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FOREWORD 

 

The NSW State Governmentôs Flood 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 provides funding for flood studies, floodplain risk 

management plans and works to alleviate existing problems, to undertake the necessary 

technical studies to identify and address the problem and provides specialist technical advice to 

assist Councils in the discharge of their floodplain management responsibilities.  The Federal 

Government may also provide funding in some circumstances. 

 

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

sequential stages: 

 

1. Flood Study 

Determines 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 

 

The Little Creek Overland Flow Flood Study constitutes the first stage of the management 

process for the catchment.  This study has been prepared by WMAwater for Penrith City Council 

and was undertaken to provide the basis for future management of flood liable lands within the 

study area. 
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EXECUTIVE SUMMARY 

BACKGROUND 

The Little Creek catchment is located north of the M4 Motorway and drains to South Creek with 

the study area covering parts of the suburbs of Oxley Park, Colyton, St Marys and North St 

Marys.  The catchment includes crossings of the Great Western Highway and the Main Western 

railway line and covers an area of approximately 480 hectares.  The study components are to: 

¶ collate available historical flood related data; 

¶ collect detail survey of stormwater infrastructure; 

¶ undertake a community consultation program; 

¶ prepare suitable models for use in a subsequent Floodplain Risk Management Study; 

¶ validate the models against historical events; 

¶ undertake sensitivity of the model results to modelling parameters and assumptions; 

¶ provide design flood levels, depths, velocities, flows and flood extents; 

¶ assess the capacity of the existing drainage network and identify potential upgrades; 

¶ assess the sensitivity to potential climate change effects; and 

¶ assess floodplain planning categories and undertake provisional hazard mapping. 

 

COMMUNITY CONSULTATION 

Approximately 3,700 questionnaires were distributed in order to identify flood problem areas and 

to collate historical flood data.  195 responses were received, 32 had observed an overland flow 

path near their property, 23 had experienced flooding in their properties with 12 of those 

properties having experienced inundation above floor level.   

 

MODELLING SUMMARY 

The study used hydrologic and hydraulic modelling techniques in order to define flood behaviour 

in the study area.  The modelling programs used in the study are: 

¶ DRAINS Hydrologic model converts rainfall to runoff for input into the TUFLOW model. 

¶ TUFLOW 2D Hydraulic model was established to analyse the flooding behaviour. 

 

MODEL CALIBRATION 

In order to provide robust design flood data the models should be calibrated to historical flood 

data but typically in an urban catchment there is insufficient high quality data available. The 

March 2014, October 1987 and April 1988 events were chosen for model calibration but the 

process was limited by the quality and quantity of the available rainfall and flood data.   

 

DESIGN FLOOD MODELLING 

Design flood levels in the catchment are a combination of flooding from rainfall over the local 

catchment, as well as elevated tailwater levels from flooding in South Creek.  This study 

primarily is concerned with the Little Creek flood mechanism but South Creek flood extents 

should also be considered as part of any floodplain management and flood-related planning 

activity for the catchment.  The study results have been provided to PCC in digital format and 

mapped in Appendix B as follows: 

¶ Peak flood extents in Figure B1 to Figure B9; 

¶ Peak flood depths in Figure B10 to Figure B18; 

¶ Peak flood levels in Figure B19 to Figure B27; 
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¶ Peak flood velocities in Figure B28 to Figure B36; 

¶ Provisional hydraulic hazard in Figure B37 to Figure B45; 

¶ Provisional hydraulic categorisation in Figure B46 to Figure B48. 

 

The design flood results were filtered using the following criteria: 

¶ Depths less than 0.15 m were removed from the result maps; 

¶ Isolated flood patches were removed if they were less than 100 m2 in area. 

 

OVERVIEW OF FLOOD BEHAVIOUR 

The railway embankment of the Western Railway Line forms a major hydraulic feature of the 

Little Creek catchment.  Upstream the natural creek alignment has been replaced by a piped 

system, and there are several sections where there is no formal overland flow path or easement 

above the trunk drainage line.  There are several locations along this main drainage line where 

overland flow occurs through private development, when runoff exceeds the capacity of the 

stormwater network.  The pipe capacity assessment indicates that the majority of the stormwater 

network upstream of the Great Western Highway has less than 50% AEP capacity.  Away from 

the main drainage line, overland flow is generally along the road network.  As the catchment is 

relatively narrow either side of the trunk alignment, there are relatively few major ñtributaryò 

overland flow paths in the upper catchment.   

 

Downstream of the railway line, where Little Creek remains primarily an open channel, there is 

relatively little overbank flooding even in the 1% AEP event but this area is likely to be affected 

by South Creek flooding for the 5% AEP and larger events on that system. 

 

KEY AREAS OF FLOOD RISK AND PRELIMINARY MITIGATION OPTIONS 

A pipe capacity assessment was undertaken and significant portions of the upper catchment 

drainage network were found to have capacity less than the 50% AEP peak flow. 

 

Based on a "hot spot" analysis, a range of potential flood mitigation options were identified, and 

are recommended for further investigation (see Section 10.3), these include: 

¶ Increase the stormwater inlet capacity at Canberra/Sydney Street low points 

¶ Increase pipe capacity upstream of Oxley Park detention basins, throughout the 

Carpenter Street and Bennett Road catchment areas, and particularly from Kent Place to 

the Great Western Highway. 

