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EXECUTIVE SUMMARY 

 

This study is comprised of 18 stages: 

 Stage 1: Data Collection 

 Stage 2: Data Review 

 Stage 3: Model Setup 

 Stage 4: Model Calibration and Validation 

 Stage 5: Design Flood Events 

 Stage 6: Comparison of Results 

 Stage 7: Consequences of Flooding on the Community 

 Stage 8: Define Flood Behaviour and Risk 

 Stage 9: Emergency Response and Cumulative Impacts 

 Stage 10: Regional Flood Model 

 Stage 11: Scenario Modelling 

 Stage 12: Draft Flood Study 

 Stage 13: Peer Review 

 Stage 14: Updated Draft Flood Study 

 Stage 15: Public Exhibition Materials 

 Stage 16: Public Exhibition 

 Stage 17: Final Draft Flood Study Report 

 Stage 18: Final Flood Study Report and Handover 

 

This document details the progress of the study from inception to Stage 12.  
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FOREWORD 
 

The NSW State Government’s Flood Prone Land Policy provides a framework to ensure the 

sustainable use of floodplain environments.  The Policy is specifically structured to provide 

solutions to existing flooding problems in rural and urban areas.  In addition, the Policy provides 

a means of ensuring that any new development is compatible with the flood hazard and does 

not create additional flooding problems in other areas. 

 

Under the Policy, the management of flood liable land remains the responsibility of local 

government.  The State Government subsidises flood mitigation works to alleviate existing 

problems and provides specialist technical advice to assist Councils in the discharge of their 

floodplain management responsibilities. 

 

The Policy provides for technical and financial support by the Government through four 

sequential stages: 

 

1. Flood Study 

Determine the nature and extent of the flood problem. 

2. Floodplain Risk Management Study 

Evaluates management options for the floodplain in respect of both existing and 

proposed development. 

3. Floodplain Risk Management Plan 

Involves formal adoption by Council of a plan of management for the floodplain. 

4. Implementation of the Plan 

Construction of flood mitigation works to protect existing development, use of Local 

Environmental Plans to ensure new development is compatible with the flood hazard. 

ACKNOWLEDGEMENTS 
 

This study was undertaken by WMAwater Pty Ltd, on behalf of Camden Council. Camden 

Council has prepared this document with financial assistance from the NSW Government 

through its Floodplain Management Program. The document does not necessarily represent the 

opinions of the NSW Government or the Department of Planning, Infrastructure and 

Environment. 

 

A number of organisations and individuals have contributed both time and valuable information 

to this study. The assistance of the following in providing data and/or guidance to the study is 

gratefully acknowledged: 

• Camden Floodplain Risk Management Committee 

• Residents of the study area 

• Camden Council 

• NSW Department of Planning, Infrastructure and Environment 

• NSW State Emergency Service 
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1. INTRODUCTION 

The upper South Creek catchment lies within Camden City Council’s (Council) Local 

Government Area (LGA), approximately 40 km southwest of Sydney. The study area covers the 

catchment from its headwaters down to Bringelly Road, and can be seen in Figure 1. 

 

The suburbs of Gregory Hills, Gledswood Hills, Oran Park, Catherine Field, Leppington, 

Bringelly and Rossmore lie within (or partially within) the study area. Land use in the catchment 

is in a state of transition from the historic rural use to urban development. Urban development is 

generally undertaken on a precinct scale. A major part of the development is under the South 

West Growth Area (SWGA) strategy of the NSW Department of Planning and Environment 

under the State Environmental Planning Policy (Sydney Region Growth Centres) 2006. The 

remaining development occurs as urban release areas under Camden Local Environmental Plan 

(LEP). The SWGA development is currently underway in the precincts of Oran Park, Catherine 

Fields Part Precinct (such as the Catherine Park Estate), Turner Road (Gregory Hills and part of 

Gledswood Hills) and East Leppington (Willowdale Estate). Development areas outside the 

SWGA include Crest Estate (Gledswood Hills), El Caballo Blanco (Gledswood Hills), Lakeside 

(Gledswood Hills) and the Emerald Hills Estate (Leppington). There are planned SWGA 

developments for much of the remaining upper South Creek catchment including Lowes Creek 

and Marylands, Catherine Field, Bringelly, Rossmore, Leppington and Leppington North. 

 

The current Flood Study for the catchment was completed by WMAwater in 2012 (Reference 1) 

and a subsequent Floodplain Risk Management Study and Plan (FRMS&P) was completed in 

2017 (Reference 2). Due to the rapid development of the catchment, there is a need to update 

the existing flood study. The existing study was based on 2008 terrain data and does not 

provide flood information for the areas developed after 2008, including Oran Park, Turner Road, 

Catherine Fields Part Precinct and Leppington Town Centre areas. Filling of the floodplain and 

mitigation works such as detention basins and drainage infrastructure were not reflected in the 

study. The subsequent FRMS&P updated the flood study model to broadly include these 

development areas. This model has been used as a regional flood model to assess and control 

cumulative impacts of multiple precinct developments. There is a need to develop a catchment-

wide flood model that includes the recent precinct developments, and provide an updated 

regional modelling approach. 

 

In addition, the existing studies utilised Australian Rainfall and Runoff (ARR) 1987 guidelines 

(Reference 3). Recently, these guidelines were updated to ARR 2016, and finalised in 2019 

(Reference 4). With an additional 30 years of data and improvements in computing technology, 

ARR 2019 presents a significant update to how floods are estimated. These updates include the 

following: 

• Rainfall Intensity-Frequency-Duration (IFD) Data 

• Rainfall Temporal Patterns 

• Rainfall Losses 

• Areal Reduction Factors 
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1.1. Scope and Objectives 

Due to these contributing factors, there is a need to review and update the Upper South Creek 

Flood Study. The objective of this study is to improve understanding of flood behaviour and 

impacts, and better inform management of flood risk in the study area. It will provide a 

foundation for development of a robust floodplain risk management plan. Camden Council 

(Council) is responsible for managing flood risk as outlined in the NSW Floodplain Development 

Manual (Reference 5). This study will enable Council to: 

• Understand the current flood risk across the catchment 

• Provide up to date flood data as current for all end users 

• Enable future development planning 

• Control cumulative impacts of future development 

• Assess the effectiveness of potential flood mitigation measures 

 

Design flood events to be defined include the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% Annual 

Exceedance Probability (AEP) events and the Probable Maximum Flood (PMF) event across the 

study area. It involved the following broad tasks: 

• Collection of data and information relevant to the study 

• Preparation of hydrologic and hydraulic models capable of defining the flood behaviour 

• Calibrate the hydrologic and hydraulic models using available data from recent flood 

events 

• Simulate design flood behaviour across the study area for a range of probabilities 

• Undertake sensitivity analysis of adopted model parameters 

• Interpretation and presentation of model results to describe and categorise flood 

behaviour and hazard 

• Provide information relating to the consequences of flooding, emergency response, land 

use planning and cumulative flood impacts of development 

• Assess a range of development scenarios and compare results to existing flood models 

• Development of a regional flood model to use to assess future precinct developments 

 

1.2. Report Outline 

This report documents the data, methodology and outputs from the study. The structure of the 

report is as follows: 

 Section 1: provides an introduction to the study 

 Section 2: provides background information for the study 

 Section 3: outlines the available data used in the study 

 Section 4: outlines the community consultation undertaken 

 Section 5: describes the development of the hydrologic model 

 Section 6: describes the development of the hydraulic model 

 Section 7: provides details of model calibration 

 Section 8: outlines design flood event modelling 

 Section 9: presents flood model results 

 Section 10: presents the results of the sensitivity analysis 

 Section 11: outlines the flood damage assessment 
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 Section 12: describes the regional flood modelling framework 

 Section 13: lists references used in this report  
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2. BACKGROUND 

2.1. Study Area 

The study area consists of the upper catchment of South Creek and its tributaries (within the 

Camden Council LGA), from its headwaters to Bringelly Road. The catchment generally drains 

from South to North and includes South Creek (also known as Wianamatta Creek) and a 

number of prominent tributaries including Rileys Creek and Lowes Creek, which join South 

Creek upstream of Bringelly Road. There are also several other tributaries of South Creek within 

the study area that have their confluence downstream of Bringelly Road including Thompsons 

Creek, Kemps Creek, Scalabrini Creek and Bonds Creek.  The catchment area of these creeks 

within the study area is limited to their upper reaches. An exception to this is Bonds Creek, 

which traverses the suburbs of Denham Court and Leppington to the east of the study area. The 

portion of the Bonds Creek catchment within the study area is bounded by Camden Valley Way 

(from the Heath Road and Willowdale Drive intersection to Cowpasture Road), Cowpasture 

Road and Bringelly Road. 

 

Flow interaction between the creek systems upstream of Bringelly Road does not occur, with 

dividing ridges separating the catchments. The topography generally has a low relief with 

undulating hills and broad floodplains. The waterways are typically open natural channels that 

are incised within the broad floodplain. The study area covers approximately 75 km2 and the 

distribution of catchments within this area is shown in Table 1. 

 

Table 1: Study area catchment areas 

Catchment (within study area) Area (km2) 

Upper South Creek1 27.1 

Thompsons Creek 1.8 

Lowes Creek 13.4 

Rileys Creek 16.0 

Kemps Creek 5.8 

Scalabrini Creek 4.7 

Bonds Creek2 1.7 

Upper South Creek Tributary3 2.5 

Minor local catchments to Bringelly Road4 1.6 

1 Catchment to Bringelly Road, not including Rileys Creek and Lowes Creek 

2 Catchment area within study area only 

3 Unnamed tributary that joins South Creek just downstream of Bringelly Road 

4 Combined minor local catchments that are contained within the study area and drain to Bringelly 

Road 

 

South Creek continues downstream of Bringelly Road, eventually discharging into the 

Hawkesbury River at Winsor. Other major tributaries of South Creek along this reach include 

Ropes Creek, Badgerys Creek and Eastern Creek. 

 

Currently only the upper parts of the catchment are urbanised, in the suburbs of Oran Park and 
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Gledswood Hills. The catchment to the west of South Creek is mainly cleared rural farmland, 

with several large dams present. The area to the east of South Creek is generally rural 

residential, with hobby farms for horticulture being common. There are also significant remnant 

bushland areas within the catchment, particularly adjacent to creeks.  

 

There are three arterial roads within the study area: The Northern Road, Camden Valley Way 

and Bringelly Road. The Northern Road runs in a north-south direction through the western part 

of the catchment and is currently being upgraded to a dual carriageway. Camden Valley Way 

runs in a northeast-southwest direction through the eastern portion of the catchment and was 

upgraded to a dual carriageway in 2015. Bringelly Road runs in an east-west orientation, 

forming the northern boundary of the study area. The road is currently being upgraded between 

Camden Valley Way and The Northern Road. The South West Rail Link, completed in 2015, 

runs through the Northeast corner of the study area and includes Leppington Station and a train 

stabling facility. 

 

Sydney Water’s ‘Upper Canal’ water supply channel runs through the study area, close to the 

eastern boundary of the catchment, from south to north. The gravity-fed channel was 

constructed in the 1880’s and is currently undergoing repair work. It is used to transfer water 

from the upper Nepean Dams to Prospect Reservoir.  

 

2.2. Historical Flooding 

The upper South Creek catchment has been subject to flooding in the past, with notable events 

occurring in April 1988, June 1991, February 1992 and June 2016. The 2016 event, being a 

recent event, is the most relevant to the current study. It was a significant event in the Camden 

region. Flooding affected a number of properties and roads. Inundated roads within the study 

area included Anthony Road and Catherine Fields Road. A man drowned when he tried to cross 

Rileys Creek on Anthony Road in his vehicle (Photo 1 and Photo 2).  

 

 
 

Photo 1: Vehicle that was swept off Anthony 

Road at Rileys Creek during the June 2016 

flood event (Source: Reference 6) 

Photo 2: The Anthony Road causeway at 

Rileys Creek following the June 2016 flood 

event (Source: Camden Council) 

 

During the course of the study, there was a significant storm event in February 2020. This event 

occurred after the design flood modelling had been undertaken. Nevertheless, it was considered 

worthwhile to simulate this event using the flood models that were developed and calibrated to 

the June 2016 event as a verification. A number of roads were overtopped and several 

properties on Masterfield Street were inundated in the February 2020 event. 
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2.3. Precinct Development 

The upper South Creek catchment covers a number of precincts defined as part of the “South 

West Growth Area” (SWGA). Development has commenced for the Oran Park, Catherine Fields 

(Part Precinct), Turner Road and East Leppington growth centre precincts, with part of 

Leppington and Leppington North being rezoned for construction. The Lowes Creek and 

Marylands (Part Precinct) are in the planning phase. Development within the Turner Road 

Precinct consists of the suburbs of Gregory Hills and part of Gledswood Hills, which has 

expanded beyond the original growth precinct boundary.  

 

The urban releases outside the SWGA are part of Gledswood Hills, including Crest Estate, El 

Caballo Blanco and Lakeside, with Emerald Hills being part of the Leppington suburb.  

 

Of the precincts where development has commenced, they are at various stages of completion. 

Some areas are fully completed, while others are still under construction. It is assumed that the 

flood study will represent topography as at November 2018 (LiDAR capture date), as well as any 

approved landforms available from Council at the study commencement. The level of 

development has been inferred from the aerial photography that was captured at the same time 

as the LiDAR data, and is shown in Figure 2. 

 

This not only affects the topography, but also the buildings that will be assumed in the model. In 

areas where buildings were not present as at November 2018, no buildings are present in the 

model. The other component of the development which is important for flood modelling is the 

stormwater infrastructure. This is discussed further in Section 3.7. 
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3. AVAILABLE DATA 

3.1. Previous Studies 

A number of previous studies have been completed within the South Creek catchment, including 

the following: 

• South Creek Flood Study (Department of Water Resources, 1990) 

• South Creek Floodplain Risk Management Study, Volumes 1 and 2 (Department of 

Water Resources, 1991) 

• Austral Floodplain Risk Management Study and Plan (Liverpool City Council, 2003) 

• South Creek Floodplain Risk Management Study and Plan (Liverpool City Council, 2004) 

 

These studies are relatively old and their relevance to the current study is limited. A 

comprehensive review of these studies can be found in Reference 1. With regard specifically to 

the upper South Creek catchment, the existing Upper South Creek Flood Study and Floodplain 

Risk Management Study and Plan provide the most relevant information to the current study. A 

number of hydrologic and flood studies have also been completed in recent years to facilitate 

the design and approval of precinct developments. An overview of these studies is provided in 

the following sections. 

 

3.1.1. Upper South Creek Flood Study (WMAwater, 2012) 

The Upper South Creek Flood Study was completed by WMAwater in 2012 (Reference 1). The 

flood study defined the flood behaviour for the upper South Creek catchment (to Bringelly Road) 

and included Kemps Creek and Scalabrini Creek. A TUFLOW model was developed that utilised 

direct rainfall with ARR 1987 methodology (Reference 3). The model adopted a 10 m grid size 

and included South Creek as a one-dimensional (1D) channel, as well as 20 hydraulic structures 

under roads.  

 

The model was calibrated to the 1988 event, which was identified as being between a 30 year 

and 70 year average recurrence interval (ARI) event. Two smaller events, occurring in 1991 and 

1992, were used as a validation. Design flood modelling was undertaken for the 5%, 2%, 1%, 

0.5% and 0.2% AEP and PMF events. Flows for the 1988 event and 1% AEP event generated 

by the TUFLOW model were compared to flows generated by a coarse XP-RAFTS hydrologic 

model, which was developed specifically to validate runoff simulated by the direct rainfall 

TUFLOW model. A critical duration assessment identified the nine hour storm as critical for 

South Creek, and the two hour storm for Kemps Creek and Scalabrini Creek.  

 

Flood depths, levels, velocities, hazard categories and hydraulic categories were defined from 

the model results.  

 

3.1.2. Upper South Creek Floodplain Risk Management Study and 

Plan (Cardno, 2017) 

The Upper South Creek Floodplain Risk Management Study and Plan was completed by 
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Cardno in 2017 (Reference 2). The study utilised the TUFLOW model developed for the Flood 

Study (Reference 1) and updated it to represent an ‘Interim Development Scenario’, including 

the developments of Turner Road, Catherine Field, Leppington North, Leppington Precinct and 

Oran Park by reducing initial loss, adjusting roughness and filling of the floodplain. Infrastructure 

updates also included Bringelly Road, the South West Rail Link and Camden Valley Way at 

Rileys Creek. In the update the portion of Bonds Creek within the study area was also added. 

The large dams within the study area were also assumed to be full at the start of the storm 

event. The June 2016 storm event was also simulated as an additional verification event. 

 

A flood damage assessment was undertaken for the study area with the average annual 

damages estimated to be almost $900,000. A number of floodplain management options were 

investigated for the study area. The recommended non-structural measures were: 

• Building and development controls 

• LEP update 

• Preparation of Local Flood Plans and update of DISPLAN 

• Public awareness and education 

• Information transfer to SES 

• Flood warning signs at critical locations 

 

The recommended structural measures were: 

• Increase storage capacity of a dam on Rileys Creek, just downstream of Camden Valley 

Way 

• Raise Masterfield Street Levee in Rossmore 

• Drainage improvement on Rossmore Crescent and increase in capacity of Rileys Creek 

by excavating the creek channel 

 

The Floodplain Risk Management Plan was only recently adopted by Council and hence these 

options have not yet been implemented. 

 

A farms dams assessment was also undertaken to assess the impact of regional farm dams in 

the upper South Creek catchment. It aimed to quantify the active storage that should be retained 

post-development. This study also produced Guidelines for Use of the TUFLOW model for 

regional precinct planning, however it appears that these guidelines were rarely used for 

development applications that have subsequently been submitted to Council. 

 

3.1.3. Other Studies 

A number of other hydrologic and water cycle management studies were review that relate to 

the planned development of specific precincts, including the following: 

• Turner Road Precinct Planning Water Sensitive Urban Design Strategy (GHD 2007) 

• Oran Park Precinct Masterplan Stormwater Quantity Management & Flooding (Brown 

Consulting 2007) 

• Camden Lakeside Rezoning Water Cycle Civil Infrastructure Assessment (Cardno 2007) 

• Austral & Leppington North Precincts Water Cycle Management Responses to Exhibition 

Submissions (Cardno 2012) 
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• Catherine Field (Part) Precinct Water Cycle Management and Flooding (Brown 

Consulting 2013) 

• Emerald Hills Estate Water Cycle Management Report (Cardno 2013) 

• Leppington Precinct Flooding Assessment (Parsons Brinkerhoff 2013) 

• Leppington Precinct Water Cycle Management Strategy (Parsons Brinkerhoff 2014) 

• Leppington Precinct Water Cycle Management Strategy Review (Cardno 2017) 

• Leppington Precinct Water Cycle Management Strategy Review, Stages 3-5 (Cardno 

2018) 

• Water Cycle Management Report East Leppington (Cardno 2013) 

• Concept Water Management Plan – Raby Road, Gledswood Hills (Calibre Consulting 

2015) 

• El Caballo Blanco Precinct Flood Modelling (Calibre Consulting 2015) 

• El Caballo Blanco & Gledswood Stormwater Management Strategy Report Incorporating 

Water Sensitive Urban Design Techniques (J. Wyndham Prince 2016) 

 

These were reviewed in detail and a separate memo was issued to Council with a summary of 

the various modelling approaches that have been undertaken in the upper South Creek 

catchment.  

 

3.2. Aerial Survey 

Aerial survey of the catchment was the primary topographic data used for this study.  This aerial 

survey, known as Light Detection and Ranging (LiDAR), was captured for the upper South 

Creek catchment (the study area) on 25 November 2018 by AAM Pty Ltd. Data was provided in 

LAS1.4 and ASCII format, as well as 0.25 m contours. The data was captured using 12 points 

per square metre, which is relatively high density compared to typical LiDAR terrain data. The 

vertical accuracy of the data is stated to be ± 0.15 m and horizontal accuracy within ± 0.3 m 

(accuracy quoted using standard error, i.e. 1 sigma or 67% of points). AAM compared the 

LiDAR data to 556 test points obtained by field survey. All LiDAR points were within ± 0.1 m of 

the surveyed points, with an average magnitude of 0.024 m error. Aerial imagery was also 

captured at the same time, provided as a 24-bit colour image with an 8cm resolution and 

horizontal accuracy of 0.082 m, or 1 pixel (standard error). 

 

The project utilised the 1 m digital elevation model (DEM) data, as shown in Figure 3.  

WMAwater undertook a comparison of the LiDAR DEM with a number of survey marks obtained 

from NSW Spatial Services (SCIMS Online). A histogram of the differences between the LiDAR 

data and survey marks is presented in Diagram 1. It can be seen that the majority of survey 

marks are within the ± 0.15 m error range, with numerous of outliers outside ± 0.5 m. It is likely 

that the outlier marks have been destroyed or are not valid given the rapid development and 

changing land surface within the catchment. 

 



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  10 

Diagram 1: Error Histogram – LiDAR minus SCIMS height 

 

 

A comparison was also undertaken using a number of road surveys. It is assumed that the 

roads, being hard surfaces that are usually exposed, are where LiDAR survey techniques 

perform best. A comparison of the LiDAR data and the road surveys is presented as a long 

section plot in Diagram 2. The comparison shows that the LiDAR and ground surveys are 

generally consistent, taking into account some variations in horizontal measurements. The 

difference in elevation is typically less than 0.1 m. 

 

  



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  11 

Diagram 2: Road survey and LiDAR comparison for various roads within the upper South Creek 

catchment 
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A comparison with the 2008 LiDAR dataset shows that the terrain, in areas that have not been 

redeveloped, is generally within ± 0.2 m. The LiDAR dataset is considered to be accurate fit for 

the purpose of flood modelling. The primary limitation of the dataset for the flood study is that it 

has captured the terrain as at November 2018, including various states of the current precinct 

developments that are still underway, and therefore does not comprehensively represent 

catchment conditions at the completion of the study.  

 

3.3. Precinct Terrain 

The approved design landform tin for the Emerald Hills precinct was provided to WMAwater. 

This includes the bulk earthworks within the precinct including roads and lots. A comparison of 

the design surface and the LiDAR data indicates a close match (generally within ±0.2 m) for 

areas where bulk earthworks have been completed. The LiDAR data shows more variation in 

areas that have already been developed, due to landscaping and local modifications made to 

the land.  

 

3.4. Dam Survey 

Some of the existing large dams in the catchment have previously been surveyed, including 

Pondicherry and Lowes Creek. The surveys were provided by Council as DWG files. Each of 

these is discussed in the following sections. 

