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1. Introduction
PB has been engaged by the Department of Planning and Infrastructure to prepare a flood
assessment for the Leppington Precinct in the South West Growth Centre. This assessment
forms part of a set of water management studies which also includes a riparian corridor
study and an integrated water cycle management strategy for the Leppington Precinct.

The flooding assessment is intended to model and map a range of extreme flood events up
to and including the Probable Maximum Flood (PMF) and to identify potential areas of flood
risk within the Leppington Precinct. This assessment forms part of the planning process for
development of the precinct, and its main purpose is to identify flood prone lands and to
determine the flood planning level before significant development occurs, thereby ensuring
that potential flood impacts and flood damage under extreme events are minimised for the
developed precinct.

The flooding assessment should provide sufficient information so that the risks and
associated costs of flooding on the community are minimised through the design of the
development and so that future floodplain risk management measures will maintain
floodways and educate the community on the potential risks.

This flood assessment takes information from the Council’s floodplain risk management
study and presents and adds to this information to inform the precinct planning process. At
this stage of planning there is no consultation with the general public but all relevant
governing authorities are to be consulted.

This flooding assessment has reviewed and considered a range of development controls and
guidelines applicable to future development within the precinct. The assessment also
establishes the flood planning level and defines the extent of flood prone lands. The
assessment therefore provides information that will guide the planning process in minimising
flooding impacts.

1.1 Precinct overview

The NSW Government established the South West and North West Growth Centres to
sustainably prepare for and manage Sydney’s growth over the next 25 to 30 years (DPI,
2012a). It has been identified that 770,000 new homes will be needed and nearly 30% of
these will be in new release areas.

The Leppington Precinct, in the South West Growth Centre, was released for precinct
planning in November 2011. The Precinct is entirely within the Camden Local Government
Area. Precinct planning is the process of co-ordinating and developing the delivery of
services to the land such as water, power, roads, transport, parks and community services.
The Department of Planning and Infrastructure (DPI) works with Camden Council and other
State Government Agencies during precinct planning to decide the future zoning and
development controls for the precinct. During the precinct planning process statutory
approvals are also obtained so that they do not need to be obtained later on in the
development process.

The Leppington Precinct is located approximately 7km south-west of Liverpool and contains
the existing suburb of Leppington. The Leppington Precinct is traversed by two
watercourses, Kemps and Scalabrini Creeks which eventually drain into South Creek a
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tributary of the Hawkesbury River. It is these two creeks that are the focus of this flooding
assessment. Figure 1.1 shows the Leppington Precinct in relation to Sydney.

The precinct currently comprises small rural holdings, farming lands, market gardens and
some residential areas. The proposed re-development of this land provides an opportunity to
identify and preserve the local watercourses and riparian areas so that they provide a
positive contribution to the overall health of the Hawkesbury Nepean catchment.

The flooding assessment is one component of the overall planning process that will be used
to inform the development of a Draft Indicative Layout Plan (ILP) for the Leppington Precinct.
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1.2 Relevant legislation and policies

The major legislation, policies and guidelines that informed this flooding assessment are
discussed below.

1.2.1 Flood Risk Management Policy, Camden Council, 2006

The Flood Risk Management Policy establishes flood risk management planning and
development procedures for all flood prone land within the Camden Local Government Area
(LGA). Flood prone land is land susceptible to flooding by the PMF event. The policy outlines
development controls and guidelines that Camden Council has established to minimise
damage to properties and development on flood prone land.

1.2.2 Camden Growth Centres Development Control Plan,
Department of Planning and Infrastructure, 2011

This development control plan (DCP) sets out planning and design controls and
environmental objectives used for assessing development applications. This DCP will apply
to the Leppington Precinct once precinct planning has been completed. Controls specific to
Leppington will be added as a schedule to the DCP.

The DCP sets out Precinct wide planning outcomes that apply broadly to all Precincts that
are listed in the schedules of the DCP. From a flooding perspective, the objectives for
planning new subdivisions are:

to manage the flow of stormwater from urban parts of the Precinct to replicate, as
closely as possible, pre-development flows

to define the flood constraints and standards applicable to development in the Precincts

to minimise the potential of flooding impacts on development

to incorporate best practice stormwater management principles and strategies in
development proposals.

Flood controls relevant to planning new subdivisions are listed in Section 2.3 of the DCP and
should be addressed in relation to existing site characteristics.

The DCP provides a Flood Planning Level (FPL) which is the combination of flood levels and
freeboards selected for planning purposes. The FPL is used for general planning control
purposes such as floor levels of buildings, reliable safe flood access for evacuation and
electrical installations. The FPL contained in this policy has been adopted for the Leppington
Precinct which is the 100 year Average Recurrence Interval (ARI) flood level plus 500mm
freeboard.
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1.2.3 Floodplain Development Manual, NSW Government, 2005

The Floodplain Development Manual was prepared in accordance with the NSW
Government’s Flood Prone Land Policy. The objective of the Flood Prone Land Policy is to
reduce flooding impacts and flood liability on individual owners and occupiers of flood prone
property and to reduce private and public losses resulting from floods.

The purpose of the Floodplain Development Manual is to provide guidance to local councils
during the development and implementation of detailed local floodplain risk management
plans in order to produce effective floodplain risk management outcomes. The manual
identifies the need to consider the full range of flood sizes up to and including the PMF when
developing floodplain risk management plans; to recognise flood risk on a strategic basis; to
manage not only riverine flooding but local overland flooding and to promote the preparation
and adoption of local flood plans that address flood response and recovery. The manual
clearly sets out the floodplain risk management process undertaken by local councils.

A number of sections of this manual have been used for this assessment when evaluating
provisional flood hazard, provisional hydraulic category and emergency response planning
for floods.

1.2.4 Practical Consideration of Climate Change in Floodplain Risk
Management, Department of Environment and Climate
Change, 2007

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) and Bureau of
Meteorology (BOM) are currently undertaking research on climate change impacts with the
objective of estimating rainfall intensities for a range of events under current climatic
conditions (1960-2000) and under increased greenhouse gas concentrations for future
conditions (2030 and 2070). This document outlines current advice on how to incorporate
climate change impacts into flooding assessments.

This document also provides guidance on the evaluation of climate change impacts and their
significance. Management options and strategies that should be considered are also outlined
in the document.