¶ Modify the median strip on the Great Western Highway to reduce the obstruction and 

ponding depth in the roadway, and/or upgrade culverts under road. 

¶ Excavate the reserve Bennett Road to Great Western Highway to provide additional 

detention storage, and upgrade the inlet to the Great Western Highway culverts. 

¶ Increase pipe capacity from Jacka to Brisbane Street on the western tributary branch. 

¶ Increase the outlet pipe capacity from the Oxley Park basin at Oxley Park Public School 

and/or modify spillway crest. 

¶ Upgrade the Forrester Road bridge culvert capacity at Little Creek. 

¶ Modify the open channel near Kurrajong Road. 

¶ Increase the railway line cross-drainage capacity at Hobart Street. 
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1. INTRODUCTION 

1.1. Background 

The Little Creek catchment area (Figure 1) is within the Penrith City Council (PCC) local 

government area (LGA) and includes parts of the suburbs of Oxley Park, Colyton, North St 

Marys and St Marys.  The catchment is located north of the M4 Motorway and drains to South 

Creek.  The study area covers an area of approximately 480 hectares.  

 

The area is highly urbanised with a mix of residential, commercial and industrial properties 

including educational institutions such as Oxley Park Public School and Colyton High School.  

There are also a number of open spaces including Oxley Park and Colyton runoff detention 

basins.  The western rail line cuts across the catchment in an east to west direction and forms a 

notable barrier to flow.   

 

The present study was commissioned by PCC with funding and technical assistance from the 

NSW Office of Environment and Heritage (OEH) to define flood behaviour in the catchment.  

Flooding problems have been experienced at a number of locations within the catchment during 

periods of heavy rainfall.  The study aims to identify these problem areas so that they can be 

assessed for possible mitigation options in the future Floodplain Risk Management Study and 

Plan. 

 

1.2. Objectives 

The primary objective of this Flood Study is to define design flood behaviour for a wide range of 

design flood probabilities and to: 

¶ collect detail survey of stormwater infrastructure; 

¶ undertake a community consultation program; 

¶ prepare suitable hydrologic and hydraulic models of the catchment and floodplain, which 

are suitable for use in a subsequent Floodplain Risk Management Study; 

¶ validate the models against historical events; 

¶ understand the sensitivity of the model results to modelling parameters and 

assumptions; 

¶ provide results for flood behaviour in terms of design flood levels, depths, velocities, 

flows and flood extents within the study area; 

¶ assess capacity of the existing drainage network and identify potential upgrades; 

¶ assess the sensitivity of flood behaviour to potential climate change effects such as 

increases in rainfall intensities; and 

¶ assess floodplain planning categories (such as flood planning areas, flood control lots, 

hydraulic categories, and emergency response categorisation), and undertake 

provisional hazard mapping. 

 

A glossary of flood related terms is provided in Appendix A. 
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1.3. Description of the Catchment and Flood History Overview 

The catchment has a history of flooding and there is a need to define the extent of flooding and 

to determine appropriate development controls and floodplain risk management plans.  The 

catchment experienced severe flooding in August 1986 and October 1987 (Reference 2) with 

the prolonged rainfall in August 1986 causing significant flooding to residential properties.  In 

October 1987, a short duration intense rainfall (lasting about 90 minutes) occurred, causing 

damage to residential properties within the catchment.  Large deposits of sediments and debris, 

including tree roots, according to resident accounts caused blocking of the pipe network system 

at several locations north of the Great Western Highway.  Several roads in the catchment were 

inundated during both events.  More recently, a flash flood in March 2014 caused widespread 

damage including inundation of homes and garages above floor level. 

 

The land use of the Little Creek catchment comprises a mix of residential and commercial 

developments, including some light industrial, together with areas of open space including the 

grounds of Oxley Park Public School and Colyton High School, and Ridge Park.  There are 

major detention basins located within Colyton High School, and the Council reserve off Whitcroft 

Place.  

 

Elevations in the upper part of the catchment reach approximately 60 mAHD along the western 

catchment ridge (mapping of the topography from LIDAR aerial survey is shown on Figure 2).  

The overall catchment slope is quite consistent from the upper to lower catchment, with a grade 

of approximately 0.7% along the main trunk drainage alignment, which is relatively flat.  The 

sides of the catchment valley are generally steeper, with slopes of approximately 2.5%.  The 

catchment runs generally from the south-east to the north-west.  The embankments of the Great 

Western Highway and Main Western Railway Line cross the catchment in an east-west 

direction, presenting significant obstructions to overland flow.   

 

Drainage elements in the catchment include kerbs and gutters, pits and pipes, and a network of 

trunk drainage elements including culverts and open channels.  These drainage assets are 

primarily owned by PCC.  Extensive survey of the stormwater network and major hydraulic 

structures (mainly pits, pipes, structures and cross section across creeks) was undertaken 

(Figure 3) to inform the hydraulic modelling. 

 

1.4. Community Consultation 

A newsletter and questionnaire were distributed to residents within the catchment.  The 

newsletter described the role of the Flood Study and requested information on experiences of 

flooding in the catchment.  195 responses were received from approximately 3,700 distributed 

questionnaires. 