 



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  14 

3.4.1. Pondicherry Dam 

The survey data covered a large area including three large dams in series. The survey includes 

data within the lake itself and the crest levels of the embankment. A comparison of the survey 

data with the LiDAR data along the dam crests shows a fairly consistent bias in the data, with 

the survey data being approximately 0.2 m lower than the LiDAR data, as shown in Diagram 3. 

 

Diagram 3: Dam survey and LiDAR comparison for Pondicherry Dams 

 
 

3.4.2. Lowes Creek Dam 

The survey data includes a full ground survey plus an additional survey of the dam crest by 

Council. The data was not in a format that allowed a breakline comparison with the LiDAR data, 

however, Council’s survey was compared to the LiDAR data by comparing individual spot 

heights along the dam crest. It was found that the surveyed dam crest level was typically 0.1 m 

to 0.2 m lower than the LiDAR data. 

 

3.5. Buildings 

A buildings GIS layer was also provided as part of the aerial survey delivery. These building 

polygons were spot-checked against the aerial imagery and were found to be accurate. There 

are numerous greenhouse structures used for horticulture across the rural residential areas and 

these are not included in the buildings layer. During site inspections of the catchment, these 

were noted to be large structures covered with plastic sheeting and are unlikely to withstand 

flood flows and hence will not cause significant obstruction to flow. These structures will 

therefore not be included in the flood modelling. 

 

3.6. Linear Infrastructure 

A number of linear infrastructure developments have been completed in recent years or are 

currently under construction within the upper South Creek catchment. A summary of these and 
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the data available is presented in the following sections, with an overview map provided in 

Figure 4. 

 

3.6.1. South West Rail Link 

The South West Rail Link (SWRL) was completed in 2015 and runs in an east-west direction, 

upstream and parallel to Bringelly Road within the study area. It includes Leppington Station and 

a stabling facility at the end of the line. The SWRL was included in the Upper South Creek 

FRMS&P (Reference 2). TUFLOW modelling undertaken at the design stage, as well as design 

drawings were provided by Council.  

 

3.6.2. Camden Valley Way 

Camden Valley Way was upgraded in 2015 to a 4-lane dual carriageway road. The road runs 

along the eastern side of the catchment and is a main arterial road. The terrain used in the 

Upper South Creek FRMS&P (Reference 2) is from a 2012 design of the road, and only details 

of the Rileys Creek crossing was implemented. Other structure details in the model were 

retained from the Upper South Creek Flood Study (Reference 1). WMAwater obtained Work-As-

Executed (WAE) drawings of the drainage structures constructed when the road was upgraded.  

 

3.6.3. The Northern Road 

The Northern Road is currently being upgraded to a dual carriageway road. The road runs 

through the western portion of the study area in a north-south direction parallel to South Creek. 

Stage 2 of the project, which lies completely within the study area, is currently under 

construction and no upgrade details were included in the FRMS&P model. Electronic design 

files were obtained as well as drawings of the hydraulic structures for the purposes of this study.  

 

3.6.4. Bringelly Road 

Bringelly Road is currently being upgraded to a dual carriageway road. The road forms the 

northern extent of the study area, running in an east-west direction. Stage 1 and 2 consist of 

works between The Northern Road and Camden Valley Way, with Stage 1 (eastern half) being 

near completion. The road upgrades were included in the FRMS&P model as per the Concept 

Design (Stage 1) and 80% detailed design (Stage 2). Electronic design files were obtained for 

the road design (Stage 1 and 2) and drainage designs were provided for Stage 2. There was 

sufficient electronic data and drawings to represent the geometry of the road upgrade and 

hydraulic structures were obtained from Stage 2 designs, FRMS&P model (major creek 

crossings in Stage 1) and WMAwater culvert survey (minor crossings in Stage 1, see Section 

3.7.2). 

 

3.7. Stormwater Infrastructure 

3.7.1. Pit and Pipe Network 

A pit and pipe database was compiled by Council and provided to WMAwater for the current 
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study. The database consisted of data already held in Council’s records as well as data from 

precinct development applications (DA) that included drainage drawings. The data from DA 

drawings was manually digitised into the GIS database. The following GIS layers were provided:  

• Headwalls 

• Pits 

• Pipes 

• Gross Pollutant Traps (GPTs) 

 

GPTs are not relevant to the current project and the headwalls simply indicate approximate 

locations where the stormwater network outlets to a creek. The pit and pipe data is the key 

information. Within the study area, the majority of information provided was for the recent 

precinct developments in Oran Park, Catherine Field, Gregory Hills and Emerald Hills, and 

hence it is assumed that much of this data was digitised from DA drawings. 

 

Due to the way in which the data was collated and the manual digitisation process, there were a 

number of inconsistencies and missing data within the pit and pipe dataset that required 

rectification. Further details of this process can be found in Section 6.6. The number of 

stormwater structures within the study area and the amount of information provided for them is 

summarised in Table 2. The spatial locations of the pits appear to correlate reasonably well with 

the latest aerial photography (November 2018), generally being within 2 m of the pit in the aerial 

image. 

 

Table 2: Summary of pit and pipe data received 

Data Number 

Pits within study area 10,226 

Pits with lintel size 2,017 

Pits with pit size 370 

Pipes within study area 9,642 

Pipes with a size 8,913 

Pipes with an equivalent diameter ≥ 450 mm 3,012 

Pipes with invert levels 2,135 

 

3.7.2. Culverts and Bridges 

Culverts and bridges that are not part of major linear infrastructure projects (see Section 3.6) are 

discussed here. There are several sources of information for these hydraulic structures, which 

are shown in Figure 5 and described below: 

• Upper South Creek Flood Study (Reference 1) – as part of this study, 20 structures 

were identified during a site visit and subsequently surveyed by WMAwater. 

Although 9 of these structures were located on major roads where design 

information now exists (Camden Valley Way - 3, The Northern Road - 2 and 

Bringelly Road – 4), it is assumed that the remaining structures are still in place.  

• Upper South Creek FRMS&P (Reference 2) – as part of this study, only structures 

on Bringelly Road and the South West Rail Link were included or updated at 
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Kemps Creek, Scalabrini Creek and Bonds Creek in the TUFLOW model. The 

structure on Camden Valley Way at Rileys Creek was also updated. 

• As part of the new precinct developments, a number of new culvert structures have 

been constructed, particularly on the upper reach of South Creek and its 

tributaries, as well as Rileys Creek. Limited information on these structures was 

provided by Council in the form of DA drawings which were specifically highlighted 

by Council. 21 culvert structures were identified from these drawings containing 

sufficient detail to include in the hydraulic model. 

• Council provided WMAwater with a GIS layer consisting of 264 points where 

known culverts exist. These are primarily within the existing development areas in 

the northern portion of the catchment. No size or invert level was provided by 

Council for these structures.  

 

Based on the above data, it was identified that there were numerous culverts within the study 

area where details were not known. Council engaged WMAwater to undertake a culvert survey 

for the purpose of obtaining sufficient information to include the culverts in the hydraulic model. 

Culverts were identified from the following sources as potentially important hydraulic controls: 

• The culvert GIS layer provided by Council, identifying locations of known culverts 

• WMAwater’s review of the most recent LiDAR terrain and aerial imagery (November 

2018) identified a number of structures, typically within the newly developed areas. 

Details of these structures were not provided within the drawings attached to DA’s 

provided to WMAwater 

• WMAwater’s review of existing flood rasters from the previous study (Reference 2). This 

identified where water was ponding behind existing embankments and where culverts 

were to be expected under the road embankments 

 

A total of 265 structures were identified through this process. Of these, 12 were identified as 

being on private property or within the Upper Canal corridor and were not surveyed.  

 

Details that were collected include the following: 

• Culvert size (diameter or width and height) 

• Cover from the culvert obvert to the road surface (to estimate the invert level from LiDAR 

data) 

• Photograph of the structure 

 

If the structure is a bridge, the following information was collected: 

• Deck thickness (to estimate soffit levels from LiDAR) 

• Pier details (including width, number of piers and pier shape) 

• Height and type of railing 

• Photograph of the structure 

 

In the field, there were 35 culverts that were not surveyed. Reasons for this include: 

• They were located on private property and could not be accessed 

• They were located within a construction site that could not be entered 

• They could not be accessed due to thick vegetation 
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• They did not exist 

 

An additional 49 culverts that were not identified in any GIS layers were seen when driving 

between culverts marked for survey. The details of these culverts were also recorded.  

 

Accounting for all the above, a total of 266 culverts were surveyed. A summary of the survey is 

as follows: 

• 183 pipe culverts 

• 70 box culverts 

• 13 bridges surveyed, including 4 arch bridges 

 

3.7.3. Detention Basins 

There are several detention basins that have been constructed or are proposed as part of the 

precinct developments. These basins were identified by Council, and the associated DA 

drawings were provided to WMAwater. There are 74 basins that were identified and can be seen 

in Figure 6. For each basin, the LiDAR data was checked to see if the basin earthworks were 

complete or at a stage where the basin is adequately represented. All but two of the basins 

appear to be adequately represented by the LiDAR data. This is most likely because basins are 

typically one of the first elements constructed since they are often used as sediment basins 

during construction before being converted into a detention basin. 

 

Details of the outlet structures are generally provided in the drawings. Low flow outlet pipe sizes 

and invert levels are typically given and spillway length overtopping levels.  

 

3.8. Gauge Data 

Both rainfall and streamflow gauges are available for the upper South Creek catchment, as 

shown in Figure 7 and described in the following sections. 
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3.8.1. Daily Rainfall 

Diagram 4: Available daily rainfall gauge records for upper South Creek 

 

 

There are 17 daily rainfall gauges in the catchment vicinity from the Bureau of Meteorology 

(BoM). 8 of these gauges are current with 9 having data relevant to the June 2016 storm event 

and 7 having data relevant to the January 2020 storm event, as shown in Diagram 4 and 

Table 3. The data from these gauges provide a reasonable estimation of the spatial pattern of 

rainfall over the upper South Creek catchment for the recent storm events. The June 2016 storm 

spatial pattern is shown in Figure 8, generated using the 2 day rainfall totals in Table 3 and an 

inverse distance weighting algorithm to interpolate a grid. Rainfall totals across the study area 

range from 250 mm at the northern (downstream) end, to 280 mm at the southern (upstream) 

end. The February 2020 storm spatial pattern is shown in Figure 9, generated using the 4 day 

rainfall totals in Table 3 (neglecting gauge 68254, as it was abnormally low compared to nearby 

68257) and a natural neighbour algorithm to interpolate a grid. Rainfall totals across the study 

area range from 330 mm at the northern (downstream) end, to 300 mm at the southern 

(upstream) end. 

 

Table 3: June 2016 and February 2020 Event Daily Rainfall Data 

Gauge 

Number 
Gauge Name 

5 - 6 June 

2016 Rainfall 

Total1 (mm) 

7 - 10 February 

2020 Rainfall 

Total1 (mm) 

67015 BRINGELLY (MARYLAND) 264.8 312 

66190 INGLEBURN (SACKVILLE STREET) 256 Closed 

67061 ROSSMORE (SOUTH CREEK) 259 338 

67108 BADGERYS CREEK AWS 209.4 365.2 

68007 CAMDEN (BROWNLOW HILL) 268.2 308.6 

68192 CAMDEN AIRPORT AWS 280.8 320 

68257 CAMPBELLTOWN (MOUNT ANNAN) 277.4 298 

68254 MOUNT ANNAN (AUSTRALIAN BOTANIC GARDEN) 301 250.9 

68160 CAMPBELLTOWN (KENTLYN (GEORGES RIVER RD) 291 N/A 

1 Total rainfall for days specified, recorded at 9am 
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3.8.2. Sub-Daily Rainfall 

There is limited sub-daily rainfall data available for the upper South Creek catchment. The 

nearest BoM pluviograph station (with 6 minute data) that was operational for the 2016 and 

2020 events is Parramatta North. There are also a number of Sydney Water gauges which are 

located on the periphery of the catchment, however, these were all decommissioned prior to 

2016, including Camden STP, Kenny Hill, Campbelltown STP and Ingleburn Dam. 

 

There are a number of Automatic Weather Stations (AWS) nearby that record sub-daily rainfall 

data, as shown in Table 4. For the 2016 event, 30 minute rainfall data for three stations was 

provided by Camden Council. Given the long duration of the 2016 event (2 days), this data is 

considered reasonable for defining the temporal pattern of rainfall. Raw AWS data was sourced 

from the BoM for the 2020 event, and data was provided at one minute resolution for three 

stations.  

 

Table 4: AWS Rainfall Data 

Gauge 

Number 
Gauge Name June 20161 February 20202 

67108 BADGERYS CREEK AWS  ✓ 

68160 CAMPBELLTOWN (KENTLYN (GEORGES RIVER RD)) ✓  

68192 CAMDEN AIRPORT AWS ✓ ✓ 

68257 CAMPBELLTOWN (MOUNT ANNAN) ✓ ✓ 

1 Data sourced from Camden Council 

2 Data sourced from BoM 

 

Data was also available for Kentlyn (068160) for 2016, however the BoM does not list this 

station as holding sub-daily rainfall data and it could not be obtained for the 2020 event. The 

provided rainfall data was graphed temporally for the June 2016 and February 2020 storm 

events, shown on Figure 10 and Figure 11, respectively. The 2016 graph shows that the main 

storm burst occurred from approximately 12am on the 5th, and continued fairly consistently to 

approximately 12am on the 6th. There is reasonable consistency between all the gauges, in 

terms of both the amount of rainfall that fell and also the temporal pattern. The 2020 graph 

shows that there was two days of consistent rainfall before the large rainfall burst that occurred 

over a 24 hour period from approximately 2am on the 9th to 2am on the 10th. This event also 

shows consistent temporal patterns across the gauges, although rainfall depths vary, with the 

Badgerys Creek gauge to the north recording more rainfall than the gauges to the south of the 

catchment. 

 

The June 2016 storm event was quite severe. An assessment of the rainfall bursts within the 

storm was undertaken for a range of durations, by comparing with the ARR 2016 IFD 

information for the centroid of the upper South Creek catchment. The results are shown on 

Figure 12. The figure indicates that for durations between approximately 12 hours and 30 hours, 

the rainfall intensities were greater than a 1% AEP rainfall event. The same analysis was 

undertaken for the February 2020 storm event, with the results shown on Figure 13. The results 

indicate that for durations between approximately 12 and 24 hours, the rainfall intensity was 
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between a 2% AEP and 0.5% AEP event, depending on what gauge is considered.  

 

3.8.3. Streamflow 

There are no streamflow gauges within the study area. The closest downstream gauge is 

located on South Creek at Elizabeth Drive (212320), approximately 7.5 km (straight line 

distance) downstream of Bringelly Road. The gauge data contains both water level and flow, as 

shown in Diagram 5 for the June 2016 flood event and Diagram 6 for the February 2020 flood 

event.  

 

Diagram 5: South Creek at Elizabeth Drive (212320) Stream Gauge Data – June 2016 Event 
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Diagram 6: South Creek at Elizabeth Drive (212320) Stream Gauge – February 2020 Event 

 

 

 

The previous TUFLOW model (Reference 1 and 2) included a 1D representation of South Creek 

and Thompsons Creek down to Elizabeth Drive. This portion of the model was retained for 

calibration purposes for comparison with this gauge data. 

 

In 2016 the peak flow was approximately 305 m3/s while in 2020 the peak was approximately 

235m3/s. The difference in the recorded water level between these events, however, was only 

0.14 m. The rating curve for the gauge was reviewed in light of this difference. A graph of the 

adopted rating curve and gaugings is provided in Diagram 7. There is extrapolation of the curve 

beyond the highest gauging of 3.55 m and the recorded peak levels of the 2016 and 2020 

events was approximately 1 m higher than this. The gauge rating is therefore likely to be 

unreliable for estimating the peak flow in the 2016 and 2020 events. The water level 

measurements are more accurate. 
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Diagram 7: Rating curve and gaugings at Elizabeth Drive (212320) 

 

 

3.9. Floor Level Database 

Council provided WMAwater with floor level information in the form of a DWG file and CSV file. 

These files contain the floor level information of 5 properties, assumed to be surveyed on 

16/11/2016. Floor levels of 5 properties on Masterfield Street were also collected when 

surveying 2020 event flood marks (discussed in Section 3.10).  

 

3.10. Flood Marks 

Council provided WMAwater with 6 flood marks which were surveyed following the June 2016 

flood event. The flood marks were located within the study area on Scalabrini Creek, Kemps 

Creek, Rileys Creek and South Creek. Following the February 2020 flood event, several flood 

marks were surveyed at road crossings (16) and the Pondicherry dam outlets (3). Reports of 

these flood marks for both 2016 and 2020 flood events are provided in Appendix B. On a 

separate occasion, several flood marks were also surveyed at properties on Masterfield Street, 

including 2020 flood levels (8), 2016 flood levels (2) and finished floor levels (5). A number of 

photographs and descriptions from residents of Masterfield Street were also supplied. 

 

3.11. Site Visit 

A site visit was conducted on 5th February 2019 and was attended by WMAwater, Council and 

Office of Environment and Heritage (OEH) staff. The following locations were visited: 

• Pondicherry Dams (3 large dams downstream of Oran Park and adjacent to South 

Creek) 

• Lowes Creek Dam and the site of the future Lowes Creek and Marylands Precincts 
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• Emerald Hills development 

 

During the survey of culverts (Section 3.7.2), a large portion of the catchment was also 

observed. 
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4. COMMUNITY CONSULTATION 

TO BE DOCUMENTED AT A LATER STAGE 
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5. HYDROLOGIC MODEL 

5.1. Introduction 

A hydrologic model is a tool for estimating the amount of runoff that flows from a catchment for a 

given amount of rainfall, and the timing of this runoff flow.  Stream gauges (which measure 

water level in a stream) are a way of directly measuring this information, but they are expensive 

to setup and maintain.  They also require a long record (several decades) to be of most use for 

flood estimation.  Most of the smaller creeks in NSW are not gauged, and there are no suitable 

stream gauges within the upper South Creek study area that can be used for Flood Frequency 

Analysis.  In such cases, using a computer-based hydrologic model is the best practice method 

for determining how much flow occurs from rainfall information (which is more widely available 

from rain gauges) to flow information in creeks.  This type of hydrologic model is referred to as a 

runoff-routing model. 

 

A range of runoff-routing hydrologic models is available as described in ARR 2019 

(Reference 4).  These models allow the rainfall to vary in both space and time over the 

catchment and will calculate the runoff generated by each sub-catchment.  The generated flow 

hydrographs then serve as inputs at the boundaries of the hydraulic model, which provides 

details about flood levels and velocities.   

 

The XP-RAFTS hydrologic runoff-routing model was used to determine flows from each sub-

catchment.  The XP-RAFTS model is widely used throughout Australia to estimate runoff from 

both rural and urban areas. XP-RAFTS has the ability to simulate sub-catchments of varying 

sizes and includes parameters such as impervious surfaces, surface roughness and catchment 

slope. If flow data is available at a stream gauge, then the XP-RAFTS model can be calibrated 

to this data through adjustment of these various sub-catchment parameters and/or rainfall 

losses. Version 2018.1.1 was used for this study and further details can be found in the 

Reference Manual (Reference 7). 

 

A hydrological model for the entire upper South Creek catchment was developed and used to 

calculate the flows for each individual sub-catchment for inclusion in the TUFLOW hydraulic 

model.  The hydraulic model is discussed in Section 6. 

 

5.2. Sub-catchment Delineation 

The sub-catchments were delineated using CatchmentSIM software. The software utilises a 

DEM to determine flow paths for every cell and hence can determine the catchment area 

draining to a particular location. The November 2018 LiDAR dataset was used with a 5 m grid to 

define the sub-catchments. The start of the 450 mm diameter stormwater pipes within the urban 

areas was used as the threshold for catchment delineation. In the rural areas, sub-catchments 

were delineated to 450 mm diameter and greater culvert crossings or other hydraulic controls 

(such as dam embankments). In areas where there were no hydraulic controls, a reasonable 

catchment size has been delineated (approximately 30-60ha). These sub-catchments were 

manually checked for consistency and adjusted where necessary. A total of 1,474 sub-
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catchments were delineated and these are shown in Figure 14. 

 

5.3. Sub-catchment Parameters 

The XP-RAFTS model was developed using the information derived from the sub-catchments in 

CatchmentSIM. The primary sub-catchment parameters include the following: 

• Area; 

• Slope; 

• Impervious fraction; and 

• Surface roughness. 

 

Each of these is discussed in the following Sections. 

 

5.3.1. Area and Slope 

The sub-catchment area was calculated in a GIS program using the sub-catchment boundaries 

generated by CatchmentSIM. The slope was also calculated using CatchmentSIM based on the 

LiDAR data.  

 

5.3.2. Impervious Fraction 

Diagram 8: Delineation of Urban Impervious Areas 

 

ARR 2019 (Reference 4) identifies three types of areas (shown visually on Diagram 8) for the 

purpose of estimating urban storm losses: 

• Directly Connected Impervious Areas (DCIA) which are impervious areas directly 

connected to the drainage system; 

• Pervious Areas consisting of parks and bushland areas; and 

• Indirectly Connected Areas (ICA) which consist of impervious areas which are not 

directly connected to the drainage system and the pervious areas which interact 

House Road Path 

Total Impervious Area 

Directly Connected Area Pervious Area 

Directly  

Connected Area 

Indirectly 

Connected 

Area 
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with indirectly connected impervious areas (ICIA). The Total Impervious Area (TIA) 

is the sum of the DCIA and ICIA. 

 

While it is usually straightforward to apply reasonable rainfall losses and routing to the directly 

connected impervious areas, the inclusion of the indirectly connected areas is complex. This is 

because some of the indirectly connected area is pervious and some is impervious. This is 

further complicated by the fact that the impervious areas can flow through pervious areas and 

experience some loss into the soil before reaching the drainage system. The fact that this 

infiltration occurs at a different location from the location where the rain falls is not compatible 

with an initial loss/continuing loss framework that removes the losses from the rainfall before it is 

applied to the model. 

 

To account for this, ARR 2019 recommends the use of ‘Effective Impervious Area’ (EIA), which 

is a concept identifying the amount of impervious area that acts as directly connected for total 

runoff purposes, including consideration of both the DCIA and ICIA.  

