 

▪ To be consistent with the features of previous Richmond Road upgrades in line with the Growth Centres 

Road Framework, such as provisions for buses, pedestrians, cyclists, and motorists.  

▪ To reduce the number of crashes and serious injuries on the corridor in line with the Road Safety Plan 2021. 

▪ Enhancing Richmond Road as a flood evacuation route by raising the road level to be above a minimum of 

20.0m AHD, allowing Bligh Park and Windsor Downs communities to utilise it during more severe flooding 

events.  

Lyall & Associates (2020) undertook a flooding assessment to develop a concept drainage strategy for the 

Richmond Road upgrade and support the preparation of the Review of Environmental Factors (REF) for the 

upgrade. The assessment was based on previous industry guidance on flood estimation as documented in 

Australian Rainfall and Runoff 1987, “ARR 1987” (IEAust, 1987). The ARR guidelines have recently been 

updated and are documented in Australian Rainfall and Runoff 2019, “ARR 2019” (Ball et al, 2019), and have 

been adopted by TfNSW. 

The Lyall & Associates study also utilised preliminary design information for the adjacent “Clydesdale” 

residential development on the western side of the proposal site, within the Marsden Park Precinct. Updated 

design details are now available. This is an approved residential sub-division which is currently a greenfield site. 
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Jacobs were engaged by TfNSW to develop the detailed design for the Richmond Road Upgrade and, as a part of 

the engagement, were commissioned to update the Lyall & Associates flooding assessment based on the recent 

guidelines and information in order to provide integration between the flooding and drainage design and the 

overall road upgrade detailed design. 

 

Figure 1-1: Stages of Richmond Road Upgrade 

1.2 Purpose of this study 

The purpose of this flooding assessment is:  

▪ To update the assessment based on ARR 2019 and recent development details and define existing flooding 

conditions 

▪ To assess the flooding conditions with the Richmond Road upgrade in place including 

- Optimise the design of proposed transverse drainage structures 

- Confirm that design objectives (road flood immunity and other hydraulic aspects) have been achieved 

- Confirm the flooding impacts in the design case. 

This report documents the update of, and builds on, the Lyall & Associates flooding assessment for the concept 

drainage strategy (Lyall & Associates, 2020). 

1.3 Report structure 

The structure of this report is outlined below: 

• Section 2 – Existing environment: Description of the existing physical and overview of flooding conditions 

• Section 3 – Legislative and policy framework. Relevant policies and background to the flooding assessment. 
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• Section 4 – Assessment methodology. Description of the assessment approach, criteria and performance 

objectives, and review of existing studies and available information. 

• Section 5 – Assessment of existing case flooding. Description of the hydrologic and hydraulic modelling 

undertaken to determine existing flooding conditions. Description of the existing flooding behaviour in the 

vicinity of the project site. 

• Section 6 – Assessment of design case flooding. Description of the detailed design and the modelling of the 

design case (operational phase). Description of hydraulic structures design optimisation, confirmation of 

flood impacts, validation of design. Statement of compliance to design objectives. Construction phase 

assessment and climate change impact assessment. 

• Section 7 – Proposed mitigation measures. 

• Section 8 – Conclusions and recommendations. 

• Section 9 – References. 
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2. Existing environment 

2.1 Description of the existing highway and drainage 

The following is an excerpt from Lyall & Associates (2020). Naming of watercourses and existing drainage 

structures follows the naming convention in the Lyall & Associates (2020) report. 

The section of Richmond Road that forms the project corridor is located within the catchments of 

South Creek and [Marsden Creek] its east (referred to as “Unnamed Tributary No. 1” in Lyall & 

Associates, 2020).  

Transverse drainage structure EXD01 is located about 480 m to the north of Elara Boulevard and 

controls runoff from an urbanised area that forms part of the Marsden Park Precinct development.  

Stormwater discharging from transverse drainage structure EXD01 is conveyed along a vegetated 

channel that discharges into [Marsden Creek] on its western bank about 240m to the north of 

Richmond Road.  

Transverse drainage structures EXD02 and EXD03 are located about 90m and 200m to the north of 

the project corridor, respectively.  Both of these structures control runoff from a portion of the 

Marsden Park Precinct development that is currently under construction. Stormwater discharging 

from transverse drainage structures EXD02 and EXD03 is conveyed along a vegetated channel a 

relatively short distance downstream of Richmond Road before discharging into South Creek on its 

southern bank.    

The main arm of South Creek crosses Richmond Road about 300m to the north of the project 

corridor via a 100m long four span bridge.  

While the area to the east (downstream) of the project corridor is typically of a rural nature, future 

development is proposed as part of the Marsden Park North Precinct that will include commercial 

type development and playing fields.  

The southern portion of Richmond Road has been built largely at-grade.  The middle portion of the 

road is located in a cutting that is up to 6m deep, while its northern portion is located on a fill 

embankment as it approaches the aforementioned bridge crossing of South Creek.   

Details of the existing hydraulic structures are provided in Table 2-1. The locations of the existing structures are 

shown on Figure 2-1. The location of other key features including watercourses, the adjacent Clydesdale Estate 

development site, within the Marsden Park Precinct, and the proposal site are also shown. The Clydesdale site 

consists mainly of proposed residential properties including the areas immediately adjacent to the proposal site. 

A small section of the development adjoining the proposal site and to the south of proposed Access Road 1 is 

designated for “Water Management” on the Marsden Park Precinct layout (refer to Appendix C). 

Note that it is in the scope of this flooding assessment to optimise the proposed transverse drainage culverts for 

the local catchment areas draining to the vicinity of the existing structure at EXD01.
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Table 2-1: Details of existing transverse drainage structures 

Catchment Transverse 

drainage 

structure ID 

Location Dimensions Catchment area  Upstream invert 

level (m AHD) 

Downstream 

invert level (m 

AHD) 

Approximate hydrologic standard 

of transverse drainage structure (% 

AEP)(1) 

HNF(2) MMTF 

Marsden Creek EXD01 480 m north of 

Elara 

Boulevarde 

3 x 600mm RCP 40.9ha 16.59 16.38 1 50(3) 

South Creek EXD02 270 m south of 

South Creek 

bridge crossing 

2 x 1050mm 

RCP 

31.0ha 7.53 6.93 5 >0.2 

EXD03 140m south of 

South Creek 

bridge crossing 

2 x 1800mm 

RCP 

110ha 2.61 2.36 5 >0.2 

1. HNF = Hawkesbury-Nepean River Flooding MMTF = Minor and Major Tributary Flooding  

2. Indicates when the section of road adjacent to the transverse drainage structure is first overtopped by Hawkesbury-Nepean River Flooding. 

3. The section of Richmond Road to the north of transverse drainage structure EXD01 is inundated by floodwater that surcharges the table drain that runs along the 

western side of the road.  
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2.2 Mechanisms of flooding 

Flooding at the proposal site is caused by three different mechanisms of varying scales: 

▪ Major, regional flooding from the Hawkesbury-Nepean River 

▪ Major tributary flooding in watercourses including South Creek and Marsden Creek 

▪ Minor tributary flooding from small local catchments and in overland flow paths. 

These are described below. 

2.2.1 Hawkesbury-Nepean River regional flooding 

Prolonged heavy rainfall over the wider Hawkesbury-Nepean catchment (12,700km2 at Windsor. Reference: 

WMAwater, 2019) can result in backwater flooding in the lower floodplains of the catchment, including the 

location of the proposal site. Floodwaters flowing downstream of Windsor are forced to back up due to a natural 

flow constriction imposed by Sackville Gorge on the Hawkesbury River, causing a ponding behaviour of flooding 

which extends up South Creek to the proposal site. This type of flooding is relatively slow rising in nature, with 

the peak of the flood typically occurring more than 24 hours after the onset of flood producing rain. Flooding at 

the proposal site may be caused by Hawkesbury-Nepean River flooding even in the absence of rainfall and 

flooding in the South Creek catchment and other major and minor tributary catchments. Design flood levels for 

Hawkesbury-Nepean River flooding at Windsor are summarised in Table 2-2. 