This document is the basis of the climate change assessment undertaken for this flooding
assessment.

1.2.5 State Environmental Planning Policy (Sydney Region Growth
Centres), NSW Government, 2006

The State Environmental Planning Policy (SEPP) (Sydney Region Growth Centres) 2006 is
the legal instrument that establishes the planning rules and objectives for the Growth
Centres. The aims of the Growth Centres SEPP (in conjunction with amendments to the
regulations under the Act relating to precinct planning) include: to co-ordinate the release of
land; to enable the Minister to designate land as ready for development; to provide planning
for the growth centres; to provide controls for sustainability of land and controls for
development; and to provide for the orderly and economic provision for infrastructure.

The SEPP and the EP&A Amendment Regulation 2006 provide the statutory planning
framework for the Growth Centres and establish the broad planning controls required to
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oversee the development of the Growth Centres. These instruments outline the statutory role
of Structure Plans, Infrastructure Plans and the Development Code.

1.2.6 Growth Centres Development Code, Growth Centres
Commission, 2006

The Growth Centres Development Code (Growth Centres Commission 2006) sets out the
'planning rules' to guide new development from the initial staging for release, to the design of
a Precinct, to how a neighbourhood will look on the ground. The Development Code outlines
the process by which precinct plans can be developed, including the requirements on these
plans for physical, transport and social infrastructure. The Development Code details
requirements for employment, residential, school and leisure land uses and plays a key role
in ensuring that Precinct Plans for each precinct address the provision of schools, housing,
town centres, shops, parks and industrial areas in a manner that reflects the broad
objectives of the SEPP, Regulation, Structure Plans and Infrastructure Plan.

1.2.7 Floodplain Risk Management Study and Plan, Camden
Council, in progress

Camden Council advised that a floodplain risk management study and plan (FRMS&P) is
currently underway with an expected delivery date of the draft study in mid-2013.The
FRMS&P will provide detailed flood results for the Leppington Precinct including:

Definition of design flood behaviour including proposed development (i.e. an updated
model compared to WMA 2011)

Interim development controls to address the South West Growth Centre scheduled for
public exhibition in March of 2013

Flood Planning Area (FPA)

Flood Planning Levels (FPLs)

True hazard mapping

Final Hydraulic Categories based on Council agreed criteria

Flood Control Lot Selection for subsequent S.149 certificate notification

A review of pertinent Council policy and recommendations in regard to suggested
changes to the policy, where considered appropriate; and

State Emergency Services (SES) classification mapping.
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1.2.8 Other

Other relevant legislation and policies that were considered for the flooding assessment are
listed below:

Camden Council Section 94 Plan for the Leppington North Precinct – the Leppington
Precinct will have a similar outline in its Section 94 Plan

South West Growth Centre Structure Plan (edition 3) and supporting plans and studies
on the DPI Growth Centres website

Flood Risk Management Guide, Department of Environment Climate Change and
Water, 2010

Hawkesbury Nepean River Health Strategy 2007

State Environment Planning Policy (Growth Centres) 2006

Environment Protection and Biodiversity Conservation Act 1999
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2. Flood investigations

2.1 Previous studies

This flooding assessment is based on the hydrodynamic model and results produced for the
Upper South Creek Flood Study (WMA Water, 2011), which was adopted by Camden
Council in November 2011. The following section summarises the flood modelling and
assessment undertaken by WMA Water.

2.1.1 Upper South Creek Flood Study, WMA Water, November 2011

The Upper South Creek Flood Study (WMA Water, 2011) was undertaken for Camden
Council as part of the State Government’s Floodplain Risk Management Planning process.
The first step of this process is a Flood Study in order to define design flood behaviour and
also to create a model suitable for quantifying flood risks and assessing management
measures.

The WMA Water (2011) flood study covered the upper South Creek catchment of south-west
Sydney. The South Creek catchment forms part of the larger Hawkesbury-Nepean
catchment. The South Creek catchment also includes Rileys Creek, Kemps Creek, and
Scalabrini Creek.

WMA Water (2011) reviewed and considered a number of previous flood studies undertaken
for the local area. These studies included:

South Creek Flood Study (DWR, 1990)

South Creek Floodplain Risk Management Study – Volumes 1 and 2 (DWR 1991)

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

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

Various information and useful data such as surveyed flood marks, loss models, cross
sections, etc. were taken from these studies and used in the Upper South Creek Flood
Study.

2.1.1.1 Hydrology and hydraulics

Although the report describes the development and use of an XP-RAFTS hydrologic model
to generate inflow hydrographs for the TUFLOW hydraulic model, Camden Council advised
that the hydrological modelling method was later revised to input of design rainfall applied
directly to the TUFLOW hydraulic model grid.

Design rainfalls were calculated using the Bureau of Meteorology’s (BOM) intensity-
frequency-duration (IFD) tool for Bringelly and are presented in Appendix A. An areal
reduction factor was not used and therefore design event rainfall was uniformly distributed
across the catchments.

WMA Water (2011) used TUFLOW to undertake the hydraulic modelling. TUFLOW is a 1-
dimensional / 2-dimensional (1D/2D) hydrodynamic model able to simulate free-surface
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flows occurring from floods and tides. TUFLOW is able to accurately represent overland flow
paths as well as main channel flow with the main channel being represented by a 1D
network or 2D surface. The WMA Water TUFLOW model was based on a 10m grid cell size
created with digital elevation model (DEM) sampling at 5m centres. This grid size allowed for
detailed resolution of important hydraulic features such as roads and reservoirs. Cross-
sections from a previous MIKE-11 hydraulic model were also used to extend the
representation of South Creek, although this area is outside of the Leppington Precinct.

Two scenarios were modelled by WMA Water - “existing” and “semi-developed”. The
“Existing” scenario is the study area in its current state excluding development work carried
out to date on the Oran Park and Turner Road sub-division developments. The “Semi-
developed” is the same as “Existing” but includes Oran Park and Turner Road fully
developed. However, since the Turner Road and Oran Park sub-divisions are in the upper
catchment of South Creek, only the existing model runs are relevant for Kemps Creek and
Scalabrini Creek. A number of sensitivity tests were also undertaken, including a climate
change assessment. The results of the sensitivity tests have been examined in Section 3.6.

2.1.1.2 Limitations

It has been assumed that the direct rainfall approach has also been calibrated and validated,
as the Flood Study Report (WMA Water, 2011) discusses the calibration and validation
process of the XP-RAFTS model.