 

A detailed GIS analysis was undertaken for a typical residential street block from Oran Park and 

it was found that the TIA was approximately 80%. Using the literature from Australian studies in 

ARR 2019, the ratio of EIA/TIA is typically in the range from 60% to 80%. WMAwater’s 

assessment is that in light of the relatively large proportion of roof area to block area (with roof 

area being directly connected) for the typical Oran Park development, the degree of directly 

connected surfaces is most likely quite high. An EIA/TIA fraction of 75% is considered to be 

reasonable for new development in this area. This results in an EIA fraction of 60% of the total 

urbanised residential area as follows:  

 

𝑇𝐼𝐴 = 0.8 

𝐸𝐼𝐴 = 0.75 ∗ 𝑇𝐼𝐴 = 0.6 

 

Commercial and industrial areas will have higher impervious fractions based on similar 

reasoning. XP-RAFTS adopts a typical split catchment approach, with one subarea representing 

the pervious fraction, and the other representing the impervious fraction (or EIA in this case) for 

each sub-catchment. Runoff from the EIA subarea occurs significantly faster than from the 

pervious subarea).  This results in a faster concentration of flow at the catchment outlet and 

typically a higher peak flow. XP-RAFTS calculates separate runoff hydrographs for these 

pervious and impervious subareas, based on different rainfall losses and surface roughness 

values applied. The implementation of this methodology in the Upper South Creek XP-RAFTS 

models is outlined visually in Diagram 9. The land use areas are mapped for the upper South 

Creek catchment in Figure 15. 
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Diagram 9: Impervious Fractions of a Sub-catchment for the XP-RAFTS Model 

 

 

 

 

 

 

5.3.3. Surface Roughness 

The surface roughness of the two sub areas outlined above depends on the dominant land use 

type in each area. Bushland and grassed areas were assigned a Manning’s ‘n’ of 0.04 while 

urban areas were assigned 0.025 for pervious areas and 0.015 for impervious areas. This is 

summarised in Table 5 for the two subareas in the XP-RAFTS model. The Manning’s ‘n’ value 

assigned is based on the dominant land use in the sub-catchment. These land use categories 

can be seen in Figure 15. 

 

Table 5: Land use categories defined for the XP-RAFTS model 

Dominant Sub-

catchment Land Use 

Effective 

Impervious 

Fraction (%) 

XP-RAFTS Subarea 1 

(Pervious)  

Mannings ‘n’ 

XP-RAFTS Subarea 2 

(Impervious)  

Mannings ‘n’ 

Bush / Pasture / Grass 0 0.04 N/A 

Urban Residential 60 0.025 0.015 

Urban Industrial / 

Commercial 
90 0.025 0.015 

Rural Residential 10 0.025 0.015 

 

 

Subcatchment

Bush / Pasture 
/ Fields / Parks

Development

Urban 
Residential

Urban 
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Residential

Subarea 1 
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0% 
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Impervious 

Fraction 

(EIA) 
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10% 90% 
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5.4. Sub-catchment Linking 

Flows generated by each individual sub-catchment were applied directly in the TUFLOW model. 

This means that the linking of sub-catchments within the RAFTS model does not need to be 

accurately modelled, since the accumulated flows are not used within the TUFLOW model. The 

exception is Bonds Creek, where accumulated flow at Camden Valley Way were applied in the 

TUFLOW model.  

 

Therefore the sub-catchment network was developed with approximate representations of the 

flow paths between sub-catchments. The lag factor applied to these links delays but does not 

attenuate the hydrograph produced at an upstream sub-catchment outlet to when it arrives at 

the downstream sub-catchment outlet. This parameter was based on a travel velocity of 1 m/s 

along the flow paths derived in CatchmentSIM.  

 

5.5. Rainfall Losses 

Methods for modelling the proportion of rainfall that is “lost” to infiltration are outlined in ARR 

2019 (Reference 4).  The methods are of varying degrees of complexity, with the more complex 

options only suitable if sufficient data is available.  The method most typically used for design 

flood estimation is to apply an initial and continuing loss to the rainfall.  The initial loss 

represents the wetting of the catchment prior to runoff starting to occur, including interception, 

infiltration and the filling of localised depressions. The continuing loss represents the ongoing 

infiltration of water into the saturated soils while rainfall continues.  The initial/continuing loss 

method was adopted for this study. 
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6. HYDRAULIC MODEL 

6.1. Introduction 

Hydraulic modelling is the simulation of how floodwaters move through across the terrain.  A 

hydraulic model can estimate the flood levels, depths, velocities and extents across the 

floodplain.  It also provides information about how the flooding changes over time.  The 

hydraulic model can simulate floodwater both within the creek banks, and when it breaks out 

and flows overland, including flows through structures (such as bridges and culverts), over roads 

and around buildings. 

 

Two-dimensional (2D) hydraulic modelling is currently the best practice standard for flood 

modelling.  It requires high resolution information about the topography, which is available for 

this study from the LiDAR aerial survey.  Various 2D software packages are available (SOBEK, 

TUFLOW, RMA-2).  The TUFLOW package was adopted as it meets requirements for best 

practice, and is currently the most widely used model of this type in Australia for riverine flood 

modelling. 

 

The TUFLOW modelling package includes a finite difference or finite volume numerical model 

for the solution of the depth averaged shallow water equations in two dimensions.  The 

TUFLOW software has been widely used for a range of similar floodplain projects both 

internationally and within Australia and is capable of dynamically simulating complex overland 

flow regimes.   

 

The TUFLOW model version used in this study was 2018-03-AE-w64 (using the finite volume 

HPC solver), and further details regarding TUFLOW software can be found in the User Manual 

(Reference 8). 

 

In TUFLOW the ground topography is represented as a uniform grid with a ground elevation and 

Mannings ‘n’ roughness value assigned to each grid cell.  The size of grid is determined as a 

balance between the model result definition required and the computer processing time needed 

to run the simulations.  The greater the definition (i.e. the smaller the grid size) the greater the 

processing time need to run the simulation.   

 

6.2. TUFLOW Hydraulic Model Extent and Resolution 

The TUFLOW model 2D domain covers the entire upper South Creek catchment, from its 

headwaters in Oran Park and Gregory Hills to approximately 250 m downstream of Bringelly 

Road. The model also includes the tributaries of Kemps Creek, Scalabrini Creek and Bonds 

Creek. The Bonds Creek catchment, which traverses Denham Court (outside the study area), is 

only modelled from Camden Valley Way to Bringelly Road. The 2D domain covers an area of 

approximately 78 km2. A grid size of 3 m was adopted for the entire study area.  

 

The previous FRMS&P model (Reference 2) adopted a grid size of 10 m. Adopting a 3 m grid 

size for an area of 78 km2 using the TUFLOW Classic Engine would result in large model run-
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times. In 2017, a new TUFLOW version was released with Heavily Parallelised Compute (HPC) 

with the ability to run on Graphics Processor Unit (GPU). The new HPC GPU models are 

significantly faster than the traditional Central Processing Unit (CPU). As such, the HPC Engine 

with GPU was used for this study, facilitating a finer grid resolution than previous studies.  

 

The one-dimensional (1D) representation of South Creek downstream of Bringelly Road was 

retained from the Upper South Creek Floodplain Risk Management Study and Plan 

(Reference 2) for the purposes of calibration, and then removed for design flood modelling is the 

results downstream of Bringelly Road are not part of the study area. The 1D model contains a 

number of wide cross sections that represent the Thompsons Creek and South Creek floodplain 

to just downstream of Elizabeth Drive, a straight line distance of approximately 8.5 km. 

 

The TUFLOW model 2D and 1D extents are shown in Figure 16. 

 

6.3. Terrain 

The TUFLOW model 2D terrain was based on the November 2018 LiDAR dataset, which can be 

seen in Figure 3. The 1 m DEM was sampled to develop the underlying terrain of the TUFLOW 

model. There were several modifications made to this terrain to ensure topographic features 

were represented correctly. These modifications are discussed in the following sections. 

 

6.3.1. Ongoing Development 

There are a number of ongoing projects within the upper South Creek catchment that would only 

be partially captured by the LiDAR data. Design levels for some of these projects were available 

in the form of a triangular irregular network (TIN) that were included in the TUFLOW model. 

These include: 

• The Northern Road 

• Bringelly Road 

• Emerald Hills Estate 

 

6.3.2. Roads 

In areas where roads form a significant obstruction to flow or where flow paths cross under road 

embankments, the crest of the road was included in the TUFLOW model as a breakline. These 

breaklines are sampled directly from the relevant terrain data (either LiDAR or the TINS above) 

and ensure that road crests (the overtopping level of the road) were correctly represented in the 

model. This includes some creek crossing locations where the LiDAR data displays the creek 

channel rather than the road embankment. 

 

LiDAR typically does not have sufficient resolution to adequately define the kerb and gutter 

system within roadways.  While the density of the aerial survey points is in the order of twelve 

per square metre, a 1 m DEM was produced and used to sample the TUFLOW terrain. This 

DEM would not typically take the lowest survey point, but an average within the 1 m grid . The 

LiDAR DEM would not pick up a continuous line of low points defining the drainage line along 

the edge of the kerb. 
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To deal with this issue, Reference 9 provides the following guidance: 

 “Stamping a preferred flow path into a model grid/mesh (at the location of the physical 

kerb/gutter system) may produce more realistic model results, particularly with respect to 

smaller flood events that are of similar magnitude to the design capacity of the kerb and 

gutter.  Stamping of the kerb/gutter alignment begins by digitising the kerb and gutter 

interval in a GIS environment.  This interval is then used to select the model grid/mesh 

elements that it overlays in such a way that a connected flow path is selected (i.e. the 

element linkage is orthogonal).  These selected elements may then be lowered relative 

to the remaining grid/mesh.” 

 

The road gutter network plays a key role for overland flow in the urbanised parts of the study 

area.  In order to model the system effectively, the gutters were stamped into the mesh using 

the method described above.  The method used was to digitise breaklines along the gutter lines, 

and reduce the ground levels along those model cells by 0.1 m, creating a continuous flow path 

in the model. 

 

6.3.3. Basins 

Generally the detention basins throughout the newly urbanised areas are well represented in the 

LiDAR data. Some adjustments to the terrain have been made where the basin was still under 

construction, or where ponded water results in the LiDAR not representing the basin form 

properly. If data was available from Development Application (DA) drawings, the basin inverts 

and spillways were represented in the TUFLOW terrain using these drawings. 

 

6.3.4. Dams 

Rural farm dams are prevalent through the Lowes Creek and Catherine Field areas. Breaklines 

for the crest of some of the larger dams that are located ‘on-stream’ were included to ensure 

that these dams were represented in the model. These breaklines were sampled from the 

LiDAR data. The LiDAR survey cannot penetrate water surfaces and hence the LiDAR data 

typically shows the water surface in areas where ponding occurs, such as these farm dams. For 

the Pondicherry Dam, survey was available which included ground levels below the water 

surface and this survey data was used to define the bathymetry of the dam. 

 

6.3.5. Creeks 

Breaklines were also been included for many of the creeks, to ensure that the creek invert is 

sufficiently represented in the TUFLOW model and conveyance of water between the TUFLOW 

grid cells is adequate. Breaklines were sampled from the LiDAR DEM, taking the minimum value 

of nearby cells to represent the invert. 

 

6.3.6. Upper Canal 

Sydney Water’s ‘Upper Canal’ water supply channel runs through the study area, close to the 

eastern boundary of the catchment, from south to north. It is located immediately to the east of 
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the Gregory Hills development, through the Gledswood Hills development and to the east of the 

Emerald Hills development. The channel maintains an average grade of just 0.1%, and hence it 

is built on a series of embankments and through tunnels where it can’t follow the natural ground 

contours. Where the canal crosses flow paths, there are cross drainage structures. Details of 

these structures or their capacity were not known for this study. 

 

Since the canal lies close to upper South Creek’s catchment boundary, where feasible 

catchment flows were input into the TUFLOW model immediately downstream of Upper Canal. 

Where flow paths upstream of the canal were required (for example, modelling of detention 

basins, flows through urban areas or major flow paths), the canal channel was assumed to be 

filled in the terrain so as to not convey water. Floodwater was allowed to flow through the canal 

corridor and to the other side. In some areas where the canal is located in cut or in between 

raised embankments, water was allowed to fill these areas of the terrain before overtopping and 

flowing downstream. The storage within these areas is relatively small and this is considered to 

be a reasonable approach. 

 

6.4. Surface Roughness 

Surface roughness values have been defined across the TUFLOW 2D domain, represented by 

the Mannings ‘n’ coefficient. The roughness is based upon the land use, which was visually 

inspected using the November 2018 aerial imagery. Each land use category was assigned a 

Mannings ‘n’ value, as outlined in Table 6. The spatial distribution of these categories is shown 

in Figure 17.  

 

Table 6: Mannings ‘n’ values used in the TUFLOW model 

Land Use Category Mannings ‘n’ 

Bare earth 0.02 

Maintained grass / parks / ovals 0.03 

Floodplain grass / pasture 0.04 

Light vegetation 0.045 

Medium vegetation 0.06 

Dense vegetation 0.08 

Dense riparian vegetation (in creeks) 0.12 

Creeks and open water 0.03 

Roads 0.02 

Road corridor 0.035 

Paved areas 0.02 

Low density (rural) residential 0.045 

Medium density (urban) residential 0.06 
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Industrial / commercial / schools 0.03 

Railway 0.06 

 

A sensitivity analysis was conducted on these adopted roughness values, with the results 

presented in Section 10.3. 

 

6.5. Buildings 

Buildings were represented as solid obstructions to flow by blocking them out of the TUFLOW 

grid. The buildings layer provided with the capture of LiDAR data was used to represent the 

building footprints. These buildings are shown in Figure 18. 

 

6.6. Pit and Pipe Network 

The pit and pipe network was included in the TUFLOW model as a 1D network dynamically 

linked to the 2D domain. The pits enable the transfer of flows from the 2D domain to the 1D 

pipes below the ground. The pipes carry flows to the outlet where it discharges to the 2D 

domain. The pit and pipe data received from Council could not be used directly in the TUFLOW 

model. Each branch of the network was analysed and the following modifications were made to 

the GIS layers to enable an adequate representation of the network in TUFLOW: 

• Pipes smaller than 450 mm in diameter were removed (including pits connected to 

these pipes) 

• Pipes were connected to downstream pipes to ensure continuity of each branch to 

the outlet. In some cases, the outlet was not defined and the most likely outlet 

location was chosen, taking pipe sizes from the most downstream pipe available 

• Pipe were checked and adjusted to ensure consistent pipe sizes (downstream 

pipes were the same size or larger than upstream pipes), including assigning 

reasonable pipe sizes to those where data was missing 

• TUFLOW requires the polylines representing the pipes to be digitised from 

upstream to downstream, so these were modified where this was not the case 

• Invert levels of outlets (where they were not provided) were obtained from the 

LiDAR data 

• Invert levels of pipes (where they were not provided) were taken to be the ground 

level (from LiDAR) minus 1.35 m (the average depth to pipe obverts where invert 

levels were available), minus the pipe diameter or height 

• Pipes were assigned a Mannings ‘n’ of 0.012 

• Grated pits (determined by inspection of the November 2018 aerial imagery) were 

assigned a size based on an approximate measurement of the grate from the 

aerial image (where they were not provided) 

• Kerb inlet pit lintels (where they were not provided) were assumed to be 1.8 m 

wide (the approximate average lintel width where data was provided) 

• Kerb inlet pits that were not located close to the gutter (within approximately 1 m) 

were moved to the gutter (and actual pit location if it could be seen on the aerial 

imagery) to ensure that pits drain the flows that will be within the gutter in TUFLOW 
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A total of 2,922 pipes and 2,796 pits were included in the TUFLOW model to represent the 

stormwater network. These are shown in Figure 19. 

 

In addition to the street stormwater network, the low flow outlets of urban detention basins also 

typically consist of pits and pipes. These were also represented in the TUFLOW model. Many of 

the basins have complicated multi-level outlets to maximise detention of water for different storm 

events. Where the information was available from DA drawings, these outlets were represented 

in the TUFLOW model. 

 

6.7. Culverts and Bridges 

Culverts with a size of 450 mm width/diameter and greater were included in the TUFLOW model 

as 1D elements. There are a number of arch culverts within the study area and these were 

represented in the TUFLOW model by calculating a width-height relationship. Depending on the 

source of information, invert levels were obtained from topographic survey (undertaken for the 

previous flood study), DA design drawings, or estimated based on the LiDAR road levels and a 

depth of cover. 

 

Bridge structures were typically modelled in the 2D domain. The primary structures are the 

South West Rail Link bridges and the Bringelly Road twin bridges over South Creek at (under 

construction). Details of these structures were obtained from design drawings. Additional 

structures which were surveyed in the field and large enough to influence flow behaviour were 

also included in the model. The bridge soffit and deck levels are included in the TUFLOW 

model, with an estimate of the hydraulic obstruction and losses due to the piers and deck. These 

loss coefficients were estimated using the relevant literature (Reference 10).  

 

The culvert and bridges that were included in the TUFLOW model are shown in Figure 20. 

 

6.8. Model Boundaries 

6.8.1. Inflows 

Inflows into the TUFLOW model are sourced from the XP-RAFTS simulated local runoff 

hydrographs for each sub-catchment. Where sub-catchments drain to urban pits, the flow is 

applied to 2D cells at the pit inlet. Elsewhere, the sub-catchment flow is applied to a group of 2D 

cells located at the sub-catchment outlet (the lowest point of the terrain). 

 

For Bonds Creek, which is modelled from Camden Valley Way in the TUFLOW model, the total 

catchment flow to this point is applied at the boundary. This inflow boundary is shown in 

Figure 16. 

 

6.8.2. Downstream Boundary 

For calibration, the downstream boundary for South Creek was applied at the end of the 1D 

section of the creek, approximately 1 km downstream of Elizabeth Drive. A constant water level 
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of 39 mAHD is applied, which does not affect water levels at Elizabeth Drive for the events of 

interest. This boundary condition was adopted from the FRMS&P Model (Reference 2).  

 

For design flood events, since the 1D section of South Creek was not required, a stage-

discharge boundary was applied for South Creek approximately 450 m downstream of Bringelly 

Road. This is the same boundary type adopted for the other creeks that cross Bringelly Road, 

where a stage-discharge boundary was applied at least 250 m downstream of Bringelly Road. 

The stage discharge relationship is automatically calculated by TUFLOW, given the cross 

section of each creek or tributary and a channel slope. This allows water to exit the model at a 

rate proportional to the calculated water level. This should produce a ‘normal flow depth’ at the 

boundary. 

 

There several other small catchments upstream of Camden Valley Way that discharge east into 

Bonds Creek. At these locations, a stage-discharge boundary was also applied, or in some 

circumstances culverts that flow under Camden Valley Way and out of the model were extended 

and have a fixed water level applied at their downstream end. 

 

The 2D downstream boundary locations can be seen in Figure 16. The boundaries have been 

set up such that they are not expected to significantly influence water levels within the study 

area. 

 



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  38 

7. MODEL CALIBRATION 

The aim of the calibration process is to ensure the modelling system can replicate historical 

flood behaviour.  There are assumptions in the modelling inputs, such as the effect of vegetation 

on flow and the amount of infiltration into the soil, which can be adjusted to improve the match 

between observed and modelled flood levels.  A good match to historical flood behaviour 

provides confidence that the modelling methodology and schematisation can accurately 

represent the important flood processes in the catchment.   

 

There have been several large flood events that have occurred within the upper South Creek 

catchment, including April 1988, June 1991, February 1992, June 2016 and February 2020. 

Given the widespread development and catchment changes that has occurred in recent years, 

the June 2016 and February 2020 events are the most suitable to calibrate the current model. 

The next most recent significant flood events occurred in the early 1990’s. Calibration to these 

events would require significant alteration to the TUFLOW model such that it would represent a 

very different catchment in the upper areas. Calibration using a model simulating catchment 

conditions in the early 1990’s would provide little confidence in the model developed for ‘current 

conditions’. Such a model would essentially be replicating the 2012 flood study model. The 

purpose of this flood study update is to simulate flood behaviour in the context of ongoing 

development, and hence the recent flood events provides the best opportunity to calibrate the 

flood model that will be developed for ‘current conditions’ (as at November 2018 when the 

LiDAR was captured).  

 

The June 2016 event was the primary event used to calibrate the models. The event was a 

relatively rare rainfall intensity (see Section 3.8.2) and is likely to provide reasonable validation 

outcomes for the modelling. The February 2020 flood event occurred after the models had been 

calibrated and design flood events modelled. As such, the February 2020 event was used as a 

verification of the calibrated model parameters. 

 

7.1. Methodology 

7.1.1. June 2016 Calibration 

Surveyed flood marks were available at a number of road crossings within the Kemps Creek, 

Scalabrini Creek and Rileys Creek catchments for the 2016 event (see Section 3.10 and 

Appendix B). These flood marks were recorded from debris left after the flood. Debris marks are 

most reliable in areas flooded by backwater where water levels are generally flat. In conveyance 

areas, debris marks are less reliable, being influenced by the turbulent nature of the water. The 

available 2016 debris marks are mainly debris lines on fences at creek crossings and are 

considered to be of a low to medium level of confidence. These marks were used to calibrate 

the model parameters within the study area. 

 

There is a streamflow gauge located on South Creek at Elizabeth Drive which was used to 

calibrate the total runoff generated by the upper South Creek catchment. The gauge recorded 

the 2016 flood event and both water level and flows were available (see Section 3.8.3). 
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The rainfall depth and temporal pattern was sourced from the AWS data from station 068192 

(Camden Airport AWS). This was the same rainfall station used by Cardno in a validation of the 

FRMS&P modelling (Reference 2). The temporal pattern of this gauge produced the best fit to 

the shape of the flow hydrograph at Elizabeth Drive, compared to the other available AWS 

stations. The main storm burst was modelled in RAFTS, from 4th June at 20:30 to 5th June at 

23:30. The total rainfall within this period was 253.6 mm. This rainfall was considered to be 

representative of rainfall across the whole catchment for the purposes of calibration. 

 

The approach to model calibration was a joint calibration process of both the XP-RAFTS 

hydrologic model and TUFLOW hydraulic model.  Rainfall loss parameters in XP-RAFTS and 

the Mannings ‘n’ roughness values in TUFLOW were adjusted until a reasonable match to the 

known flood level marks and Elizabeth Drive gauge was achieved. Adopted Mannings ‘n’ values 

were presented in Section 6.4 and adopted rainfall losses in Section 7.2. 