Table 2-2: Hawkesbury-Nepean River design flood levels at Windsor 

Event AEP Peak flood level (m AHD) 

1 in 5 year 9.9 

10% AEP 11.9 

5% AEP 13.7 

2% AEP 16.1 

1% AEP 17.3 

0.5% AEP 18.4 

0.2% AEP 19.6 

0.1% AEP 20.6 

0.05% AEP 21.7 

0.02% AEP 22.6 

PMF 26.7 

Reference: Hawkesbury-Nepean Valley Regional Flood Study (WMAwater, 2019)  
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2.2.2 Major tributary flooding 

Widespread rainfall over South Creek catchment (414km2. Reference: Worley Parsons, 2015) and the catchment 

of the Marsden Creek (40.9ha) for durations of 2 – 9 hours typically results in the maximum flows in these 

watercourses. While this will result in depths of inundation on the overbank area of South Creek of over a metre 

in places, the resulting peak flood levels are several metres lower than those generated by Hawkesbury-Nepean 

River Flooding.  That said, flow velocities resulting from major tributary flooding will be much higher in the 

absence of coincident backwater flooding from the Hawkesbury-Nepean River (Lyall & Associates, 2020). 

2.2.3 Minor tributary flooding 

Rainfall over the small local catchments which drain across and along the proposal site alignment can cause 

flooding of Richmond Road and adjacent areas. These local catchments drain through existing transverse 

culverts, in drains, constructed channels and ephemeral watercourses and discharge to South Creek and Marsden 

Creek. Intense, short duration storms typically result in peak flooding in these local catchments. The design of 

the proposed transverse drainage needs to consider the flood flows in these minor tributaries. 
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3. Legislative and policy framework 

The assessment has been undertaken generally in accordance with the following key guidelines and design 

references as applicable:  

▪ Australian Rainfall and Runoff (ARR) 2019 

▪ NSW Floodplain Development Manual (NSW Government, 2005)  

▪ Blacktown City Council policies planning instruments 

- Blacktown Local Environment Plan 2015 

- Blacktown Development Control Plan 2015 

3.1 Australian Rainfall and Runoff 2019 

Australian Rainfall and Runoff 2019 (“ARR 2019”; reference: Ball et al, 2019) provides industry guidance on 

technical analysis and specifies design rainfall parameters for flooding and hydrologic studies in Australia. These 

guidelines have been adopted for new hydrologic assessment undertaken in this study. 

The existing flood studies reviewed in this assessment are based on the design rainfall data provided in 

Australian Rainfall and Runoff 1987 (“ARR 1987”; reference: Institute of Engineers Australia, 1987). The ARR 

2019 design rainfall data is based on an additional 30 years of rainfall records in addition to improved analytical 

techniques to provide an increased understanding of design rainfall conditions across Australia. For the proposal 

site the ARR 2019 1% AEP design rainfall depths are up to 16% higher for short duration events less than one 

hour, which are relevant to the drainage design of the Richmond Road upgrade. For the 1% AEP rainfall depths 

for durations of 2 – 12 hours, which are relevant to major tributary flooding in South Creek and Marsden Creek, 

the difference is -7 to -9% compared to ARR 1987.  

In addition to changes in design rainfall depths, ARR 2019 provides design storm temporal patterns which differ 

from ARR 1987. Ensembles of 10 different temporal patterns are provided for each storm AEP and duration in 

ARR 2019, compared to a single design temporal pattern prescribed by ARR 1987. Different catchments with 

different hydrologic characteristics may result in different storm patterns being the critical event for that 

catchment. The ARR 2019 temporal patterns for the Sydney Region also have generally lower peak rainfall 

intensities, which provide another point of difference from the ARR 1987 design storms. 

ARR 2019 also provides updated guidance on design rainfall losses, including changes to the magnitudes of 

initial and continuing losses compared to ARR 1987.  

Consideration of flood affectation and flood impacts, concept and detailed design should adopt ARR 2019 in 

line with the current industry guidance. TfNSW has, in 2020, adopted ARR 2019 in their flooding and drainage 

assessment requirements. 

3.2 Floodplain Development Manual (NSW Government, 2005) 

The assessment of potential flooding impacts of the proposal on existing flood regimes has been conducted in 

accordance with the requirements of the Floodplain Development Manual (NSW Government, 2005), which 

incorporates the NSW Government’s Flood Prone Land Policy. The key objectives of this policy are to identify 

potential hazards and risks, reduce the impact of flooding and flood liability on owners and occupiers of flood 

prone property, and to reduce public and private losses resulting from floods. This policy also recognises the 

benefits of the use, occupation and development of flood prone land. 
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3.3 Blacktown City Council Policies  

3.3.1 Blacktown Local Environment Plan 2015 

The Blacktown Local Environment Plan 2015 (LEP 2015) adopts the Department of Planning and Environment’s 

model flood planning clause as clause 7.1. The objectives of clause 7.1 Flood Planning are to: 

• Minimise the flood risk to life and property associated with the use of land; 

• Allow development on land that is compatible with the land’s flood hazard, considering projected changes 

as a result of climate change; and 

• Avoid significant adverse impacts of flood behaviour on the community. 

This clause applies to land at or below the flood planning level or the highest historical flood level. 

Development consent must not be granted to development on land to which this clause applies unless the 

consent authority is satisfied that the development— 

(a)  is compatible with the flood hazard of the land, and 

(b)  will not significantly adversely affect flood behaviour resulting in detrimental increases in the potential flood 

affectation of other development or properties, and 

(c)  incorporates appropriate measures to manage risk to life from flood, and 

(d)  will not significantly adversely affect the environment or cause avoidable erosion, siltation, destruction of 

riparian vegetation or a reduction in the stability of river banks or watercourses, and 

(e)  is not likely to result in unsustainable social and economic costs to the community as a consequence of 

flooding. 

In this clause— 

▪ highest historical flood event means the highest recorded flood in the Blacktown local government area, 

which occurred in 1867. 

▪ land at or below the flood planning level means the level of a 1:100 ARI (average recurrent interval) (i.e. the 

one per cent AEP) flood event plus 0.5 metres freeboard. 

3.3.2 Blacktown Development Control Plan 2015 

Section 9 in Blacktown Development Control Plan 2015 – Part A Introduction and General Guidelines outlines 

the development controls related to development on flood prone land. In determining any application for 

development on land designated as being within the floodway or flood fringe, Council will take into 

consideration those matters listed under Section 79C of the Environmental Planning and Assessment Act 1979 

as appropriate. Council shall also take into consideration the following:  

(a) Whether the proposed building materials are suitable  

(b) Whether the buildings are to be sited in the optimum position to avoid flood waters and allow evacuation  

(c) Whether proposed structures or the filling of land are likely to affect flood flows  

(d) Whether consultation with other authorities is considered necessary (e.g. NSW Office of Water)  

(e) The NSW Government Floodplain Development Manual 2005. 

In general, Council will not support the development, including the filling of land, within the floodway. In 

general, Council will approve development within the flood fringe subject to a range of development controls.  
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4. Assessment methodology 

4.1 Overall assessment approach 

The objective of this hydrology and flooding assessment is to address flood immunity and flood impacts for the 

proposed road upgrade.  The methodology for this hydrology and flooding assessment is summarised below: 

▪ Review of relevant flood study reports to characterise existing flooding conditions at the proposal site and 

the surrounding area.  

▪ Review of the flood study models for suitability for this assessment. 