 

Of those that responded 32 had observed an overland flow path near their property, 23 had 

experienced flooding in their properties with 12 of those properties having experienced 

inundation above floor level.  There were 18 responses recounting damage to the property.  

Some peak flood photos from community are shown in Photo 1 (see page 3). 
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Photo 1: Flood Photographs from March 2014 at Edmondson Avenue, St Marys 

 

 

Some statistics from the returned questionnaires are shown in Figure 4.  The responses 

identified the following general points: 

¶ Overland flow was frequently observed in some areas, such as Ball Street, Canberra 

Street, Muscio Street and Great Western Highway. 
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¶ Many residents have had their daily routines affected and believe that their safety has 

been put at risk due to localised stormwater flooding. 

¶ Most of flood damages occurred to garages and some properties (e.g. Carpenter Street) 

were affected by flooding on an almost annual basis. 

¶ Some affected residents have employed their own flood mitigation measures; including 

building drains on the side of property to channel the water to the road. 
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2. AVAILABLE DATA 

2.1. Overview 

The first stage in the investigation of flooding matters is to establish the nature, size and 

frequency of the problem.  On larger urban river systems such as the Hawkesbury River there 

are generally stream height and historical records dating back a considerable period, in some 

cases over one hundred years.  However, in smaller urban catchments such as Little Creek 

there are generally no stream gauges or official historical records available.  In some creek 

systems there are permanent water level gauges or maximum height recorders (post that 

records a "tide mark") however there is no such data available for the Little Creek catchment.   

 

An understanding of historical flooding must therefore be obtained from an examination of 

Council records, previous flood assessment reports, rainfall records and local knowledge 

obtained through community consultation (Section 1.4). 

 

2.2. Data Sources 

Data utilised in the study has been sourced from a variety of organisations. Table 1 gives a 

summary of the type of data sourced, the supplier, and its application for the study. 

 

Table 1: Data Sources 

Type of Data Format Provided 

(Source) 

Application 

Ground levels from ALS data (2002) DEM (PCC) Hydrologic and hydraulic models 

Ground levels from ALS data (2011) DEM (LPI) Hydrologic and hydraulic models 

Bathymetry of Watercourses GIS (HC Survey) Hydraulic model 

Indicative Pit/Pipe Layout GIS (Council) Preparation of detail survey brief 

Pits, Pipes and Hydraulic Structures GIS (HC Survey) Hydraulic model 

GIS Information (Cadastre) GIS (PCC) Hydraulic model 

ARR Design Rainfalls Tabulated (BoM) Hydrologic model 

Rainfall Gauge (Daily) Spreadsheet (BoM) Hydrologic model 

Pluviometer (Continuous) Spreadsheet (SWC) Hydrologic model 

 

2.3. Topographic Data 

Airborne Light Detection and Ranging (LiDAR), also known as Airborne Laser Scanning (ALS) 

survey of the catchment and its immediate surroundings was provided for the study by PCC.  

There are two sets of LiDAR data collected in 2002 and 2011 respectively.  These data typically 

have accuracy in the order of: 

¶ +/- 0.15m (for 70% of points) in the vertical direction on clear, hard ground; and 

¶ +/- 0.75m in the horizontal direction. 

 

The accuracy of the LiDAR data can be influenced by the presence of open water or vegetation 
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(tree or shrub canopy) at the time of the survey which means in some areas data is missing or 

the points are of poor quality.  The quality of the LiDAR data can also be influenced by the 

filtering method used by the data provider to identify ground and non-ground points, and to 

remove extraneous information. 

 

From this data, a Triangular Irregular Network (TIN) was generated.  This TIN was sampled to 

create a Digital Elevation Model (DEM), which formed the basis of the two-dimensional hydraulic 

modelling for the study (Figure 2). 

 

2.3.1. Comparison of LiDAR Datasets 

An analysis and comparison of the available LiDAR datasets was undertaken to determine 

which would be most suitable for use for the modelling.  Typically it is desirable for catchment 

flood studies to incorporate the most recent available topographic information, as this is most 

likely to include recent changes to the catchment such as new development or re-development, 

road works, ground levels, and creek sedimentation or erosion.  Additionally, for LiDAR there 

have been significant improvements in the hardware and software algorithms for obtaining and 

classifying LIDAR information between 2002 and 2011.   

 

Validation of the available LiDAR datasets was undertaken by comparing levels at the state 

survey marks and surveyed stormwater inlets to determine whether either of the LiDAR surfaces 

was significantly more accurate than the other.  The comparison was undertaken for 

approximately 660 stormwater inlet pits from the detail survey obtained for the study, and 20 

state survey benchmarks (SSMs).   

 

For the SSM comparison: 

¶ Both the 2002 and 2011 datasets had an average error within 0.02 m. 

¶ The 2011 LiDAR had a slightly smaller ñspreadò of errors, with a standard deviation of 

0.08 m compared to 0.12 m for the 2002 dataset.   

¶ Assuming a normal distribution of the errors, this implies a 95% accuracy of 0.16 m for 

the 2011 LiDAR, and 0.24 m for the 2002 data. 