 

7.1.2. February 2020 Verification 

Council provided surveyed flood marks at several road crossings within the Kemps Creek, 

Scalabrini Creek and Rileys Creek catchments as well as some smaller tributaries of South 

Creek and at the Bringelly Road Bridge. These flood marks were recorded from debris left after 

the flood and are considered to be of a low to medium level of confidence (for the reasons 

discussed in Section 7.1.1 above). Several flood marks were also surveyed at Masterfield Street 

and Bringelly Road Bridge over South Creek. These flood marks, recorded at properties and the 

Masterfield Levee, are considered to be a higher level of confidence due to the ponded nature of 

flooding and direct observations from residents. 

 

The streamflow gauge on South Creek at Elizabeth Drive was used to validate the total runoff 

generated by the upper South Creek catchment. The gauge recorded the 2020 flood event and 

both water level and flows were available (see Section 3.8.3). 

 

The rainfall depth and temporal pattern was adopted from station 068257 (Campbelltown - 

Mount Annan) as it produced the closest match to the shape and timing of the flood hydrograph 

at the Elizabeth Drive gauge compared to the other AWS stations. The rainfall depth was also 

considered to be a reasonable representation of the catchment rainfall. The main storm burst 

was modelled in RAFTS, from 7th February at 20:00 to 10th February at 03:00. The total rainfall 

within this period was 234.4 mm.  

 

The model parameters adopted for the June 2016 calibration event were adopted for this 

verification event, with the rainfall losses adjusted as outlined in Section 7.2 below.  

 

7.2. Rainfall Losses 

The initial loss / continuing loss model was used to estimate rainfall losses over the catchment. 

The approach taken was to vary the initial and continuing losses in order to provide the best fit 

to the Elizabeth Drive gauge. The initial loss is expected to be specific to the storm event, being 

heavily influenced by antecedent moisture conditions in the catchment at the start of the rainfall 
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burst. The continuing losses, however, represent the rate of ongoing infiltration of water into the 

saturated soil and should be a function of the catchment characteristics, rather than being storm 

dependent. The rainfall loss values applied to the June 2016 event is shown in Table 7.  

 

Table 7: June 2016 Event Rainfall Losses 

Surface Initial Loss (mm) Continuing Loss (mm/hr) 

Pervious 80 1.5 

Impervious 1 0 

 

The pervious initial loss for the 2016 event is relatively high and indicated relatively dry 

antecedent conditions for the storm. While there was some rainfall before the modelled burst, 

this is not considered to be of a significant quantity. From a flooding perspective, the water level 

in basins, dams and storages within the catchment will also contribute to the response of the 

catchment. The rising limb of the hydrograph at Elizabeth Drive will be dependent on the rainfall, 

initial soil moisture and available storage within basins and farm dams. To match the rising limb 

of the Elizabeth Drive gauge, either the initial loss or initial storage levels could be modified. In 

this case, the initial water level in detention basins was set to the invert of the lowest outlet, and 

the major farm dams within the rural areas were assumed to start full. This is consistent with the 

modelling undertaken by Cardno for the FRMS&P model validation to the 2016 event 

(Reference 2). This provides further reasoning for the high adopted initial loss value, as in reality 

it is likely the dams were not full at the start of the event, and therefore some of the initial rainfall 

was captured.  This is instead represented by a relatively high assumed initial loss. 

 

The pervious continuing loss value is considered reasonable. This value is consistent with the 

majority of land use areas in the FRMS&P model (Reference 2). The ARR Datahub provides 

regional estimations of rainfall losses. The upper South Creek catchment lies within two loss 

zones, one for the eastern half of the catchment and one for the western half, with the boundary 

being close to the South Creek alignment. The recommended continuing losses are 3.7 mm/h 

and 2.3 mm/h for the western and eastern portions, respectively. In accordance with new 

guidance, these losses should be factored by 0.4. This results in continuing loss values of 

approximately 1.5 mm/hr and 0.9 mm/hr. The NSW FFA-reconciled losses, also available 

through the ARR Datahub, are available for the South Creek catchment to Elizabeth Drive. The 

derived continuing loss is 1.04 mm/hr. The adopted loss is at the upper end of these estimates, 

but produces a good match to the peak flow at the Elizabeth Drive gauge. This continuing loss is 

most likely at the upper end of these estimates as rainfall at the southern end of the catchment 

has been adopted. As can be seen in Figure 8, the southern side of the catchment received a 

higher rainfall than the northern end, and as such a slightly higher continuing loss could account 

for the slightly lower rainfall that fell towards the northern end of the catchment. 

 

The impervious losses adopted for this study align with widely accepted values. 

 

The adopted 2020 rainfall losses are shown in Table 8. These losses were adopted as they 

produced the best fit to the Elizabeth Drive gauge.  

 

  



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  41 

Table 8: February 2020 Event Rainfall Losses 

Surface Initial Loss (mm) Continuing Loss (mm/hr) 

Pervious 30 1.5 

Impervious 1 0 

 

The losses are within reasonable ranges. The initial loss is lower than the 2016 event, which 

may be due to the selection of the storm burst that was modelled, as there was a significant 

amount of rainfall in the days leading up to the modelled burst. The continuing loss aligns with 

that adopted for the 2016 event, as it is representative of the ongoing infiltration into the ground. 

 

7.3. June 2016 Calibration Results 

A comparison between the surveyed flood levels and modelled flood levels are shown in Table 9 

for the June 2016 flood event. A map of the locations as well as the difference between 

surveyed and modelled flood levels is shown on Figure 21. 

 

Table 9: Surveyed and modelled peak flood levels for the June 2016 Event 

ID Location Type 

Surveyed 
Flood 
Level1  

(m AHD) 

Modelled 
Flood 
Level1 

(m AHD) 

Difference1 

(m) 

FM01 
Scalabrini Creek - Heath Rd 
Culvert 

Debris mark on gate 90.5 90.4 -0.1 

FM02 
Scalabrini Creek - Ingleburn Rd 
Culvert 

Debris mark on fence 80.9 80.9 0.0 

FM03 Kemps Creek - Heath Rd Culvert Debris mark on fence 84.5 84.5 0.0 

FM04 
Rileys Creek - Anthony Rd 
Causeway 

Debris mark on gate 66.1 66.1 0.0 

FM05 
Rileys Creek - Barry Ave Culvert 
North 

Debris mark 62.1 61.9 -0.1 

FM06 
Rileys Creek - Barry Ave Culvert 
South 

Debris mark 62.3 62.0 -0.4 

FM07 South Creek - Bringelly Rd Bridge Debris mark on bank 58.9 58.8 0.0 

FM08 Masterfield St – outside levee 
Flood height as indicated 
by resident 

59.3 59.5 0.2 

FM09 Masterfield St – inside levee 
Flood height as indicated 
by resident on shed 

58.6 58.7 0.1 

1 Flood levels rounded to 0.1 m 

 

The modelled flood levels are generally within 0.1 m of the surveyed level, which is considered a 

good match. The modelling at FM08 was 0.2 m above the observed flood level while FM06 was 

0.4 m below the recorded flood level.  

 

The calibration results at the Elizabeth Drive stream gauge are presented in Figure 22. When 

comparing the stage hydrograph, the simulated peak flood level slightly higher than the recorded 

water level (approximately 0.1 m), showing a good match. The rising limb of the stage 

hydrograph is reasonably matched, including the timing of the flood. The tail end of the observed 

hydrograph indicates a much slower recession than was modelled.  
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A comparison of peak flows is also presented in Figure 22. This shows that although a similar 

rate of rise was simulated by the TUFLOW model, the timing is earlier. The simulated peak flow 

is within 5% of the estimated peak flow from the gauge.  

 

7.4. Discussion of Calibration Results 

The XP-RAFTS and TUFLOW models were calibrated to the June 2016 flood event. The 

reliability of the calibration is limited by the available data – including the available rainfall data 

and flood observations. Notwithstanding this, the models are calibrated reasonably well when 

comparing the modelled flood levels with observed flood levels across the catchment. The 

modelled results are a good match across the upper South Creek catchment, as seen in 

Figure 21 and Figure 22. The TUFLOW Mannings ‘n’ values were adjusted to match peak flood 

levels at road crossings and the XP-RAFTS rainfall losses were adjusted to match the recorded 

flood at the Elizabeth Drive gauge.  

 

The following is observed:  

• All simulated flood levels are within ±0.1 m of the surveyed flood marks, with the 

exception of FM08 and FM06. FM08 is situated outside the Masterfield levee, just 

upstream of the Bringelly Road crossing. The accuracy of this flood mark is unknown. 

The flood mark was surveyed in 2020 and the accuracy of this mark is considered to be 

within the modelled difference of 0.2 m. 

• FM08 was surveyed downstream of the Barry Avenue crossing of Rileys Creek, on the 

southern bank. A flood mark was also surveyed on the northern bank in the same 

location (FM05). This flood mark (FM05) was 0.3 m lower than FM06 and was matched 

to within 0.1 m by the model. Since these occur at a similar location, it is possible that 

there was some localised hydraulic control causing this higher water level that is not in 

the model, or that the flood level was not surveyed accurately (due to issues with 

surveyed debris marks as discussed in Section 7.1). It is considered reasonable to 

match only one of these flood marks (FM05 or FM06) considering the schematisation 

detail of the TUFLOW model.  

• The flood mark at Bringelly Road (FM07) was noted by Cardno (Reference 2) to be 

unreliable. The data provided to WMAwater included two flood levels surveyed which 

were inferred from flattened grass and debris caught in trees. The difference between 

the two surveyed levels was approximately 0.2 m. The modelled peak water level is 

close to the higher level (as reported), and within 0.2 m of the lower level. While the level 

of confidence in the survey data is low, the simulated flood level at Bringelly Road is 

between the two surveyed flood levels. 

• In matching these levels, it should also be noted that no blockage of culverts has been 

included, since there is no record of blockage. Local structures and features (such as 

culverts under driveways) have also not been included, which may influence local flood 

levels (such as FM01). 

• Overall, there is considered to be a good match between the simulated peak flood levels 

and surveyed peak flood levels.  

• The stage hydrograph at the Elizabeth Drive gauge shows a good match to the rising 
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limb and peak flood level, however, there is a deviation between the simulated and 

recorded receding limb. Given the relatively flat nature of the catchment, the gauge’s 

proximity to the Elizabeth Drive crossing and South Creek’s confluence with Kemps 

Creek and Badgerys Creek being located on the downstream side of Elizabeth Drive, it is 

likely that there is significant backwater that is delaying the recession of the flood (i.e. 

hysteresis). This backwater effect is not modelled in the TUFLOW model, and not 

captured by the rating curve for the gauge, and hence there are divergences between 

the gauged and modelled response. The key features related to the representation of the 

catchment are the rising limb and peak, which are both matched well. 

• The flow hydrograph at the Elizabeth Drive gauge indicates a quicker response was 

simulated. Given the reasonable match to the water levels, the differences may be 

attributed to differences in the modelled stage-flow relationship and the gauge rating 

curve. The level of accuracy of the cross sections used in the 1D downstream portion of 

the model (adopted from the FRMS&P model) is not known. The gauge’s rating curve 

(discussed in Section 3.8.3) is only considered reliable up to a gauge height of 3.55 m 

(the highest level recorded during gaugings). Beyond this, the rating curve has been 

extrapolated. The gauge recorded a peak level of 4.64 m for the 2016 event is within this 

extrapolation zone and this may cause differences between the modelled and ‘recorded’ 

flows. These differences in the stage-flow relationships however are not a critical aspect 

for model calibration across the study area of interest. 

 

As the June 2016 calibration event was a reasonably large storm, in the order of a 1% AEP 

event, there is a relatively high level of confidence in the design flood levels up to and including 

the 1% AEP event. The hydrologic and hydraulic models are considered ‘fit for purpose’ for 

modelling design flood events with a reasonable level of confidence. 

 

7.5. February 2020 Verification Results 

A comparison between the surveyed flood levels and modelled flood levels are shown in 

Table 10 for the February 2020 flood event. A map of the locations as well as the difference 

between surveyed and modelled flood levels is shown on Figure 23. 

 

Table 10: Surveyed and modelled peak flood levels for the February 2020 Event 

ID Location Type 

Surveyed 
Flood 
Level1  

(m AHD) 

Modelled 
Flood 
Level1 

(m AHD) 

Difference1 

(m) 

FM01 Scalabrini Creek – Heath 
Rd Culvert 

Debris mark on fence 90.4 90.3 -0.1 

FM02 Kemps Creek – Heath Rd 
Culvert 

Debris mark on fence 84.6 84.5 -0.1 

FM03 76 Eastwood Rd - Fence 
Debris Mark 

Debris mark on stone fence 79.1 79.2 0.2 

FM04 216 McCann Rd 
(upstream) 

Debris mark 79.0 79.6 0.6 

FM05 221 McCann Rd 
(downstream) 

Debris mark 79.0 79.1 0.1 
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ID Location Type 

Surveyed 
Flood 
Level1  

(m AHD) 

Modelled 
Flood 
Level1 

(m AHD) 

Difference1 

(m) 

FM06 Rileys Creek – Anthony Rd 
Causeway 

Debris mark on fence 66.1 65.9 -0.2 

FM07 Rileys Creek – Anthony Rd 
Causeway 

Debris mark on fence 66.1 65.9 -0.2 

FM08 Rileys Creek – Barry Ave 
Culvert 

Debris mark on fence 61.8 61.7 -0.1 

FM09 Intersection of Carrington 
Rd and Jersey Rd 

Debris mark on fence 63.1 63.0 -0.2 

FM10 South Creek Tributary at 
Robinson Rd 

Debris mark on fence 67.7 67.3 -0.4 

FM11 Opposite 426 Catherine 
Fields Rd 

Debris mark on road 66.7 66.8 0.0 

FM12 Opposite 426 Catherine 
Fields Rd 

Debris mark on road 66.9 66.9 0.0 

FM13 Pondicherry Dam 1 
Spillway 

Debris mark on fence 81.5 81.8 0.3 

FM14 Pondicherry Dam 2 
Spillway 

Debris mark on spillway 73.8 74.2 0.5 

FM15 Pondicherry Dam 3 
Spillway 

Debris mark on ground 73.8 73.7 0.0 

FM16 Lowes Creek – Northern 
Rd Culvert 

Debris on ground 68.0 68.5 0.5 

FM17 Lowes Creek – Northern 
Rd Culvert 

Debris mark on fence 67.9 68.5 0.6 

FM18 Lowes Creek – Northern 
Rd Culvert 

Debris line on culvert 68.0 68.4 0.4 

FM19 36 Masterfield St Flood level as directed by owner 59.2 Not 
Flooded 

NA 

FM20 32 Masterfield St Flood level as directed by owner 58.8 Not 
Flooded 

NA 

FM21 18 Masterfield St Debris mark on fence 58.7 58.6 -0.1 

FM22 18 Masterfield St Flood level as directed by owner 58.7 58.6 -0.2 

FM23 18 Masterfield St Stake at flood extent placed by 
owner (inside levee, south) 

58.6 58.6 -0.1 

FM24 18 Masterfield St Stake at flood extent placed by 
owner (outside levee, south) 

59.1 59.0 0.0 

FM25 18 Masterfield St Stake at flood extent placed by 
owner (inside levee, north) 

58.6 58.6 0.0 

FM26 18 Masterfield St Stake at flood extent placed by 
owner (outside levee, north) 

59.1 59.0 -0.1 

FM27 10 Masterfield St Flood level as directed by owner 58.7 58.6 -0.1 

FM28 South Creek – Bringelly 
Road Bridge (downstream) 

Debris mark on fence 58.7 58.5 -0.2 

1 Flood levels rounded to 0.1 m 

 

The modelled flood levels are generally within 0.2 m of the surveyed level, which is considered a 

reasonable match. There were some locations where the modelled flood level was up to 0.6 m 
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different to the surveyed level.  

 

The verification results at the Elizabeth Drive stream gauge are presented on Figure 24. The 

simulated peak flood level is less than 0.1 m lower than the recorded water level, with the timing 

of the peak matching well. When comparing the flow hydrographs, there is a good match to the 

rising and falling limbs of the hydrograph, and the simulated peak flow is within 5% of the 

estimated peak flow from the gauge.  

 

7.6. Discussion of Verification Results 

The calibrated XP-RAFTS and TUFLOW models were used to simulate the February 2020 flood 

event. The reliability of the verification is limited by the available data – including the available 

rainfall data and flood observations. The modelled results are a good match across the upper 

South Creek catchment, as seen in Figure 23 and Figure 24.  

 

The following is observed:  

• At road crossings of tributaries and main creeks, the flood level is typically within ±0.2 m. 

On a tributary of Kemps Creek at McCann Rd (FM04), the upstream flood level was 

approximately 0.6 m higher than that surveyed. This surveyed level, however, was the 

same as the downstream flood level (FM05). The downstream flood level was within 

0.1 m and it is reasonable to assume that the upstream flood level would be higher than 

the downstream level due to afflux at the culvert. On a tributary of South Creek at 

Robinson Road (FM10) the modelled flood level was approximately 0.4 m lower than the 

surveyed level. The model is simulating the overtopping of Robinson Road (which was 

known to occur), however the flood level is lower. This may be due to temporary works 

around an access road (including what appears to be a temporary channel) for the 

Northern Road construction and a concrete road barrier on the opposite side of the road 

which may have caused locally elevated water levels that are not represented in the 

TUFLOW model. There may also be uncertainty associated with the height of the debris 

mark surveyed. 

• The peak water levels in Pondicherry Dams 1 and 2 (upstream dams, FM13 and FM14) 

are overestimated in the model by 0.3 m and 0.5 m respectively. This is most likely to be 

because the dams are assumed to start full, whereas in reality the dams may have been 

at an unknown lower level prior to the event. The peak water level in Pondicherry Dam 1 

(FM15) was underestimated by 0.1 m, and hence the total outflow from the dam system 

is likely to be a reasonable estimate. At the recently constructed Lowes Creek crossing 

of the Northern Road, 3 flood marks were surveyed. The modelled peak water level was 

approximately 0.4 m to 0.6 m higher than those surveyed levels. This may also be due to 

the assumption that the Lowes Creek dams are full at the start of the flood simulation. It 

is known that some earthworks have been carried out for the future precinct 

development in the Lowes Creek catchment which may have also influenced the flows 

arriving at the Northern Road culvert.  

• Flood levels in the vicinity of Masterfield Street are generally well matched. There are 

two flood marks (FM19 and FM20) which had flood levels recorded but were not within 

the modelled flood extent. It is likely that these properties were affected by shallow 

overland flooding, since the flood levels indicated by property owners were higher than 



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  46 

the ponded flood level behind the Masterfield levee and were typically only 0.1 m above 

surrounding ground levels. The remaining points are generally up to 0.1 m lower than the 

surveyed levels. On South Creek, downstream of Bringelly Road (FM28), the modelled 

flood level is slightly lower (0.2 m) than the surveyed level. 

• There is a good match between the model and gauge at Elizabeth Drive. The modelled 

flood level is underestimated, while flows are generally slightly overestimated. This may 

be attributed to the rating curve, as discussed in Section 7.4. The rising limb of the stage 

hydrograph is reasonably matched, although there is a rapid early rise in the stage that is 

not captured to the same extent in the model, most likely due to variation in the temporal 

patterns of rainfall that are unknown as a result of limited gauge information. Both the 

modelled rising and falling limbs generally exhibit a slightly quicker response than that 

recorded. 

 

Overall, the modelled flood levels are slightly lower than the surveyed flood marks. This error is 

within the bounds to be expected from uncertainties in the rainfall data (as indicated by 

sensitivity testing using different temporal patterns), and the differences are not considered large 

enough to warrant adjustment the model parameters to increase the modelled levels. 
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8. DESIGN FLOOD EVENT MODELLING 

8.1. Overview 

ARR 2019 guidelines (Reference 4) for design flood modelling were adopted for this study. The 

new guidelines were first published in 2016 and finalised in 2019, and present a significant 

update on the previous version published in 1987. Since 1987, there have been numerous 

advances in the understanding of rainfall-runoff processes, technological advances and a larger 

set of recorded rainfall data available. This additional 30 years of data (from approximately 1985 

to 2015), particularly for continuously recorded rainfall (pluviometers), allows for Australia-

specific techniques and regionalised information to be used across the country. Specifically 

related to design flood modelling there is updated IFD information, design temporal patterns, 

areal reduction factors and rainfall losses to consider. 

 

ARR 2019 guidelines were used to estimate the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% AEP 

events. The PMF flows were derived using the Bureau of Meteorology’s Generalised Short 

Duration Method (Reference 11) to estimate the probable maximum precipitation (PMP). 

 

Due to the limitations of routing within the XP-RAFTS model (see Section 5.4), a separate 

coarse WBNM hydrologic model of the catchment was developed. WBNM routes flows through 

the catchment based on sub-catchment areas only, and hence flows can be easily routed 

through the model to obtain an accurate total flow at the outlet of any sub-catchment. This 

model was used to simulate the full range of events, durations and temporal patterns. The 

results were analysed at key locations in order to select representative durations and temporal 

patterns. These storms were then simulated in the XP-RAFTS model and the flows input into the 

TUFLOW model. The storms for each AEP event were then enveloped to obtain the resulting 

flood behaviour across the catchment.  

 

This section outlines the design flood inputs and parameters that were used and the critical 

pattern duration selection method.  

 

8.2. IFD 

IFD information was obtained from the BoM using 2016 data. It was noted that the IFD varies 

slightly across the upper South Creek catchment (by approximately ±5%), and as such three 

locations were selected for which IFD information was obtained. These IFD zones cover specific 

creek catchments and correspond to the three separate XP-RAFTS models that were 

developed, as outlined in Table 11. 

 

Table 11: IFD Zones Adopted for the XP-RAFTS Models 

Zone IFD Location Catchments Covered 

East 33.9819°S   150.791°E Bonds Creek, Scalabrini Creek, Kemps Creek, Rileys Creek 

Mid 33.9906°S   150.754 °E South Creek 

West 33.9676°S   150.723 °E Lowes Creek, Thompsons Creek 
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A summary of the rainfall depths at the Upper South Creek catchment centroid is provided in 

Table 12, noting that the adopted IFD zones may vary within ±5% of this. 