It was also noted that the Flood Study naming of “Bonds Creek” is inconsistent with a
number of other reports and catchment figures (Cardno, 2011 and Perrens Consultants,
2003). The creek modelled to the east of Kemps Creek is Scalabrini Creek, whereas Bonds
Creek is to the east of Scalabrini Creek.

The flood assessment undertaken for the downstream precincts Austral and Leppington
North Precincts used a different TUFLOW model developed by Cardno (July 2011). This
assessment was undertaken before the release of the WMA Water study (Nov 2011). For
this reason, flood extents and hazard mapping may not match up exactly along the border
between the two precincts at the interface of the different modelling studies.

2.2 Flood assessment

The Flood Study (WMA Water, 2011) simulated a range of extreme flood events up to the
PMF but did not model low order flood events. The purpose of this flood assessment was to
complete the suite of flood modelling scenarios so that low order events could be used for
precinct planning such as the top of bank determination in the riparian corridor assessment.
This section summarises the additional flood modelling and re-runs for Kemps and Scalabrini
Creek based on the modelling undertaken by WMA Water.

2.2.1 Modelled scenarios

The WMA Water Flood Study did not simulate the 2 and 5 year ARI events. To add to the
suite of modelling scenario results, additional model runs were undertaken for this flooding
assessment, as listed in Table 2.1. Only the existing case was modelled for this flood
assessment.
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Table 2.1 Additional model runs

ARI Scenario

2 year Existing case

5 year Existing case

100 year Existing case with climate change – 10% increase in rainfall intensity

100 year Existing case with climate change – 20% increase in rainfall intensity

100 year Existing case with climate change – 30% increase in rainfall intensity

2.2.2 Hydrology and hydraulics

The methodology followed by WMA Water was adopted for the hydrology calculations for
this flood assessment. New direct rainfall files were created based on the same design
rainfalls using the BOM’s IFD tool for Bringelly (see Appendix A).

The WMA Water flood study identified that the 2 hour duration was the critical duration for
Kemps and Scalabrini Creek and therefore the 2 hour temporal pattern was used to
distribute the design rainfall depths from the WMA Water study. The 2 hour temporal pattern
for Zone 1 from Table 3.2 Volume 1 of Australian Rainfall and Runoff (Engineers Australia,
1987) was used to distribute the total rainfall over the same timesteps as the WMA Water
input files.

The 20 year ARI event was used as a check for the new direct rainfall calculation and
verified the temporal pattern calculation. See Appendix A for additional direct rainfall
calculations undertaken and the check undertaken for this flooding assessment.

2.2.3 Assumptions

The following assumptions were adopted for the additional model runs by PB:

The critical duration for the 2 year ARI, 5 year ARI and climate change runs was
assumed to be the 2 hour storm which is the critical duration for all storm events
modelled by WMA Water for Kemps and Scalabrini Creek existing case runs.

Direct rainfall files for the 2 year and 5 year ARI events were developed using the same
BOM rainfall intensities presented in the WMA Water Flood Study (2011).

2.2.4 Verification

PB was able to carry out verification of the new model runs by comparing the 100 year ARI
results grid from WMA Water (2011) and the PB model results for the same event. “Single
precision” and “double precision” model runs were undertaken and compared to the WMA
Water results grids. Single and double precision runs relate to the number of bytes used to
store floating point values when the computer is running the simulation. Single precision will
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give about seven digits of precision and double precision about 16. Differences in results
based on single or double precision are more prominent if the site is further away from sea
level or is calculating runoff using direct rainfall. On comparison, it was confirmed that double
precision matched closest to the WMA Water results. TUFLOW recommends that double
precision be used for direct rainfall models. Based on the flood height 100 year ARI grid,
when comparing the modelled flood heights the results were very similar (generally within -
1mm to 2mm with some scattered cells within 8mm). Small differences were observed and
are likely to be due to slight differences in model stability, slight difference in model builds
etc.

2.3 Climate change assessment

CSIRO and BOM are currently undertaking research on climate change impacts in order to
estimate rainfall intensities for a range of events under current climatic conditions (1960-
2000) and under increased greenhouse gas concentrations for future conditions (2030 and
2070).

Current advice on how to incorporate climate change impacts into flooding assessments is
provided in Floodplain Risk Management Guideline: Practical Considerations of Climate
Change (DECC, 2007). DECC (2007) states that climate change impacts on flood producing
rainfall events show a trend for large scale storms (rainfall totals for the 40 year ARI 1 day
storm event) tend to increase by 2030 and 2070. In the Hawkesbury-Nepean catchment the
projected change in extreme rainfall is -3% to 12% to the year 2030 and -7% to 10% from
2030 to 2070.

DECC (2007) recommends that low, mid and high level rainfall intensity increases be
investigated to assess changes in flood behaviour – this equates to a 10%, 20% and 30%
increase in rainfall intensity. In line with these guidelines, the previous WMA Water (2011)
study has assessed 100 year ARI flood levels at key road crossing locations within the
Kemps Creek and Scalabrini Creek catchments.

The results of the climate change assessment are presented and discussed in Section 3.6.

2.4 Summary of key flood risks and hazards

This section summarises the modelling and mapping undertaken by WMA Water and the
additional modelling and mapping of lower order events undertaken for this flood
assessment. Table 2.2 summarises the suite of modelling that has been undertaken to date
for Kemps Creek and Scalabrini Creek.

Table 2.2 Suite of modelled scenarios for Kemps and Scalabrini Creeks used for
this assessment

ARI Scenario Source of results

2 year Existing Undertaken by PB for this flood
assessment

5 year Existing Undertaken by PB for this flood
assessment
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ARI Scenario Source of results

20 year Existing WMA Water (2011)

50 year Existing WMA Water (2011)

100 year Existing WMA Water (2011)

100 year
Existing with climate change –

10% increase in rainfall intensity
Undertaken by PB for this flood

assessment, WMA Water (2011)

100 year
Existing with climate change –

20% increase in rainfall intensity
Undertaken by PB for this flood

assessment, WMA Water (2011)

100 year
Existing with climate change –

30% increase in rainfall intensity
Undertaken by PB for this flood

assessment, WMA Water (2011)

200 year Existing WMA Water (2011)

500 year Existing WMA Water (2011)

PMF Existing WMA Water (2011)

Figure 2.1 shows that the 2 year ARI flood extent is confined mainly within the main channel.
The 2 year ARI flood extent is quite narrow for both Kemps Creek and Scalabrini Creek. The
2 year ARI flood extent is widest at the lower ends of the precinct and where the creeks
intersect with Bringelly Road. The 2 year ARI flood extent of Scalabrini Creek upstream of
Bringelly Road at the northern boundary of the Leppington Precinct is approximately 90m
wide. There is an open flat area to the east of the Bringelly Road crossing where the 2 year
ARI flood spills out of bank. The 2 year ARI flood extent of Kemps Creek is also at its widest
at approximately 90m where it crosses Bringelly Road.