▪ Update the existing hydrologic and hydraulic model based on Australian Rainfall and Runoff (ARR) 2019 

guidelines and details of the proposed urban development adjacent to the site to define flooding in the 

vicinity of the proposal 

▪ Update the modelling with the Richmond Road upgrade in place and perform iterative simulations to 

optimise the transverse culvert design 

▪ Confirm flood impacts and achievement of design objectives 

▪ Assess impacts of future climate change on flooding conditions with the design in place. 

4.2 Design criteria 

The design criteria for the transverse culvert design are summarised below: 

1) Maintain flood-free access from minor tributary flooding on the upgraded Richmond Road in up to the 

0.2% AEP event, as a minimum 

2) Maintain flood-free access from minor tributary flooding on proposed access roads in up to the 0.2% AEP 

event (aspirational). A reduced flood immunity may be considered if this is not achievable 

3) For proposed culverts with cross sectional area of 6m2 or greater, provide 0.3m freeboard from water 

surface level to culvert obvert in the 0.2% AEP event. For proposed culverts with less than 6m2 cross 

sectional area, the culvert may be designed with a submerged inlet with no freeboard to the obvert. Based 

on Austroads Guide to Road Design Part 5: Drainage – General and Hydrology Considerations (Section 4.7.6 

Culvert Design) 

4) Design blockages of proposed culverts are to be based on the guidance and procedures in Table 6.6.1 to 

Table 6.6.5 of ARR 2019 

5) Flooding conditions from minor tributary flooding on the adjacent Clydesdale residential development are 

not to be classed as “high hazard” in up to the PMF event. High hazard flooding is considered to be H3 

classification or higher, based on the classification presented in Australian Disaster Resilience Handbook 7. 

Managing the Floodplain: A Guide to Best Practice in Flood Risk Management in Australia (AIDR, 2017a) 

and Guideline 7-3 Flood Hazard (AIDR, 2017b), where the flood hazard is classified based on the depth and 

velocity of floodwaters. H3 classification is described as Unsafe for vehicles, children and the elderly”. Refer 

to Figure 4-1. As flow velocities are expected to be low in the area of interest, the peak flood depths are 

required to be below 0.5m in order to maintain a “low hazard” classification. The flood hazard on the 

proposed residential properties was identified in Lyall & Associates (2020) as a key concern. 

6) No criteria have been adopted for increase in flood levels from minor tributary flooding, however, the flood 

impact (change in flood level) as a result of the proposal are to be checked. 

In terms of impacts to regional flooding, design of the proposal needs to ensure that there are no flooding 

impacts resulting from the proposal due to loss of floodplain storage. 
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Figure 4-1: General flood hazard vulnerability curves, Australian Institute for Disaster Resilience (AIDR) 

definition. Reproduced from Figure 6 in Guideline 7-3: Flood Hazard (AIDR, 2017b) 

4.3 Review of Existing Studies 

4.3.1 Flooding and Drainage Investigation- Richmond Road Upgrade (Lyall & Associates, 2020) 

Lyall & Associates conducted a flooding and drainage investigation on behalf of TfNSW to develop a concept 

drainage strategy for the Richmond Road upgrade which constitutes the current proposal. The study focussed on 

mainstream flooding in South Creek and its tributaries including minor overland flow paths.  

Two DRAINS models were developed by Lyall & Associates, including a South Creek (SC) DRAINS Model and a 

Richmond Road Upgrade (RRU) DRAINS model to simulate rainfall runoff for the South Creek mainstream 

catchment and the local catchments, respectively. Both models were developed using ARR 1987 design rainfall 

and procedures and were made available for this current study. 

A number of hydrologic modelling routines are available within the DRAINS software to simulate the conversion 

of rainfall to runoff, including ILSAX, RAFTS, RORB and WBNM hydrologic modules. The ILSAX and RAFTS 

modules were adopted by Lyall & Associates as they are best suited to simulate the rainfall-runoff process in 

urban and rural/semi-rural areas, respectively. The RRU DRAINS model was developed to represent the fully 

urbanised conditions of the residential developments which are currently under construction adjacent to the 
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proposal site. Parts of these development areas drain to the existing transverse drainage culverts including 

EXD01. 

Rainfall losses adopted in Lyall & Associates (2020) are summarised in Table 4-1 and Table 4-2. 

Table 4-1: Adopted rainfall losses in Lyall & Associates (2020) flood assessment – rural (RAFTS) sub-catchments 

Event AEP Pervious area Impervious area 

1% AEP, 0.2% 

AEP and PMF and 

other events 

IL: 15mm 

CL: 2.5mm/hr 

IL: 2mm 

CL: 0mm/hr 

* IL = initial loss; CL = continuing loss 

Table 4-2: Adopted rainfall losses and hydrologic parameters in Lyall & Associates (2020) flood assessment – 

urban (ILSAX) sub-catchments 

Event AEP Depression 

storage 

Soil type Antecedent 

moisture 

condition 

1% AEP, 0.2% 

AEP and PMF and 

other events 

Paved: 2mm 

Grassed: 10mm 

 

3 3 

A TUFLOW hydraulic model with 2m grid resolution was developed to simulate flooding affecting the proposal 

site, including major tributary flooding in South Creek and Marsden Creek, and minor tributary flooding from the 

local catchments. Model terrain was based on LiDAR dated 2017 and 2019, in addition to detailed survey in the 

proposal site. The section of South Creek from 300m upstream of the Richmond Road bridge to 2.3km 

downstream of the bridge was represented. The section of Unnamed Tributary No .1 from 400m east (upstream) 

of the proposal site to its confluence with the South Creek floodplain was represented.  

Inflow hydrographs from the two DRAINS models were input on the upstream boundary of South Creek and at 

the local catchment outlets. Inflows into the upstream boundary of Marsden Creek were obtained from separate 

TUFLOW modelling undertaken for the Garfield Road West Upgrade Flooding and Drainage Investigation (Lyall & 

Associates, 2019). The TUFLOW model and the supporting hydrologic modelling for the Garfield Road West 

upgrade project were not available for this current study. 

The downstream boundary of the South Creek TUFLOW Model comprised water level hydrographs that were 

extracted from the TUFLOW model that was developed as part of Lyall & Associates (2019) of the South Creek 

floodplain. The study considered peak flooding conditions due to South Creek and Marsden Creek catchment 

flooding, and omitted the effects of backwater flooding from the Hawkesbury-Nepean River.  

Existing and proposed transverse drainage structures were modelled with design blockages assuming a 50% 

blockage condition of the culverts. Proposed culvert sizing was also based on additional criteria including 

minimum freeboard between culvert water level and the culvert obvert, and flood immunity requirements of 

Richmond Road upgrade and adjoining access roads. The transverse culverts proposed by Lyall & Associates 

(2020) in the vicinity of EXD01 consisted of: 

▪ 5 x 2.4m x 1.8m box culverts crossing Richmond Road 

▪ 5 x 2.4m x 1.8m box culverts under the adjacent raised access road. 

The study adopted TUFLOW hydraulic modelling tool to define the flooding conditions for 20%, 10%, 1%, 0.2% 

and probable maximum flood event.  
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This current study has adopted the Lyall & Associates (2020) hydrologic and hydraulic models as the basis for 

flood modelling and assessment, and builds on the Lyall & Associates (2020) study for the Richmond Road 

upgrade. Review of the models indicates that they are generally suitable for the current study. Recommended 

updates to the modelling include: 

▪ Adoption of ARR 2019 design rainfall and hydrologic procedures 

▪ Adoption of ARR 2019 procedures for definition of design blockage of hydraulic structures 

▪ Update of design details for proposed Richmond Road upgrade and for the adjacent residential 

developments, including update of hydrologic catchment boundaries where necessary.  