 

For the comparison with the detail survey of inlet pits: 

¶ Both the 2002 and 2011 datasets had similar average differences from the detail survey 

of 0.1 m and 0.13 m respectively.  This bias is to be expected due to the nature of the 

comparison, since the detail survey of the inlet level was collected at the lowest point in 

the gutter, but the LiDAR is more likely to indicate a higher level, either at the top of kerb 

or a higher point in the roadway.  This bias therefore reflects a typical kerb height of 

0.1 m to 0.15 m. 

¶ The 2011 LiDAR had a significantly smaller ñspreadò of differences, with a standard 

deviation of 0.11 m compared to 0.21 m for the 2002 LiDAR. 

¶ Assuming a normal distribution of the errors, this implies a 95% accuracy of 0.22 m for 

the 2011 LiDAR, and 0.42 m for the 2002 data. 

 

A histogram of the mean-corrected differences between the LiDAR and surveyed inlet levels is 
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shown in Diagram 1 and Diagram 2.  In both cases, the errors show a similar distribution, 

although there are more locations showing a significant difference of more than 0.25 m for the 

2002 comparison. 

 

Diagram 1: Histogram of differences between 2002 LiDAR levels and surveyed pit inlet levels 

 

 

Diagram 2: Histogram of differences between 2011 LiDAR levels and surveyed pit inlet levels 

 

 

Based on this analysis, the two LiDAR datasets appear to have similar levels of accuracy, with 

the 2011 LiDAR having slightly fewer locations with significant differences compared with 
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detailed survey in the study area. 

 

A graphic representation of each LiDAR dataset is shown in Diagram 3 (2002) and Diagram 4 

(2011).  The cooler colours (blue) represent the low-lying areas of the detention basin near 

Whitcroft Place, with higher elevation represented by the warmer colours.   

 

Diagram 3: 2002 LiDAR data near Whitcroft Place detention basin 

 

 

Diagram 4: 2011 LiDAR data near Whitcroft Place detention basin 

 

 

A qualitative assessment of these images indicates that the 2011 data has less localised scatter, 
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and key hydraulic features relating to overland flow such as roadways, kerb lines, and the 

median strip on the Great Western Highway are more clearly represented. 

 

Finally, as inspection of the differences between the 2002 and 2011 aerial survey indicated 

there have been significant changes in the period from 2002, including development of sites, 

modifications to roadways and the rail embankment, filling and removal of spoil heaps, etc.  

These changes could not be readily integrated into the 2002 LIDAR due to the scale and nature 

of the changes.   

 

Based on the above analysis, it was determined that the 2011 dataset was preferable for use as 

the predominant topographic dataset for input into the 2D hydraulic model for this study area. 

 

2.4. Cross-Section Survey 

Within the Little Creek catchment, the topography of the open watercourse areas is not properly 

captured by the LiDAR data, as most of the watercourses are covered or surrounded by heavy 

vegetation.  LiDAR is less accurate in vegetated areas than for open ground.  In the case of 

open water, the water surface in the watercourse will typically be captured in the LiDAR data, 

not the bed level. 

 

Supplementary detail survey was therefore obtained to define the bathymetry of key 

watercourses.  Hydrographic and Cadastral Survey Pty Ltd (HC Survey) undertook surveying of 

these cross-sections (indicative locations shown on Figure 3, based on the database available 

prior to the survey).  Plans of the cross-section survey are provided in Appendix E. 

 

2.5. Pit and Pipe Data 

An indicative database of stormwater pits and pipes within the catchment was provided by PCC.  

Council advised that this database was primarily generated from digitisation of old development 

plans, and that its expected accuracy was relatively low.  The database contained only limited 

information about the pit of pipe geometry and was therefore of limited use for direct input into 

the hydraulic TUFLOW model.  The database was primarily used to develop a survey brief to 

obtain more detailed information about the pits and pipes. 

 

The additional detailed survey of drainage pits and pipes was carried out by HC Survey.  The 

survey work also included other hydraulic control structures, such as detention basins and their 

outlet embankments, culverts, bridges etc.  A summary of the detail survey information obtained 

is presented on Figure 3. 

 

Minor corrections and additions to the detailed pit and pipe survey were required to ensure 

consistency within the model and to add in detail where field data could not be provided (pit not 

found or pit lid could not be lifted).  These verifications and corrections were mainly undertaken 

by referring back to Works-As-Executed (WAE) survey plans provided by Council, or other 

historical plans where available.  In some instances, it was necessary to infer the size and invert 

level of intermediate pipes and junction pits based on the information available upstream and 

downstream. 
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2.6. Historical Flood Level Data 

Historic flood level data were obtained from the community consultation (Section 1.4).  

Approximately 20 flood marks of varying quality were reported by local residents.  WMAwater 

followed up with each resident who provided a flood mark, to obtain a detailed description of the 

location, flood depth, and general flow behaviour in each case.  These flood marks were used 

for hydraulic model validation purposes.  The locations of these flood marks are shown on 

Figure 5.  A comparison of calibration results with these flood marks is presented in Section 6.4. 