During the 20 year ARI flood shown in Figure 2.2, flows are out of bank in the lower reaches
of Kemps and Scalabrini Creek. Flooding in some of the first order streams is not present for
the 20 year ARI. The 20 year ARI flood extent for Scalabrini Creek is widest at the lower
reaches measuring approximately 150m; and Kemps Creek measuring approximately 160m
at the mid-lower reaches where there is a large patch of existing vegetation.

The 100 year ARI flood extent in Figure 2.3 follows a similar pattern to the 20 year ARI
extent. The WMA Water (2011) study states that, whilst depths have changed slightly, the
flood extents for the 20 year and 100 year ARI events are similar.

For the PMF event shown in Figure 2.4, all first order streams form part of the continuous
flood extent. Flooding occurs out of bank for both Kemps and Scalabrini Creek and is nearly
double the width of the 20 year ARI flood extent, measuring approximately 300m for Kemps
Creek and for Scalabrini Creek.
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Figure 2.2
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Figure 2.3
100 year ARI existing flood extentEditor:

Date :

2114 850A_ GIS_F006 _A4Drawing  No :

09/10 /201 2KJS

Revisio n: Review :A1

Autho r: 

Print Date : 28/0 3/20 13

NH
© Parso ns Brin cker hoff Aus tralia  Pty Ltd  (" PB" ) Co pyr ig ht in  the  dr awings , info rma tion and  dat a re cor ded  (" the in for mat ion" ) is t he p rop ert y of
PB. T his d ocum en t an d the  info rm ation  are  sole ly for  the  use  of th e a utho rised  re cipien t an d th is  docu me nt m ay n ot b e use d, co pied  or
rep rod uced  in wh ole o r pa rt f or any p urp ose  othe r t han that  which it was s upplie d by  PB. PB m ake s no rep rese nta tion, und erta kes n o d uty
and accep ts no  re spon sibility to  an y thir d pa rty who m ay u se o r r ely up on this do cum ent  or the in for mat ion.
NCSI Cert if ied Q uality Syst em to ISO 900 1. © APPROVED FOR AND O N BEHALF  OF  Par sons Br incke rho ff Austra lia Pty L td

Data S our ce:

\\AP SYDNA S02\proj\N\NS W_Dept_Plan\2114850A_LEPPINGTON_PRECINCT_FLOODING\10_GIS\Projects\Drawings_Figures_S ketches\2114850A _GIS_F006_A 4.mxd www.pb.com. au 

DRAFT

Drainage
Leppington Precinct boundary
100 year ARI flood extent
Cadastre

[

GK

HarcombeN
Rectangle



0 140 280 metres

1:12,000

Scale correct when prin ted at A3 P ortrai t

Pro je ct ion :  T ra n sve r se  M e r ca to r
Co or d in at e Sys te m : GD A 1 9 94  M GA Z on e  5 6

¯
Scale Leppington Precinct Flooding Assessment

Figure 2.4
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3. Flood planning assessment
The flood planning assessment is intended to provide flood compatible development
guidelines and prepare the community for a flood emergency. The NSW Flood Prone Land
policy recommends following a risk based approach for managing the flood risk. The first
step in managing a flood emergency is to prevent the potential hazard resulting from the risk,
then preparation, followed by a response to the emergency and finally recovery.

The preceding chapters have identified the key risks and hazards associated with flooding
for the Leppington Precinct. This chapter draws upon the Flood Study and further flood
assessment information as well as the climate change assessment to develop a set of
guidelines that will firstly prevent the flood hazard and secondly prepare the community for
the flood emergency.

The prevention flood risk management measures proposed include setting the minimum
flood planning levels for all residential buildings and zoning the land to ensure only suitable
development is placed in areas predicted to be at risk of flooding. Filling of the land to
provide more land above the flood planning level is also considered as a means of
preventing the flood risk.

To prepare the community for the flood emergency it is important to understand the
magnitude of the hazard. The assessment will document the flood hydraulic and hazard
zones for the precinct and consider how potential climate change will affect flood risk within
the precinct.

It is not possible to completely eliminate flood risk within the precinct, as that would result in
a large reduction in developable land area. It is therefore essential that a response plan (a
flood emergency management plan) be developed to enable management of the flood
emergency with an acceptable level of residual risk.

All of these measures are described and discussed in more detail below with a summary of
the key flood planning guidelines provided at the end of the chapter and in accompanying
maps.

3.1 Flood planning levels

3.1.1 Background

The flood planning level (FPL) is a development control level that is defined as the flood level
for a specified flood event (usually a design flood event) plus a suitable freeboard allowance.
The intent of the FPL is to manage the risk of flooding for future development and in some
cases to set the design level for mitigation works to manage existing flood risks.

The chosen flood event for the FPL depends on a complete understanding of the flood risk
for an area across a range of flood events. The 100 year ARI is typically chosen as the flood
event for the FPL for residential development.

Freeboard is intended to provide an allowance for uncertainties in the flood level estimate.
Types of uncertainties include hydraulic model input data uncertainties, differences in water
levels across the floodplain that are of a local nature and cannot be estimated by the model,
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increases in water level due to wave action across the flood surface, changes in rainfall
pattern due to a non-static climate and the cumulative effect of subsequent infill development
of the floodplain (NSW Government, 2005).

3.1.2 Adopted Leppington Precinct flood planning level

In accordance with the Camden Growth Centres Development Control Plan (Department of
Planning and Infrastructure, 2011) and to ensure consistency across the south west growth
centres it is proposed that the adopted FPL be the 100 year ARI flood level plus a freeboard
of 500mm. The FPL varies across the precinct to account for the flood surface gradient along
the major flow paths. A single freeboard allowance has been adopted across the Precinct but
lower freeboard levels can be considered for non-residential and non-critical infrastructure.
This can be determined following development and review of the Masterplan for the Precinct.