 

Table 12: Design rainfall depths (mm) at the centroid of the Upper South Creek catchment 

Duration 
(min) 

AEP 

50% 20% 10% 5% 2% 1% 0.5% 0.2% 

30 19.9 27.5 32.9 38.3 45.7 51.6 55.9 63.0 

60 25.0 34.4 41.0 47.6 56.8 64.2 69.7 78.6 

90 28.4 38.8 46.2 53.6 63.9 72.2 78.4 88.4 

120 31.1 42.3 50.4 58.5 69.8 78.8 85.5 96.3 

180 35.6 48.4 57.5 66.8 79.8 90.2 97.4 110 

270 41.2 56.1 66.8 77.8 92.9 105 113 127 

360 46.2 63.1 75.2 87.7 105 119 127 143 

540 54.7 75.4 90.2 105 126 143 153 171 

720 62.1 86.2 103 121 145 164 176 197 

1080 74.4 105 126 149 178 201 216 243 

1440 84.3 120 145 172 206 232 251 283 

2160 99.6 144 175 208 249 281 317 364 

 

The design rainfalls for the PMP were derived using the BoM’s Generalised Short Duration 

Method (11). The catchment terrain was estimated to be ‘smooth’ with an elevation adjustment 

factor of 1 and a moisture adjustment factor of 0.69. The rainfall was distributed spatially over 

the upper South Creek catchment (including Rileys Creek and Lowes Creek) using the ellipse 

method outlined in Reference 11. For the smaller creek catchments in the study area 

(Thompsons Creek, Kemps Creek, Scalabrini Creek, Bonds Creek), typically the ‘A’ ellipse 

rainfall was applied to the lower half of the catchment and the ‘B’ ellipse was applied to the 

upper half of the catchment. Local catchments draining directly to Bringelly Road were assigned 

the ‘A’ ellipse rainfall depth. This distribution of rainfall was considered to be reasonable given 

the catchment shapes and sizes. 

 

8.3. Temporal Patterns 

Temporal patterns are a hydrologic tool that describe how rain falls over time and are used in 

hydrograph estimation. Previously, with ARR 1987 guidelines (Reference 3), a single temporal 

pattern was adopted for each rainfall event duration.  However, ARR 2019 (Reference 4) 

discusses the potential inaccuracies with adopting a single temporal pattern and recommends 

an approach where an ensemble of different temporal patterns is investigated.  

 

Temporal patterns for this study were obtained from the ARR 2019 data hub (Reference 4, 

http://data.arr-software.org/). A summary of the data hub information at the catchment centroid 

is presented in Attachment A. The revised 2019 temporal patterns attempt to address the key 

concerns practitioners found with the ARR 1987 temporal patterns. It is widely accepted that 

there are a large variety of temporal patterns possible for rainfall events of similar magnitude. 

This variation in temporal pattern can result in significant effects on the estimated peak flow. As 

http://data.arr-software.org/
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such, the revised temporal patterns have adopted an ensemble of ten different temporal 

patterns for a particular design rainfall event. Given the rainfall-runoff response can be quite 

catchment specific, using an ensemble of temporal patterns attempts to produce the median 

catchment response. 

 

As hydrologic modelling has advanced, it is becoming increasingly important to use realistic 

temporal patterns. The ARR 1987 temporal patterns only provided a pattern of the most intense 

burst within a storm, whereas the ARR 2019 temporal patterns look at the entirety of the storm 

including pre-burst rainfall, the burst and post-burst rainfall. There can be significant variability in 

the burst loading distribution (i.e. depending on where 50% of the burst rainfall occurs an event 

can be defined as front, middle or back loaded).  The ARR 2019 method divides Australia into 

12 temporal pattern regions, with the South Creek catchment falling within the East Coast South 

region. 

 

ARR 2019 provides 30 temporal patterns for each duration and are sub-divided into three 

temporal pattern bins based on the frequency of the events.  Diagram 10 shows the three 

categories of bins (frequent, intermediate and rare) and corresponding AEP groups.  The “very 

rare” bin is in the experimental stage and was not used in this flood study.  There are ten 

temporal patterns for each AEP/duration in ARR 2019 that have been utilised in this study for 

the 20% AEP to 0.2% AEP events. 

 

Diagram 10: Temporal Pattern Bins 

 

 

The method employed to estimate the PMP utilises a single temporal pattern (Reference 11). 

 

8.4. Rainfall Losses 

The adopted pervious area rainfall losses for the 2016 calibration event were 80 mm initial loss 

and 1.5 mm/h continuing loss while the 2020 verification event adopted 30 mm initial loss and 

1.5 mm/h continuing loss. The 2016 initial loss is reasonably high compared to experience with 

comparable catchments in the region, while the 2020 initial loss is more representative of a 

typical burst initial loss.  The continuing loss of 1.5 mm/h is consistent with the previous flood 

study (Reference 1), although discussion provided in the previous flood study report suggest 

that continuing loss values may be even lower (calibration to the 1988 event adopted 0 mm/h). 

 

For design flood modelling, the probability neutral burst initial losses from the ARR datahub 

(Reference 4, http://data.arr-software.org/) were adopted at the catchment centroid. This is in 

line with recent advice from NSW Government (Reference 12). These losses vary with storm 

duration and AEP, however are generally in the range of 5 mm to 30 mm for the durations of 

interest, as shown in Table 13. 

http://data.arr-software.org/


Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  50 

 

Table 13: ARR datahub probability neutral burst initial losses (mm) 

Duration (min) 
AEP 

50% 20% 10% 5% 2% 1% 

60 25.4 12.7 12.3 12.9 12.4 10.6 

90 26.0 12.8 12.8 12.7 11.4 10.7 

120 27.6 15.4 13.1 12.3 11.1 8.1 

180 23.9 13.2 11.5 10.7 10.5 7.6 

360 22.7 13.6 12.3 10.5 9.4 5.6 

720 25.6 18.5 17.1 16.0 13.8 6.7 

1080 26.1 19.9 19.4 18.1 17.4 7.6 

1440 29.9 22.8 21.4 20.8 19.7 13.3 

2160 31.9 26.3 26.4 26.1 23.0 9.1 

Note 1: For AEPs rarer than 1% (i.e. 0.5% and 0.2%), the 1% AEP losses have been adopted 

Note 2: For durations not listed in this table, losses were interpolated, or for durations less than 60 

minutes, the 60 minute losses were applied 

 

For continuing losses, the upper South Creek catchment straddles two ARR data hub loss grid 

cells, with continuing losses in the western half being 3.7 mm/h and 2.3 mm/h in the eastern 

half. Recent advice provided by NSW Government (Reference 12) indicates that these losses 

should be factored by 0.4 for NSW catchments. This results in continuing losses of 1.48 mm/h 

and 0.92 mm/h in the catchment. Downstream of Bringelly Road, on the South Creek floodplain, 

the factored losses are also 0.92 mm/h. This lower continuing loss value was adopted for the 

whole catchment, as this value most likely represents the upper South Creek floodplain and is a 

conservative estimate. 

 

The PMP event adopted an initial loss of 1 mm and continuing loss of 0 mm/h. This was the 

same losses adopted for impervious areas for all design storm events. 

 

A sensitivity analysis was conducted on these losses, with the results presented in Section 10.2. 

 

8.5. Areal Reduction Factors 

Areal Reduction Factors (ARF) were applied in the XP-RAFTS model for the design storm 

events (all except the PMF) based on ARR 2019 (Reference 4). The design rainfall estimates 

are based on point rainfalls and in reality, the catchment-average rainfall depth will be less. 

ARFs allow for the fact that larger catchments are less likely than smaller catchments to 

experience high intensity storms simultaneously over the whole catchment area. Due to the 

nature of the study area and the multiple creeks and tributaries it was considered appropriate to 

apply ARFs based on a proportion of the entire study area. The area adopted was the South 

Creek catchment to Bringelly Road. This catchment area is approximately 56 km2. The ARF 

varies with AEP and duration and the resulting matrix of ARFs for the design storms is shown in 

Table 14. The equation used to derive these reduction factors can be found in Attachment A. 
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Table 14: Areal Reduction Factors applied to design rainfall depths 

Duration 
(min) 

AEP 

50% 20% 10% 5% 2% 1% 0.5% 0.2% 

30 0.81 0.80 0.79 0.79 0.78 0.77 0.76 0.75 

60 0.86 0.85 0.84 0.83 0.82 0.81 0.80 0.79 

90 0.88 0.87 0.86 0.85 0.83 0.82 0.81 0.80 

120 0.90 0.88 0.87 0.86 0.84 0.83 0.82 0.80 

180 0.92 0.90 0.88 0.87 0.85 0.84 0.83 0.81 

270 0.93 0.92 0.90 0.89 0.88 0.87 0.86 0.84 

360 0.94 0.93 0.92 0.92 0.91 0.90 0.89 0.88 

540 0.95 0.94 0.94 0.94 0.93 0.93 0.92 0.92 

720 0.96 0.95 0.95 0.94 0.94 0.93 0.93 0.92 

1080 0.97 0.96 0.96 0.96 0.96 0.95 0.95 0.95 

1440 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

2160 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.97 

 

8.6. Initial Conditions 

There are seven major farm dams located within the upper South Creek catchment, including 

the three Pondicherry Dams, three dams on Lowes Creek and one dam on Thompsons Creek. 

These are dams used for irrigation with no low flow outlet. These dams hold a significant amount 

of water and as such, they were assumed to be full at the start of the design events. This means 

that the dead storage plays no part in attenuating flows and it is only the active storage (storage 

above the spillway invert) that contributes to flood storage and attenuation. 

 

Detention basins within the urbanised parts of the catchment were assumed to be filled to the 

lowest outlet invert at the start of the storm. The remaining small farm dams throughout the 

catchment did not have any initial water level applied. This is because the LiDAR data used to 

define the terrain in the model does not penetrate standing water, and the DEM levels typically 

reflect the water level in storages at the time of the survey. Any remaining storage within the 

dam (between the LiDAR base level and top of the embankment is considered to be minor. The 

rest of the catchment, including creeks, were assumed to be dry at the start of the storm. 
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8.7. Blockage 

ARR 2019 (Reference 4) recommends applying blockage to hydraulic structures, and outlines a 

methodology to determine inlet blockage factors by considering debris availability, debris 

mobility, debris transportability and waterway opening of the structure. This assessment was 

undertaken for 16 key structures within the study area. These structures fell into two categories, 

for which AEP dependent blockages were applied as per Table 15. 

 

Table 15: Blockage of key hydraulic structures 

AEP Blockage of KS1 structures Blockage of KL2 structures 

More frequent than 5% 0% 0% 

5% to 0.5% 10% 0% 

Rarer than 0.5% 20% 10% 

1 Generally smaller key structures or high debris potential, such as The Northern Road crossing of Lowes 

Creek 
2 Generally larger key structures or lower debris potential, such as Bringelly Road crossing South Creek 

 

For other structures, a set blockage factor was applied for all design events. These are as 

follows: 

• Blockage of all stormwater pit inlets by 50% (with no blockage of stormwater pipes) 

• Blockage of smaller transverse drainage culverts (defined as <1 m in length of the 

maximum dimension – diameter, width or height) by 50% 

• Blockage of larger transverse drainage culverts (defined as ≥1 m in length of the 

maximum dimension – diameter, width or height) by 20% 

• Blockage of large span bridge structures (typically footbridges as most were 

assessed as key structures) by 5% 

• Blockage of pits on detention basin outlets by 25% 

• Blockage of open culverts (headwall present) on detention basin outlets by 10% 

 

According to Camden Council’s Engineering Design Specifications (2009), a blockage of 50% 

should be allowed for culvert design. While this is reasonable for pits and smaller culverts (as 

adopted), this blockage is quite high for some of the larger structures on creek crossings. These 

blockages were applied based on experience in other catchments of a similar nature. Blockage 

of specially designed detention basin outlets was defined separately to the stormwater and 

cross drainage network, as these are usually less prone to blockage. 

 

A sensitivity analysis was conducted on these blockages, with the results presented in Section 

10.4. 
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8.8. Critical Duration Assessment 

8.8.1. Approach 

ARR 2019 requires an ensemble of temporal patterns to be run for each AEP and duration 

combination, and the ‘most common’ approach was adopted, as shown in Diagram 11. 

 

Diagram 11: Design modelling techniques for an ensemble of temporal patterns (Reference 4) 

 

 

This approach requires that the ensemble of temporal patterns is run for all AEP and duration 

combinations in the hydrologic model. Using these results at various locations within the 

catchment, a single pattern is chosen for each critical duration throughout the catchment. The 

pattern that produces a peak flow closest to the mean of the ensemble peak flows is typically 

selected to be representative of that duration. 

 

Due to the limitations of routing within the XP-RAFTS model (see Section 5.4), a separate 

WBNM hydrologic model of the catchment was developed. WBNM routes flows through the 

catchment based on sub-catchment areas only, and hence flows can be easily routed through 

the model to obtain an accurate total flow at the outlet of any sub-catchment (local runoff 

generated by the sub-catchment plus incoming flow from upstream sub-catchments routed 

through the sub-catchment of interest). This model was used to simulate the full range of events, 

durations and temporal patterns. The results were analysed at key locations in order to select 

representative durations and temporal patterns. These storms were then simulated in the XP-

RAFTS model and the flows input into the TUFLOW model.  

 

8.8.2. WBNM Model 

A WBNM hydrologic model was developed of the upper South Creek catchment, consisting of 

37 sub-catchments to Elizabeth Drive. The sub-catchment layout is shown in Figure 25. The 

model parameters are generally consistent with those adopted for the XP-RAFTS model. The 

June 2016 storm event was input into the WBNM model and model parameters were adjusted in 

order to obtain a good match to the Elizabeth Drive gauge, as shown in Diagram 12. 
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Diagram 12: Comparison of WBNM flow and Elizabeth Drive gauge flow 

 

 

An overall catchment lag (termed ‘C’) of 1.9 was adopted. The catchment lag and routing 

parameters for those catchments where large storages are present (such as the Pondicherry 

and Lowes Creek Dams) was increased to account for attenuation of the storages. The WBNM 

results for the June 2016 flood event were also verified against the TUFLOW results (using XP-

RAFTS flows and hydraulic routing through TUFLOW). A very good match was obtained at 

multiple locations, providing confidence in the adopted WBNM model parameters to simulate 

flows across the catchment. An example of the match at the Bringelly Road crossing of South 

Creek is provided in Diagram 13. 

 

Diagram 13: Comparison of WBNM flow and TUFLOW flow in South Creek at Bringelly Road 
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8.8.3. Critical Duration Analysis 

A critical duration and temporal pattern analysis was undertaken at 18 key locations (shown on 

Figure 25 and sub-catchment numbers listed below). The analysis involved simulating the full 

range of AEPs (50% to 0.2%) and durations from 15 minutes to 72 hours. At each of the key 

locations, a box plot for each AEP event was produced showing the distribution of peak flows. 

An example is provided in Diagram 14. 

 

Diagram 14: Example box plot for the 1% AEP event at Bringelly Road crossing of South Creek 

 

 

The box and whiskers for each duration indicate the spread of results obtained from the 

ensemble of temporal patterns. The box defines the first quartile to the third quartile of the 

results and the bottom and top line (also called ‘whiskers’) represent the maximum and 

minimum values. The horizontal line within the box represents the median value. The red circle 

is the mean value. It can be observed that for the 1% AEP event at Bringelly Road crossing of 

South Creek (Diagram 14), that the highest mean flow is produced by the 720 minute ensemble. 

This is considered to be the critical duration. The adopted temporal pattern would typically be 

the pattern producing peak flows just above the mean. It can be seen, however, that storms 

from the 360 minute (6 hour) to 2880 minute (48 hour) ensembles cover the peak mean flow of 

interest, and hence a storm for any of these durations may accurately represent the peak mean 

flow. It is with this in mind that results across all 18 key locations were analysed to select three 

storms for each AEP that are a reasonable representation of the peak mean flow at each 

location. 
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The locations analysed using the methodology above (and the ID number relevant for Figure 25) 

were: 

• Gregory Hills (17) 

• Oran Park East (27) 

• Oran Park West (35) 

• Pondicherry (23) 

• Lowes Creek Upstream (33) 

• Lowes Creek Downstream (22) 

• Emerald Hills (28) 

• Golf Course (29) 

• Emerald Hills Downstream (31) 

• Rileys Creek Tributary (30) 

• Rileys Creek Mid (24) 

• Rileys Creek Downstream (16) 

• South Creek at Bringelly Road (5) 

• Thompsons Creek (3) 

• South Creek Tributary (4) 

• Kemps Creek at Bringelly Road (7) 

• Scalabrini Creek at Bringelly Road (8) 

• Bonds Creek at Bringelly Road (9) 

 

A simple critical duration analysis was also undertaken for the PMP event in the WBNM model. 

The full range of durations from 15 minutes to 6 hours was simulated and the duration that 

produced the peak flow at each of the key locations was taken to be the critical duration. Again, 

three durations were selected that represent the peak flow at each location to within 1%. 

 

8.8.4. Adopted Design Durations and Temporal Patterns 

Three storms were selected for each AEP that were representative of the peak mean flow at 

each of the key locations. A summary of the adopted storms and the difference to the peak 

mean flow at each location is provided in Table 16 for the 1% AEP event. A similar analysis was 

undertaken for all events. It can be seen that a representative temporal pattern was selected 

that is generally within 5% of the peak mean flow at each location. In some cases, the selected 

temporal pattern is actually a better match to the peak mean flow than just taking the next 

highest temporal pattern from the critical duration. Based on these 1% AEP results that just 

three storms can be selected that are representative of the peak mean flow at key locations 

across the catchment. While this analysis was undertaken for each AEP event, consideration 

was also given to selecting the same durations and temporal patterns for each temporal pattern 

bin (see Diagram 10) to ensure consistent results across AEPs. 
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Table 16: Critical duration analysis results for South Creek @ Bringelly Road (1% AEP) 

Catchment 
ID1 

Ensemble Results Adopted Representative Results 

Critical 
Duration 

(mins) 

Mean 
(critical) 

Flow (m3/s) 

Duration 
(mins) 

Temporal 
Pattern ID 

Peak Flow 
(m3/s) 

% Difference  
(Peak Flow minus 

Mean Flow) 

17 30 51.7 30 4402 55.32 6.9% 

27 360 70.6 360 4694 69.80 -1.2% 

35 45 27.7 30 4402 28.07 1.2% 

23 720 95.9 720 4785 97.37 1.5% 

33 360 21.6 360 4694 21.97 1.9% 

22 720 45.5 720 4785 47.79 4.9% 

28 45 11.6 30 4402 12.30 5.7% 

29 360 20.0 360 4694 20.09 0.3% 

31 720 38.8 360 4694 39.04 0.6% 

30 120 17.8 360 4694 17.82 -0.1% 

24 720 64.3 360 4694 66.37 3.2% 

16 720 74.2 360 4694 74.86 0.8% 

5 720 227.2 720 4785 238.32 4.9% 

3 360 11.8 360 4694 12.25 3.4% 

4 360 16.1 360 4694 16.38 1.8% 

7 360 35.4 360 4694 35.31 -0.1% 

8 360 29.6 360 4694 29.69 0.3% 

9 360 48.3 360 4694 48.94 1.3% 

1 See Section 8.8.3 for a list of these locations. These are also shown on Figure 25 

 

The adopted durations and temporal patterns are shown in Table 17. Each of these storms were 

simulated in the XP-RAFTS hydrologic model and simulated flows were applied in the TUFLOW 

hydraulic model. For each AEP event, the maximum envelope of the flood grids from each storm 

was taken to produce a grid representative of the different critical durations over the catchment. 

 

Table 17: Adopted design storm durations and temporal patterns 

Temporal Pattern Bin Events Duration (mins) 
Temporal Pattern ID 

(Ensemble No.) 

Frequent 
50% AEP 

20% AEP 

30 4523 (9) 

540 4771 (5) 

1440 4879 (6) 

Intermediate 
10% AEP 

5% AEP 

60 4568 (6) 

360 4591 (1) 

1080 4826 (6) 

Rare 

2% AEP 

1% AEP 

0.5% AEP 

0.2% AEP 

30 4402 (1) 

360 4694 (5) 

720 4785 (8) 

N/A PMP 

60 GSDM 

120 GSDM 

240 GSDM 
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9. DESIGN FLOOD EVENT RESULTS 

The results for the design flood events are presented in the following maps: 

• Peak flood depth and level contours in Figure C1 to Figure C9; 

• Peak flood velocities in Figure C10 to Figure C18; 

• Hydraulic hazard based on the NSW Floodplain Development Manual in Figure C19 to 

Figure C22; 

• Hydraulic hazard based on ARR 2019 in Figure C23 to Figure C26; 

• Hydraulic categories in Figure C27 to Figure C31; 

• Flood Emergency Response Classifications in Figure C32 to Figure C34; 

• Flood Planning Area in Figure C35; and 

• Flood Risk Precincts in Figure C36. 

 

Additional results are presented in the following tables and graphs: 

• Peak flood level profiles in Figure D1 to Figure D5; 

• Stage hydrographs at road crossings in Figure D6 to Figure D17; and 

Peak flood depths and flows at road crossings and key locations in Table D1 and Table D2. 

 

A discussion of these results is provided in the following sections. 

 

9.1. Summary of Results 

The flood behaviour across the upper South Creek catchment can be seen in the peak flood 

depth and water level contour maps (Figure C1 to Figure C9), peak velocity maps (Figure C10 

to Figure C18) and peak water level profiles (Figure D1 to Figure D5). These results are 

presented for the range of design flood events modelled from the 50% AEP to the PMF event. 

 

In the 50% AEP event, flow is generally shallow (<0.1 m) and contained within the gutters and 

dedicated drainage reserves in the urban areas. Within the major creeks, flow is typically 

contained within the channel. There are some areas, however, where floodwater breaks out of 

the channel into flood runners (minor creek anabranches) or low-lying flood storage areas. 

 

In the 20% AEP event, water begins to inundate the South Creek floodplain, particularly in the 

lower reaches. This is extended further in the 10% and 5% AEP events as floodplain storage 

areas fill. In the 2% and 1% AEP events, the overbank areas become much more connected 

and convey water more effectively. This continues into the 0.5% and 0.2% AEP events with flow 

paths becoming wider and conveying a greater flow. One of the most notable changes across 

these events is the increase in flood storage upstream of Bringelly Road. In the 0.2% AEP 

event, Bringelly Road starts to overtop at the crossing of South Creek.  

 

In the PMF event, wide flow paths are activated that are typically 1 m to 2 m deep along the 

major creeks. Flooding also becomes hazardous in some of the urban areas. 
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9.2. Hydraulic Hazard Categorisation 

Hydraulic hazard is a measure of potential risk to life and property damage from flood. Hydraulic 

hazard is typically determined by considering the depth and velocity of floodwaters.  In recent 

years, there have been a number of developments in the classification of hazards. Research 

has been undertaken to assess the hazard to people, vehicles and buildings based on flood 

depth, velocity and velocity depth product.  

