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FOREWORD

The NSW State Government’s Flood Prone Land Policy provides a framework to ensure the
sustainable use of floodplain environments. The Policy is specifically structured to provide
solutions to existing flooding problems in rural and urban areas. In addition, the Policy provides
a means of ensuring that any new development is compatible with the flood hazard and does not
create additional flooding problems in other areas.

Under the Policy, the management of flood liable land remains the responsibility of local
government. The NSW Government subsidises flood mitigation works to alleviate existing
problems and provides specialist technical advice to assist Councils in the discharge of their
floodplain management responsibilities. That said, there is limited funding available state-wide for
such projects, and Bayside Council has elected to progress the Floodplain Risk Management
Study without funding from OEH. Nevertheless, this Study has been undertaken in accordance
with the NSW Flood Prone Land Policy.

Work within the NSW Flood Prone Land Policy is undertaken in the following five sequential
stages:

1. Data Collection
2 Flood Study

e Determine the nature and extent of the flood problem.
3. Floodplain Risk Management Study

¢ Evaluates management options for the floodplain in respect of both existing and
proposed development.
4. Floodplain Risk Management Plan
¢ Involves formal adoption by Council of a plan of management for the floodplain.
5. Implementation of the Plan
e 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 current study constitutes the third and fourth stages of the process.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019
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The Springvale Drain and Floodvale Drain Floodplain Risk Management Study assesses
floodplain management issues in the Bayside Council Study Area, and investigates potential
management options. The study, which follows on from the flood study undertaken by BMT WBM
in 2014, has been undertaken in accordance with the NSW Government’s Flood Policy. A full
assessment of the existing flood risk in the catchment has been carried out, including flood hazard
across the Study Area, overfloor flooding of residential, commercial and industrial properties,
identification of known flooding issues and hotspots, and emergency response during a flood
event.

Background

The combined Springvale Drain and Floodvale Drain catchment covers an area of approximately
3.75 km? within the Bayside Council LGA in south-eastern Sydney. This includes the suburbs of
Pagewood, Eastgardens, Botany and Banksmeadow. The drains originate in Pagewood in the
north and flow south to Botany Bay via Penrhyn Estuary. The catchment is densely urbanised and
consists of mainly industrial development in the south of the catchment and residential
development in the upper catchment. The northern outskirts of the study area are characterised
as Low Density Residential and are interspersed with smaller regions of Medium Density
Residential, Public Recreation and other Mixed Uses. Bonnie Doon Golf course and Mutch Park
intersect a large region in the north of the study area as well as Botany Golf course in the south.
The two drains are generally underground pipes in the northern residential area and open
channels between industrial properties in the south.

Existing Flood Environment

Throughout the Springvale Drain and Floodvale Drain catchment flooding is caused by overland
flow, and flowpaths follow a similar route to the drainage network. The formalised drainage
network is typically at capacity during a 20% AEP event without blockage factors being applied,
leading to inundation of several residential areas in the north. In the Springvale and Floodvale
Drains catchment the flooding duration is relatively short, with flood events typically lasting only a
few hours, meaning that evacuation is not an appropriate floodplain risk mitigation option in this
catchment.

Flooding hotspots include but are not limited to:
e Low lying areas around Holloway St, Gibson St and Banksia St, Botany;
e Pagewood Public School;
e Bay Street between Wentworth Ave and Lang St;
¢ Intersection of Banks Ave and Heffron Rd;
e Park Parade, Pagewood; and
e Exell Street Industrial area.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019
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Economic Impact of Flooding

A flood damages assessment was carried out for the inundation of residential and commercial
properties in the area. The assessment was based on estimated floor levels for all properties in
the Study Area. The annual average damages for residential and commercial/industrial properties
was found to be $2.6M.

Flood Risk Management Options

The Floodplain Risk Management Study includes an investigation of possible options for the
management of flood risk in the Study Area. These flood modification works range from measures
such as drainage upgrades and retarding basins, to response measures such as emergency
response planning and property modification measures such as house raising. The measures
were assessed for their ability to reduce flood risk while also considering their economic, social
and environmental impact. A multi-criteria matrix assessment was used to directly compare the
options. The options recommended are shown in Table 1.

Table 1 Mitgation Options Recomended

T f Report
Mo d);::ia(:ion Option Mitigation Options Recommended Refz'::nce
NWO1 Dalley Avenue Drainage Upgrade 10.4.2
NW02 Bay Street Drainage Upgrade 10.4.3
NEO1 Banks Avenue Drainage Upgrade 10.4.6
NEO02 Towner Gardens Drainage Upgrade 10.4.7
NEO3 Park Parade Drainage Upgrade 10.4.8
Flood
FMO02 Duplication of pipe under Botany Road Appendix D
FMO03 Vegetation management (open channel sections) Appendix D
Debris removal and maintenance at Floodvale Drain/ ,
FMO8 SWSOOS No. 2 Culvert Appendix D
FM10 Local Drainage Improvements — Botany Road Appendix D
Property PMO1 Review of Planning Policies 10.4.10
Response | RMO01 Revisions to Local Flood Plan 10.4.11
WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 n
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1. INTRODUCTION

The Springvale Drain and Floodvale Drain Floodplain Risk Management Study and Plan
(FRMS&P) is currently being undertaken by WMAwater on behalf of Bayside Council (Council) to
determine appropriate and effective floodplain risk management options.

The flood behaviour of the Springvale Drain and Floodvale Drain catchment was defined through
numerical modelling carried out by BMT WBM in January 2014 in the Springvale Drain and
Floodvale Drain Flood Study (the Flood Study — Reference 2).

This Floodplain Risk Management Study assesses the floodplain management issues faced by
the study area and investigates potential mitigation options to manage flood risk. It has been
carried out in accordance with the Floodplain Development Manual (Reference 1) with the
following objectives:

e Review the recent flood study and update the hydraulic models where required;

e |dentify requirements for floor level survey to undertake a flood damages assessment;

e Review Council’s existing environmental planning policies and instruments, identify
modifications required to current policies;

e Identify residential flood planning levels and flood planning area;

e Identify and assess works, measures and restrictions aimed at reducing the impacts and
losses caused by flooding and consider their impacts if implemented, taking into account
the potential impacts of climate change; and

e Review the local flood plan, examine the present flood warning system, community flood
awareness and emergency response measures (involvement with the NSW State
Emergency Service).

1.1. The Floodplain Risk Management Process

As described in the Floodplain Development Manual (Reference 1), the Floodplain Risk
Management process is formed of sequential stages:

e Data Collection;

e Flood Study;

e Floodplain Risk Management Study;

e Floodplain Risk Management Plan; and
e Plan Implementation.

The first key stage of the process has been undertaken with the completion of the recent flood
study in 2012 (Reference 2). Following this, the Floodplain Risk Management Study and Plan
(FRMS&P) are undertaken for the catchment in two phases:

Phase | — Floodplain Risk Management Study in which the floodplain management issues
confronting the study area are assessed, management options investigated and
recommendations made.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 4
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Phase Il — Floodplain Risk Management Plan which is developed from the floodplain risk
management study and details how flood prone land within the study area is to be managed
moving forward. The primary aim of the Plan is to reduce the flood hazard and risk to people and
property in the existing community and to ensure future development is controlled in a manner
consistent with the present and future flood hazard and risk.

The Plan consists of prioritised and costed measures for implementation.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 5
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2. BACKGROUND

21. Study Area

The combined Springvale Drain and Floodvale Drain catchment covers an area of approximately
3.75 km? within the Bayside Council LGA in south-eastern Sydney. This includes the suburbs of
Pagewood, Eastgardens, Botany and Banksmeadow. The drains originate in Pagewood in the
north and flow south to Botany Bay via Penrhyn Estuary. The catchment is densely urbanised
and consists of mainly industrial development in the south of the catchment and residential
development in the upper catchment. The study area is shown in Figure 1.