The flood planning area (land within the FPL) for the Leppington Precinct is presented in
Figure 3.1 and Figure 3.2, which includes the 500mm freeboard allowance (grid results
dated November 2012 from WMA Water flood assessment were used as the basis for
applying the freeboard allowance). The flood planning area will be confirmed during the
completion of detailed modelling undertaken for the Camden Council FRMS&P which should
be reviewed once available.  However, until this more detailed study is available, the FPL
presented in Figures 3.1 and 3.2 should be adopted as it is based on the best current
available information/modelling for the Kemps and Scalabrini catchments.
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Figure 3.1
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3.2 Flood compatible development zones

Appropriate zoning of land is important for managing the flood risk within flood liable land.
Zoning land at the beginning of the land development process so that only flood compatible
development can occur within particular flood hazard zones can avoid unacceptable flood
risks and damages to people and property during a flood event.

Flood compatible development zoning identifies appropriate uses for flood liable land. For
instance, high hazard flood storage areas are unsuitable for hospitals and schools but may
be suitable for infrequently used recreational facilities such as sports fields.

It is proposed that Camden Council’s Development Guidelines Matrix (section 6.3 of the
Flood Risk Management Policy) be adopted (see Appendix B). The matrix applies
development controls to particular types of development based on the land use and the
hydraulic categories. Refer to Section 3.3 for the Leppington Precinct provisional hydraulic
and hazard categories.

Flood compatible development zones presented in this report are based on the best
available information at the time. Flood compatible development zones and flood hydraulic
and hazard categories will be updated/confirmed in the Camden Council FRMS&P (refer to
Section 1.2.7) currently in progress. The draft FRMS&P will provide interim development
controls to address the South West Growth Centre scheduled for public exhibition in early
2013 and should be consulted for further details relating to flood compatible development.
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3.3 Flood hydraulic category and provisional hazard

The understanding of flood hydraulic and hazard categories for a particular floodplain is
essential for understanding the flood risks across the floodplain and informing flood risk
management and mitigation measures.

Hydraulic categories are floodways, flood storage and flood fringe and each of these areas is
defined as follows (NSW Government, 2005):

Floodways are those areas where a significant volume of water flows during floods and
are often aligned with obvious natural channels.

Flood storage areas are those parts of the floodplain that are important for the
temporary storage of floodwaters during the passage of a flood.

Flood fringe is the remaining area of land affected by flooding, after the floodway and
flood storage areas have been defined.

Provisional hydraulic categories have been mapped for Kemps and Scalabrini Creek for the
100 year ARI event. The categorisation is based on the velocity/depth product approach:

Floodway = V*D > 0.25 m2/s and V>0.25 m/s or V > 1m/s

Flood storage = depth > 1m and NOT in a Floodway

The 100 year ARI provisional hydraulic categories are shown in Figure 3.3 (grid results dated
November 2012 from WMA Water flood assessment were used as the basis for this figure).
It can be seen that the majority of Kemps Creek and Scalabrini Creek within the Leppington
Precinct is classified as a floodway. There are some very small areas of scattered flood
storage along the mid reaches of Scalabrini Creek.
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Hazard categories are those that reflect the potential impact of flooding on development and
people. The determination of hazard categories involves firstly defining the hydraulic
categories and then identifying other risks such as access to higher ground, warning time for
the flood event, evacuation options etc. A simple definition of the two hazard categories is as
follows (NSW Government 2005):

High hazard: Possible danger to personal safety, evacuation by trucks difficult, able-
bodied adults would have difficulty in wading to safety, potential for significant structural
damage to buildings.

Low hazard: Should it be necessary, truck could evacuate people and their
possessions; able-bodies adults would have little difficulty wading to safety.

Provisional hazard categories are defined by using the following matrix shown in Figure 3.4
below (NSW Government, 2005):

(Source: NSW Government, 2005)

Figure 3.4 Provisional hazard categories
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The provisional flood hazard for Kemps and Scalabrini Creeks was mapped as part of this
assessment and is shown in Figure 3.5 (hazard output grid results directly from TUFLOW for
the PB 100yr DP run were used as the basis for this figure). It can be seen that a majority of
the floodplains of the creek systems are classified as low hazard and a majority of the creek
channels are classified as intermediate hazard with some scattered high hazard areas.

The WMA Water flood study mapped the provisional hazard for Kemps and Scalabrini
Creeks. The hazard maps looks very similar with a majority of Kemps and Scalabrini Creeks
classified as low hazard with parts of the channel classified as high hazard. This difference
could be based on the conservative assumption that areas of intermediate hazard are
considered provisional high hazard until otherwise confirmed.

The categorisation is provisional in nature because it is solely based on hydraulic
parameters at this stage.  Other factors relating to public safety need to be taken into
account before the true hazard can be confirmed.

True hazard ratings and hydraulic categories will be presented in the Camden Council
FRMS&P currently in progress. Flood parameters that will be used to assess the true hazard
of Leppington Precinct include – timing to flood peak, duration of inundation, access to high
ground, velocities, flood depths, awareness of flooding, access to essential services during
the flood emergency, availability of information and dissemination of information on flooding
of the Kemps and Scalabrini catchments and visual awareness of an impending flood event.

It was also found that in Section 3.2 of the Camden Council Flood Risk Management
Strategy it is stated that “even though hazard categories are broken down into high and low
hazard for each hydraulic category, talking all issues into account, particularly the limited
warning time and generally rapid rise of water levels in the catchments of Camden local
government area, that all areas within the floodplain are considered to be high hazard”.

This hazard rating is not intended to sterilise land for any use. Rather it is intended to
highlight that any development that occurs in the floodplain should be planned with due
attention to the flood related issues and that strict implementation of flood related
development controls is essential for the reduction of flood damages (Camden Council,
2006).