 

2.7. Historical Rainfall Data 

2.7.1. Overview 

Rainfall data is recorded either daily (24-hour rainfall totals to 9:00 am) or continuously 

(pluviometers measuring rainfall in small increments ï less than 1 mm).  Daily rainfall data has 

been recorded for over 100 years at many locations within the Sydney basin.  However 

pluviometers have only been installed for widespread use since the 1970s. 

 

Care must be taken when interpreting historical rainfall measurements.  Rainfall records may not 

provide an accurate representation of past flooding due to a combination of factors including 

local site conditions, human error or limitations inherent to the type of recording instrument used.  

Examples of limitations that may impact the quality of data used for the present study are 

highlighted in the following: 

¶ Rainfall gauges frequently fail to accurately record the total amount of rainfall.  This can 

occur for a range of reasons including operator error, instrument failure, overtopping and 

vandalism.  In particular, many gauges fail during periods of heavy rainfall and records of 

very intense events are often lost or misrepresented. 

¶ Daily read information is usually obtained at 9:00 am in the morning.  Thus if a single 

storm is experienced both before and after 9:00 am, then the rainfall is ñsplitò between 

two days of record and a large single day total cannot be identified. 

¶ In the past, rainfall over weekends was often erroneously accumulated and recorded as 

a combined Monday 9:00 am reading. 

¶ The duration of intense rainfall required to produce overland flooding in the study area is 

typically less than 4 hours (though this rainfall may be contained within a longer period of 

rainfall).  This is termed the ñcritical storm durationò.  For the study area a short intense 

period of rainfall can produce more severe flooding than sustained rainfall with a higher 

total depth.  If the rain occurs quickly (e.g. a thunder storm), the daily rainfall total may 

not necessarily reflect the severity of the storm and the subsequent flooding.  

Alternatively the rainfall may be relatively consistent throughout the day, producing a 

large total but only minor flooding. 

¶ Rainfall records can frequently have ñgapsò ranging from a few days to several weeks or 

even years. 

¶ Pluviometer (continuous) records provide a much greater insight into the intensity (depth 

vs. time) of rainfall events.  This data has much fewer limitations than daily read data, but 
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there are far fewer pluviometers available in the vicinity of the catchment. 

¶ Pluviometers have moving parts and automated recording mechanisms, which can fail 

during intense storm events due to the extreme weather conditions. 

 

Intense rainfall events which cause overland flooding in highly urbanised catchments are usually 

localised and as such are only accurately represented by a nearby gauge, preferably within the 

catchment.  Gauges sited even only a kilometre away can show very different intensities and 

total rainfall depths. 

 

2.7.2. Rainfall Stations 

Table 2 presents a summary of the official rainfall gauges operated by the BoM located close to 

or within the catchments (mapped on Figure 6).   

 

Table 2: Daily rainfall stations within 5 kms of the centre of the catchment 

Station 
Number 

Station Name 
Operating 
Authority 

Distance from 
centre of the 
catchment 

(km) 

Elevation 
(mAHD) 

Date 
Opened 

Date 
Closed 

Type 

67024 St Marys Bowling Club BoM 1.0 35 1897 1984 Daily 

67003 Colyton (Carpenter St) BoM 2.0 45 2000 2008 Daily 

67083 Mount Druitt Francis Street BoM 2.3 40 1970 1976 Daily 

67025 St Marys  BoM 3.3 24 1947 1973 Daily 

67102 St Clair (Juba Close) BoM 4.7 45 1985 2013 Daily 

67116 Willmot (Resolution Ave) BoM 4.8 30 1995 current Daily 

 

2.7.3. Analysis of Daily Read Data 

An analysis of the records of the daily rainfall stations St Marys Bowling Club (67024) and St 

Clair (Juba Close) (67102) was undertaken.  St Marys Bowling Club and St Clair are located to 

the west and south of the catchment and are shown on Figure 6.  These gauges were chosen 

for analysis because they had relatively continuous periods of record, which covered the longest 

combined historical period. 

 

From this data (Table 3) it can be seen that August 1986 was by far the largest event recorded 

at St Clair.  The July 1988, May 1962, July 1904, April 1946 and February 1990 storm events 

also were significant but of much lesser total rainfall in a single day.  Another notable event in 

the local area not identified in these daily read records (identified by residents), but when 

flooding is noted to have occurred, was October 1987. 

 



Little Creek Catchment Overland Flow Flood Study 

 

 
WMAwater:LittleCreek_OverlandFlow_FloodStudy_Final: 1 June 2017   12 

Table 3: Large Daily Rainfalls at St Marys Bowling Club and St Clair 

St Marys Bowling Club (67024)  St Clair (Juba Close) (67102) 

1897 ï Dec 1984  1985 ï July 2013 

Rank Date Rainfall (mm)  Rank Date Rainfall (mm) 

1 14/05/1962 187.7  1 6/08/1986 262.4 

2 10/07/1904 166.4  2 3/02/1990 147 

3 16/04/1946 150.9  3 6/07/1988 140.8 

4 17/02/1932 146.8  4 7/02/1990 134.6 

5 10/02/1956 146.8  5 10/06/1991 130.2 

6 25/03/1906 146.6  6 4/02/1990 116.8 

7 29/04/1963 143.3  7 10/02/1992 115.8 

8 2/09/1970 139.4  8 31/01/2001 115 

9 13/12/1910 138.4  9 9/02/1992 110.4 

10 7/08/1967 135.4  10 1/05/1988 110 

 

2.7.4. Analysis of Pluviometer Data 

Continuous pluviometer records provide a more detailed description of temporal variations in 

rainfall.  The Tenbee and St Marys STP pluviometer stations were analysed.  These pluviometer 

stations are operated by SWC, with St Marys STP having the longest records.  The Tenbee 

pluviometer, about 7 km east to the catchment, closed in October 1988 but the St Marys STP 

gauge, about 1 km north to the catchment, is still working (see Figure 6 for locations). 