The Study Area has been expanded to include two residential areas at the northernmost end of
the catchment. The first of these locations is along the boundary of Bonnie Doon Golf Course
near Wentworth Avenue and includes the residential area along Bay Street east to Cowper Street.
The second location is the residential area north of Jellicoe Park bounded by Banks Avenue,
Bunnerong Road and Birdwood Avenue. Both of these locations were found to have areas of high
flood hazard, and mitigation options for these areas have been considered in Section 10.

Springvale Drain and Floodvale Drain form the trunk drainage system and is comprised
predominantly of underground pipe in the upper catchment (north) and some open channel
reaches in the lower catchment (south). The Flood Study (Reference 2) noted Springvale Drain
had a total length of 3.9 km, comprising 2.5 km of closed conduit and 1.4 km of open channel,
and the total length of Floodvale Drain as 2.9 km comprising 2.1 km of closed conduit and 0.8 km
of open channel. The Flood Study (Reference 2) describes the alignments of both the Springvale
Drain and Floodvale Drain in detail.

Located on the Botany Aquifer, the study area is characterised by highly permeable sandy soils.
This can provide a high rate of infiltration following rainfall events, however due to the heavily
urbanised development, there is a significant proportion of impervious land cover.

2.2. Land Use

The land use zones in the Study Area are identified by the 2013 LEP and State Environmental
Planning Policy (Three Ports) 2013, and shown in Figure 3. The catchment is densely urbanised
and consists of mainly industrial development in the south of the catchment and residential
development in the upper catchment. The northern outskirts of the study area are characterised
as Low Density Residential and are interspersed with smaller regions of Medium Density
Residential, Public Recreation and other Mixed Uses. This includes Bonnie Doon Golf course and
Mutch Park which intersect a large region in the north of the study area as well as Botany Golf
course in the south.

The majority of the study area is developed for large-scale commercial-industrial use, particularly
in the southern region. The southern sector of the study area is a short distance from Botany Bay

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 6
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and Port Botany which house container terminal and bulk liquids handling facilities. This major
port activity accounts for the concentration of industrial works within the south of the study area.

2.21. Future Development

Residential development forecasts assume the number of dwellings in Botany (Banksmeadow)
will increase by an average of 123 dwellings per annum to 6,428 in 2036, with a steep rise in the
number of dwellings developed between 2017 and 2020. Conversion of low to medium density
dwellings to high rise buildings is expected to increase traffic congestion and put more pressure
on street parking. Furthermore, traffic generally has limited access routes in and out of the area,
with key roads such as Botany Road, Wentworth Avenue and Page Street conveying the majority
of traffic. Key to coping with the increased demands on roads will be improving key intersections,
and reducing inundation times during flood events.

2.3. Social Characteristics

The statistical information provided in this section is an analysis of the entire Botany Bay Local
Government Area. The data is based on the Australian Bureau of Statistics’ 2013 Census data
available from stat.abs.gov.au.

The population of Botany Bay in 2013 was 43,292 with a median age of 36.5. Statistics show
17.8% of the population below the age of 14 and 12.4% of the population over the age of 65.

In the 2011 census 44.1% of residents spoke a language other than English at home, and 45.1%
of residents were born overseas (2006 Census). Internal migration is high, with 10.6% of residents
living at a different address 1 year ago, and 27% of residents who lived at a different address 5
years ago. These factors should be considered when developing community consultation material
and issuing flood warnings.

In 2013 there were a total of over 2 million businesses based in the Bayside Council LGA, with
nearly 252,000 of these employing more than 5 people, and there were 91,795 building approvals.
This gives an indication of the high rate of development and evolving use of the land that occurs
in the Bayside Council LGA, and may shape potential flood mitigation options.

Understanding the social characteristics of the area can help ensure floodplain risk management
practices adopted are aligned with the communities at risk. For example, ‘stable’ communities
(characterised by a high proportion of home ownership and low frequency of residents moving
into or out of the area) are more likely to have a better understanding of the flood risks within the
area as opposed to transient populations such as holiday tourists or short-term renters, who may
have little experience with flooding in their area.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 7
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2.4, Local Environment

24A1. Flora and Fauna

The study area is highly developed with light Industrial land use in the lower catchment and
residential in the upper catchment. Flora and fauna is confined to designated Council parklands
on either side of Foreshore road in the lower catchment and Mutch Park in Pagewood. These
areas are maintained by Council and the study area does not contain threatened ecological
communities as identified by the Office of Environment and Heritage. More detail on the
management of the environment characteristics of the study area is included in the Botany Bay
Local Environment Plan 2013.

24.2. Main Waterway

The main waterways of Springvale and Floodvale Drains start in the residential areas of
Pagewood and Botany as underground stormwater pipes. The drains travel south and in the lower
reaches are open channel following the natural creek line, with some stretches lined with concrete.
Both waterways intersect the SWS00S No. 2 before draining into the Penrhyn Estuary in Botany
Bay.

2.5. Historical Flood Events

Availability of historical flood events and associated data in the Springvale Drain and Floodvale
Drain catchment is limited. The largest historical event identified in the catchment occurred in
February 1990, with more recent flooding occurring in February 2010. These two events were
used to calibrate the model in the Flood Study.

Data from the 2010 event (12" — 13" February 2010) showed that the highest rainfall intensity
was recorded at the gauge located nearest to the Springvale Drain and Floodvale Drain catchment
(Eastlakes Sports Club) with the rainfall occurring as a single burst.

The Flood Study (Reference 2) also provides data concerning a rainfall event from February 1990.
Four continuous read gauges and two daily read gauges were active during the event. The highest
rainfall intensity was recorded at the gauge located nearest to the Springvale Drain and Floodvale
Drain catchment (Eastlakes Sports Club) with the rainfall occurring as three distinct bursts.

2.6. Previous Studies

The Flood Study (Reference 2) was undertaken in 2014 by BMT WBM and is reviewed in detail
in Section 3. This section provides a brief summary of other studies and assessments previously
undertaken in the Springvale and Floodvale Drain catchment or that are relevant to the study area.

WMAwater
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2.6.1. Investigation for Storm Drain Outfalls — Botany Bay Northern Foreshore
Development (Laurie, Montgomerie & Pettit, 1975)

This report summarises the investigations regarding new outfalls for Springvale Drain and
Floodvale Drain associated with the development of port facilities on the northern foreshore of
Botany Bay. Of particular reference for this current study are the design plans for the culverts
under the South Western Suburbs Ocean Outfall Sewer (SWSOOS No.2).

2.6.2. Catchment Management Study — Floodvale & Springvale Drains, Botany
(SKM, 1992)

SKM completed a catchment management study for Springvale Drain and Floodvale Drain on
behalf of Botany Municipal Council. This study developed a MOUSE model for both hydrological
and hydraulic analysis of the upper piped reaches. The lower open channel reaches were
modelled using HEC-2 software. The models were based on field survey obtained for the study,
including both drainage survey (pit and pipe) and open channel survey.

2.6.3. Proposed Expansion of Container Port Facilities Botany Bay NSW -
Hydrologic and Hydraulic Studies, Lawson and Treloar, 2003

In 2003 Lawson and Treloar completed a flood impact assessment for Sydney Ports Corporation
to assess the potential impacts of the proposed expansion of container port facilities in Port
Botany. This report includes hydrologic and hydraulic modelling of the Springvale and Floodvale
catchment.

2.6.4. ORICA/ Goodman Southlands Remediation/ Development Project — Flood
Investigations (Connell Wagner, 2007)

Orica Australia Limited and Goodman International Limited (previously Macquarie Goodman)
jointly proposed developing the site known as ‘Southlands’ at Banksmeadow as part of an
industrial development. Flood modelling was undertaken as part of the development application
and planning process by Connell Wagner Limited. This flood investigation involved topographic
survey, hydrologic modelling (using XP-RAFTS) and hydraulic modelling (using MIKE 11) to
determine the existing flooding characteristics of the site and surrounding floodplain.