The omission of coincident flooding in the Hawkesbury-Nepean River from this modelling is considered 

acceptable for the purposes of this current study, which aims to provide input into the design of the Richmond 

Road upgrade including transverse drainage, which is primarily influenced by local catchment and minor 

tributary flooding. The effects and design considerations to address Hawkesbury-Nepean regional flooding are 

assessed independently of the flood modelling adopted in this current study. 

4.3.2 Hawkesbury-Nepean Valley Regional Flood Study (WMAwater, 2019) 

The Hawkesbury-Nepean Valley has the most significant flood risk exposure in NSW, if not Australia. To better 

manage this risk, the NSW Government released Resilient Valley, Resilient Communities: Hawkesbury-Nepean 

Valley Flood Risk Management Strategy (Flood Strategy) in May 2017.  

The Flood Strategy is a comprehensive long-term framework for the NSW Government, local councils, businesses 

and the community to work together to reduce and manage the flood risk in the valley.  

A key output of the Flood Strategy is the Hawkesbury-Nepean Valley Regional Flood Study (Regional Flood 

Study) – a technical document describing the existing flood behaviour of the main Hawkesbury-Nepean River 

from Bents Basin near Wallacia downstream to Brooklyn Bridge, and the backwater flooding associated with river 

flooding. 

The high flood risk in the Hawkesbury-Nepean Valley means that having access to the best available flood 

information is essential. The last regional flood studies were prepared in the mid-1990s. There have been 

significant changes to science and technology, as well as some changes to the valley landscape since then. There 

is also a need to consider the potential impacts of climate change on flooding.  

The Regional Flood Study was developed to provide contemporary flood risk information for the valley 

underpinned by best practice approaches and up-to-date flood guidelines. It identifies the full range of flood 

behaviour and flood hazard in the floodplain to inform decision-making consistent with the intent of the 

Floodplain Development Manual and Managing the Floodplain. 

This Regional Flood Study supersedes previous regional studies for the Hawkesbury-Nepean River. The new 

study has also used the best available guidance and information to assess the impacts of climate change on 

flooding. The study provides the best source of information for defining the limits of flood prone land (up to the 

PMF) and for regional flood evacuation planning. The design regional flood levels applicable to the proposal site 

are summarised in Section 2.2.1. 

4.3.3 Updated South Creek Flood Study (Worley Parsons, 2015) 

Worley Parsons conducted a flood study for South Creek and its tributaries. The study focussed on mainstream 

flooding within the main creeks and did not include minor overland flow paths. Flood modelling was undertaken 

using RMA-2 software to define the existing flooding conditions for the 20, 50, 100, 200 and 500 year ARI 

events (i.e. 5%, 2%, 1%, 0.2% and 0.5% AEP events, respectively) and probable maximum flood (PMF) event. 

The study was based on ARR 1987 design rainfall data and procedures. Flood mapping including depths, levels, 

flood hazard and hydraulic categories is presented. The modelling was calibrated to the 1986 and 1988 historic 

events.  
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Peak flooding in the lower reaches of South Creek was defined based on a coincident flood event in the 

Hawkesbury-Nepean River, defining peak tailwater levels. South Creek flooding was also simulated with low 

tailwater levels to ensure that peak flow velocities were also captured in the peak design flood conditions. 

4.4 Available information 

The following data sets were referred to in the undertaking of this flooding assessment: 

▪ Reporting, flood modelling and GIS data sets associated with the Flooding and Drainage Investigation- 

Richmond Road Upgrade (Lyall & Associates, 2020). Models available for this study include: 

- South Creek DRAINS model (SC_PD_009 [25-180min, All ARIs, ARF = 1][BX=1.0].drn) 

- Pre- and post-development Richmond Road Upgrade concept drainage strategy DRAINS models 

(RRU_Pre_004.drn and RRU_Post_004.drn) 

- Richmond Road Upgrade concept drainage strategy TUFLOW models (RRU_Pre_~e1~_~e2~_005.tcf, 

RRU_Pre_PMF_~e2~_005.tcf, RRU_Post_~e1~_~e2~_006.tcf and RRU_Post_PMF_~e2~_005.tcf) 

▪ LiDAR ground elevation digital terrain models dated 2017 and 2019 

▪ Clydesdale development finished ground levels provided by TfNSW on 01 May 2020 (110288 DESIGN P2 

DTM AND STRINGS 200501.dwg, 110288 JWP BHL ROAD 1 CONNECTION TO RICHMONDROAD.dwg). 

Review of the design levels indicates an area of the development north of Access Road 1, and designated 

residential development according to the Initial Layout Plan, will be set at a minimum level of RL 19.3 which 

is below the new level of Richmond Road and therefore is at risk of hazardous flood depths if Richmond 

Road is overtopped during extreme local catchment flood events. 

▪ Richmond Road Upgrade detailed design civil design model, developed by Jacobs. 
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5. Assessment of existing case flooding  

5.1 Hydrologic model updates and results 

Hydrologic models have been updated to include details of the Clydesdale residential development (under 

construction) and the design rainfall and guidelines in ARR 2019. The updates to the South Creek DRAINS Model 

and Richmond Road Upgrade (RRU) DRAINS Model are described in the following sections. 

5.1.1 Sub-catchment definition 

The sub-catchments of the RRU DRAINS model were reviewed and updated, including splitting into finer sub-

catchments, to refine the inflow distribution in the Clydesdale development area. Sub-catchment boundaries 

were updated to reflect the latest finished levels of the Clydesdale development. For the sub-catchments 

draining to existing transverse culvert EXD01, the sub-catchment area is approximately 10% larger than in Lyall 

& Associates (2020). The updated RRU DRAINS model sub-catchments are shown on Figure 5-1. 

5.1.2 Rainfall losses 

Rainfall losses for rural (RAFTS module) sub-catchments have been updated based on adopted parameter 

values in the Updated South Creek Flood Study (Worley Parsons, 2015), and are summarised in Table 5-1. The 

rainfall loss values were selected based on calibration to the 1986 and 1988 historic flood events. Adoption of 

these values in this study, based on model calibration processes, is in line with the guidance in ARR 2019.  

Comparison can be made with the rainfall losses adopted in Lyall & Associates (2020), refer to Table 4-1 for the 

RAFTS module sub-catchment rainfall losses. In summary, the Lyall & Associates study adopted RAFTS 

catchment pervious initial and continuing losses of 15mm and 2.5mm/hr respectively, compared to 34mm and 

0.94mm/hr in the updated modelling. The Lyall & Associates (2020) rainfall losses for the ILSAX module sub-

catchments were retained in this study, refer to Table 4-2. 

Table 5-1: Adopted rainfall losses in updated flood assessment – rural (RAFTS) sub-catchments 

Event AEP Pervious area Impervious area Comment 

Up to and 

including 1% AEP 

IL: 34mm 

CL: 0.94mm/hr 

IL: 2mm 

CL: 0mm/hr 

Based on Worley Parsons (2015). 

Selected in accordance with ARR 

2019 guidelines 

0.2% AEP IL: 1.5mm 

CL: 0.94mm/hr 

IL: 0mm 

CL: 0mm/hr 

Interpolated between 1% AEP and 

PMF values 

PMF IL: 0mm 

CL: 0.94mm/hr 

IL: 0mm 

CL: 0mm/hr 

 

5.1.3 Hydrologic modelling of Marsden Creek 

Hydrologic modelling for Marsden Creek was not available for this study for update to ARR 2019 procedures so 

the inflow boundaries based on ARR 1987 were maintained. This is considered appropriate as review of Lyall & 

Associates estimates of peak flood levels in Marsden Creek indicate that the flood levels are generally low 

compared to Richmond Road and transverse drainage structures levels in up to the 0.2% AEP event and hence 

are not expected to influence the hydraulic conditions and sizing of transverse drainage structures. 
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5.1.4 Hydrologic model results 

The 20%, 10%, 1% and 0.2% AEP design events were simulated for a range of durations to identify critical 

duration and temporal pattern at Richmond Road based on ARR 2019 design rainfall. A summary of the critical 

duration is presented in Table 5-2. The minor tributary peak flow for 1% AEP is compared with previous study 

(Lyall & Associates, 2020) which shows that the present study produces about 28% higher flow than the 

previous estimate (Table 5-3).  