0 140 280 metres

1:12,000

Scale correct when printed at A3 Portrait

Pro jection: Transverse Mercator
Coordinate System: GDA 1994 M GA Zone 56

¯
Scale Leppington Precinct Flooding Assessment

Figure 3.5
Provisional hazard 100 year ARIEditor:

Date:
2114850A_GIS_F022_A1Drawing No:

09/10/2012KJS

Revision: Review:A1

Author: 
Print Date: 5/03/2013

NH
© Parsons  Brinckerhoff Aus tralia Pty Ltd ("PB") Copyright in the drawings, information and data recorded ("the information") is the property of
PB. This document and the information are solely for the use of the authorised recipient and this document may  not be used, copied or
reproduced in whole or part for any purpose other than that which it  was supplied by  PB. PB makes  no representat ion, undertakes no duty
and accepts  no responsibility to any third party who may use or rely upon this document or the information.
NCSI Cert if ied Quality System to ISO 9001. © APPROVED FOR AND ON BEHALF OF Parsons Brinckerhoff Australia Pty  Ltd

Data Source:

\\APSYDNAS02\proj\N\NSW_Dept_Plan\2114850A_LEPPINGTON_PRECINCT_FLOODING\10_GIS\Projects\Drawings_Figures_Sketches\2114850A_GIS_F022_A1.mxd www.pb.com.au 

DRAFT

Drainage
Cadastre
Leppington Precinct boundary

<VALUE>
Low hazard
Intermediate hazard (dependent on site conditions)
High hazard

[

GK

HarcombeN
Rectangle



Leppington Precinct - Flooding Assessment

PARSONS BRINCKERHOFF 2114850A PR_6946 Page 29

3.4 Extent of filling within the flood prone areas

Filling of flood prone land is a preventative measure for minimising and potentially
eliminating the flood risk to the raised land. The filling of land affects the temporary storage
volume available for the flood waters and may impact the local overland flow paths. The
filling of flood prone land should consider these aspects and not result in an increase in flood
affectation of any other areas of the floodplain.

Camden Council’s Flood Risk Management Policy states that fill operations are not permitted
below the 100 year ARI in floodways and flood storage areas. Proposed developments that
may involve land forming operations should consider Camden Council’s DCP No, 106 –
Land forming operations.

There is no intention to fill the floodplain in the Leppington Precinct. This is because the
floodplain is relatively narrow and development is unlikely to encroach on the floodplain. Also
council does not support filing in the 100 year ARI floodplain; only in the flood fringe zone
which is very narrow in the precinct. Therefore a flood fill strategy was not developed for the
Leppington Precinct.
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3.5 Preliminary flood evacuation strategy

3.5.1 Background

A preliminary flood evacuation strategy has been prepared for the Leppington Precinct
based on the preliminary sketch of the Draft Leppington ILP of the precinct (Cox, dated
6/6/12, see Appendix C) and on the draft road network produced by AECOM (dated
11/01/13, see Appendix C). Watercourse crossings in the riparian corridor have been
identified by AECOM and preliminary sizing and costing was carried out as part of the
riparian corridor assessment (PB, 2013).

Camden Council’s Flood Risk Management Policy states that the current Australian Rainfall
and Runoff (EA, 1987) addresses the issue of safety and associated with urban drainage.
“To prevent pedestrians being swept along streets and other drainage paths during major
storm events, the product of velocities and depths in streets and major flow paths should
generally not exceed 0.4 m2/s. Where vehicles alone are affected, a higher depth-velocity
product, 0.6 or 0.7 m2/s depending on vehicle size is appropriate.”

The strategy presents safe flood evacuation routes in the PMF flood event and considered
pedestrian and vehicle stability using the following depth times velocity criteria outlined in
Table 3.1 below (in contrast, the velocity-depth relationships that define unsafe wading and
vehicle instability presented in the NSW Floodplain Development Manual do not indicate
constant D.V relationships, but do place upper bounds on both depth (0.8 m) and velocity
(2.0 m/s) for people to wade safely). Similar criteria were used for the Austral and
Leppington North precincts flooding assessment (Cardno, 2011) and are consistent with
Camden Council’s policy.

Table 3.1 Velocity times depth criteria for pedestrian and vehicular stability

Velocity x depth Description of criteria

    0.4 m2/s Limit of stability for pedestrians

   0.4 - 0.6 m2/s Unsafe for pedestrians but safe for vehicles if overland flood depths
do not exceed 0.3m

   > 0.6 m2/s Limit of stability for vehicles

It should be noted that there have since been updates to Australian Rainfall and Runoff as
part of the revision project. Project 10 Appropriate safety criteria for people (EA, 2010)
provides guidance on pedestrian and vehicular stability in floods and states that the current
criteria is based on studies undertaken in the 1970s. The aim of the update is to collate a
number of studies that have been undertaken over the last 40 years and develop guidelines
for authorities. Updated depth and velocity criteria have been developed for different
categories/age groups of the public and are found in Table 3.2 over the page.
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Table 3.2 Flow hazard regimes – updated AR&R

(Source: Engineers Australia, 2010)

Final evacuation routes will be informed by the Council’s FRMS&P which is currently being
undertaken. Road formation levels have not been designed at this stage of precinct planning
so the evacuation strategy is preliminary and will need to be revised once road designs are
completed. It is recommended that the final hazard and hydraulic categorisation be
confirmed and updated if required on completion of the FRMS&P. The updates to AR&R
(Table 3.2 above) should be consulted when finalising pedestrian and vehicular stability.

Once the ILP for the Leppington Precinct has been finalised, the location of community
centres, final road layout design and flood immunity of road crossings should be considered
for the final flood evacuation strategy developed as part of the FRMS&P by Council.

3.5.2 Flood evacuation routes

Leppington Precinct is traversed by Kemps and Scalabrini Creeks which flow in a northerly
direction and are tributaries of the South Creek catchment. Leppington Precinct is contained
within the upper parts of Kemps and Scalabrini catchments.

Figure 3.6 shows preliminary flood evacuation routes for the Leppington Precinct based on
proposed road crossings identified for the draft road network produced by AECOM (see
Appendix C). Whilst the evacuation strategy will only be required for the 1 in 500 year ARI
flood (Camden Growth Centre Precincts DCP) the exercise was undertaken using the PMF
to demonstrate preliminary flood evacuation routes. The development of safe evacuation
routes takes into consideration pedestrian and vehicular safety based on the criteria
mentioned in Section 3.5.1 above.