2.6.5. ORICA Southlands Remediation and Development Project — Hydraulic
Modelling Report (Aurecon, 2010)

Following on from the previous flood investigations (Connell Wagner, 2007), additional flood
modelling was undertaken by Aurecon Limited (previously Connell Wagner) to address comments
from the NSW Department of Planning. The previous modelling work was updated and a two-
dimensional hydraulic model (MIKE 21) was developed. The one and two dimensional hydraulic
models (MIKE-11 and MIKE-21) were dynamically coupled using MIKE FLOOD. The models have
subsequently been used to assess flooding impacts as a result of the proposed development.
Topographic and model data from this report was used in the Flood Study (Reference 2).

WMAwater
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3. REVIEW OF CURRENT FLOOD STUDY

Springvale Drain and Floodvale Drain Flood Study — BMT WBM, January 2014.

A flood study was carried out for the then City of Botany Bay Council (CBBC) in accordance with
the NSW Government’s Flood Policy. The Flood Study was aimed at determining design flood
behaviour in the area and used a direct rainfall method in place of a hydrologic model, and a
1D/2D TUFLOW hydraulic model. The models and results are described below.

3.1. Topographic Data

3.1.1.  Aerial Topographic Survey

LiDAR data covering the area was collected by AAM Hatch on two separate dates in 2007 and
2008. This LiDAR set was provided by Council for the Flood Study (Reference 2) and has a stated
vertical accuracy of +/- 0.15 m and horizontal accuracy of 0.55 m (both with 68% confidence). The
data was filtered to remove features such as vegetation and buildings to better represent the
ground levels. The filtered ground data was converted into a 1 m resolution digital elevation model
(DEM) using terrain modelling software (Maplnfo Vertical Mapper). The DEM is shown in Figure
2.

3.1.2. Detailed Topographic Ground Survey

As described in Section 2.6.4, extensive topographic survey of the ‘Southlands’ site at
Banksmeadow was undertaken for Orica’s development proposal. This data was made available
to the Flood Study (Reference 2) and included ground levels at the ‘Southlands’ site and adjacent
industrial areas, elevations along McPherson Street, and various open channel reaches and
culverts along Springvale and Floodvale Drains.

3.2. Stormwater Drainage Network

As used in the Flood Study, information on the pit and pipe drainage system was compiled from
various sources including some of the previous reports described in 2.6. This data was
supplemented with a GIS layer from Council, containing additional detail. Pit and pipe details were
provided by NSW Roads and Maritime Services (RMS) along the various state roads within the
study area, allowing more accurate schematisation of road drainage and connection to trunk
drainage.

3.3. Hydrologic Model

The Flood Study (Reference 2) used a direct rainfall (or ‘rainfall on grid’) hydrological model. For
this method, the design rainfall is applied directly to the individual cells of the 2D hydraulic model.

The direct rainfall approach means that only one TUFLOW model was developed which implicitly
performs both hydrologic and hydraulic computation.

WMAwater
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3.31. Rainfall Losses

The Flood Study’s TUFLOW model utilises the initial loss-continuing loss model, where initial loss
component represents a depth of rainfall effectively lost to ‘wetting up’ the catchment, and
continuing loss represents the rainfall lost through soil infiltration once the catchment is saturated.
Continuing loss is applied as a constant rate (mm/hr) for the duration of the runoff event.

The design loss rates depend on the perviousness of the surface: for pervious surfaces an initial
loss of 50 mm and continuing loss of 5 mm/hour were found to provide a reasonable fit to the
observed hydrological behaviour in the February 2010 event and are appropriate for well-draining
sandy soils. The applied loss rates vary with the impervious percentage (i.e. 100% impervious —
0 mm initial and continuing loss applied). The impervious percentages applied to the various land
use surface types are provided in Table 2.

Table 2 Percentage Imperviousness Adopted

Land Use Type Impervious (%)
Grass (maintained) 0
Parkland 0
Dense Vegetation 0
Permanently wet area/ water bodies 100
Tidal inundation zone 100
Roads, car parks, open concrete, interceptor drain 100
Railway corridor 0
Buildings 100
Urban blocks 20
Industrial blocks 90

The values assigned to the percentage impervious are generally appropriate with the following
exceptions:
e Grass — the grassed areas in the study area generally have 1% by area of paving
(footpaths, kerbs etc);
e Parkland, also generally has some paving and impervious surfaces (up to 10%); and
¢ Railway corridor is expected to be greater than 0% due to rails and sleepers.

The proportion of the model area assigned these values however are relatively small, and have

not warranted being altered from the Flood Study values.

3.4. Hydraulic Model

For the Flood Study (Reference 2) a 2D TUFLOW model was used due to the complex flooding
environment which is characterised by large and shallow inundation with interconnecting and

WMAwater
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varying flowpaths. TUFLOW has the capability to simulate the dynamic interaction of in-bank flows
in open channels, major underground drainage systems, and overland flows through complex
overland flowpaths using a linked 1D/2D flood modelling approach.

3.41. Hydraulic Structures

A number of culvert and bridge crossings over Springvale Drain and Floodvale Drain were
incorporated into the hydraulic model to account for hydraulic losses associated with them and
their influence on flood behaviour within the catchment. The structures modelled vary in terms of
construction type and configuration and therefore have varying degrees of influence on local
hydraulic behaviour.

3.4.2. Hydraulic Roughness

The Flood Study (Reference 2) used aerial photography and cadastral data to generate the land-
use surface types and roughness zones for the study area. During the model calibration process
the Manning’s ‘n’ surface roughness values were adjusted locally to provide best fit for peak water
level profiles. The degree of variability largely reflected the degree of channel vegetation, channel
size and sinuosity.

For the Flood Study (Reference 2), the footprints of individual buildings were digitised from aerial
photography and included in the flood model to restrict the flow that is able to pass through each
building. Ground elevations defining selected building footprints were processed on an individual
basis using elevations sourced from the LiDAR-based DEM. In general, buildings were modelled
at ground level with a flood depth-dependent Manning’s ‘n’ hydraulic roughness value. The
selection of Manning’s ‘n’ values is consistent with industry best practice and the acceptable
ranges as listed in AR&R 1987 (Reference 7).

3.5. Blockage

The model review involved running the model provided by Council (23™ December 2015). The
design results provided by BMT WBM used an envelope of blockage scenarios. For the
assessment of mitigation options, one of these blockage scenarios was selected to provide a basis
for comparison. WMAwater found that using Scenario ‘B’, i.e. 50% pipe blockage produced results
most similar to those produced by BMT WBM, and this case formed the basis of assessment for
the mitigation options investigated in Section 10. Note that for the comparison of options, the
particular blockage case selected is not as critical as ensuring consistency across the options
modelling.

3.6. Model Calibration

The Springvale and Floodvale Drain catchment is ungauged, and therefore stream flow data was
not available for calibration. The Flood study relied on replicating the general pattern and
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magnitude of flooding throughout the catchment for the February 1990 and February 2010 events.
A comparison of observed peak water depths and flooded locations in historical events with
modelled results confirmed the model was a sound representation of flood behaviour in the
catchment.

3.7. Design Flood Behaviour

Design storms for the 20%, 10%, 5%, 2%, 1% and 0.5% AEP and PMF events were simulated in
the Flood Study (Reference 2). Table 3 reproduces the Flood Study peak flood level results at key
locations for each of the design events. A short description of the design flow behaviour is given
below. The flood depths for the 20% AEP and 1% AEP events have been reproduced in Figure 4
A and B respectively, with the below locations marked.