The critical duration for the PMF event for the local catchment is 15mins, although the PMF event is simulated 

for a range of durations including15mins, 30 mins, 45mins, 1hr, 1.5hrs and 2hrs as per Lyall & Associates 

(2020). 

Table 5-2: Adopted critical duration for the selected design events 

Design Events 
Critical Durations Critical ARR 2019 Temporal Patterns 

Regional Model Local Model Regional Model Local Model 

20% AEP 18 hours 25mins 3 8 

10% AEP 24 hours 20mins 1 4 

1% AEP 12 hours 20mins 5 10 

0.2% AEP 12hours 15mins 9 8 

Table 5-3: Comparisons of local catchment peak flow and critical duration for 1% AEP design event* 

Sources Critical Duration (min) Peak Flow (m3/s) 

Flooding and Drainage Investigation- Richmond Road 

Upgrade (Lyall & Associates, 2020) 

25 10 

Present Study 20 12.8 

* Peak flow and critical duration obtained at existing transverse culvert EXD01 for local (minor tributary) 

flooding 

5.2 Hydraulic model updates and results 

The TUFLOW model which was developed for the Flooding and Drainage Investigation- Richmond Road Upgrade 

(Lyall & Associates, 2020), is adopted for this study including few modifications as below: 

▪ TUFLOW 2D model domain at western side of the access road is slightly modified to include full extent of 

the flooding for the all simulated design events. 

▪ Latest design ground levels of the Clydesdale residential development are included in the TUFLOW model. 

Blockages of the existing transverse culverts across the Richmond Road are estimated based on the guidance 

and procedures in Table 6.6.1 to Table 6.6.5 of ARR 2019. These vary depending on the culvert size, flood AEP 

and assessment of type and availability of flood debris (which causes blockages), and are summarised in Table 

5-4. 

  



Detailed Design - Flooding Assessment 
 

 

Richmond Road Upgrade, Marsden Park 32 

Table 5-4: Adopted ARR 2019 blockage condition for existing transverse culverts 

Culvert ID Dimensions Blockage % 

20% AEP 10% AEP 1% AEP 0.2% AEP PMF 

EXD01 3 x 600mm 

RCP 

0 0 50  50  100  

RR_2 

(culvert under access 

road adjacent to EXD01) 

3 x 450mm 

RCP 

0 0 50  50  100  

EXD02 2 x 1050mm 

RCP 

0 0 10  20  20  

EXD03 2 x 1800mm 

RCP 

0 0 10  20  20  

The updated TUFLOW model is simulated for a range of combinations which are listed in Table 5-5. Each 

combination was run separately, and a maximum flood envelope derived from the modelling results of the three 

simulations for each AEP. The combination of runs is prepared in a way that it includes critical durations for both 

local and regional catchments. During extreme flood events (i.e. the 0.2% AEP, PMF), it is unlikely that a similar 

magnitude flood would occur at the same time in both the local and major tributary catchments. Hence, the local 

tributary 0.2% AEP flood and PMF is coincided with the 1% AEP event in the other major flow paths. The 

selection of the coincident events is consistent with Lyall & Associates (2020). As previously mentioned, the 

proposed drainage structures are not intended to cater for Hawkesbury-Nepean regional flooding and hence the 

backwater for the regional flooding is omitted from the current flood modelling. 

Table 5-5: Selected combinations simulated to define flooding behaviours 

Design 

events 

Selected Combinations 

Local Catchment South Creek Marsden Creek 

Event Duration Event Duration Event Duration 

20% AEP 20% AEP 25min 20% AEP 25min 20% AEP 25min 

20% AEP 2hrs 20% AEP 2hrs 20% AEP 2hrs 

20% AEP 18hrs 20% AEP 18hrs 20% AEP 18hrs 

10% AEP 10% AEP 20min 10% AEP 20min 10% AEP 20min 

10% AEP 2hrs 10% AEP 2hrs 10% AEP 2hrs 

10% AEP 24hrs 10% AEP 24hrs 10% AEP 24hrs 

1% AEP 1% AEP 20min 1% AEP 20min 1% AEP 20min 

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

1% AEP 12hrs 1% AEP 12hrs 1% AEP 12hrs 

0.2% AEP 0.2% AEP 15min 1% AEP 15min 1% AEP 15min 

0.2% AEP 2hrs 1% AEP 2hrs 0.2% AEP 2hrs 
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Design 

events 

Selected Combinations 

Local Catchment South Creek Marsden Creek 

Event Duration Event Duration Event Duration 

1% AEP 12hrs 0.2% AEP 12hrs 1% AEP 12hrs 

PMF PMF 15mins 1% AEP 15mins 1% AEP 15mins 

PMF 30mins 1% AEP 30mins 1% AEP 30mins 

PMF 45mins 1% AEP 45mins 1% AEP 45mins 

PMF 1hr 1% AEP 1hr 1% AEP 1hr 

PMF 1.5hrs 1% AEP 1.5hrs 1% AEP 1.5hrs 

PMF 2hrs 1% AEP 2hrs 1% AEP 2hrs 

 

5.3 Description of existing flood behaviour 

The flood depths are mapped for the 20%, 10%, 1% and 0.2% AEP and PMF events in Appendix A. Observations 

of flood behaviour are summarised below. 

▪ In the 20% AEP event, minor tributary flooding overtops the existing Richmond Road at existing transverse 

culvert EXD01 and an additional location 400m to the north up to a depth of 0.2m. The minor tributary 

flood flows are generally conveyed along the western side of the road and discharge to South Creek. Peak 

flood levels in Marsden Creek are 0.4m lower than the outlet of EXD01. 

▪ In the 1% AEP event, the depths of minor tributary flooding over Richmond Road at EXD01 are up to 0.27m 

(typically less than 0.1m). The majority of the floodwaters are directed north along the western side of the 

road. These spill onto and are conveyed in the entire road carriageway from 70m north of EXD01, through 

the in-cut section of the road, to depths of 0.18m (typically less than 0.1m). Peak flood level in Marsden 

Creek are 0.3m lower than the outlet of EXD01. 

▪ In the 0.2% AEP event, the depths of minor tributary flooding over Richmond Road at EXD01 are up to 0.3m 

(typically less than 0.1m). The majority of the floodwaters are directed north along the western side of the 

road. These spill onto and are conveyed in the entire road carriageway from 70m north of EXD01, through 

the in-cut section of the road, to depths of 0.21m (typically less than 0.1m). Peak flood level in Marsden 

Creek are 0.25m lower than the outlet of EXD01. 

▪ In the PMF event, Richmond Road is overtopped by minor tributary flooding at multiple locations in the 

proposal site to depths of 0.3 – 0.5m typically, with maximum depths of 0.9m. 

In summary, minor tributary flooding has the potential to significantly disrupt traffic in frequent events including 

the 20% AEP, as vehicles must slow down due to generally shallow flooding. The is the potential for hazardous 

flooding conditions in the PMF event and up with floodwaters sufficiently deep to cause some vehicles to float 

and wash away. 