 

Hydraulic hazard categories were determined for the upper South Creek catchment by two 

methods – one in accordance with the NSW Floodplain Development Manual (Reference 5), 

and the other in accordance with ARR 2019 (Reference 4). Each is discussed below.  

 

9.2.1. Floodplain Development Manual Hazard Categorisation 

Appendix L of the NSW Floodplain Development Manual (FDM, Reference 5) gives one method 

for hydraulic hazard, which is shown in Diagram 15.  In this study, the transition zone was 

considered to be high hazard. 

 

Diagram 15: “L2” Hydraulic Hazard Categories (Source: Reference 5) 

 

 

The hydraulic hazard utilising the FDM categorisation is mapped in Figure C19 to Figure C22 for 

the 5% AEP, 1% AEP, 0.2% AEP and PMF events respectively. The FDM hazard categorisation 

has been included for applicability to existing council policy documents that may refer to this 

hazard classification.  

 

The 5% AEP event high hazard areas are primarily within the channels on the major creeks and 

within flood storage areas including farm dams and temporary storage areas such as upstream 

of Bringelly Road and inside the Masterfield Levee in the 5% AEP event. High hazard areas in 

the 1% and 0.2% AEP events follow a similar pattern, with high hazard areas being more 

prevalent on major creeks and on flood runners. There is a much larger high hazard area 

immediately upstream of Bringelly Road on South Creek. In the PMF event, much of the 

floodplain is classified as high hazard.  
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9.2.2. ARR 2019 Hazard Categorisation 

ARR 2019 (Reference 4) contains updated recommendations regarding the categorisation of 

flood hazard. A summary of this categorisation is provided in Diagram 16. This categorisation is 

based on an extensive literature review and laboratory testing. It considers hazard to people, 

vehicles and buildings to develop 6 categories of flood hazard based on flood depth, velocity 

and depth-velocity product. This classification provides a more detailed distinction and practical 

application of hazard categories than the FDM method. 

 

Diagram 16: General flood hazard vulnerability curves (Source: Reference 4) 

 

 

The following 6 classes of hazard are defined: 

• H1 – Generally safe for vehicles, people and buildings; 

• H2 – Unsafe for small vehicles; 

• H3 – Unsafe for vehicles, children and the elderly; 

• H4 – Unsafe for vehicles and people; 

• H5 – Unsafe for vehicles and people. All building types vulnerable to structural damage. 

Some less robust building types vulnerable to failure; and 
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• H6 – Unsafe for vehicles and people. All building types considered vulnerable to failure. 

 

The hazard categories using the ARR 2019 classification are mapped in Figure C23 to 

Figure C26 for the 5% AEP, 1% AEP, 0.2% and PMF events respectively. In the 5% AEP event, 

areas of higher hazard (H3 and above) is generally restricted to the main creek channels and 

deep flood storage areas. The hazard reaches H6 in the Pondicherry Dams and in the 

downstream reaches of South Creek channel. In the 1% and 0.2% AEP events the higher 

hazard areas extend onto the floodplain as more of the floodplain becomes activated. In the 

PMF event a large portion of the floodplain is classified as H5 and H6. 

 

9.3. Hydraulic Categorisation 

Hydraulic categorisation involves mapping the floodplain to indicate which areas are most 

important for the conveyance of floodwaters and the temporary storage of floodwaters.  This can 

help in planning decisions about which parts of the floodplain are suitable for development, and 

which areas need to be left as-is to ensure that flooding impacts are not worsened compared to 

existing conditions. 

 

The NSW Governments Floodplain Development Manual (Reference 5) defines three hydraulic 

categories which can be applied to different areas of the floodplain depending on the flood 

function: 

• Floodways; 

• Flood Storage; and 

• Flood Fringe 

 

Floodways are areas of the floodplain where a significant discharge of water occurs during flood 

events and by definition, if blocked would have a significant effect on flood levels and/or 

distribution of flood flow. Flood storages are important areas for the temporary storage of 

floodwaters and if filled would result in an increase in nearby flood levels and the peak discharge 

downstream may increase due to the loss of flood attenuation. The remainder of the floodplain is 

defined as flood fringe. 

 

There is no quantitative definition of these three categories or accepted approach to differentiate 

between the various classifications.  The delineation of these areas is somewhat subjective 

based on knowledge of an area and flood behaviour, hydraulic modelling and previous 

experience in categorising flood function.  A number of approaches, such as that of Howells et al 

(Reference 13), rely on combinations of velocity and depth criteria to define the floodway. 

 

For this study, hydraulic categories were defined by the following criteria, which was adopted for 

the previous FRMS&P (Reference 2) and is considered to be a reasonable representation of the 

flood function of this catchment: 

• Floodway is defined as areas where: 

o the peak value of velocity multiplied by depth (V x D) > 0.25 m2/s, AND peak 

velocity > 0.25 m/s, OR 

o peak velocity > 1.0 m/s AND peak depth > 0.15 m; 
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The remainder of the floodplain is either Flood Storage or Flood Fringe; 

• Flood Storage comprises areas outside the floodway where peak depth > 0.2 m; and 

• Flood Fringe comprises areas outside the Floodway where peak depth < 0.2 m. 

 

The hydraulic categories have been mapped in Figure C27 to Figure C31 for the 5% AEP, 1% 

AEP, 0.5% AEP, 0.2% AEP and PMF events. As expected, the creeks and major tributaries are 

classified as floodways in the 5%AEP to 0.2% AEP events, with flood storage areas where there 

are dams, detention basins or where road embankments cause ponding of water. There are also 

some natural floodplain storage areas that become more prominent in the lower reaches of the 

catchment. In the PMF event, the majority of flooded areas are classified as floodways, with only 

large farm dams being classified as flood storage and shallow overland flow paths being 

classified as flood fringe.  

 

9.4. Flood Emergency Response Planning 

9.4.1. Property Inundation 

The urban areas of Gregory Hills, Oran Park and Emerald Hills have been recently developed 

and as such generally manage floodwater within the road corridor. The properties located in the 

rural residential areas of the catchment are also generally located out of the floodplain. While 

there are properties that are inundated, there are no specific areas where a large number of 

properties are at risk. 

 

Inundation of dwellings is investigated further for the purpose of estimating flood damages, with 

the results presented in Section 11. 

 

9.4.2. Road Inundation 

There are numerous local roads throughout the study area that are subject to inundation. In the 

newly developed urban areas, this is typically flow in gutters as roads are designed to convey 

stormwater in excess of the pit and pipe system. These flows are managed reasonably well and 

typically do not present a hazard to vehicles up to the 1% AEP event. In the rural residential 

areas, flow paths typically cross local roads and many of these are subject to shallow inundation 

even in frequent events. 

 

The deck levels of major roads crossing major creeks can be seen in the peak water level 

profiles in Figure D1 to Figure D5. On South Creek, The Hermitage Way and Camden Valley 

Way are only overtopped in the PMF event, while Catherine Park Drive and Bringelly Road are 

overtopped in the 0.5% AEP event. On Lowes Creek, The Northern Road is only overtopped in 

the PMF event. On Rileys Creek, Camden Valley Way is only overtopped in the PMF event, 

while Anthony Road and Barry Avenue are overtopped in more frequent events. On Kemps 

Creek and Scalabrini Creek, the South West Rail Link is above the PMF level, while Bringelly 

Road is only overtopped in the PMF event. Heath Road, Eastwood Road, Rickard Road, 

Ingleburn Road are overtopped in more frequent events. 

 

For those main roads where overtopping occurs more frequently than the PMF, water level 
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hydrographs have been provided to show the depth and duration of inundation. These are 

shown in Figure D6 to Figure D17. The location of these roads (R01 to R12) is shown in 

Figure 26. 

 

At these road crossings, plus a number of others (R13 to R19, as shown in Figure 26), a 

summary is provided of depths over the road and flows at the crossings in Table D1 and 

Table D2, respectively. The most frequently flooded crossing is the Anthony Road causeway 

(shown in Photo 2), which is flooded to a depth of approximately 1 m in the 50% AEP event. 

Heath Road is also frequently flooded. 

 

9.4.3. Classification of Communities 

To assist in the planning and implementation of response strategies, the NSW State Emergency 

Service (SES) in conjunction with the NSW Department of Planning, Industry and Environment 

has developed guidelines to classify communities according to the impact that flooding has upon 

them. These Emergency Response Planning (ERP) classifications (Reference 14) consider 

flood affected communities as those in which the normal functioning of services is altered, either 

directly or indirectly, because a flood results in the need for external assistance.  This impact 

relates directly to the operational issues of evacuation, resupply and rescue, which is 

coordinated by the SES.  Based on the guidelines (Reference 14), communities are classified to 

assist in emergency response planning (refer to Table 18). 

 

Table 18: Emergency Response Planning Classification of Communities 

Classification Description 
Response Required 

Resupply Rescue/Medivac Evacuation 

High flood island 
Area not flooded, but surrounded by 
floodwaters (cut off). 

Yes Possibly Possibly 

Low flood island 
Area first surrounded by floodwaters 
(limiting evacuation) and is then 
inundated. 

No Yes Yes 

High trapped 
perimeter 

Area not flooded, but is cut off by 
floodwaters and impassable 
terrain/structures. 

Yes Possibly Possibly 

Low trapped 
perimeter 

Area first cut off by floodwaters and 
impassable terrain/structures, and is 
then inundated. 

No Yes Yes 

Area with 
overland escape 
route 

Areas affected by flooding and 
where vehicle access is cut off, but 
evacuation on foot is possible. 

No Possibly Yes 

Area with rising 
road access 

Areas affected by flooding, but 
where roads are accessible to 
vehicles, rising away from 
floodwaters. 

No Possibly Yes 

Indirectly affected 
areas 

Areas not inundated, but may be 
subject to disruptions to utility 
supply, transport links or 
communications. 

Possibly Possibly Possibly 

 

Key considerations for flood emergency response planning in the upper South Creek catchment 

include: 
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• Cutting of external access arterial roads isolating an area; 

• Internal local roads being cut; 

• Transport infrastructure being shut down or unable to operate at maximum efficiency; 

• Flooding of any key response infrastructure such as hospitals, evacuation centres, 

emergency service sites; 

• Risk of flooding to key public utilities such as gas, electricity and sewerage; and 

• The extent of the area flooded and the duration of inundation. 

 

Flood liable land within the study area where there are habitable areas (lots with buildings on 

them) have been classified according to the ERP classification above. The high flood island and 

high trapped perimeter areas have been combined into a single category, since they have the 

same emergency response planning considerations.  Similarly, the low flood island and low 

trapped perimeter categories have also been combined.  When classifying communities, 

consideration was given to flood depths for the purpose of being able to move through 

floodwaters on foot or in a vehicle, drawing on the hazard categories presented in ARR 2019 

(Reference 4, see Section 9.2.2). Properties were assumed to be fenced at the rear and sides, 

and that these form barriers for access. Consideration was also given to the distance required to 

travel on foot for overland escape routes. At each lot, it was assumed that people would be 

residing in the main dwelling at the time of the flood. The ERP classification of communities for 

the study area are shown in Figure C32 to Figure C34 for the 5% AEP, 1% AEP and PMF 

events.  

 

There are several properties in the newly developed urban areas that may be affected by 

ponding of water on the roads to a depth greater than 0.3 m in the 5% and 1% AEP events, 

triggering H2 hazard that is unsafe for small vehicles. Generally, this is highly localised and 

access to the dwelling is still possible via another route (if ponding occurs on an access road, 

such as Gregory Hills Drive) or by walking (if ponding is localised outside the house). 

Classification of communities has focussed on mainstream flooding and identified those 

communities that may need emergency assistance or evacuation during a flood event, rather 

than nuisance ponding.  

 

In the 5% AEP event, there are only several properties that are trapped due to flooding of local 

roads or driveways that restricts access to the property. These properties are generally 

considered safe to reside within. There are also some properties on Scalabrini Creek and Bonds 

Creek near Bringelly Road that have rising road access or an overland escape route if 

evacuation is necessary. 

 

In the 1% AEP event there are several more properties affected, particularly along South Creek. 

These generally have rising road access. There is one property near Bringelly Road on Bonds 

Creek that is considered to be a low flood island. 

 

In the PMF event, there are numerous roads that are inundated and cut off, including Camden 

Valley Way, The Northern Road, Bringelly Road and Gregory Hills Drive. This results in a large 

proportion of the catchment being classified as ‘trapped’ due to access roads being cut. These 

properties are not necessarily directly impacted by flooding, but cannot access external 
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emergency services if required. There are over 100 properties identified as low flood islands that 

are inundated in the PMF to unsafe depths. These are primarily located near Bringelly Road on 

South Creek, Kemps Creek, Scalabrini Creek and Bonds Creek, with several other affected 

properties located in upstream areas. The remaining properties that are affected have either 

rising road access or can be evacuated on foot if required.  

 

Flooding and road access outside the study area has not been assessed. A resident may be 

able to access an arterial road, but there is no guarantee that these roads will not be flooded 

outside the study area. It is also noted that in this classification of communities, vehicle access 

has been assumed to be viable in H1 hazard conditions. It is not recommended to ever drive 

through floodwaters, particularly if the depth and velocity is not known. Similarly, access on foot 

has been assumed to be viable in H1 and H2 hazard conditions, and it is not recommended to 

walk through floodwaters. High flood islands and trapped perimeters have also been assumed to 

be safe areas in the event of a flood. A resident should consider evacuation or shelter-in-place 

upon the advice and direction from SES.  

 

9.5. Flood Planning Controls 

9.5.1. Flood Planning Area 

The Flood Planning Area (FPA) defines the area where flood planning controls are applied. A 

provisional FPA has been developed using the 1% AEP design flood event. For areas affected 

by mainstream flooding, the following methodology was employed: 

• Trim the flood extent to just the main creeks (South Creek, Lowes Creek, Thompsons 

Creek, Rileys Creek, Kemps Creek, Scalabrini Creek and Bonds Creek). Each of these 

areas was separated into zones, defined by a downstream control, for example a road or 

dam embankment. Within each of these zones, 0.5 m freeboard was added to the 1% 

AEP flood level, which is known as the Flood Planning Level (FPL). The FPL surface 

was stretched to intersect with the terrain to form the mainstream FPA. Individual zones 

were used to ensure that this stretching process was contained and doesn’t stretch 

downstream beyond the control. 

• To this, the H2 and higher hydraulic categories from the 1% AEP event were added. This 

helps define major tributary flows into these creek systems without the complications of 

stretching flood surfaces along wide and shallow flow paths. 

 

This defined the Mainstream FPA. For areas affected by overland flooding, the areas affected by 

the 1% AEP flood outside the mainstream extent were filtered to retain areas where the flood 

depth is greater than 0.15 m. These are defined as the Overland FPA.  

 

The FPA, including both the Mainstream FPA and Overland FPA, is shown in Figure C35.  

 

9.5.2. Flood Risk Precincts 

Flood Risk Precincts were recommended in the Upper South Creek FRMS&P (Reference 2) for 

the application of various development controls. Each flood risk precinct (low, medium and high) 

has different flood planning controls applied for floor levels, building components, flood 
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affectation, emergency management, etc. depending on the type of development. According to 

Reference 2, flood risk precincts are defined as follows: 

• High Flood Risk Precinct – includes all floodway areas and all areas of the floodplain 

which would be provisionally high hazard in a 1% AEP flood. Other parts of the floodplain 

are also included where: 

o In a 1% AEP event, significant evacuation difficulty exists 

o In floods rarer than a 1% AEP event, the potential for significant or extreme 

consequences exist which are not otherwise apparent from consideration of only 

the 1% AEP or more frequent events 

• Medium Flood Risk Precinct – the below the FPL not defined as a high flood risk 

precinct. Where conditions warrant, a low flood risk precinct may be elevated to medium 

risk (for those reasons described for high flood risk precincts) 

• Low Flood Risk Precinct – comprises of all flood prone land (land inundated up to the 

PMF event) that is not a high or medium flood risk precinct 

 

For the purpose of this study, the following was adopted to define the provisional flood risk 

precincts: 

• High Flood Risk Precinct – includes all floodway areas (see Section 9.3) and ARR 2019 

hazard H4 and above (see Section 9.2.2) 

• Medium Flood Risk Precinct – includes all areas within the Mainstream FPA (see Section 

9.5.1) that are not a high flood risk precinct 

• Low Flood Risk Precinct – includes all areas within the PMF extent where the PMF depth 

is greater than or equal to 150 mm that are not a high or medium flood risk precinct 

• Overland Flow Precincts are not specifically defined here, as they are covered by the 

Overland FPA (see Section 9.5.1). 
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10. SENSITIVITY ANALYSIS 

10.1. Climate Change 

The sensitivity of the simulated 1% AEP peak flood levels to climate change was investigated. 

Climate change is expected to have adverse impacts upon sea levels and rainfall intensities.  

 

Sensitivity analysis of sea level rise was not undertaken for this study, since the upper South 

Creek catchment is not influenced by tides.  

 

Sensitivity analysis of an increase in rainfall intensity was undertaken by comparing the 0.5% 

and 0.2% AEP events with the 1% AEP event.  These events are commonly used as proxies to 

assess an increase in rainfall intensity.  Within the upper South Creek catchment, these events 

correspond to an increase in rainfall intensity of approximately 7% for the 0.5% AEP event and 

20% increase for the 0.2% AEP event (see Table 12).  

 

The peak flood depth and level results of the 1%, 0.5% and 0.2% AEP events are shown in 

Figure C6, Figure C7 and Figure C8, respectively. A difference in flood levels has been provided 

in Figure E1 and Figure E2, for the comparison of the 0.5% and 0.2% AEP events, respectively, 

with the 1% AEP event. 

 

For the 0.5% AEP event, the increase in flood level over the 1% AEP event is typically up to 

0.05 m across South Creek and Rileys Creek. Through the Lowes Creek channel these 

increases are typically higher than this, while the increase on Kemps Creek, Scalabrini Creek 

and Bonds Creek is up to 0.02 m. At Bringelly Road at the South Creek crossing, the increase is 

approximately 0.2 m. The increase in flow is approximately 7%. 

 

For the 0.2% AEP event, the increase in flood level over the 1% AEP event is typically up to 

0.15 m across South Creek, Rileys Creek and Lowes Creek, while the increase at the Bringelly 

Road crossing of South Creek is approximately 0.6 m. The increase in flow at Bringelly Road is 

approximately 14%. The flood levels on Kemps Creek, Scalabrini Creek and Bonds Creek are 

generally up to 0.1 m higher. 

 

10.2. Rainfall Losses 

Rainfall losses were adopted from the ARR 2019 data hub (see Section 8.4). A sensitivity 

analysis was undertaken for both initial loss and continuing loss. Initial losses were taken from 

the data hub’s probability neutral burst initial losses, which vary based on the AEP and duration 

of the storm. A summary of the adopted losses and sensitivity to initial losses are presented in 

Table 19. 

  



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

 
118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  68 

 

Table 19: Initial Loss Sensitivity Analysis 

Scenario Description 
1% AEP Event Initial Loss (mm) 

30 min 360 min 720 min 

Design Adopted design event initial losses 10.6 5.6 6.7 

Initial loss + 5 mm Sensitivity increasing initial loss by 5 mm 15.6 10.6 11.7 

Initial loss - 5 mm Sensitivity reducing initial loss by 5 mm 5.6 0.6 1.7 

 

The change in peak flood level for the increase and decrease in initial loss is shown in Figure E3 

and Figure E4, respectively. The initial loss has the most pronounced effect on storage areas. 

Increasing the initial loss results in reductions of up to approximately 0.03 m. Decreasing the 

initial loss results in an increase of up to approximately 0.04 m. 

 

A sensitivity analysis was also conducted on the adopted continuing loss. The continuing loss 

adopted was 0.9 mm/hr, based on factored data hub loss value. This value was increased and 

decreased by 0.6 mm/hr for the sensitivity analysis. This value was chosen to test a continuing 

loss of 1.5 mm/hr, which was the calibrated loss value for the 2016 and 2020 flood events. This 

loss was not adopted for design events, however, due to the uncertainties in rainfall depths and 

temporal patterns across the catchment for those historic events. An initial loss of 1.5 mm/hr 

also aligns with the factored data hub value for the western portion of the catchment. 

 

The change in peak flood level for the increase and decrease in continuing loss is shown in 

Figure E5 and Figure E6, respectively. The continuing loss also has the most pronounced effect 

on storage areas. Increasing the continuing loss results in decreases in flood level of up to 

approximately 0.03 m across the catchment. Conversely, decreasing the continuing loss results 

in increases of up to approximately 0.03 m. Changes at Bringelly Road crossing of South Creek 

are within ±0.08 m, with the change in flow being within 5%. 

 

10.3. Manning’s ‘n’ 

The Manning’s ‘n’ parameter in the TUFLOW model represents the surface roughness, and the 

adopted values are outlined in Table 6. A sensitivity analysis was conducted with both an 

increase and decrease in these values by 20%. The change in peak water level can be found in 

Figure E7 and Figure E8 for an increase and decrease in Manning’s ‘n’, respectively.  

 

There is an increase in peak flood levels with an increase in the Manning’s ‘n’ values. The 

1% AEP flood levels increase by up to approximately 0.1 m. With a decrease in Manning’s ‘n’, 

there is a decrease in flood levels of a similar magnitude. The largest changes are along the 

major creek channels.  

 

10.4. Blockage 

A sensitivity analysis was undertaken for the blockage of structures in the TUFLOW model. For 

the design events, blockage was applied in accordance with ARR 2019 for major structures, and 

a constant blockage factor applied for other structures, as described in Section 8.7. A sensitivity 
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analysis was undertaken by adopting a high and low blockage factor for the 1% AEP event, as 

outlined in Table 20. 

 

Table 20: Blockage Sensitivity Analysis 

Structure Type 
1% AEP Design 

Blockage 
Low Blockage 

Factor 
High Blockage 

Factor 

KS structures 10% 0% 20% 

KL structures 0% 0% 10% 

Stormwater pits 50% 20% 80% 

Small transverse culverts 50% 20% 80% 

Large transverse culverts 20% 0% 50% 

Bridge structures 5% 0% 10% 

Detention basin pits 25% 0% 50% 

Detention basin culverts 10% 0% 20% 

 

The results of this assessment can be found in Figure E9 and Figure E10 for the low and high 

blockage scenarios, respectively. The results indicate that blockage has only a minor impact on 

impacts on water levels, primarily in the upstream areas. With the low blockage scenario, there 

is generally a decrease in water level particularly upstream of storage areas in the urban areas, 

with minimal increases in flood levels seen downstream. With a high blockage scenario, there 

are increase primarily in the urban areas, with some minor decreases just over 0.01 m seen 

downstream on South Creek and Rileys Creek.  