Table 3 Summary of Peak Design Discharge

Modelled Peak Flood Level (mAHD)

Location AEP Storm Event
PMF
20% 10% 5% 2% 1% 0.5%

Botany Golf Club 3.5 3.5 3.6 3.6 3.7 4.5 4.5
Botany Rd 3.6 3.6 3.7 3.8 3.9 3.9 45
McPherson St- 37 3.8 3.9 3.9 4.0 4.0 49
Floodvale Drain
McPherson St- - 3.8 3.9 4.1 4.1 4.1 4.9
Springvale Drain
Southlands Site —
McPherson St 3.7 3.8 3.9 41 41 41 4.9
Anderson St 7.6 7.6 7.7 7.7 7.7 7.8 8.2
Moore St 13.0 13.1 13.1 13.2 13.2 13.2 13.8
Pagewood Public 13.7 14.0 14.2 14.3 14.3 143 | 148
School
Mutch Park 16.2 16.2 16.2 16.3 16.3 16.3 17.1
Heffron Rd 19.0 19.0 19.1 19.1 19.1 19.1 19.7

The results showed:

e Overland flow is significant to flooding throughout the catchment and generally follow a
similar route to the formalised drainage network;

¢ Flow between the two drains occurs at Anderson Street and the Mobil site interceptor
drain;

e The formalised drainage network is typically at capacity during a 20% AEP event without
blockage factors being applied, leading to inundation of several residential areas in the
north. These are discussed further in subsequent sections.

WMAwater
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3.8. Critical Duration

The Flood Study (Reference 2) did not assign a critical duration for the Springvale Drain and
Floodvale Drain catchment, but rather used an envelope of different storm events that were critical
in different regions. During the model review it was found that the 9 hour design storm was critical
in the Exell Street area, and was therefore used for the assessment and comparison of mitigation
options, while the 3 hour event was critical for the PMF.

3.9. Summary of Model Review Findings

WMAwater found the Flood Study models to be well built and to produce results that reasonably
represented flood behaviour in the Springvale Drain and Floodvale Drain Catchment.

WMAwater
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4. AVAILABLE DATA FOR FLOODPLAIN RISK MANAGEMENT STUDY

41. Digital Elevation Model

LiDAR — Council provided aerial survey across the whole of the catchment. The survey was
captured in 2007 and 2008 and was used for the Flood Study. It is assumed to be indicative of the
current conditions within the catchment. The accuracy of ALS data is generally considered to be
+/- 0.15 m to one standard deviation on hard surfaces.

4.2. GIS Data

Council provided the following GIS data for the Flood Study, results of which will be built upon for
this FRMS:

e Cadastre — Cadastre including easements, roads and road names;

e Zoning — Land Zoning for the Botany LGA (Botany Bay LEP 2013); and

e Zoning — Land Zoning for the Three Ports area (SEPP 2013).

4.3. Site Inspection

A site inspection of the length of the two drainage lines (south from McPherson Street) was
undertaken on the 21t December 2015 and attended by City of Botany Bay Council and
WNMAwater staff. It was not possible to access the Springvale Drain for much of its length, however
the consulting team walked the length of Floodvale Drain from McPherson Street south to Botany
Road, noting its condition and especially the state of vegetation along the drain.

44. Floor Level Survey

The floor levels of the residential and industrial properties within the PMF extent have been
estimated by WMAwater with the use of ALS data in combination with visual inspection of property
floor level heights above ground. The floor levels are used in the approximation of flood damages
in Section 9.

WMAwater
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5. ASSESSMENT OF FLOOD RISK

5.1. Hydraulic Hazard

Provisional hazard categories were produced for two design events (20% and 1% AEP) in the
Flood Study (Reference 2). The two categories of hazard shown in the figures (high and low
hazard) are used to inform the management of flood risk in the Study Area, as they describe the
severity of the flood at a certain location in terms of its depth and velocity. The provisional hydraulic
hazard categories determined here were based on the method prescribed by the Floodplain
Development Manual 2005, Appendix L.

The figures demonstrate that the area of high provisional hazard is fairly continuous in the 20%
AEP event as it follows the main channels. In the 1% AEP event the High Hazard Area breaks
out of the drains to extend along the rail line and into low points in grassed areas and between
the drains at Coal Pier Road and Nant Street in the industrial park. The high hazard zone is
broader in the 1% AEP, extending out from the main channel as its banks are overtopped. Areas
of low provisional hazard make up the remainder of the floodway in both events.

5.2. Hydraulic Hazard Classification

5.21. Floodplain Development Manual

The Flood Study (Reference 2), and the results discussed in Section 3 defined the provisional
hydraulic hazard which does not consider other factors which may influence the flood hazard. The
Flood Study (Reference 2) found that high provisional hydraulic hazard corresponded to virtually
all of the main waterway, and extending into the floodplain as the banks were overtopped.
However, the hazard categories are limited to considering depth and velocity across the Study
Area. To assess the true flood hazard, all adverse effects of flooding have to be considered. This
assessment should consider criteria in addition to hydraulic hazard including threat to life, danger
and difficulty in evacuating people and possessions, and the potential for damage, social
disruption and loss of production. These factors and their relative weighting for hazard in the
Springvale and Floodvale Drains catchment are detailed in Table 4.

Table 4: Flood Hazard Factors

The size or magnitude of the flood can affect depths and velocities.
Relatively low flood hazard is associated with more frequent minor floods
Size of the Low while the less frequent major floods are more likely to present a high
flood hazard situation. In the Study Area, small events are not well contained
by the existing stormwater drainage system and can result in inundation
of roads, driveways and footpaths.

The provisional hazard is the product of depths and velocity of flood
waters. These can be influenced by the magnitude of the flood event.
Generally in the Study Area, high hazard generally occurs in localised low
lying residential areas or along the open channels in the south of the
catchment. Hazardous depths and velocities are well represented by the
provisional hydraulic hazard.

Depth and
velocity of High
floodwaters
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Grioria——— Weigh

Rate of rise of
floodwaters

Duration of
flooding

Effective
warning and
evacuation
time

Flood
awareness
and readiness
of the
community

Effective flood
access

Evacuation
problems

Type of
development

Medium

Low

Medium

High

High

High

High

Comment

Rate of rise of floodwaters is relative to catchment size, soil type, slope
and land use cover. It is also influenced by the spatial and temporal
pattern of rainfall during events. The Springvale and Floodvale Drains
catchment typically experiences a range of rate of rise (in flood level)
depending on the part of the catchment and depth of inundation. In the
northern residential areas, a rate of rise around 0.2 m/hr (in the 1% AEP
design event) is typical of known hotspots such as the streets near
Pagewood Public School, while the rate is closer to 0.15 m/hr in the
southern industrial area in the 1% AEP event.

The greater the duration of flooding the more disruption to the community
and potential flood damages. A short period of inundation may allow some
materials to dry and recover whereas a long duration may cause
damages beyond repair. In the Springvale and Floodvale Drains
Catchment the flooding duration is relatively short, with flood events
typically lasting only a few hours. This means evacuation is an ineffective
strategy, as there is simply insufficient time to alert and move residents
before an event, and the actual event is over shortly after it begins.

This is dependent on the rate at which waters rise, an effective flood
warning system and the awareness and readiness of the community to
act. With a short warning time, Pagewood residents are generally not
given sufficient time to receive a warning or relocate possessions to
minimise damage, however areas of high hazard are well represented by
the provisional hydraulic hazard.

The study area is characterised by a small proportion of residential lots
compared to industrial area. Following community consultation it has
become evident that the residents generally have had some experience
with minor flooding on or near their properties, however it is likely that
workers in the industrial park would have little experience with flooding in
the Springvale and Floodvale Drains Catchment especially with only 5%
of respondents from businesses. This should be taken into account when
planning warning systems and flood awareness/ community education
programs.

Access is affected by the depths and velocities of flood waters, the
distance to higher ground, the number of people using and the capacity
of evacuation routes and good communication. Given the lack of warning
times and short duration of flooding, evacuation is typically not
undertaken in this catchment, however flooding of roads still poses a
hazard to motorists and pedestrians.

Evacuation problems may occur as people are likely to try to self-
evacuate, especially if water enters their accommodation. Several roads
are liable to flood affectation which affects flood access. The short
duration of events however means it is generally safer for residents to
stay indoors.