Flooding from South Creek is at least 6m lower than ground levels at EXD01 and do not influence flooding at 

EXD01 for the flood event combinations adopted in this assessment. 
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6. Assessment of design case flooding  

6.1 Description of the design 

The Richmond Road upgrade involves the following aspects relevant to flooding: 

▪ Widening of the road to provide dual carriageway with two lanes in each direction 

▪ Raising the road by about 5m as the first stage of improving the road as a flood evacuation route. The road 

will ultimately provide flood-free access in up to the 0.2% AEP Hawkesbury-Nepean River flood 

▪ Provision of intersections and new access roads into the Clydesdale residential development  

▪ Provision of upgraded transverse drainage to convey minor tributary flooding and maintain flood-free 

status of the road in up to and including the 0.2% AEP event (minimum). 

Each of these aspects has the potential to result in impacts to flooding. Hydraulic modelling and other analyses 

were undertaken to mitigate impacts. The detailed design is shown on Figure 6-1. 

6.2 Update of modelling for design case 

6.2.1 Hydrologic modelling 

The existing case RRU DRAINS model sub-catchments were updated to reflect widening of Richmond Road and 

construction of local roads and access roads. Sub-catchments were subdivided as required to conform to new 

topographic features. 

6.2.2 Hydraulic modelling 

The existing case TUFLOW model, described in Section 5, was updated to represent the operational phase of the 

Richmond Road Upgrade. This model was used to:  

▪ Optimise the design of the proposed transverse drainage culverts in accordance with the design criteria in 

Section 4.2 

▪ Confirm the potential flood impacts of the concept design without additional flood impact mitigation works 

and measures.  

Update of the model included representation of the detailed design for Richmond Road upgrade, whereby the 

road upgrade civil design model of finished road levels was input into the model. Inflow locations were also 

updated to reflect the design case DRAINS model sub-catchments. 

6.3 Optimisation of transverse culvert design 

6.3.1 Description  

The proposed transverse culverts in the concept design are in the vicinity of existing transverse culvert EXD01. A 

new access road into the Clydesdale development is to be provided immediately south of EXD01. Since the 

upgraded Richmond Road will be raised by approximately 3m above existing levels at this location, the access 

road will also be raised and would potentially require transverse culvert drainage under it. 

The drainage conditions are such that the local sub-catchment draining to the southern side of the access road is 

larger (34ha) compared to the area draining to the northern side (5.4ha). Runoff from both sub-catchments 

needs to be conveyed under Richmond Road to Marsden Creek. 

Three alternative transverse culvert configurations were considered and assessed, as described in Table 6-1. The 

configurations are illustrated on Figure 6-2.  
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Table 6-1: Transverse culvert configurations assessed 

Option Description  Comment 

1 ▪ Main culvert crossing of Richmond 

Road located south of Access Road 

1 

▪ Culvert crossing under Access Road 

1, draining south 

▪ Reduced culvert length and reduced 

downstream channel transition works 

▪ Requires increased channel works outside the 

project boundary on the upstream (western) side 

of Richmond Road due to required width of the 

access road culvert 

▪ Considers the natural drainage conditions with 

larger sub-catchment draining to south side of 

Access Road 1 

2 ▪ Main culvert crossing of Richmond 

Road located south of Access Road 

1 

▪ Secondary culvert crossing of 

Richmond Road located north of 

Access Road 1 

▪ Minimises the channel works outside the project 

boundary on the upstream (western) side of 

Richmond Road 

▪ Requires a longer culvert length and additional 

channel transition works on the downstream 

(eastern) side of Richmond Road. 

▪ Preferred configuration by TfNSW 

 

3 ▪ Main culvert crossing of Richmond 

Road located north of Access Road 

1 

▪ Culvert crossing under Access Road 

1, draining north 

▪ Reduced culvert length and reduced 

downstream channel transition works 

▪ Requires increased channel works outside the 

project boundary on the upstream (western) side 

of Richmond Road due to required width of the 

access road culvert 

▪ Counters the natural drainage conditions with 

larger sub-catchment draining to south side of 

access road. Relatively large access road culvert 

required 

▪ This configuration was previously proposed in 

Lyall & Associates (2020). 
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Figure 6-2: Three assessed options for transverse culvert configurations 
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6.3.2 Recommended transverse culvert details 

Consultation with TfNSW indicated that Option 2, with two culvert crossings of Richmond Road, was the 

preferred configuration, as it minimises the channel works outside the project boundary on the upstream 

(western) side of Richmond Road and reduces the requirements for coordination with adjacent land owners. 

Iterative simulations of the TUFLOW model were conducted to derive the recommended culvert sizing: 

▪ Main culvert, south of access road (culvert ID C2): 5 x 2.4m x 1.8m box culverts 

▪ Secondary culvert, north of access road (culvert ID C1): 3 x 1.2m diameter pipes.  

Sizing of the culverts is governed by the design criteria in Section 4.2, in particular criterion (5) which requires 

the probable maximum flood hazard condition on Clydesdale proposed properties to be “low hazard”, in addition 

to criteria (1) and (2) relating to a flood immunity of 0.2% AEP for upgraded Richmond Road and Access Road 1, 

respectively. 

The culverts were assessed with the ARR 2019 design blockages as summarised in Table 6-2.  

Table 6-2: Adopted ARR 2019 blockage condition for proposed transverse culverts 

Culvert ID Dimensions Blockage % 

20% AEP 10% AEP 1% AEP 0.2% AEP PMF 

C1 3 x 1.2m RCP 0 0 10 10 20 

C2 5 x 2.4m x 

1.8m RCBC 

0 0 10 10 20 

 

6.4 Description of design case flooding 

The design case was simulated for the 20%, 10%, 1% and 0.2% AEP and PMF events. Mapping of the design 

case flood depths are provided in Appendix B. The following observations are made: 

▪ The upgraded road is flood-free from minor tributary flooding in all events up to and including the 0.2% 

AEP event. Floodwaters are generally contained in drainage channels and overland flow paths 

▪ The upgraded road is mostly flood-free in the PMF with exception of the southbound carriageway at the 

southern end of the proposal site, where depths are up to 0.15m 

▪ The access road to the Clydesdale site, in the vicinity of proposed transverse culverts C1 and C2, is flood-

free in up to and including the 0.2% AEP event. The maximum depth is 0.41m over the access road in the 

PMF 

▪ Flooding does not encroach on the proposed residential properties on the Clydesdale site to the north of 

the access road in up to and including the 0.2% AEP event. The finished levels on the proposed properties 

are higher than the 0.2% AEP event. 

▪ Maximum PMF depths on the proposed residential properties on the Clydesdale site to the north of the 

access road are 0.45m. Hence, the flood hazard is rated as below H2, i.e. “low hazard”. 

▪ To the south of the access road, on the Clydesdale site and the adjoining separate development site to the 

south, floodwaters encroach on these properties in all events from the 20% AEP and larger, due to the low-

lying ground levels in that area. Most of this area is designated “Water Management”. There is 

encroachment onto areas designated Medium Density Development, although parts of this area are visible 

on aerial photography as part of existing construction-phase stormwater management basins and drainage. 

It is assumed that these low-lying areas will be retained as operational-phase stormwater basins and 
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drainage infrastructure. If it is to be developed, it is assumed the ground levels will be filled and raised 

above flood level. 

▪ Freeboard from water surface to culvert obvert at proposed culverts C1 and C2 in the 0.2% AEP event are as 

follows: 

- Culvert ID C1 (3 x 1.2m diameter pipes): freeboard 0.26m. No minimum freeboard requirement, as 

culvert cross-sectional area is less than 6m2. 

- Culvert ID C2 (5 x 2.4m x 1.8m box culverts): freeboard 0.88m. 