 

The largest storms recorded at these pluviometers are listed in Table 4 but there is very little 

agreement between them.  The 24th October 1987 event produced the highest intensity for three 

storm bursts at the Tenbee pluviometer (the only pluviometer available with a record of that 

storm).  The major rainfall events tabulated below conform with the dates of observed historical 

flooding on the catchment.  

 

Table 4: Peak Burst Intensities of Signficant Rainfall Events (mm/h) 

Rainfall Event 

Tenbee (568074) St Marys STP (567087) 

30 min 1 hour 2 hour 30 min 1 hour 2 hour 

16th January 1986 50 26 13 21 11 11.3 

5th August 1986       27 19 17.8 

6th August 1986 41 29 23       

24th October 1987 69 47 31       

30th April 1988 47 28 17 30 21 22 

6th July 1988 38 23.5 18.5 22 14 11 

30th March 2014 

   

49 29 18.8 
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Table 5: Approximate AEP of Pluviometer Storm Bursts 

Rainfall Event 

Tenbee (568074) St Marys STP (567087) 

30 min 1 hour 2 hour 30 min 1 hour 2 hour 

16th January 1986 50% to 20% AEP > 50% AEP > 50% AEP > 50% AEP > 50% AEP > 50% AEP 

5th August 1986 
   

> 50% AEP > 50% AEP > 50% AEP 

6th August 1986 50% AEP 50% AEP 50% AEP 
   

24th October 1987 
10% to 5% AEP 

10% to 5% 

AEP 

10% to 5% 

AEP    

30th April 1988 50% AEP 50% AEP 50% AEP > 50% AEP > 50% AEP 50% AEP 

6th July 1988 > 50% AEP > 50% AEP > 50% AEP > 50% AEP > 50% AEP 50% AEP 

30th March 2014 - - - 50% AEP 50% AEP 50% AEP 

 

Rainfall intensities at the gauges were assessed for the 30 minute, 1 hour and 2 hour storm 

burst durations and compared to frequencies derived from Australian Rainfall and Runoff 1987 

(Reference 4) in Table 5.  These durations were selected for analysis based upon experience 

that these types of storm durations would be critical (i.e. produce the highest flood levels) for the 

size of the Little Creek catchment.  It can be seen that for most of the historical floods on record, 

the rainfalls were only equivalent to approximately the 50% AEP rainfall.  The main exception is 

the October 1987 storm, when rainfalls equivalent to the 10% to 5% AEP were recorded. 

 

This finding should not be interpreted conclusively that these floods were only 50% AEP floods 

for the catchment.  It is likely that the pluviometers missed the most intense local rainfalls, and 

there were probably parts of the Little Creek catchment which received higher rainfall intensities. 

 

Comparison of significant rainfall events and design rainfall intensities from AR&R 1987 are 

shown on Figure 7.  These charts show a larger range of durations than the summary provided 

in the tables above. 

 

2.7.5. Radar Rainfall Data 

WMAwater also obtained snapshots of the weather radar from the Bureau of Meteorology 

website, for the March 2014 storm event.  The images provide a qualitative understanding of the 

spatial distribution of rainfall intensity at 6-minute intervals.  It is important to note that there are 

limitations for the use of this information to derive a detailed map of spatial rainfall depths, since 

as the Bureau of Meteorology identifies: 

The radar reflectivity is strongly dependent on the diameter of raindrops in the 

cloud not the amount of rain drops and therefore rainfall rates. Tropical 

maritime rainfall consists of very many moderate sized raindrops so that the 

reflectivity is much less than for similar rainfall rates in continental area rain 

clouds. The latter rain clouds typically consist of very large raindrops but much 

less in number. 

However the images can provide a broad indication of where the heaviest falls were located, 

and whether the available rainfall gauges were likely to capture these falls.  This information was 
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therefore used to inform sensitivity analysis for calibration of the March 2014 storm (see 

Section 6.4). 

 

2.8. Design Rainfall Data 

New design rainfall depths were released by the BoM in July 2013.  Whilst it is expected that the 

new design rainfall depths will undergo minor revisions as they are independently verified, it is 

unlikely they will change substantially within the Sydney metropolitan area.  The 2013 design 

rainfall estimates require other information from the revision of ARR including temporal patterns, 

aerial reduction factors, losses and base flows before they can be used in design flood 

estimation.  Until the completion of the ARR revision project, current advice is that design rainfall 

intensities and techniques from ARR 1987 should continue to be used (Reference 4). 