The type of flood prone development will to some degree correspond to
the level of occupant awareness, mobility of people as well as population
density. Occupants of Aged Care facilities will have less mobility than
other residents, while workers in the industrial areas of the lower
catchment may not be aware of susceptibility to flooding. It is generally
the lower catchment that is more exposed to high hazard flooding.

WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 17



. -'::I Springvale Drain and Floodvale Drain
Lk DT Floodplain Risk Management Study & Plan

| Criteria WWeight TComment
Debris and blockages in the channel and culverts can cause elevated
Additional . flood levels. The waterway is relatively inaccessible, with most of the open
Medium R . . . .
Concerns channel reaches fenced and within private industrial properties, meaning

that the chance of the public being swept into channels is relatively low.

Following consideration of the above factors and relative catchment weightings some
amendments have been made to the provisional hydraulic hazard classification to produce the
true hazard adequately. Amendments included upgrading low hazard areas surrounded by high
hazard to a high hazard rating. The final true hazard for the 20% AEP event and 1% AEP event
are shown in Figure 5 A-B.

5.2.2. Australian Institute of Disaster Resilience

In the Floodplain Development Manual (Reference 1) hazard classifications are essentially binary
— either Low or High Hazard as described on Figure L2 of that document, and discussed above.
However, in recent years there has been a number of developments in the classification of hazard
especially in Managing the floodplain: a guide to best practice in flood risk management in
Australia (Third Edition) (Reference 16). In addition to presenting hazard categorisation mapping
based on the Floodplain Development Manual (described above), while this study presents
revised mapping based on the methodology outlined in Reference 16. The classification is divided
into 6 categories (H1-H6), listed in Table 5, which indicate constraints of hazard on people,
buildings and vehicles appropriate to apply in each zone. The criteria and threshold values for
each of the hazard categories are presented in Diagram 1.

Table 5: Hazard Categories

Category | Constraint to people/vehicles Building Constraints

Generally safe for people, vehicles

H1 No constraints
and buildings
H2 Unsafe for small vehicles No constraints
fe fi hicl hil
H3 Unsafe for vehicles, children and No constraints
the elderly
H4 Unsafe for vehicles and people No constraints
All buildings vulnerable to structural damage. Some
H5 Unsafe for vehicles and people . Vl,J . uetd 'g
less robust building types vulnerable to failure.
H6 Unsafe for vehicles and people All building types considered vulnerable to failure
WMAwater
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Diagram 1 Hazard Classifications
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Figure 5 C-D present the hazard classification for the 20% AEP and 1% AEP events respectively.
In the 20% AEP event, areas outside the main channels are generally classified as H1, indicating
the flood affectation is generally safe for people, vehicles and buildings. This is consistent with the
shallow flooding occurring in events of this frequency. Areas of greater depth, corresponding to
the various hotspots, are classified as H2-H3, while the open channels, particularly Floodvale
Drain, is classified as H4-H5 as a result of the higher velocities occurring within the channel. These
trends occur in the 1% AEP event also, with higher degrees of hazard occurring in the Holloway
Street, Banks Avenue and Pagewood Public School hotspots (up to H4).

WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019

19



Springvale Drain and Floodvale Drain
Floodplain Risk Management Study & Plan

1,‘_-"::' PO

5.3. Hydraulic Categories

5.3.1. Introduction

The Floodplain Development Manual (Reference 1) defines three hydraulic categories which can
be applied to different areas of the floodplain; namely floodway, flood storage and flood fringe.
The Floodplain Development Manual provides definitions for all three categories, however these
are descriptive performance based definitions rather than being explicit criteria for directly
calculating/assessing the categories. The definitions as per Reference 1 are provided below for
clarity.

Floodways are those areas where a significant volume of water flows during floods and are often
aligned with obvious natural channels. They are areas that, even if only partially blocked, would
cause a significant increase in flood levels and/or a significant redistribution of flood flow, which
may in turn adversely affect other areas. They are often, but not necessarily, areas with deeper
flow or areas where higher velocities occur.

Flood storage areas are those parts of the floodplain that are important for the temporary storage
of floodwaters during the passage of a flood. If the capacity of a flood storage area is substantially
reduced by, for example, the construction of levees or by landfill, flood levels in nearby areas may
rise and the peak discharge downstream may be increased. Substantial reduction of the capacity
of a flood storage area can also cause a significant redistribution of flood flows.

Flood fringe is the remaining area of land affected by flooding, after floodway and flood storage
areas have been defined. Development in flood fringe areas would not have any significant effect
on the pattern of flood flows and/or flood levels.

As these definitions are performance based there is no explicit calculation method for defining
these three categories or is there a prescribed method to delineate the flood prone land into them.
Rather, their categorisation is iterative based on knowledge of the study area and its flood
behaviour, hydraulic modelling and previous experiences. The Flood Study (Reference 2) defined
hydraulic categories as:

Floodway: Velocity x Depth > 0.5 m?/s
Flood Storage: Velocity* Depth < 0.5m?/s and Depth >0.5 m
Flood Fringe Velocity* Depth < 0.5 m?/s and Depth <0.5 m

The hydraulic categories mapping has been reproduced for the 20% AEP and 1% AEP event in
Figure 6A and B respectively.

WMAwater
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5.4. Flooding Hotspots

Flooding hotspots are locations with a high flood hazard, a number of properties affected, are
frequently inundated or do not drain well. In its Brief, Council identified 17 specific locations to be
investigated for flood mitigation/ protection. These are listed below in Table 6 and shown in Figure
10. Two hotspots have also been added following expansion of the study area to the north. These
correspond to the areas of high hazard on Bay Street between Lang Street and Wentworth
Avenue, and Banks Avenue north of Jellicoe Park. Description of the flood affectation is provided
below for identified flooding hotspots across the Study Area.

Table 6 Flooding Hotspots

M\\

Flooding of McPherson and Exell Street, Addressed in Exell St Priority Area report
Banksmeadow (Appendix D)
2 Corner of Botany Road and Exell Street Addressed in Exell St Priority Area report
flooding issue (Appendix D)
3 .Floodmg. of Heffron Road and Banks Avenue Addressed in Option NEO1
intersection, Pagewood
4 Pa.gewood Prlmgry Scho_ol, F_’agewood and Addressed in Option NWO1
adjacent properties flooding issue
5 | Holloway Street, Pagewood flooding issue Addressed in Option NW03
6 | Gibson Street, Pagewood flooding issue Addressed in Option NW03
7 | Banksia Street, Botany flooding issue Addressed in Option NW03
8 .Floodmg. of Spring Street and Dudley Street Addressed in Option NW03
intersection, Pagewood
9 Flooding of Anderson Street, Banksmeadow Trapped low point, no options available
Adequacy of road gutter runoff in Baker . . .
10 Street, Banksmeadow Trapped low point, no options available
1 Flooding issue in Port Feeder Road Addressed in Exell St Priority Area report
(Australand and Mobil Sites), Banksmeadow | (Appendix D)
12 | Flooding of Botany Road, Banksmeadow Outside of study area bounds
13 | Begonia Street, Pagewood flooding issue Outside of study area bounds
14 | Firmstone Reserve, Pagewood flooding issue | Addressed in Option NW03
15 Flooding of Park Parade, Pagewood Addressed in Option NW03
16 | Flooding of Stephen Road, Botany Addressed in Option NWO03
Flood Impact for the new development sites :
i (details to be provided by council) e s eeliiesee) ee roguied
Additional Hotspots
18 2\&/1;/ Street, between Lang St and Wentworth Addressed in Option NW02
19 | Banks Avenue north of Jellicoe Park Addressed in Option NEO2 and NEO3
WMAwater
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5.4.1. Low lying area between Holloway St and Gibson St, Pagewood (#5 & #6)

Identified as Hotspots # 5 and # 6 in Table 6, there is a low lying area between Holloway St and
Gibson St to the west of Page St in the north west of the Study Area. There is a 900 mm pipe that
runs underground between No. 21 and 23 Holloway Street and south between No. 14 and 16
Gibson Street. Analysis has shown that this pipe is full in events as small as the 20% AEP. During
heavy rain events, stormwater accumulates between houses in the backyards of properties
around the drain. Despite there being a pit at the rear of No. 21 Holloway St, water cannot escape
due to the limited pipe capacity. 13 properties are affected in the 20% AEP event, and up to 16
impacted in the 1% AEP event. An option to duplicate the pipes in this vicinity have been
investigated and discussed in Section 10.4.4.