6.5 Confirmation of flooding impacts 

Mapping of the change in flood levels in the design case are provided in Appendix B. The following observations 

are made: 

▪ There are localised increases in peak flood levels between the outlet of proposed culvert C2 and Marsden 

Creek of up to 0.1m in the 20% and 10% AEP events, 0.1 – 0.2m in the 1% and 0.2% AEP events and 0.2 – 

0.5m in the PMF 

▪ Increases in peak flood levels in Marsden Creek are up to 0.01m in the 20% and 10% AEP events, 0.01 – 

0.02m in the 1% and 0.2% AEP events and 0.03 – 0.06m in the PMF. These increases in flood levels are 

considered minor 

▪ The minor increases in flood levels are generally contained in the land corridor designated “Drainage” in the 

Marsden Park North Precinct Plan (refer Appendix C) and do not affect proposed residential areas. The 

layout of the proposed commercial area adjacent to the proposal site would need to be amended to cater 

for the drainage from proposed culvert C2. The precinct plan currently shows a solid block for the 

commercial area at the culvert outlet 

▪ On the western (upstream) side of the road at the northern end of the proposal site there are reductions in 

flood levels of 0.1m or more in all events. This is due to the floodwaters, which in the existing case flow 

along this side of the road before discharging to South Creek, being diverted through proposed culverts C1 

and C2 to Marsden Creek. 

▪ On the eastern (downstream) side of the road at the northern end of the proposal site there are localised 

increases and decreases in flood levels of +/- 0.15m due to flows being discharged from proposed road 

drainage 

▪ There are no changes to flooding in South Creek in up to and including the 0.2% AEP event. There are minor 

reductions of 0.02m in South Creek PMF levels due to redirection of flows into Marsden Creek. 

In summary, the impacts on minor and major tributary flooding resulting from the Richmond Road upgrade, 

including increased transverse culvert capacity at proposed culvert C2, are minor. 

6.6 Compliance with design criteria 

Table 6-3: Compliance with design criteria 

Item Description  Compliant? Evidence 

1 Maintain flood-free access from minor tributary 

flooding on the upgraded Richmond Road in up to 

the 0.2% AEP event 

Y Flood depth/extent mapping 

in Appendix B, discussion in 

Section 6.4 

2 Maintain flood-free access from minor tributary 

flooding on proposed access roads in up to the 

0.2% AEP event (aspirational). A reduced flood 

immunity may be considered if this is not 

achievable. 

Y Flood depth/extent mapping 

in Appendix B, discussion in 

Section 6.4 
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3 For culverts with cross sectional area of 6m2 or 

greater, provide 0.3m freeboard to culvert obvert 

in the 0.2% AEP event. For proposed culverts with 

less than 6m2 cross sectional area, the culvert may 

be designed with a submerged inlet with no 

freeboard  

Y Refer Section 6.4 

4 Design blockages of proposed culverts are to be 

based on the guidance and procedures in ARR 

2019 

 

Y Refer Section 6.3.2 

5 Maintain low hazard flooding conditions on 

Clydesdale residential properties in minor tributary 

PMF 

Y  Refer Section 6.4 

There is some high hazard 

flooding on Clydesdale and 

adjoining development sites, 

but are confined in areas for 

drainage and stormwater 

management. 

6.7 Validation of culvert design 

The transverse culvert sizing proposed in this study are compared with those proposed in Lyall & Associates 

(2020) in Table 6-4. 

Table 6-4: Validation of proposed culvert sizing 

Item This study Lyall & Associates (2020) 

Main culvert 5 x 2.4m x 1.8m box culverts 5 x 2.4m x 1.8m box culverts 

Secondary culvert 3 x 1.2m diameter pipes 

(crossing Richmond Road) 

5 x 2.4m x 1.8m box culverts  

(crossing access road) 

It is noted that Lyall & Associates (2020) adopted higher blockage factors of 50% in the culvert sizing, compared 

to 10 – 20% in the current study. The current study proposes the same sizing for the main culvert crossing 

(proposed culvert C2) of Richmond Road and larger secondary culverts (proposed culvert C1) compared to Lyall 

& Associates (2020) despite lower adopted design blockage factors. This is attributed to: 

▪ Adoption of ARR 2019 design rainfall and procedures in this study results in 28% higher flows in the 1% 

AEP event (refer Table 5-3). Further, rainfall losses in the PMF are lower in this current study, resulting in 

higher minor tributary flows. 

▪ The local catchment area for sub-catchments north of the access road are 10% larger, resulting in higher 

flows to be managed. 

▪ Inclusion of updated finished levels for the Clydesdale development results in significantly smaller 

temporary flood storage volume on the upstream side of Richmond Road. The updated road design may 

also have contributed to changes in storage characteristics. Therefore, there is less attenuation of peak 

flows which need to be conveyed in the culverts. 

▪ Larger overall culverts were required to maintain low hazard flooding in the PMF on Clydesdale residential 

properties. 
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6.8 Assessment of construction phase 

6.8.1 Flood impacts during construction phase 

Review of construction staging indicates that there would not be any key stages which would result in worse 

flooding impacts compared to the design (operational) phase.  

6.8.2 Impacts of flooding on construction compound 

The proposed construction compound for the Richmond Road upgrade would be located on the Clydesdale site 

in the vicinity of the access road and proposed culverts C1 and C2. The worst case flooding conditions from 

minor tributary flooding affecting the compound site are expected during latter stages of the road upgrade, 

since the road will be raised 3m higher above current road levels. The finished levels on the compound site will 

be 2.5m higher than existing levels and about 1.4m lower than the finished road levels.  

If the compound site is raised to the proposed finished levels for the Clydesdale site prior to the road upgrade, 

then the compound site would be flood-free in up to the 0.2% AEP minor tributary flood. The compound site 

would be affected by the minor tributary PMF to depths of up to 0.45m and affecting about 9,000m2. 

If the compound site is not raised and existing levels are retained, flood depths of up to 1m are expected in the 

1% AEP and 0.2% AEP events on the compound site. 

6.9 Climate change impacts on minor and major tributary flooding 

Interim climate change factors from ARR 2019 indicate that by the year 2090, storm rainfall intensities are 

projected to increase by approximately 20%. Based on this, a comparison of the 0.2% AEP flood levels versus 

the 1% AEP flood levels (both for existing climate) was undertaken to assess the impact of climate change on 

the 1% AEP flood. The 0.2% AEP event is adopted as a proxy for the 1% AEP event with future climate change as 

the rainfall is 20 – 24% higher than the existing climate 1% AEP event. The difference in flood levels is mapped 

on Figure B-11 in Appendix B. The comparison is made for the design case. 

The change in peak flood levels in the climate change scenario is generally minor for minor and major tributary 

flooding. Flood levels are 0.02 – 0.1m higher in flow paths and Marsden Creek.  

Flood levels in South Creek are about 0.2m higher in the climate change scenario. The northern end of the road 

upgrade is not affected by South Creek flooding (which excludes regional flooding). 

The minor and major tributary PMF is not expected to increase in the climate change scenario. Since the 

upgraded road is mostly above the minor tributary PMF (with exception of some local drainage in the PMF as 

discussed in Section 6.4) the upgraded road is not expected to be affected by increased flooding as a result of 

future climate change. 

6.10 Potential impacts to Hawkesbury-Nepean regional flooding 

The Richmond Road upgrade will involve substantial filling to raise the road by up to 5m above existing levels. 

This has the potential to impact on the backwater flooding from the Hawkesbury-Nepean River by reducing the 

available floodplain storage volume, which has the effect of an increase in the peak flood levels above existing 

flood levels as the new filling displaces the floodwaters.  

While the individual effect of the filling for the Richmond Road upgrade is likely to be a minor increase in peak 

flood levels, the cumulative impact of the proposal and other development projects in the Hawkesbury-Nepean 

floodplain (other road upgrades, urban developments etc. involving filling) has the potential to result in 

substantial flooding impacts to the detriment of existing development on the floodplain. Hence, it is imperative 

that each individual project provide adequate mitigation to manage and minimise the potential flood impacts. 
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7. Proposed mitigation measures 

7.1 Mitigation for minor and major tributary flooding impacts 

The flooding impacts and flood affectation of the upgraded Richmond Road and adjacent development sites on 

Marsden Park and Marsden Park North are considered acceptable. No mitigation measures are proposed for 

incorporation into the Richmond Road upgrade design. 