 

The design rainfall intensity-frequency-duration (IFD) data were obtained from the BoM online 

design rainfall tool and provided on Table 6. 

 

Table 6: Rainfall IFD data at the centre of the Little Creek catchment (ARR 1987) 

DURATION 

Design Rainfall Intensity (mm/hr) 

From Bureau of Meteorology 

Extrapolated 

using ARR87 

methodology 

50% AEP 20% AEP 10 % AEP 5% AEP 2% AEP 1% AEP 

0.5% 

AEP 

0.2% 

AEP 

5 minutes 97.3 126 144 166 196 219 243 275 

6 minutes 91 118 134 156 184 205   

10 minutes 74.4 96.6 110 127 150 167 186 210 

20 minutes 54.1 70.1 79.6 91.9 108 121 134 152 

30 minutes 43.9 56.8 64.5 74.5 87.7 97.8 109 123 

1 hour 29.7 38.5 43.7 50.5 59.4 66.2 74 83 

2 hours 19.7 25.4 28.8 33.2 39.1 43.5 48.4 55 

3 hours 15.4 19.8 22.4 25.9 30.4 33.8 37.7 42.5 

6 hours 10 12.9 14.6 16.8 19.7 21.9 24.5 27.6 

12 hours 6.53 8.44 9.55 11 12.9 14.4 15.9 18.0 

24 hours 4.17 5.49 6.27 7.29 8.65 9.69 10.9 12.4 

48 hours 2.57 3.48 4.04 4.77 5.73 6.49 7.29 8.37 

72 hours 1.89 2.6 3.04 3.61 4.37 4.97 5.63 6.50 

 

The Probable Maximum Precipitation (PMP) estimates were derived according to BoM 

guidelines, namely the Generalised Short Duration Method (Reference 5) and are summarised 

in Table 7.   
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Table 7: PMP Design Rainfalls 

Duration Design Rainfall Depth (mm) 

15 minutes 162 

30 minutes 235 

45 minutes 297 

1 hour 345 

1.5 hours 445 

2 hours 520 

3 hours 630 

6 hours 840 

 

2.9. Previous Studies 

2.9.1. City Engineerôs Report, Little Creek, Colyton (Reference 1) 

In the immediate aftermath of the October 1987 storm, Council undertook an internal 

investigation into the flood issues observed in the catchment.   

 

The report identified that most development in the catchment was undertaken in the 1950s and 

1960s, and that upstream of the Great Western Highway most of the creek system had been 

ñpipedò as part of the subdivision works, whereas downstream of the highway an open creek 

channel mostly remained during that period (1950s and 1960s). By 1987, significant additional 

sections of the creek had been piped, such as the reach from Oxley Park Public School to 

Thompson Avenue, and this pipe was designed to have a ñone in five year capacityò or 

20% AEP.  The report identified that after construction of the pipe, significant obstructions to 

flow such as fences and other structures had been constructed along the overland flow path 

above the pipe.  Negotiations were underway at the time of the report to obtain an easement 

through the affected properties in this area. 

 

This report estimated the October 1987 storm to be equivalent to a 2% AEP event, however no 

analysis of rainfall was provided so this estimate cannot be reviewed.  Estimates by WMAwater 

and SKM (Reference 2) indicate it was more likely to be in the order of a 5% AEP event (see 

following section). 

 

The report identified a number of potential flood mitigation works such as detention basins which 

were investigated in further detail as part of subsequent flood modelling and design reports by 

SKM and Council.  The study also established preliminary hydrologic modelling in ILSAX which 

was also further refined as part of the later studies. 

 

In addition to the proposed detention basins, a key finding of the report was that a formal 

overland flow path would be required through private property for the reach between Oxley Park 

Public School and Hobart Street.  In 2016, an overland flow path exists at the downstream end 

between Brisbane Street and Hobart Street, but not for the upstream section between the 

School and Brisbane Street. 
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2.9.2. Drainage Investigation Little Creek, Colyton (Reference 2) 

Sinclair Knight & Partners was commissioned by the PCC to assess the capacity of the existing 

drainage system in Colyton.  The aims of the study were to: 

1. Assess the capacity of the existing drainage system; 

2. Assess flooding patterns and their causes; 

3. Review Councilôs proposals for flood mitigation; 

4. Identify and analyse any additional alternative flood mitigation measures and  

5. Evaluate alternative flood mitigation solutions and provide financial analyses. 

 

The hydrologic/hydraulic model established for the study was ILSAX (Reference 4).  The 

20% AEP, 1% AEP and October 1987 event were assessed and it was determined that the 

capacity of all pipes was exceeded in the 1% AEP event.  The ILSAX model estimated the pipe 

capacity in Hobart Street (12.4 m3/s), Kenny Avenue (11.9 m3/s), Thompson Avenue (15.9 m3/s), 

Brisbane Street Park (15.9 m3/s), Brisbane Street (12.2 m3/s) and Canberra Street (10.6 m3/s).  

 

The results suggested that ponding and overland flow would occur in the vicinity of the Canberra 

Street and Sydney Street intersection, downstream to Thompson Avenue and through the park 

areas to the railway embankment at Hobart Street. 