5.4.2. Pagewood Primary School, Pagewood (#4)

As noted in the Flood Study (Reference 2), rainfall runoff drains overland along roadways and
initially ponds at the low points along Page Street (between Wentworth Ave and Dalley Ave), and
Dalley Ave near Page St. The inundation spreads and covers much of the school grounds during
the 20% AEP event. Flood depths are greatest along Dalley Avenue at its lowest point
(approximately located outside No. 11 Dalley Avenue). The pipes draining this area are small,
with the pipe beneath the school grounds only 600 mm in diameter. As expected, analysis showed
all pipes in the vicinity are full in the 20% AEP event.

An option to reduce flood levels in this area has been investigated in Section 10.4.2, and involves
lowering the school grounds to create a small detention basin and the installation of an additional
pipe to drain Dalley Avenue.

5.4.3. Bay Street (Between Wentworth Ave and Lang Street) (#18)

This hotspot has been identified by WMAwater and lies just north of the original Study Area
boundary, and for this reason was not addressed in the Flood Study. It is an area of low hazard
in the 1% AEP and the 20% AEP events, with 10-15 residential properties affected. Rainfall runoff
tends to accumulate in front yards on either side of Bay Street, spilling onto the road. There are
no pits nor drainage pipes in this location, and water ponds midway between Wentworth Ave and
Lang St posing a risk to motorists and pedestrians.

Section 10.4.3 describes an option to install pits at the low point on Bay Street and a pipe to
convey stormwater north and discharge into The Lakes Golf Course at an appropriate location.

5.44. Heffron Rd and Banks Ave Intersection, Pagewood (#3)

Identified as Hotspot No. 3 in Table 6, the intersection of Heffron Rd and Banks Avenue is located
in the north east of the study area and is subject to low hazard flooding across a range of design
events. Rainfall runoff drains overland along roadways in the vicinity, specifically, south along
Banks Avenue and west along Park Parade and Heffron Road to the intersection. Pipes along
Park Parade and Banks Avenue are full in the 20% AEP event. Water ponds initially on Banks
Avenue north of the intersection before inundating the intersection and spreading north along
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Banks Avenue and east along Heffron Road and Park Parade. Option NEO1, assessed in Section
10.4.6, comprises an upgraded stormwater drainage system to allow the discharge of water from
Banks Avenue into a lowered section of Bonnie Doon Golf Course.

5.4.5. Park Parade, Pagewood (#15)

Just east of the Heffron Road and Banks Avenue intersection there is another area of low hazard
encompassing a number of residential properties south of Park Parade, between Maxwell Road
and Kenny Road. The pit and pipe system here reaches its capacity in the 20% AEP event,
indicating that the 300 mm diameter pipes are insufficient. An option to reduce flooding both at
this location and the intersection of Heffron Road and Banks Avenue has been investigated in
Section 10.4.6.

5.4.6. Exell Street Area (#1, #2, #11)

There is flood risk to some existing development as a result of catchment rainfall-derived flooding.
Overtopping of the open channel banks between McPherson St and Botany Rd during intense
storms results in inundation of properties adjacent the channel, as well as high hazard flooding of
maijor arterial roads. Flood risk specific to this area has been addressed in an FRMS&P pertaining
directly to the Exell Street Focus Area (Reference 3). This report has been included in Appendix
D.
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6. EXISTING PLANNING INSTRUMENTS

6.1.  State Legislative and Planning Context

It is important to understand the state legislation that overarches all local planning so as to enable
appropriate floodplain risk management measures to be proposed that are in keeping with both
state and local statutory requirements. This section discusses the state legislation that influences
planning in relation to flood risk at the local government level.

6.1.1. Environmental Planning and Assessment Act 1979 — as amended

The NSW Environmental Planning and Assessment Act (1979) (EP&A Act) provides the
framework for regulating and protecting the environment and controlling development. Many other
Acts relating to the Environment in NSW rely on the EP&A Act to implement their policy.

In relation to flooding, the Act imposes on Council the responsibility to facilitate the implementation
of the NSW Government'’s Flood Prone Land Policy through the preparation of Local Environment
Plans (LEPs) and Development Control Plans (DCPs).

Direction No. 4.3 Flood Prone Land

Under the section 117(2) of the EP&A Act, Direction No. 4.3 is specific to managing flood prone
land and applies to all Council’s that are responsible for flood prone land within their LGA. The
objectives of the direction are:

e To ensure that development of flood prone land is consistent with the NSW
Government’s Flood Prone Land Policy and the principles of the Floodplain
Development Manual 2005; and

e To ensure that the provisions of an LEP on flood prone land is commensurate with
flood hazard and includes consideration of potential flood impacts both on and off the
subject land.

The direction prevents land within flood planning areas being rezoned from lower vulnerability
uses such as recreation, rural or environmental protection zones to higher vulnerability uses such
as residential, business or industrial. Council should refer to the direction for full details on this.
The direction also requires that proposals must not allow development in floodways or that will
result in significant impacts to other properties. Furthermore, development should not be allowed
that would result in substantially increased requirement for government spending on flood
mitigation, infrastructure or services. Flood Planning Levels (FPLs) are required to be consistent
with the Floodplain Development Manual 2005.

The choice of FPLs is further described in the Guideline on Development Controls on Low Risk
Flood Areas — Floodplain Development Manual, a recent guideline to be read as part of the
Floodplain Development Manual. The guideline assists councils in determining FPLs for
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residential development and recommends the 100-year flood (equivalent to 1% AEP or 100 year
ARI) as the basis for the FPL.

Model Local Provisions

In December 2010 the Director General advised Councils of model local provisions which had
been settled through parliamentary Council. Clause 7.3 relates to Flood Planning and it was
recommended that Council adopt this clause where ever possible. The clause introduces the
Flood Planning Area and Map and the relevant matters that must be considered when determining
development on land subject to the FPA.

6.2. NSW Flood Prone Land Policy

The primary objectives of the NSW Government's Flood Prone Land Policy are:

e to reduce the impact of flooding and flood liability on individual owners and occupiers of
flood prone land; and

e toreduce public and private losses resulting from floods whilst utilising ecologically positive
methods wherever possible.

The NSW Floodplain Development Manual 2005 (the Manual), relates to the development of flood
prone land for the purposes of Section 733 of the Local Government Act 1993 and incorporates
the NSW Flood Prone Land Policy.

The Manual outlines a merits approach based on floodplain management. At the strategic level,
this allows for the consideration of social, economic, cultural, ecological and flooding issues to
determine strategies for the management of flood risk.

6.3. State Environmental Planning Policy (Exempt and Complying
Development Codes (2008))

The aims of State Environmental Planning Policy (Exempt and Complying Development) 2008
are:

This Policy aims to provide streamlined assessment processes for development that complies
with specified development standards by:

o providing exempt and complying development codes that have State-wide application, and

o jdentifying, in the exempt development codes, types of development that are of minimal
environmental impact that may be carried out without the need for development consent,
and

e identifying, in the complying development codes, types of complying development that may
be carried out in accordance with a complying development cetrtificate as defined in the
Act, and

e enabling the progressive extension of the types of development in this Policy, and
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e providing transitional arrangements for the introduction of the State-wide codes, including
the amendment of other environmental planning instruments.