Consultation by TfNSW and stakeholders of the Marsden Park North Precinct (developers, Blacktown City 

Council, NSW Department of Planning and Infrastructure) is recommended to ensure that future subdivision has 

provision for the drainage and flood conditions at and downstream of the proposed transverse culvert C2. The 

current precinct plan does not appear to have adequate provision for this drainage. Finished levels of Marsden 

Park North Precinct are required to be 0.5m above the 1% AEP flood level in accordance with Blacktown LEP 

2015 and DCP 2015. 

7.2 Mitigation for Hawkesbury-Nepean regional flooding impacts 

It is recommended that compensatory flood storage be provided in the vicinity of the proposal site to mitigate 

against the impacts of filling for the road upgrade on regional flooding. Lyall & Associates (2020) proposed that 

a total compensatory volume of 82,500m3 be provided between elevations of 9.8 and 17.3m AHD to offset the 

filling for the road upgrade, based on the strategic design of the proposal. The 17.3m AHD level relates to the 

1% AEP Hawkesbury-Nepean River flood level at Windsor.  

As a part of this study an analysis of the detailed design was undertaken to check the volume of flood storage 

displaced by the proposal. A comparison between the RMS Strategic Design (Lyall & Associates, 2020) and the  

detailed design is tabled below.  

Table 7-1: Comparison of cut and fill volumes of Richmond Road upgrade design 

 Cut Volume (m3) Fill Volume (m3) Balance (m3) 

RMS Strategic Design -1 82,465 82,464 

Jacobs Detailed Design -3,578 82,417 78,839 

 

The comparison shows the fill volumes of the two designs are almost identical and the overall balance of the  

detailed design is marginally less (4%) due to the additional cut volume for the open channels. This confirms 

that the minimum 82,500 m3 compensatory flood storage volume proposed by Lyall & Associates (2020) would 

be adequate for mitigating against the impacts on regional flooding in up to the 1% AEP event. 

The selected location for the compensatory flood storage for Richmond Road upgrade is proposed to be on the 

South Creek floodplain, approximately 2.5km upstream of the Richmond Road bridge. The location is shown on 

Figure 7-1. 
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8. Conclusions and Recommendations 

8.1 Conclusions 

An updated flooding assessment has been undertaken by Jacobs in association with the development of the  

detailed design of the Richmond Road upgrade, Marsden Park. This study builds on the previous flooding 

assessment and concept drainage strategy by Lyall & Associates (2020) undertaken on the strategic design for 

TfNSW. As a part of this study the recent ARR 2019 design rainfalls and hydrologic procedures have been used 

to update the flooding assessment, refine the designs of proposed transverse culverts and confirm the adopted 

design criteria have been achieved. 

The Lyall & Associates (2020) hydrologic and hydraulic modelling was updated based on the ARR 2019 

information, the updated Richmond Road upgrade design and additional topographic data of finished levels for 

the adjacent proposed Clydesdale residential development. Existing and design (operational phase) case 

flooding conditions have been defined based on the updated modelling. Updates to the modelling resulted in 

28% increase in peak 1% AEP flows for minor tributary flooding which drain to existing transverse drainage sites. 

A focus on minor tributary (local overland flooding) and major tributary flooding was made in the modelling. The 

effects of the Hawkesbury-Nepean River regional flooding and impacts on regional flooding from the proposal 

were assessed in separate analyses. 

A number of alternative transverse culvert configurations were assessed and a preferred option of two separate 

sets of transverse culverts crossing Richmond Road was adopted. Hydraulic modelling of the culvert design 

confirmed that the design criteria relating to main road flood immunity, flood hazard on adjacent proposed 

residential properties and other hydraulic performance conditions were achieved. Flooding impacts due to the 

proposed culverts increasing transverse drainage capacity were shown to be minor.  

Construction phase flooding impacts were assessed to be no worse than operational phase impacts. The impact 

of flooding on proposed construction compounds was assessed. The compound is proposed to be on the 

Clydesdale site and the compound would be flood-free in up to and including the 0.2% AEP event if the site is 

raised up to the finished site levels. If the site is retained at existing ground levels then flooding depths of up to 

1m would affect the site in the 1% and 0.2% AEP events. 

An assessment of climate change impacts on flooding in the design case indicate that there would be minor 

increases in 1% AEP flood levels from minor and major tributary flooding. Since the upgraded road is mostly 

above the minor tributary PMF the upgraded road is not expected to be affected by increased flooding as a result 

of future climate change. 

There is the potential for flooding impacts on regional flooding due to the raising of the road and loss of 

floodplain storage. This impact needs to be mitigated by provision of 82,500m3 compensatory storage on the 

South Creek floodplain. This measure will provide mitigation in up to the 1% AEP regional flood event. 

8.2 Recommendations 

Recommendations from the flooding assessment are: 

▪ Consultation by TfNSW and stakeholders of the Marsden Park North Precinct (developers, Blacktown City 

Council, NSW Department of Planning and Infrastructure) is recommended to ensure that future subdivision 

has provision for the drainage and flood conditions at and downstream of the proposed transverse culvert 

C2. The current precinct plan does not appear to have adequate provision for this drainage.  

▪ A minimum of 82,500m3 compensatory storage is recommended to mitigate against potential impacts to 

regional flooding.  
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Appendix A. Existing case flood mapping 

Figure A-1: Peak flood depth – 20% AEP event – Existing case  

Figure A-2: Peak flood depth – 10% AEP event – Existing case 

Figure A-3: Peak flood depth – 1% AEP event – Existing case 

Figure A-4: Peak flood depth – 0.2% AEP event – Existing case 

Figure A-5: Peak flood depth – Probable maximum flood event – Existing case 
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Appendix B. Design case flood mapping 

Figure B-1: Peak flood depth – 20% AEP event – Design case  

Figure B-2: Peak flood depth – 10% AEP event – Design case 

Figure B-3: Peak flood depth – 1% AEP event – Design case 

Figure B-4: Peak flood depth – 0.2% AEP event – Design case 

Figure B-5: Peak flood depth – Probable maximum flood event – Design case 

Figure B-6: Change in flood level – 20% AEP event – Design case versus Existing case 

Figure B-7: Change in flood level – 10% AEP event – Design case versus Existing case 

Figure B-8: Change in flood level – 1% AEP event – Design case versus Existing case 

Figure B-9: Change in flood level – 0.2% AEP event – Design case versus Existing case 

Figure B-10: Change in flood level – Probable maximum flood event – Design case versus Existing case 

Figure B-11: Change in flood level – 1% AEP event – Design case – Climate change versus existing climate 
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Figure B-6       Cha nge in flo o d level – 20% AEP event – Design c ase versus Existing c a se GDA94 MGA56
Versio n: 29/06/2020
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Figure B-7       Cha n ge in  flood level – 10% AEP even t – Design  ca se versus Existin g ca se GDA94 M GA56
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Figure B-8       Cha nge in flo o d level – 1% AEP event – Design c a se versus Existing c ase GDA94 MGA56
Versio n: 29/06/2020
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Figure B-9       Cha nge in flo o d level – 0.2% AEP event – Design c a se versus Existing c a se GDA94 MGA56
Versio n: 29/06/2020
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Figure B-10 GDA94 MGA56
Version: 29/06/2020
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Figure B-11 GDA94 MGA56
Versio n: 29/06/2020
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Detailed Design - Flooding Assessment 
 

 

Richmond Road Upgrade, Marsden Park 48 

Appendix C. Marsden Park and Marsden Park North Precinct Layouts 
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