During a major flood event residents located within the PMF zone will need to be evacuated
to safer areas. The aim of the evacuation would be to get everyone away from the flood zone
and to higher ground and avoid crossing the floodplain. Figure 3.6 shows that much of the
waterways in the Leppington Precinct have velocity and depth products in excess of 0.6m2/s
for the PMF event and are unsafe for pedestrians or vehicles to cross. During a major flood
event, residents should move southwards, towards the upper parts of the catchment.
Evacuation routes should be in parallel with the creeks as shown in Figure 3.6.
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Camden Valley Way is to be upgraded and therefore will be a key evacuation route for the
Precinct as well as the South West Growth Centre. Residents on the eastern side of the
Precinct (east of Scalabrini Creek) should move eastwards towards Camden Valley Way.
Residents situated in the middle of the precinct between the two creeks should move
southwards and on to George Rd that links to the Camden Valley Way. The creek crossing
of Bringelly Road over Scalabrini Creek should be avoided unless flood immunity of this road
can be confirmed.  Residents in the west of the Precinct should move westward and
southward towards Eastwood Road which runs between the Kemps Creek catchment and
the South Creek catchment. Eastwood Road then intersects with George Rd and links to
Camden Valley Way in the east.

It is recommended that several of the proposed creek crossings are to be above the 500
year ARI flood level in order to provide safe evacuation routes, such as crossing number 10
and crossing number 7 (see Figure 3.6).

Council’s Flood Risk Management Policy requires that all developments within flood prone
land requires the demonstration that effective warning time and reliable safe flood access is
available in the event of a major flood. Depth of floodwater over vehicular access routes and
the safe and stable movement of vehicles up to and including the PMF event should be
analysed.
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Figure 3.6
Flood evacuation routes in PMFEditor:
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3.6 Assessment of climate change impacts

Floodplain management decisions with respect to climate change predictions should follow a
risk management process. As discussed in the Floodplain Risk Management Guideline:
Practical Consideration of Climate Change (DECC, 2007) and the Flood Risk Management
Guide, Incorporating sea level rise benchmarks in flood assessments (DECCW, 2010) the
level of risk associated with the climate change predictions is dependent on the location.

For this assessment the Kemps and Scalabrini Creeks will not be affected by any predicted
changes in sea level rise so only predicted changes to rainfall need to be considered.
Including the predicted changes to flood behaviour as a result of climate change in the flood
planning level and flood prone land zones will be the best long term way of managing the
potential change in flood risk. Table 3.3 below summarises the climate change impacts
predicted by the WMA Water (2011) study. It was found that peak flood levels are not overly
sensitive to a 10 – 20% increase in rainfall intensity. Flood level increases at key crossing
locations were found to be less than 100mm. The largest increases in peak flood level for the
worst case climate change scenario (30% in rainfall intensity) were found to be 110mm at
key crossing locations.

Table 3.3 Climate change impacts

Location
Base 100 yr ARI-
2hr peak flood
level (mAHD)

Climate change:
10% increase –
difference (m)

Climate
change: 20%

increase –
difference (m)

Climate
change: 30%

increase –
difference (m)

Scalabrini Creek
–DS Bringelly Rd

73.08 0.02 0.04 0.08

Scalabrini Creek
–US Bringelly Rd

73.70 0.06 0.09 0.11

Kemps Creek –
DS Bringelly Rd

74.13 0.03 0.06 0.09

Kemps Creek –
US Bringelly Rd

74.25 0.03 0.06 0.09

US McCann Rd 79.69 0.01 0.03 0.04

US Eastwood Rd 79.49 0.04 0.07 0.10

US Heath Rd 84.79 0.01 0.03 0.07

Back of 146B
Dickson Rd

76.37 0.04 0.07 0.11
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US Ingleburn Rd 81.56 0.03 0.05 0.08

US Rickard Rd 85.01 0.04 0.07 0.11

(Source: adapted from Table 10 of WMA Water, 2011)

Climate change scenarios were also run for this flood assessment in order to more closely
assess the change in flood behaviour as a result of a 10%, 20% and 30% increase in rainfall
intensity, to expand on the available information from the WMA Water Flood Study. The
WMA Water hydraulic model and direct rainfall files were utilised to assess climate change
impacts in more detail. The results from the climate change model runs undertaken for this
flooding assessment are summarised in this section.

Results grid analysis was undertaken for the climate change scenarios. It was found that the
climate change impacts will not have a significant impact on flood behaviour, as concluded
by WMA Water (2011) and presented in Table 3.3 above. In particular the following was
observed:

There was an increase in flood levels for the 30% increased rainfall scenario of up to
220mm; however, this was only found in small scattered pockets of the flood zone

Increases in velocities for the 30% increased rainfall scenario were less than 0.2 m/s
above the base case 100 year ARI velocities.

Existing floodways are widened in the 30% increased rainfall scenario due to more
areas of the channel having a depth and velocity product in excess of 0.25 m2/s.

The increase in rainfall intensity produces a corresponding increase in flood levels and
velocities. These changes then cause an increase in the extent of the flood hazard
within the precinct. The change in hazard is not likely to affect the high hazard areas but
there may be a change for some areas from low to high hazard.

As discussed in the Floodplain Risk Management Guideline: Practical Consideration of
Climate Change (DECC, 2007), the increase in rainfall intensity will change the
recurrence interval of rainfall from the current predicted recurrence. This means that
severe rainfall events would become more frequent and therefore increase the
frequency of inundation at the site. Flooding at the site occurs over a relatively short
period of time so the increase in frequency can only be managed through appropriate
planning restrictions on development of flood prone land.

The flood planning areas shown in Figure 3.1 and Figure 3.2 have been based on the 100
year ARI flood event plus 500mm freeboard. Generally, flood levels in the Precinct do not
tend to increase significantly under climate change conditions and the flood planning level
including the 500mm freeboard is sufficient to accommodate increased flood levels due to
climate change. The FRMS&P currently being prepared will provide further discussion and
recommendations in relation to FPLs and climate change allowances.
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3.7 Summary of flood planning criteria

Table 3.4 below summarises the flood related planning criteria that should be adopted in the
development of the ILP for the Leppington Precinct.