6.4. Existing Council Policy

6.4.1. Local Environmental Plan, 2013

The Botany Bay LEP 2013 aims to make local environmental planning provisions for land in
Botany Bay in accordance with the relevant standard environmental planning instrument under
section 33A of the Act. The Botany Bay LEP currently includes the following clause:

6.3 Stormwater management

(1) The objective of this clause is to minimise the impacts of urban stormwater on
land to which this clause applies and on adjoining propetrties, native bushland
and receiving waters.

(2) This clause applies to all land in residential, business and industrial zones.

(3) Development consent must not be granted to development on land to which
this clause applies unless the consent authority is satisfied that the
development:

(a) is designed to maximise the use of water permeable surfaces on the land
having regard to the soil characteristics affecting on-site infiltration of water,
and

(b) includes, if practicable, on-site stormwater retention for use as an alternative
supply to mains water, groundwater or river water, and

(c) avoids any significant adverse impacts of stormwater runoff on adjoining
properties, native bushland and receiving waters, or if that impact cannot be
reasonably avoided, minimises and mitigates the impact.

In its current form, the LEP does not include the typical clause used by several Councils in NSW
pertaining to Floodplain Management, such as Rockdale City Council for example. Some aspects
of this clause are captured in Clause 6.3, Stormwater Management, shown above, however further
clarification of flood planning criteria may be required to ensure Council is adequately covered.
Amalgamation of the City of Botany Bay Council with Rockdale City Council provides an
opportunity for review of the LEP and inclusion of appropriate floodplain risk management clauses.
A recommendation to this effect has been included in Section 10.4.10 as Option PMO1.

6.4.2. Botany Bay Development Control Policy

Development controls relating to flood liable land are addressed in Botany Bay DCP Part 3G —
Stormwater Management and Part 10 — Stormwater Management Technical Guidelines. Controls
pertaining to flooding are covered in both documents and set out the main requirements for
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development, specifically that development must be compatible with the existing flood risk, and
not worsen flood levels, damages or risk (i.e. loss of life). The basic content of the two documents
is adequate, however revision and consolidation would allow for ease of interpretation and
application by Council and property developers alike.

As for the LEP, formation of Bayside Council provides an opportunity for review of the DCP and
revision to include, clarify and consolidate controls pertaining to flood liable land. A
recommendation to this effect has been included in Section 10.4.10 as Option PMO1.

6.4.3. Section 10.7 Planning Certificates

Formerly known as Section 149 Planning Certificates, Section 10.7 Planning Certificates describe
how a property may be used and the controls on development applicable to that property. The
Planning Certificate is issued under Section 10.7 of the Environmental Planning and Assessment
Act 1979. When land is bought or sold, the Conveyancing Act 1919 and Conveyancing (Sale of
Land) Regulation 2010 requires that a Section 10.7 Planning Certificate be attached to the
contract of sale for the land.

Section 10.7 of the EP&A Act states:

(1) A person may, on payment of the prescribed fee, apply to a council for a certificate under this
section (a planning certificate) with respect to any land within the area of the council.

(2) On application made fo it under subsection (1), the council shall, as soon as practicable, issue a
planning certificate specifying such matters relating to the land to which the certificate relates as
may be prescribed (whether arising under or connected with this or any other Act or otherwise).

(3) (Repealed)

(4) The regulations may provide that information to be furnished in a planning certificate shall be set
out in the prescribed form and manner.

(5) A council may, in a planning certificate, include advice on such other relevant matters affecting
the land of which it may be aware.

(6) A council shall not incur any liability in respect of any advice provided in good faith pursuant to
subsection (5). However, this subsection does not apply to advice provided in relation to
contaminated land (including the likelihood of land being contaminated land) or to the nature or
extent of contamination of land within the meaning of Schedule 6.

(7) For the purpose of any proceedings for an offence against this Act or the regulations which may
be taken against a person who has obtained a planning certificate or who might reasonably be
expected to rely on that certificate, that certificate shall, in favour of that person, be conclusively
presumed to be true and correct.

WMAwater
115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 27



. -':Ijl.- Springvale Drain and Floodvale Drain
Lk DT Floodplain Risk Management Study & Plan

7. EMERGENCY RESPONSE REVIEW

The Springvale Drain and Floodvale Drain catchment is located within the Botany Bay Precinct
and is subject to the Botany Bay Precinct Emergency Sub Plan (2011). Flood emergency
management for the study is organised under the NSW State Emergency Management Plan
(EMPLAN).

The EMPLAN details emergency preparedness, response and recovery arrangements for NSW
to ensure the coordinated response to emergencies by all responsible agencies. The EMPLAN
has been prepared to coordinate the emergency management options necessary at State level
when an emergency occurs, and to provide direction at Regional and Local levels.

It is recommended that a Regional Emergency Management Plan (REMPLAN) and Local
Emergency Management Plan (LEMPLAN) be prepared for the Botany Bay Emergency
Management District to outline an emergency response approach specific to the region. These
more focussed plans could include information on the specific waterways of the Springvale Drain
and Floodvale Drain including their rate of rise and effective warning time. Section 10.4.11 lists
suggestions for inclusion in the LEMPLAN, including roads overtopped and Flood Emergency
Response Classification of the Study Area.
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8. STAKEHOLDER CONSULTATION

8.1.  Previous Consultation (Flood Study)

Community consultation is an important element of the floodplain risk management process
ultimately facilitating community engagement and acceptance of the overall project. During the
Flood Study (Reference 2), community consultation was undertaken to collect information on
historical flooding and previous flood experience, and to inform the community about the
development of the Flood Study. Key elements of the community consultation undertaken for the
Flood Study included a media release, information website and community questionnaire.

The questionnaire was delivered to all residential properties and businesses (1300 letters
delivered) within the study area to collect information on their flood experience and related issues.
The focus was historical flooding information that could have been useful for model calibration.

Key findings:
e 104 completed questionnaires (out of 1300) — return rate of 8%, with majority from
residential areas and only two from industrial areas near Baker Street;
¢ Respondents did not make reference to specific events, but rather to locations that were
regularly flooded;
e Several flood depths provided at various locations, though not always linked to a specific
event;
e 25 respondents had experienced some degree of flooding on the grounds of their property,
two of which were above floor level;
e Key areas that are identified as having experienced flooding are: (no. times mentioned)
Page St, Pagewood (6)
Intersection of Park Pde and Kenny Rd, Pagewood (4)
Maxwell Rd, Pagewood (3)
Stephen Rd, Pagewood (3)
Intersection of Heffron Rd and Banks Rd, Pagewood (3)
Towner Gardens, Pagewood (3)
Pagewood Primary School (2)
Anderson St, Pagewood (2)
Mutch Park, Pagewood (2)
Wentworth Ave, Pagewood (Outside East Gardens) (2)
Spring St, Pagewood (2)
Note that these areas are captured in the list of hotspots in Table 6.

o 0O 0 0 o o o o o o o
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Seven individuals attended a community information session held as part of the Draft Flood Study
Public Exhibition. Issues raised included:

e Property value;

e Property flooding impact;

e Road raising (and its adverse impact on flooding);

e Insufficient drainage (especially at Banks Ave, Page St and Heffron Rd);

e Frequency of street cleaning and debris removal;

e Impacts of new developments; and

e Concerns regarding vegetation, both in terms of channel blockage and root damage to

pipes.

8.2. Community Consultation as Part of this Study

8.2.1. Newsletter and Questionnaire

A newsletter explaining the purpose of the Floodplain Risk Management Study & Plan was
prepared in order to inform residents of the work Council was undertaking and how it related to
the work undertaken in the Flood Study. A questionnaire accompanied this newsletter and was
designed to allow residents and business owners to make suggestions regarding possible
mitigation measures that could be implemented.

The newsletter was issued in October 2016 to 900 residences and businesses (limited to
properties within the PMF extent) and is included in Appendix C of this report.