 

10.5. Tailwater Level 

A sensitivity to tailwater conditions was undertaken. The applied downstream boundary for the 

design flood events was a stage-discharge relationship automatically calculated by TUFLOW. 

The only required parameter is the channel slope, which was estimated from LiDAR data. 

Changing this slope assumption resulted in a negligible change in flood level upstream of 

Bringelly Road. 

 

10.6. Floodplain Filling 

Two generalised floodplain filling scenarios were undertaken as a sensitivity analysis to 

understand potential cumulative development impacts in the catchment. Filling of the floodplain 

reduces the temporary flood storage available in the catchment. This is not likely to have an 

impact for a single development, but as progressive filling of the floodplain occurs, there are 

cumulative impacts that can occur. Cumulative impacts of filling the floodplain were assessed 

with two scenarios:  

1. Filling of 90% of the “flood fringe” areas of the floodplain, and  

2. Filling of 90% of the “flood fringe” areas of the floodplain plus an additional 10% 

filling of “flood storage” areas.  

 

The “flood fringe” and “flood storage” areas are defined in Section 9.3 for the 1% AEP event. To 

simulate filling of floodplain storage in the TUFLOW model, a storage reduction factor was 

applied to the flood fringe (90%) and flood storage (10%) areas. This simulates widespread 

filling of the floodplain in these areas without blocking flow conveyance completely. The change 
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in the 1% AEP peak water level with these filling scenarios is shown in Figure E11 and 

Figure E12. With filling of the flood fringe only, there are sporadic impacts through the upper 

reaches of the catchment, with typical impacts of approximately 0.02 m along the South Creek, 

Rileys Creek, Kemps Creek and Scalabrini Creek. This increases to approximately 0.06 m on 

South Creek just upstream of Bringelly Road. With filling of flood storage areas as well, there 

are increases of up to 0.08 m in the large farm dams. The increases along the main creeks are 

approximately 0.05 m, while the increase at Bringelly Road reaches 0.15 m, with an increase in 

flow of approximately 6%. 

 

10.7. ARR Updates 

A comparison was undertaken using ARR 1987 hydrology (Reference 3) and ARR 2019 

hydrology (Reference 4). This provides an indication of the changes to flood levels due to the 

new ARR 2019 methods. The XP-RAFTS model was updated with ARR 1987 hydrology. The 

ARR 1987 IFD coefficients adopted for the Flood Study XP-RAFTS model (used as a validation 

tool) were used in the current XP-RAFTS model. The ARR 1987 initial loss of 15 mm and 

continuing loss of 1.5 mm/hr were also adopted (for pervious areas). The 2 hour and 9 hour 

storms were simulated, as these were found to be critical in the Flood Study using ARR 1987 

guidelines. Both the 5% AEP and 1% AEP events were simulated and the resulting flows were 

then used in the TUFLOW model. The peak flood level results for both durations were 

enveloped to obtain a final flood height grid for each AEP event. These grids were compared 

with the flood height grids produced from the current study.  

 

The comparison of flood levels across the catchment can be seen in Figure E13 and Figure E14 

for the 5% AEP and 1% AEP events, respectively. The adoption of ARR 2019 hydrology results 

in consistent reductions in flood levels across the catchment, in the order of 0.1 m. The only 

areas where there are some increases include the farm dams and other flood storage areas. 

This is most likely due to ARR 2019 running a longer duration storm, providing a greater runoff 

volume to fill the dams.  

 

Overall, ARR 2019 results in generally lower flood levels across the catchment. This is attributed 

to the ARR updates which include: 

• Updated IFD information 

• Different temporal patterns 

• Different storm durations run 

• Inclusion of Areal Reduction Factors 

• Updated rainfall losses 

 

10.8. Comparisons with Previous Studies 

The previous Flood Study (Reference 1) and FRMS&P (Reference 2) models also simulated 

design flood events. Comparisons between the current study results and results from these 

previous studies are of limited use because there have been numerous changes between these 

studies relating to both catchment changes and modelling methodology changes, that make it 

difficult to attribute any change in flood level to one particular component of the modelling. The 
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differences in simulated flood behaviour includes the following changes that have occurred 

between the previous models and the current model: 

• Different underlying terrain data – the previous studies utilised 2008 LiDAR data while 

the current study adopted 2018 LiDAR. This will affect flood levels, channel conveyance 

and distribution of flow paths. 

• Different modelling methodology – the previous studies adopted a direct rainfall 

approach within TUFLOW, while the current study adopts a lumped conceptual rainfall-

runoff approach using XP-RAFTS. This will affect the representation of flow paths 

(dependent on filtering of direct rainfall results as well), generation of runoff and routing 

of flows at the sub-catchment level. 

• Different model representation – the schematisation of the previous models and the 

current model is different, including different grid sizes, land use detail (surface 

roughness and building representation), modelled hydraulic structures, etc. The previous 

models were reasonably simple, adopting a 10 m grid size, South Creek represented as 

a 1D channel, coarse land use delineation and just 20 hydraulic structures. The current 

model is far more detailed, as outlined in Section 6. 

• Different TUFLOW versions – the previous modelling adopted 2010 classic version, 

while the current study utilised 2018 HPC version. Even the same model run with these 

two different versions of the TUFLOW software would produce different results. 

• Different representation and extent of development in the upper catchment (Oran Park, 

Gregory Hills, Emerald Hills, etc.). At the time the Flood Study was undertaken, the 

upper catchment was rural residential in nature. For the FRMS&P, the developments of 

Turner Road, Catherine Field, Leppington North, Leppington Precinct and Oran Park 

were represented by reducing initial loss, adjusting roughness and filling of the 

floodplain. The current study has represented all development present as at November 

2018 in detail, including detention basins. These different representations of the upper 

catchment contribute to changes in modelled flood behaviour. 

• Different hydrology – the previous modelling adopted ARR 1987 methodology 

(Reference 3), while the current study adopts ARR 2019 (Reference 4). The impacts of 

the updated ARR guidelines are discussed further in Section 10.7. 
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11. FLOOD DAMAGE ASSESSMENT 

11.1. Introduction 

The quantification of flood damages is an important part of the floodplain risk management 

process.  It helps identify whether the benefits from various flood mitigation measures will 

outweigh the costs to implement those measures, and to prioritise which measures will be most 

cost-effective.  

 

While flood damage assessment does not include all impacts or costs associated with flooding, 

it provides a basis for assessing the economic loss due to flooding, and also a non-subjective 

means of assessing the merit of flood mitigation works such as detention basins, levees, 

drainage enhancements, etc.  By quantifying flood damages for a range of design events, 

appropriate management measures can be evaluated in terms of their benefits (reduction in 

flood damage) versus the cost of implementation. 

 

The cost of flood damage and disruption to a community depends on a number of factors which 

include: 

• Flood magnitude (depth, velocity and duration); 

• Type of structures at risk and their susceptibility to damage; 

• Nature of the development at risk (residential, commercial, industrial); 

• Physical factors such as failure of services (e.g. utilities), flood borne debris, 

sedimentation, etc.; 

• Awareness and readiness of the community to flooding; 

• Effective warning times; and 

• Availability of Evacuation Plans 

 

The potential damage associated with a particular flood event can be divided into a number of 

components, which are grouped into two major categories; 

• Tangible damages – financial costs of flooding quantified in monetary terms 

• Intangible damages – social costs of flooding reflected in increased levels of mental 

stress, loss of sentimental items, inconvenience to people, injury or loss of life, etc. 

 

Intangible damages are difficult to measure and impossible to meaningfully quantify in dollar 

terms.  For this reason, intangible damages have not been assessed for upper South Creek and 

the following damage assessment focuses on tangible damages only.  Tangible damages can 

be further sub-divided into two categories, direct and indirect damages, as illustrated in 

Diagram 17. 
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Diagram 17: Types of flood damages (Source: Reference 5) 

 

 

The total likely damages in any given flood event is difficult to quantify, given the variable nature 

of flooding and the property and content values of houses affected. Nonetheless, flood damages 

are estimated to obtain an indication of the magnitude of the flood problem and compare the 

economic effectiveness of proposed mitigation options. Understanding the total damages 

prevented over the life of a mitigation option in relation to current damages, or to an alternative 

option, can assist in the decision-making process. 

 

11.2. Approach 

Flood damage estimation procedures have been formulated using data collected following real 

flood events.  Information collected includes identification of properties flooded, the extent of 

flooding, depth of flooding experienced, flooding mechanism etc.  This information can then be 

used to guide and calibrate models used to calculate flood damages for a particular area.  One 

of the most thoroughly studied flood damage assessments was that undertaken at Nyngan, 

following the flood in 1990.  

 

Estimation of flood damage has focussed on residential and community buildings in the study 

area using guidelines issued by the NSW Government (Reference 15) and recognised damage 

assessment methodologies.  The most common approach to present flood damage data is in 

the form of flood-damage curves for a range of property types, i.e. residential, commercial, 

public property, public utilities etc. These relate flood damage to depth of flooding above a 

threshold level (usually floor level). The estimation of damage is based upon a flood level 

relative to the floor level of a property.  

 

Only Direct Tangible damages are 

included in this assessment 
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11.2.1. Property Database 

A property database was provided by Cardno consisting of the cadastre parcels used for the 

previous flood damage assessment (Reference 2). WMAwater identified the location of the 

building on each of these lots with a GIS point located at the front door, or at the side of the 

house most susceptible to flooding. The PMF extent was then used to identify additional 

properties (primarily within the newly developed areas of Oran Park and Gregory Hills) in a 

similar manner. A total of 579 properties were identified for inclusion in the analysis. This 

comprised 281 properties that were also analysed in the Cardno FRMS assessment, and an 

additional 298 properties added by WMAwater.  

 

At each of these points, the LiDAR data was inspected to obtain an estimate of the ground level. 

The building floor level was assumed to be 0.3 m above this ground level. Surveyed floor levels 

were available at ten properties from data supplied by Council (see Section 3.9).  

 

At each of the building locations, the modelled flood level across the range of design flood 

events (50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% AEP and the PMF) was also sampled from 

the TUFLOW model results. 

 

11.2.2. Residential Damage 

Flood damage of residential buildings was calculated using a residential damage spreadsheet 

based on that developed by the NSW Department of Environment, Climate Change and Water 

(DECCW, now NSW Department of Planning, Industry and Environment) in 2007.  This includes 

a representative stage-damage curve derived for a typical house on a floodplain to estimate 

structural, contents and external damage.  The amount of damage is based on the flood 

inundation depth for a given flood event. There are a number of parameters that can be adjusted 

to suit a particular floodplain. These values were typically kept the same from the previous flood 

damage assessment (Reference 2). A summary of the parameters adopted for this assessment, 

as well as the previous assessment, is provided in Table 21. 

 

Table 21: Parameters adopted for Residential Damages Assessment 

Parameter FRMS&P Value Adopted Value Comment 

Regional Cost 

Variation Factor 
1.0 1.0 

Due to the location and proximity to major cities. Upper South 

Creek lies on the outskirts of the Sydney Metropolitan Area. 

Post 2001 price 

adjustment 
1.57 1.93 

Costs adjusted to current day dollars using the change in 

Average Weekly Earnings (AWE) statistics from the Australian 

Bureau of Statistics. The FRMS used May 2012 $, the current 

assessment uses May 2020 $. 

Post flood inflation 

factor 
1.0 1.1 

Suggested range of 1.0 to 1.5 depending on the scale of 

impacts. Raised to 1.1 assuming that similar areas within the 

Sydney region are also affected (for example the June 2016 and 

February 2020 events). 

Typical duration of 

immersion (hours) 
1 1 Building inundation should be relatively short duration. 
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Parameter FRMS&P Value Adopted Value Comment 

Building Damage 

Repair Limitation 

Factor 

0.85 0.85 
Suggested range of 0.85 to 1.00 (short to long duration events). 

Duration of flooding is expected to be relatively short. 

Contents Damage 

Repair Limitation 

Factor 

0.75 0.75 
Suggested range of 0.75 to 0.90 (short to long duration events). 

Duration of flooding is expected to be relatively short. 

Typical House 

Size (m2) 
200 200 

House size is smaller than the typical 240 m2. Although there 

are some large rural homesteads, there are also a lot of smaller 

houses in the catchment. The FRMS&P assumption was 

retained. 

Level of Flood 

Awareness 
Low Low 

Guidelines suggest ‘low’ is adopted unless ‘high’ can be 

justified. While the community would be familiar with regular 

low-level behaviour, it is assumed that the level of awareness of 

the extent of flooding for large events is low. 

Effective Warning 

Time (hours) 
0 0 

It has been conservatively assumed that no warning time would 

be given for residents. 

Average Contents 

(2001 $) 
$50,000 $50,000 

A slightly lower level of contents has been assumed than the 

recommended $60,000. 

External Damage 

(2001 $) 
$6,700 $6,700 

External damages have been retained at $6,700. Although this 

is relatively high, hobby farms are prevalent throughout the 

lower catchment which will be subject to damage during flood 

events. 

 

Average Weekly Earnings (AWE) is used to update residential flood damage curves to current 

dollars rather than the inflation rate measured by the Consumer Price Index (CPI).  The most 

recent AWE value from the Australian Bureau of Statistics (ABS) at the time of the assessment 

was May 2020, and a factor of 1.93 was applied to all ordinates in the residential stage-damage 

curves based on the increase from November 2001 (base used by the spreadsheet). This is 

higher than the FRMS&P, which was based on 2012 dollars.  

 

The AEP of the PMF event for Upper South Creek was estimated to be 1 in 107 (zero probability 

was assumed for the FRMS&P). No damages were assumed to be incurred in the 1 exceedance 

per year (EY) event (also adopted for the FRMS&P). Other default parameters and values within 

the spreadsheet were retained, including clean-up costs of $4,000 and accommodation costs of 

$220 per week for a period of 3 weeks (prior to adjustment factors). These parameters were 

applied to the residential damage curve for a single storey, slab-on-ground house (dominant 

house type in the catchment). External damages were assumed to accumulate from 0.3 m 

below the habitable level of the house (as also assumed in the FRMS&P). 

 

11.2.3. Non-residential Building Damage 

Industrial and commercial property damage curves were adopted from the FRMS&P flood 

damages spreadsheet provided by Cardno. These curves were derived from a survey of 

properties conducted by following the 1998 storm event in Wollongong. Properties that did not 

have an observable building (on aerial imagery) were assumed to be low value industrial 
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properties for the purpose of flood damages. These are typically small farming properties where 

flood damages result from stored goods, crops and greenhouse infrastructure. There were also 

several commercial properties and the low value commercial property curve was applied to 

these buildings. The curves from the Cardno spreadsheet were adjusted for 2020 dollars. 

 

11.3. Estimated Tangible Flood Damages 

A typical method for describing flood damage over the long term is by calculating the Annual 

Average Damage (AAD). AAD represents the equivalent average damages that would be 

experienced by the community on an annual basis, by taking into account the probability of a 

flood occurrence.  The AAD value is determined by multiplying the damages that can occur in a 

given flood by the probability of that flood actually occurring in a given year, and then summing 

across a range of floods. This method allows smaller floods, which occur more frequently to be 

given a greater weighting than the larger catastrophic floods. The AAD for the existing case then 

provides a benchmark by which to assess the merit of flood management options.   

 

A summary of the tangible flood damages for each event is provided in Table 22. The AAD for 

the Upper South Creek catchment is estimated to be $466,600. 

 

Table 22: Estimated Tangible Flood Damages for Upper South Creek Catchment 

Flood Event 
No. Properties 

Affected1 

No. Properties 

Flooded Above 

Floor Level 

Total Damages for 

Event2 

Average Damage 

Per Flood Affected 

Property2 

50% AEP 31 0 $393,200 $12,700 

20% AEP 38 2 $559,500 $14,700 

10% AEP 58 4 $919,800 $15,900 

5% AEP 81 5 $1,259,600 $15,600 

2% AEP 94 6 $1,463,000 $15,600 

1% AEP 112 10 $1,819,500 $16,200 

0.5% AEP 118 14 $2,004,000 $17,000 

0.2% AEP 128 20 $2,469,000 $19,300 

PMF 435 232 $20,948,500 $48,200 

Average Annual Damages (AAD) $466,600   

1 - Floodwaters reach the dwelling and are within 0.3 m of the floor level 

2 - Rounded to the nearest $100 

 

There is a large difference in the tangible damages between the frequent and rare flood events. 

This is reflective of the rarer floods, the PMF in particular, having a far wider flood extent than 

the frequent events, and being more costly. There is estimated to be ten properties affected 

above floor in the 1% AEP event, with no properties flooded above floor for the 50% AEP event. 

There are a number of properties with floodwaters up to the dwelling, resulting in external 

damages across the full range of events. These external damages are a reasonably high 

proportion of the total damages - $390,000 in the 50% AEP event, however, there are many 

rural properties with sheds and crops which may be damaged even in more frequent flood 
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events. In the PMF event, 232 properties are estimated to be affected by above floor flooding. 

The properties affected by above floor flooding are shown in Figure 27. The marker colour 

indicates the event at which the floor level is first inundated. 

 

11.4. Intangible Flood Damages 

The intangible damages associated with flooding, by their nature, are inherently more difficult to 

estimate in monetary terms. In addition to the tangible damages discussed above, additional 

costs/damages are incurred by residents affected by flooding, such as stress, injury, loss of life, 

loss of sentimental items, etc. It is not possible to put monetary values on these intangible 

damages as they are likely to vary dramatically between each flood (from a negligible amount to 

significantly more than tangible damages) and depend on a range of factors such as size of 

flood, the individuals affected and community preparedness. However, it is still important that 

the consideration of intangible damages is included when assessing the impacts of flooding on a 

community. 

 

Post flood damage surveys have linked flooding to stress, ill-health and trauma for residents. 

For example, the loss of memorabilia, pets, important documents and other items without fixed 

costs and of sentimental value may cause stress and subsequent ill-health. In addition, flooding 

may affect personal relationships and lead to stress in domestic and work situations. The actual 

flood event, resulting property damage, risk to life for the individuals or their family and the 

clean-up process can also add to the stress. In addition to the stress caused during an event, 

many residents who have experienced a major flood are fearful of the occurrence of another 

flood event and the associated damage and loss. The extent of stress depends on the individual 

and although the majority of flood victims recover, these effects can lead to a reduction in quality 

of life for the flood victims. 

 

During any flood event, there is the potential for injury as well as loss of life due to causes such 

as drowning, floating debris or illness from polluted water. Generally, the higher the flood 

velocities and depths, the higher the risk. Section 9.2 categorises the flood hazard in the upper 

South Creek catchment. However, there will always be localised areas of high risk where flows 

may be concentrated around buildings or other structures within low hazard areas. The 

intangible damages for upper South Creek may be substantial, due to the lack of warning time 

for a potential flood event. 

 

11.5. Differences Compared to FRMS&P 

The estimated AAD is approximately half of that estimated in the FRMS&P (Reference 2). The 

number of properties affected by above floor flooding in the more frequent events is lower in this 

analysis than for the FRMS&P. This appears to be primarily due to differences in the location at 

which the ground level and floor level for each building have been estimated. The total damages 

for each event are generally slightly less in the current assessment – for example the FRMS&P 

estimated the 1% AEP flood damages to be approximately $2 M (2012 dollars), compared to 

$1.8 M (2020 dollars). The PMF event is the only event where the number of properties affected 

by above floor flooding has increased compared to the FRMS&P, with corresponding damages 

being approximately three to four times that estimated for the FRMS&P. This is due to the 
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inclusion of almost 300 additional properties in the current analysis, which were not included in 

the FRMS&P analysis. 

 

These differences can be primarily attributed to: 

• Estimated property floor level and flood level – although a similar methodology has 

been used, the location of the sample point is likely to be different, along with the 

sampled ground level (different LiDAR data) and sampled flood level (updated 

flood modelling). 

• The FRMS&P identified many more ‘industrial’ properties impacted. It is unclear 

whether for these properties the greenhouses, sheds and other farming 

infrastructure has been identified. In the current assessment, the majority of these 

properties have dwellings on them which are the focus of the current flood 

assessment, with external damages assumed to account for any garden/hobby 

farm land. 

• The FRMS&P only assessed floods from the 5% AEP event and up. Assuming that 

the 1 EY event has no damage, there is a large range in probabilities to interpolate 

between. The current assessment has used three additional events from the 50% 

AEP, providing greater resolution at the lower end, which significantly influences 

the average annual damages due to the frequency of the events. 

• There are also slight differences in the input parameters (Table 21) which 

influences the damage curves. 
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12. REGIONAL FLOOD MODELLING FRAMEWORK 

As part of this Flood Study, a ‘Regional Flood Modelling Framework’ has been developed for the 

upper South Creek catchment. This framework consists of flood modelling tools and a guideline 

to assess and control cumulative impacts of development. It is anticipated that this framework 

will be used to model and assess impacts from SWGA precincts and other major developments 

within the catchment. 

 

The framework consists of the following: 

• XP-RAFTS hydrologic models used for design flood event modelling for this flood study 

• TUFLOW hydraulic model used for design flood event modelling for this flood study 

• A ‘user guide’ for using the flood modelling tools for impact assessments 

 

This framework enables consistency in modelling and assessing development impacts. To date, 

there have been numerous studies undertaken throughout the upper South Creek catchment, as 

outlined in Section 3.1.3. In addition to this, there are several precinct masterplans being 

developed concurrently. Each of these precincts have adopted their own modelling approach 

which leads to inconsistencies in modelled flood levels and flows where these precinct models 

overlap. This framework provides a single model that can be used to assess developments in a 

consistent manner across the entire catchment. 

 

Another benefit of this framework is that since it covers the entire catchment, the development 

impacts are not only assessed at the development boundary, but downstream to Bringelly Road. 

Traditionally, a flood impact assessment would look at critical durations down to the 

development boundary, and assess impacts immediately downstream of this. This leads to 

designing of detention basins for generally shorter duration storms that are critical within the 

catchment. The regional model framework requires users to assess impacts down to Bringelly 

Road by looking at the critical duration at Bringelly Road. This means that flood mitigation 

measures should also consider these longer duration storms which are critical for areas further 

downstream. This attempts to control the impacts of cumulative development within the 

catchment.  