Table 3.4 Flood planning criteria

Flood management item Risk management measure Details

Flood planning level Set FPL at 100 year ARI plus 500mm
freeboard to reduce inundation of
buildings during extreme events

Camden Growth Centres
Development Control Plan

Flood compatible
development zones

Assign appropriate land uses to flood
hazard zones to reduce flood risks to
community but not sterilise the land

Mapping, precinct plan

Flood hydraulic and
hazard zones

Define flood hydraulic and hazard
zones to enable appropriate risk
management of the floodplain

Mapping

Flood evacuation routes
during major flood events

Manage the risk of flooding by being
prepared with an evacuation strategy

Preliminary flood evacuation
strategy

Climate change
predictions of an increase
in rainfall intensity

The FPL to be used as the base case
for planning restrictions since the
freeboard is sufficient to account for
climate change impacts

Mapping
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4. Conclusion
In conclusion, the WMA Water flood model was used to supplement the range of flood
events modelled so that a full suite of flood maps and information is available for planning
purposes in the Leppington Precinct. This flood assessment modelled lower order events for
Kemps Creek and Scalabrini Creek using the TUFLOW model developed by WMA Water.
Using the results from the WMA Water Flood Study and this flood assessment, a series of
flood maps was generated. It was found that flood extents for the Kemps and Scalabrini
Creek generally follow the creek network with a small number of overland flow paths
identified for the PMF flood event.

Controls on development within flood prone areas have been identified and the flood
planning level set in the Camden Growth Centres Development Control Plan should be
adopted for the Leppington Precinct since this will be consistent across all precincts of the
South West Growth Centre. The provisional hydraulic and hazard categorisation together
with flood extent mapping should be used to inform future re-zoning of land for the precinct.
The FRMS&P should be consulted once it becomes available as it will contain more detailed
flood extents, and full hydraulic and flood hazard categories.
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Appendix A

Direct rainfall calculations



Table A. 1 Design rainfall depths for various ARI and durations – Bringelly at Upper South Creek

DURATION 1 Year 2 years 5 years 10 years 20 years 50 years 100 years
5Mins 76 98.2 127 145 167 196 219
6Mins 71.1 91.9 119 135 156 184 205
10Mins 58.1 75 97.3 110 127 150 167
20Mins 42.4 54.7 70.9 80.3 92.7 109 121
30Mins 34.4 44.4 57.5 65.2 75.2 88.3 98.4
1Hr 23.2 30 38.8 43.9 50.7 59.6 66.3
2Hrs 15.1 19.5 25.2 28.5 32.9 38.6 43
3Hrs 11.6 15 19.4 21.9 25.3 29.7 33
6Hrs 7.42 9.56 12.3 14 16.1 18.8 21
12Hrs 4.76 6.14 7.93 8.97 10.3 12.1 13.5
24Hrs 3.08 3.97 5.16 5.85 6.76 7.95 8.86
48Hrs 1.95 2.53 3.31 3.77 4.38 5.18 5.78
72Hrs 1.45 1.88 2.47 2.83 3.28 3.89 4.35

TOTAL RAINFALL
(2hr duration) 39.0 50.4 57.0 65.8 77.2 86.0
(Source: WMA Water, 2011, p16)

Table A.2 Temporal pattern and direct rainfall input calculations

Time (mins) Time (hrs) % Rain 2 year 2hr 5 year 2hr 20yr 2hr
0 0 0 0 0 0
5 0.0833 2.2% 0.858 1.1088 1.4476

10 0.1667 5.3% 2.067 2.6712 3.4874
15 0.2500 3.1% 1.209 1.5624 2.0398
20 0.3333 4.9% 1.911 2.4696 3.2242
25 0.4167 9.6% 3.744 4.8384 6.3168
30 0.5000 5.2% 2.028 2.6208 3.4216
35 0.5833 18.0% 7.02 9.072 11.844
40 0.6667 12.4% 4.836 6.2496 8.1592
45 0.7500 5.6% 2.184 2.8224 3.6848
50 0.8333 3.1% 1.209 1.5624 2.0398
55 0.9167 3.3% 1.287 1.6632 2.1714
60 1.0000 4.2% 1.638 2.1168 2.7636
65 1.0833 4.3% 1.677 2.1672 2.8294
70 1.1667 2.1% 0.819 1.0584 1.3818
75 1.2500 2.2% 0.858 1.1088 1.4476
80 1.3333 3.4% 1.326 1.7136 2.2372
85 1.4167 1.9% 0.741 0.9576 1.2502
90 1.5000 1.2% 0.468 0.6048 0.7896
95 1.5833 1.0% 0.39 0.504 0.658

100 1.6667 2.3% 0.897 1.1592 1.5134
105 1.7500 0.9% 0.351 0.4536 0.5922
110 1.8333 1.3% 0.507 0.6552 0.8554
115 1.9167 1.1% 0.429 0.5544 0.7238
120 2.0000 1.4% 0.546 0.7056 0.9212
125 2.0833 0% 0 0 0

TOTAL 100% 39.0 50.4 65.8



Table A.3 Check of 20 year 2hr calculation with WMA Water direct rainfall input file

Time_R (Hrs)
Rain (20yr 2hr)
WMA Water

Rain (20yr 2hr)
PB estimation

0 0 0
0.083 1.452 1.4476
0.167 3.498 3.4874
0.25 2.046 2.0398

0.333 3.234 3.2242
0.417 6.336 6.3168

0.5 3.432 3.4216
0.583 11.88 11.844
0.667 8.184 8.1592
0.75 3.696 3.6848

0.833 2.046 2.0398
0.917 2.178 2.1714

1 2.772 2.7636
1.083 2.838 2.8294
1.167 1.386 1.3818
1.25 1.452 1.4476

1.333 2.244 2.2372
1.417 1.254 1.2502

1.5 0.792 0.7896
1.583 0.66 0.658
1.667 1.518 1.5134
1.75 0.594 0.5922

1.833 0.858 0.8554
1.917 0.726 0.7238

2 0.924 0.9212
2.083 0 0

 TOTAL 66.0 65.8
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Appendix C

Preliminary draft ILP sketches used
for draft assessment



Figure C.1 Preliminary sketch – Draft Leppington ILP dated 6/12/12

(Source: Cox, 2012a)



Figure C.2 Breakdown of areas – Draft Leppington ILP dated 19/12/12

(Source: Cox, 2012b)



Figure C.3 Preliminary sketch – road network dated 16/10/12

(Source: AECOM, 2012a)



Figure C.4 Preliminary sketch – mark-up of shared pedestrian/cycle crossings dated 11/1/13

(Source: AECOM, 2013)