 

For the 24th October 1987 event, this study estimated that the maximum 30 minute burst at 

Erskine Park (Hewitts Gauge) was equivalent to 5% AEP, which is consistent with the estimate 

by WMAwater based on the Tenbee Gauge (10% to 5% AEP).  Unfortunately the Hewitts Gauge 

data for this event was not able to be obtained for this report1, but this indicates it showed a 

similar rainfall intensity to the Tenbee gauge.  The rainfall at the Tenbee was close to 5% AEP 

intensity for very short durations (6 minutes to 12 minutes), but for 30 minutes was exactly 

halfway between the 10% and 5% AEP design intensities. 

 

The study estimated flows, but hydraulic modelling to determine water levels, depths and 

velocities across the catchment was not undertaken.   

 

The study recommended construction of mitigation measures referred to as ñAlternative 5.ò  This 

option involved construction of detention basins in the vicinity of the Great Western Highway and 

in Colyton High School and modification of some pipe sizes to improve the basin performance.  

The recommended scheme was similar to what was constructed (as of 2016), except it included 

an additional detention basin immediately upstream of the Great Western Highway, in the 

reserve area downstream of Bennet Road.  This area may warrant further investigation for 

additional flood mitigation works.   

 

 

                                                
1 PCC provided a report documenting the data availability from the Hewitts Creek gauge.  It was noted 
that data is only available from June 1991 to November 1998, and there are no reports of flood producing 
storms in that period.  Therefore the raw pluviometer data for this period was not pursued further. 
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2.9.3. Council Design Summary ï Oxley Park Basins (Reference 3) 

Council undertook a modelling study in October 1991, primarily to review and refine design of 

flood mitigation works arising from the recommendations in Reference 2 such as: 

¶ the Colyton High School detention basin; 

¶ the basin in Council land north of the Great Western Highway, near Whitcroft Place; and 

¶ potential pipe upgrades and further basin construction. 

 

The study estimated inflows and outflows to the basins to inform the design, and included 

significant refinements to the model in the vicinity of the works based on additional survey.  The 

main objective of the report was to document additional work undertaken as part of the basin 

design, so it did not substantially add to knowledge of the overall catchment flood behaviour 

further to References 1 and 2. 

 

2.9.4. Penrith Overland Flow Flood ñOverview Studyò (Reference 6) 

Cardno was commissioned by PCC to investigate the overland flow flood behaviour throughout 

the Penrith LGA for the 5% AEP, 1% AEP and PMF events.  The main aim of this study was 

prioritisation of the sub-catchments for further investigation based on the severity of flood 

affectation. 

 

The study included major hydraulic structures such as culverts and bridges where available from 

PCC. The dimensions of some structures were assumed by scaling the photographs where 

information was not available.  It was suggested that the structure data would not be suitable for 

use in a detailed catchment flood study.  No pit or pipe data were included in the study. 

 

The hydraulic model used in this study was SOBEK including both 1D and 2D elements.  Design 

rainfall time-series were applied directly on the model grid as input, which resulted in the 

generation of overland flow.  The design rainfall for the Penrith area were derived from ARR87. 

 

The results showed that Little Creek was ranked within the top 10% of flood affected sub-

catchments based on the combined criteria and economic damage. 

 

2.9.5. Updated South Creek Flood Study (Reference 7) 

This study was prepared by Worley Parsons on behalf of PCC, acting in association with 

Liverpool, Blacktown and Fairfield City Councils.  The flood study covers the South Creek 

catchment extending from Bringelly Road in the south to the Blacktown/Richmond Road Bridge 

crossing in the north.  The total study area is about 240 km2 and lies within the Hawkesbury, 

Penrith, Blacktown, Liverpool and Fairfield LGAs. 

 

In this study, RAFTS was adopted as the hydrologic model, MIKE-11 and HEC-2 were adopted 

for 1D hydraulic modelling and RMA-2 was used for 2D hydraulic modelling.  The modelling was 

calibrated to historical events and was used to simulate the full range of design floods, including 

the PMF. 
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A total of 480 cross-sections from a 1990/1991 study covering South Creek and its tributaries 

were included in the study.  Flood marks for the 1986 and 1988 floods were obtained, and 

considered to be representative of the 1% AEP flood levels in Ropes Creek and South Creek, 

respectively (see Table 8).  These marks have been included as they are of relevance for 

backwater flooding in Little Creek and for setting tailwater levels for historical flood validation 

modelling.   

 
Table 8 1986 and 1988 Historic Flood Marks along South Creek near Little Creek 

Location 
Recorded 1986 Flood Level 

(mAHD) 

Recorded 1988 Flood Level 

(mAHD) 

F4 Freeway Crossing  26.94 

Saddington Street, St Clair 24.36 25.24 

Great Western Highway 24.43 24.73 

Main Western Railway  22.89 

Dunheved Road, Dunheved 21.14 21.25 
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3. MODELLING OVERVIEW 

The urbanised nature of the study area with its mix of pervious and impervious surfaces, and 

existing piped and overland flow drainage systems, creates a complex hydrologic and hydraulic 

flow regime.  A diagrammatic representation of the Flood Study process to address the issues is 

shown in Diagram 5.   

 

Diagram 5: Flood Study Process 

 

  


















































































































