 

The Regional Model Framework Guideline is contained in Appendix F. The document outlines 

the way in which the modelling tools are to be used to assess developments, including: 

• Outline of the model setup 

• Modifications to be made to the model for including development 

• Recommended model parameters to adopt 

• Storm events to model 

• Process for undertaking an impact assessment 

• Model output and reporting requirements and flood impact criteria 
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LIST OF ACRONYMS 
 

1D one-dimensional 

2D two-dimensional 

AEP Annual Exceedance Probability 

ARI Average Recurrence Interval 

ARR Australian Rainfall and Runoff  

AWS Automatic Weather Station 

BoM Bureau of Meteorology 

CatchmentSIM Software for hydrologic analysis and terrain mapping 

CPU Central Processing Unit 

DA Development Application 

DEM Digital Elevation Model 

FFA Flood Frequency Analysis 

FRMS&P Floodplain Risk Management Study and Plan 

GIS Geographic Information System 

GPT Gross Pollutant Trap 

GPU Graphics Processing Unit 

HPC Heavily Parallelised Compute 

IFD Intensity, Frequency and Duration (Rainfall) 

LiDAR Light Detection and Ranging – an airborne laser survey technique 

LGA Local Government Area 

mAHD meters above Australian Height Datum 

OEH Office of Environment and Heritage 

PMF Probable Maximum Flood 

PMP Probably Maximum Precipitation 

RADAR Radio Detection and Ranging – typically used to record spatial 

variability of rainfall 

SWGA South West Growth Area 

SWRL South West Rail Link 

TIN Triangular Irregular Network 

TUFLOW one-dimensional (1D) and two-dimensional (2D) flood and tide 

simulation software (hydraulic model) 

WAE Work-As-Executed 

XP-RAFTS Runoff Analysis and Flow Training Simulation is a hydrologic 

modelling software 

 

Terminology used in Report 

 

Australian Rainfall and Runoff (ARR, Reference 4) recommends terminology that is not 

misleading to the public and stakeholders. Therefore the use of terms such as “recurrence 

interval” and “return period” are no longer recommended as they imply that a given event 

magnitude is only exceeded at regular intervals such as every 100 years. However, rare events 

may occur in clusters.  For example there are several instances of an event with a 1% chance of 

occurring within a short period, for example the 1949 and 1950 events at Kempsey. Historically 
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the term Average Recurrence Interval (ARI) has been used. 

 

ARR 2016 recommends the use of Annual Exceedance Probability (AEP). Annual Exceedance 

Probability (AEP) is the probability of an event being equalled or exceeded within a year. AEP 

may be expressed as either a percentage (%) or 1 in X. Floodplain management typically uses 

the percentage form of terminology. Therefore a 1% AEP event or 1 in 100 AEP has a 1% 

chance of being equalled or exceeded in any year.  

 

ARI and AEP are often mistaken as being interchangeable for events equal to or more frequent 

than 10% AEP. The table below describes how they are subtly different. 

 

 

 

For events more frequent than 50% AEP, expressing frequency in terms of Annual Exceedance 

Probability is not meaningful and misleading particularly in areas with strong seasonality. 

Therefore events more frequent than 50% AEP should be expressed as X Exceedances per 

Year (EY). For example, 2 EY is equivalent to a design event with a 6 month recurrence interval 

where there is no seasonality, or an event that is likely to occur twice in one year. 



Review of Upper South Creek Flood Study in the Context of Ongoing Development 

 

118112: USC_FloodStudyUpdate_Draft_Report.docx: 22 July 2021  A.3 

 

The Probable Maximum Flood is the largest flood that could possibly occur on a catchment. It is 

related to the Probable Maximum Precipitation (PMP). The PMP has an approximate probability. 

Due to the conservativeness applied to other factors influencing flooding a PMP does not 

translate to a PMF of the same AEP. Therefore an AEP is not assigned to the PMF.  

 

Glossary – from the NSW Floodplain Development Manual  

(April 2005 edition) 

 

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.  For example, if a peak flood discharge of 500 m3/s 

has an AEP of 5%, it means that there is a 5% chance (that is one-in-20 chance) 

of a 500 m3/s or larger event occurring in any one year (see ARI). 

Australian Height Datum 

(AHD) 

A common national surface level datum approximately corresponding to mean sea 

level. 

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 occurrence 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. 

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. 

consent authority The Council, Government agency or person having the function to determine a 

development application for land use under the EP&A Act.  The consent authority 

is most often the Council, however legislation or an EPI may specify a Minister or 

public authority (other than a Council), or the Director General of DIPNR, as 

having the function to determine an application. 

development Is defined in Part 4 of the Environmental Planning and Assessment Act (EP&A 

Act). 

 

infill 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.  For example, the urban subdivision of an 

area previously used for rural purposes.  New developments involve rezoning and 

typically require major extensions of existing urban services, such as roads, water 

supply, sewerage and electric power. 

redevelopment: refers to rebuilding in an area.  For example, as urban areas 

age, it may become necessary to demolish and reconstruct buildings on a 

relatively large scale.  Redevelopment generally does not require either rezoning 

or major extensions to urban services. 

disaster plan (DISPLAN) A step by step sequence of previously agreed roles, responsibilities, functions, 

actions and management arrangements for the conduct of a single or series of 

connected emergency operations, with the object of ensuring the coordinated 

response by all agencies having responsibilities and functions in emergencies. 
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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 the speed or velocity 

of flow, which is a measure of how fast the water is moving for example, metres 

per second (m/s). 

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. 

emergency management A range of measures to manage risks to communities and the environment.  In the 

flood context it may include measures to prevent, prepare for, respond to and 

recover from flooding. 

flash flooding Flooding which is sudden and unexpected.  It is often caused by sudden local or 

nearby heavy rainfall.  Often defined as flooding which peaks within six hours of 

the causative rain. 

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 awareness Flood awareness is an appreciation of the likely effects of flooding and a 

knowledge of the relevant flood warning, response and evacuation procedures. 

flood education Flood education seeks to provide information to raise awareness of the flood 

problem so as to enable individuals to understand how to manage themselves an 

their property in response to flood warnings and in a flood event.  It invokes a 

state of flood readiness. 

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

have been defined. 

flood liable land Is synonymous with flood prone land (i.e. land susceptible to flooding by the 

probable maximum flood (PMF) event).  Note that the term flood liable land covers 

the whole of the floodplain, not just that part below the flood planning level (see 

flood planning area). 

flood mitigation standard The average recurrence interval of the flood, selected as part of the floodplain risk 

management process that forms the basis for physical works to modify the 

impacts of flooding. 

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 a 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 defined 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 area The area of land below the flood planning level and thus subject to flood related 

development controls.  The concept of flood planning area generally supersedes 

the “flood liable land” concept in the 1986 Manual. 

Flood Planning Levels 

(FPLs) 

FPL’s are the combinations 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 “standard flood event” in the 1986 
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manual. 

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

of individual buildings or structures subject to flooding, to reduce or eliminate flood 

damages. 

flood prone land Is land susceptible to flooding by the Probable Maximum Flood (PMF) event.  

Flood prone land is synonymous with flood liable land. 

flood readiness Flood 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. 

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 the 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 flows, or a significant increase in flood levels. 

freeboard 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. 

habitable room in a residential situation: a living or working area, such as a lounge room, dining 

room, rumpus room, kitchen, bedroom or workroom. 

in an industrial or commercial situation: an area used for offices or to store 

valuable possessions susceptible to flood damage in the event of a flood. 

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

to this manual the hazard is flooding which has the potential to cause damage to 

the community.  Definitions of high and low hazard categories are provided in the 

Manual. 

hydraulics Term given to 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 any particular 

location varies with time during a flood. 

hydrology Term given to 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. 

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

estuary, lake or dam. 

local drainage Are smaller scale problems in urban areas.  They are outside the definition of 
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major drainage in this glossary. 

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

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

mathematical/computer 

models 

The mathematical representation of the physical processes involved in runoff 

generation and stream flow.  These models are often run on computers due to the 

complexity of the mathematical relationships between runoff, stream flow and the 

distribution of flows across the floodplain. 

minor, moderate and major 

flooding 

Both the State Emergency Service and the Bureau of Meteorology use the 

following definitions in flood warnings to give a general indication of the types of 

problems expected with a flood: 

 

minor flooding: causes inconvenience such as closing of minor roads and the 

submergence of low level bridges.  The lower limit of this class of flooding on the 

reference gauge is the initial flood level at which landholders and townspeople 

begin to be flooded. 

moderate flooding: low-lying areas are inundated requiring removal of stock 

and/or evacuation of some houses.  Main traffic routes may be covered. 

major flooding: appreciable urban areas are flooded and/or extensive rural areas 

are flooded.  Properties, villages and towns can be isolated. 

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

Examples are indicated in Table 2.1 with further discussion in the Manual. 

peak discharge The maximum discharge occurring during a flood event. 

Probable Maximum Flood 

(PMF) 

The PMF is the largest flood that could conceivably occur at a particular location, 

usually estimated from probable maximum precipitation, and where applicable, 

snow melt, coupled with the worst flood producing catchment conditions.  

Generally, it is not physically or economically possible to provide complete 

protection against this event.  The PMF defines the extent of flood prone land, that 

is, the floodplain.  The extent, nature and potential consequences of flooding 

associated with a range of events rarer than the flood used for designing 

mitigation works and controlling development, up to and including the PMF event 

should be addressed in a floodplain risk management study. 

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 PMF 

estimation. 

probability A statistical measure of the expected chance of flooding (see AEP). 

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

of consequences and likelihood.  In the context of the manual it is the likelihood of 

consequences arising from the interaction of floods, communities and the 

environment. 

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

rainfall excess. 

stage Equivalent to “water level”.  Both are measured with reference to a specified 

datum. 

stage hydrograph A graph that shows how the water level at a particular location changes with time 

during a flood.  It must be referenced to a particular datum. 

survey plan A plan prepared by a registered surveyor. 

water surface profile A graph showing the flood stage at any given location along a watercourse at a 

particular time. 
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APPENDIX B FLOOD MARK REPORTS 
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APPENDIX C DESIGN FLOOD EVENT MAPPING 

Figure C1: Peak Flood Depths and Level Contours – 50% AEP Event 

Figure C2: Peak Flood Depths and Level Contours – 20% AEP Event 

Figure C3: Peak Flood Depths and Level Contours – 10% AEP Event 

Figure C4: Peak Flood Depths and Level Contours – 5% AEP Event 

Figure C5: Peak Flood Depths and Level Contours – 2% AEP Event 

Figure C6: Peak Flood Depths and Level Contours – 1% AEP Event 

Figure C7: Peak Flood Depths and Level Contours – 0.5% AEP Event 

Figure C8: Peak Flood Depths and Level Contours – 0.2% AEP Event 

Figure C9: Peak Flood Depths and Level Contours – PMF Event 

Figure C10: Peak Flood Velocities – 50% AEP Event 

Figure C11: Peak Flood Velocities – 20% AEP Event 

Figure C12: Peak Flood Velocities – 10% AEP Event 

Figure C13: Peak Flood Velocities – 5% AEP Event 

Figure C14: Peak Flood Velocities – 2% AEP Event 

Figure C15: Peak Flood Velocities – 1% AEP Event 

Figure C16: Peak Flood Velocities – 0.5% AEP Event 

Figure C17: Peak Flood Velocities – 0.2% AEP Event 

Figure C18: Peak Flood Velocities – PMF Event 

Figure C19: Hydraulic Hazard (FDM) – 5% AEP Event 

Figure C20: Hydraulic Hazard (FDM) – 1% AEP Event 

Figure C21: Hydraulic Hazard (FDM) – 0.2% AEP Event 

Figure C22: Hydraulic Hazard (FDM) – PMF Event 

Figure C23: Hydraulic Hazard (ARR) – 5% AEP Event 

Figure C24: Hydraulic Hazard (ARR) – 1% AEP Event 

Figure C25: Hydraulic Hazard (ARR) – 0.2% AEP Event 

Figure C26: Hydraulic Hazard (ARR) – PMF Event 

Figure C27: Hydraulic Categories – 5% AEP Event 

Figure C28: Hydraulic Categories – 1% AEP Event 

Figure C29: Hydraulic Categories – 0.5% AEP Event 

Figure C30: Hydraulic Categories – 0.2% AEP Event 

Figure C31: Hydraulic Categories – PMF Event 

Figure C32: SES Flood Emergency Response Classification – 5% AEP Event 

Figure C33: SES Flood Emergency Response Classification – 1% AEP Event 

Figure C34: SES Flood Emergency Response Classification – PMF Event 

Figure C35: Flood Planning Area 

Figure C36: Flood Risk Precincts 
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APPENDIX D DESIGN FLOOD EVENT GRAPHS AND TABLES 

Figure D1: Peak Water Level Profile – South Creek 

Figure D2: Peak Water Level Profile – Lowes Creek 

Figure D3: Peak Water Level Profile – Rileys Creek 

Figure D4: Peak Water Level Profile – Kemps Creek 

Figure D5: Peak Water Level Profile – Scalabrini Creek 

Figure D6: Water Level Hydrograph – Oran Park Drive 

Figure D7: Water Level Hydrograph – Catherine Park Drive Crossing South Creek 

Figure D8: Water Level Hydrograph – Anthony Road Crossing Rileys Creek 

Figure D9: Water Level Hydrograph – Barry Avenue Crossing Rileys Creek 

Figure D10: Water Level Hydrograph – Bringelly Road Crossing South Creek 

Figure D11: Water Level Hydrograph – Heath Road Crossing Kemps Creek 

Figure D12: Water Level Hydrograph – Eastwood Road Crossing Kemps Creek 

Figure D13: Water Level Hydrograph – Heath Road Crossing Scalabrini Creek 

Figure D14: Water Level Hydrograph – Rickard Road Crossing Scalabrini Creek 

Figure D15: Water Level Hydrograph – Ingleburn Road Crossing Scalabrini Creek 

Figure D16: Water Level Hydrograph – Cowpasture Road Crossing Bonds Creek 

Figure D17: Water Level Hydrograph – Bringelly Road Crossing Thompsons Creek 
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Table D1: Peak Flood Depths (m) at Road Crossings 

 

ID Location 50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP PMF 

R01 Oran Park Drive NF NF NF 0.06 0.09 0.12 0.13 0.14 0.30 

R02 Catherine Park Drive (South Ck) NF NF NF NF NF NF 0.04 0.37 1.45 

R03 Anthony Road (Rileys Ck) 1.03 1.33 1.46 1.61 1.85 1.94 1.99 2.08 3.65 

R04 Barry Avenue (Rileys Ck) NF NF 0.04 0.20 0.39 0.47 0.52 0.60 1.83 

R05 Bringelly Road (South Ck) NF NF NF NF NF NF 0.11 0.57 2.14 

R06 Heath Road (Kemps Ck) NF 0.06 0.12 0.16 0.24 0.27 0.28 0.30 1.04 

R07 Eastwood Road (Kemps Ck) NF NF NF 0.02 0.15 0.20 0.21 0.24 1.16 

R08 Heath Road (Scalabrini Ck) NF 0.14 0.26 0.32 0.47 0.51 0.53 0.58 1.52 

R09 Rickard Road (Scalabrini Ck) NF NF 0.17 0.24 0.32 0.37 0.39 0.42 1.44 

R10 Ingleburn Road (Scalabrini Ck) NF NF 0.05 0.11 0.16 0.20 0.21 0.23 0.99 

R11 Cowpasture Road (Bonds Ck) NF NF 0.05 0.16 0.23 0.30 0.33 0.38 1.36 

R12 Bringelly Road (Thompsons Ck) NF NF 0.09 0.14 0.24 0.28 0.30 0.34 1.15 

* NF = Not Flooded 
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Table D2: Peak Flows (m3/s) at Road Crossings and Key Locations 
 

ID Location 50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP PMF 

R01 Oran Park Drive Culvert 1.0 1.5 1.7 1.8 1.8 1.8 1.8 1.8 1.9 

Oran Park Drive Over Road West 0.0 0.1 0.2 0.3 0.6 1.0 1.2 1.6 21.5 

Oran Park Drive Over Road East 0.0 0.0 0.0 0.6 1.5 2.4 2.8 3.5 22.7 

R02 Catherine Park Drive (South Ck) Culvert 10.0 16.0 20.4 26.9 35.8 41.4 43.8 44.2 47.9 

Catherine Park Drive (South Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.1 5.8 210.9 

R03 Anthony Road (Rileys Ck) Culvert 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 

Anthony Road (Rileys Ck) Over Road 20.3 31.0 37.8 47.3 69.1 80.9 87.6 101.5 724.6 

R04 Barry Avenue (Rileys Ck) Culvert 25.7 27.6 28.7 28.1 28.7 28.9 28.9 27.7 30.9 

Barry Avenue (Rileys Ck) Over Road 0.0 4.5 10.3 26.5 53.9 68.8 78.2 97.6 650.7 

R05 Bringelly Road (South Creek) Bridge 48.3 84.5 100.3 126.1 180.9 215.8 231.5 245.4 321.2 

Bringelly Road (South Creek) Over Road West 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 611.7 

Bringelly Road (South Creek) Over Road East 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.9 1020.8 

R06 Heath Road (Kemps Ck) Culvert 5.0 7.4 7.6 7.6 7.6 7.6 7.7 7.7 8.1 

Heath Road (Kemps Ck) Over Road 0.0 0.5 2.3 4.6 13.0 17.0 18.3 22.3 268.2 

R07 Eastwood Road (Kemps Ck) Culvert 6.0 9.6 11.2 11.9 12.6 12.8 12.9 12.9 15.2 

Eastwood Road (Kemps Ck) Over Road 0.0 0.0 0.6 2.4 10.6 15.1 17.0 21.0 314.0 

R08 Heath Road (Scalabrini Ck) Culvert 3.0 3.8 4.4 4.6 4.7 4.7 4.7 4.8 5.3 

Heath Road (Scalabrini Ck) Over Road 0.0 0.5 1.3 2.2 6.6 8.3 9.1 11.3 141.4 

R09 Rickard Road (Scalabrini Ck) Culvert 4.4 6.9 7.7 7.7 7.7 7.8 7.9 8.0 8.6 

Rickard Road (Scalabrini Ck) Over Road 0.0 0.0 2.9 5.9 10.2 13.5 14.8 17.8 222.7 

R10 Ingleburn Road (Scalabrini Ck) Culvert 5.3 8.1 10.2 10.6 10.9 11.1 11.1 11.1 11.3 

Ingleburn Road (Scalabrini Ck) Over Road 0.0 0.0 1.2 5.1 9.8 13.9 15.5 19.0 267.3 

R11 Cowpasture Road (Bonds Ck) Culvert 14.5 20.0 35.4 38.2 38.7 38.9 39.1 39.4 38.8 

Cowpasture Road (Bonds Ck) Over Road 0.0 0.0 0.4 4.5 8.8 15.6 18.9 26.2 367.1 
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ID Location 50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP PMF 

R12 Bringelly Road (Thompsons Ck) Culvert 2.3 4.2 4.6 4.7 4.8 4.8 4.8 4.8 7.1 

Bringelly Road (Thompsons Ck) Over Road 0.0 0.0 0.6 1.7 4.6 6.5 7.6 10.1 148.7 

R13 Bringelly Road (Kemps Ck) Culvert 14.5 17.5 17.6 23.2 34.6 41.5 44.7 51.7 102.9 

Bringelly Road (Kemps Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 378.9 

R14 Bringelly Road (Scalabrini Ck) Culvert 8.7 15.1 17.8 24.3 31.1 37.9 40.8 46.7 135.0 

Bringelly Road (Scalabrini Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 289.3 

R15 Bringelly Road (Bonds Ck) Culvert 21.9 23.6 38.4 46.9 53.7 61.5 65.2 73.3 149.3 

Bringelly Road (Bonds Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 320.3 

R16 Camden Valley Way (South Ck) Culvert 8.0 13.0 17.7 23.9 31.0 37.5 40.3 45.4 116.5 

Camden Valley Way (South Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.0 

R17 Camden Valley Way (Rileys Ck) Culvert (4x3.3x1.5) 5.0 7.8 12.5 16.4 18.1 20.8 22.0 24.3 51.1 

Camden Valley Way (Rileys Ck) Culvert (3x3.3x1.5) 1.0 1.5 2.4 3.3 3.8 4.5 4.8 5.9 27.9 

Camden Valley Way (Rileys Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 157.5 

R18 O'Keefe Drive Bridge 2.6 3.8 8.1 10.1 10.6 12.2 13.0 14.8 81.3 

O'Keefe Drive Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 39.9 

R19 Northern Road (Lowes Ck) Culvert (13x2.4x2.1) 9.7 28.5 28.5 24.3 26.0 32.3 35.7 44.1 174.2 

Northern Road (Lowes Ck) Culvert (4x0.6 dia) 1.2 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.7 

Northern Road (Lowes Ck) Over Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 207.1 

D01 Pondicherry Dam Outflow 0.6 4.1 5.3 7.8 9.0 12.6 14.5 17.9 37.5 
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APPENDIX E SENSITIVITY RESULTS 

Figure E1: Climate Change Sensitivity – 0.5% versus 1% AEP Event 

Figure E2: Climate Change Sensitivity – 0.2% versus 1% AEP Event 

Figure E3: Rainfall Loss Sensitivity – Initial Loss +5 mm – 1% AEP Event 

Figure E4: Rainfall Loss Sensitivity – Initial Loss -5 mm – 1% AEP Event 

Figure E5: Rainfall Loss Sensitivity – Continuing Loss +0.6 mm – 1% AEP Event 

Figure E6: Rainfall Loss Sensitivity – Continuing Loss -0.6 mm – 1% AEP Event 

Figure E7: Mannings ‘n’ Sensitivity – Increase by 20% – 1% AEP Event 

Figure E8: Mannings ‘n’ Sensitivity – Decrease by 20% – 1% AEP Event 

Figure E9: Blockage Sensitivity – Low Blockage – 1% AEP Event 

Figure E10: Blockage Sensitivity – High Blockage – 1% AEP Event 

Figure E11: Floodplain Filling Sensitivity – Filling Flood Fringe – 1% AEP Event 

Figure E12: Floodplain Filling Sensitivity – Filling Flood Fringe and Flood Storage – 1% AEP 

Event 

Figure E13: Current Model ARR2019 vs Current Model ARR1987 – 5% AEP Event 

Figure E14: Current Model ARR2019 vs Current Model ARR1987 – 1% AEP Event 
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APPENDIX F REGIONAL MODEL FRAMEWORK GUIDELINES 
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