8.2.2. Responses to Questionnaire

Responses to the survey closed on the 25" of November 2016. At this time WMAwater had
received 42 responses, approximately 5% of the total mail-out which is typical of this type of
investigation. A significant number of responses (10) came from Page St and Heffron Road which
are addressed by the mitigation options in the Northeast Residential Zone (Section 10.4.5). The
location of respondents is shown in Figure 7.

Results and statistics from the survey have been presented in Figure 8. Out of the 42 respondents,
the majority (95%) were residents. Only 7% of respondents had experienced flood waters entering
their home or business while a fairly even distribution of respondents had experienced flooding
on other areas such as their yard, street, or other areas of the neighbourhood. Approximately 23%
of all respondents had not experienced flooding.

The main focus of the community for flood mitigation included increased drainage to reduce the
effects of water ponding. Options have been assessed in Section 10.4 to improve drainage in the
low points around in the northern residential area, especially Holloway and Gibson streets as
noted in the community consultation responses.
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8.3.  Further Stakeholder Engagement

In addition to consultation with the local community and community groups, other key stakeholders
such as Council planners and business owners have been consulted regarding the study and their
output needs from the study. There are a range of other stakeholders that should be consulted
as potential mitigation options are investigated further beyond this study, they include:

e Roads and Maritime Services (RMS);
e State Rail Authority; and
e the State Emergency Services (NSW SES).

The consultation required will depend on the mitigation option selected to be pursued by Council
and the issues that pertain specifically to that option. Specific stakeholders have been identified
where necessary in the mitigation options assessed in Section 10.

8.4. Public Exhibition

Public exhibition of the Draft Floodplain Risk Management Study and Plan is required by the Local
Government Act (1993, Section 402). This clause stipulates that Council must exhibit the draft
plan for public comment for a period of at least 28 days, and that submissions must be considered
by the Council before the plan is endorsed or amended.

The Draft Springvale Drain and Floodvale Drain FRMS&P public exhibition period ran from
Tuesday 6 August 2019 to Friday 6 September 2019 for community feedback. The below
engagement activities were undertaken:

. Letters were sent to all 1% AEP flood affected owners and residents (2,500 letters).
. The public exhibition was advertised on Council’s website (have your say).
. In the local newspaper on Tuesday 20 August 2019 (Southern Courier).

. A drop in session was held at Eastgardens Library on 22 August 2019. A total of 4
people attended

Details of the engagement activities, public participation, submissions and responses are provided
in Appendix C.

WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 3



. -':Ijl.- Springvale Drain and Floodvale Drain
Lk DT Floodplain Risk Management Study & Plan

9. ECONOMIC IMPACT OF FLOODING

Flood impact can be quantified in the calculation of flood damages. Flood damage calculations
do not include all impacts or costs associated with flooding. They do, however, provide a basis
for assessing the economic loss of flooding and also a non-subjective means of assessing the
merit of flood mitigation works such as retarding basins, levees, drainage enhancement etc. The
quantification of flood damages is an important part of the floodplain risk management process.
By quantifying flood damages for a range of design events, appropriate cost effective
management measures can be analysed in terms of their benefits (reduction in damages) versus
the cost of implementation. The cost of damage and the degree of disruption to the community
caused by flooding depends upon many factors including:

e The magnitude (depth, velocity and duration) of the flood;

¢ Land use and susceptibility to damages;

e Awareness of the community to flooding and how to respond;

e Effective warning time;

e The availability of an evacuation plan or damage minimisation program;

e Physical factors such as failure of services (sewerage), flood borne debris, sedimentation;
and

e The types of asset and infrastructure affected.

The estimation of flood damages tends to focus on the physical impact of damages on the human
environment but there is also a need to consider the ecological cost and benefits associated with
flooding. Flood damages can be defined as being tangible or intangible. Tangible damages are
those for which a monetary value can be easily assigned, while intangible damages are those to
which a monetary value cannot easily be attributed.

The assessment of flood damages not only looks at potential costs due to flooding, but also
identifies when properties are likely to become flood affected by either flooding on the property or
by over floor flooding. Figure 9 shows all properties in the study area that are flooded above floor,
categorised by the event in which they first experience over-floor flooding.

The standard way of expressing flood damages is in terms of average annual damages (AAD).
AAD represents the equivalent average damages that would be experienced by the community
on an annual basis, by taking into account the probability of a flood occurrence. This means the
smaller floods, which occur more frequently, are given a greater weighting than the rare
catastrophic floods.

9.1. Tangible Flood Damages

Tangible flood damages are comprised of two basic categories; direct and indirect damages.
Direct damages are caused by floodwaters wetting goods and possessions thereby damaging
them and resulting in either costs to replace or repair or in a reduction to their value. Direct
damages are further classified as either internal (damage to the contents of a building including
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carpets, furniture), structural (referring to the structural fabric of a building such as foundations,
walls, floors, windows) or external (damage to all items outside the building such as cars,
garages). Indirect damages are the additional financial losses caused by the flood for example
the cost of temporary accommodation, loss of wages by employees etc.

Given the variability of flooding, and property and content values, the total likely damages in any
given flood event is useful to get a feel for the magnitude of the flood problem, however it is of
little value for absolute economic evaluation. However, damages estimates are useful when
studying and comparing the economic effectiveness of proposed mitigation options.
Understanding the total damages prevented over the life of the option in relation to current
damages, or to an alternative option, can assist in the decision making process.

In order to quantify the damages caused by inundation for existing development, floor levels of
the properties within the PMF were estimated based on a combination of LIDAR data, visual
inspection and site visit. Dwellings that appeared to be at ground level were given a minimum floor
level of 100 mm above ground. This is a reasonable assumption of slab depth and prevented the
flood affectation to be exaggerated by the rainfall on grid model.

Each of these techniques has a different level of accuracy associated with the estimate, which is
not quantified in the final estimate of economic damage cost for each property. The level of
accuracy is considered suitable for two reasons. Firstly, the estimation of property damage due to
flooding is inherently difficult to estimate, given the large variation in building types, their contents,
the duration of flooding and other factors, and so the accuracy of floor heights should be in line
with this accuracy. Secondly, the economic damages assessment is only intended to be used as
an estimate of the LGA-wide flood affectation, and not on a per-property basis.

The damages were calculated using a number of height-damage curves derived from OEH
Guidelines (Reference 6) which relate the depth of water above the floor with tangible damages.
Each component of tangible damages is allocated a maximum value and a maximum depth at
which this value occurs. Any flood depths greater than this allocated value do not incur additional
damages as it is assumed that, by this level, all potential damages have already occurred.

The following sections provide a more detailed overview of the assessment for residential and
commercial/industrial damages.

The database compiled for undertaking damages calculations including floor level information and
design flood levels will be provided to Council as part of the handover information for this project.
Note that the terminology used refers to a property or lot being the land within the ownership
boundary. Flooding of a property does not necessarily mean flooding above floor level of a
building on that property/lot.
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9.1.1. Residential Properties

Flood damages assessment for residential development was undertaken in accordance with OEH
guidelines (Reference 6). For residential properties, external damages (damages caused by
flooding below the floor level) were set at $6,700 and additional costs for clean-up as $4,000. For
additional accommodation costs or loss of rent a nominal value of $220 per week was allowed
assuming that the property would have to be unoccupied for up to three weeks. These
assumptions account for freestanding garages, which in this catchment are often located closer
to the road and much lower than the house itself. Internal (contents) damages were allocated a
maximum value of $67,500 occurring at a depth of 2 m above the building floor level (and linearly
proportioned between the depths of 0 to 2 m). Private garages on residential properties were
considered to be subject to external damages. These estimated values are in line with what has
been applied in other recent studies in New South Wales.

Structural damages vary depending on whether the property is slab/low set or high set. For the
purpose of this study, any property with a floor level of 0.5 m or more above ground level was
assumed to be high set. For two storey properties, damages (apart from external damages) are
reduced by a factor of 70% where only the ground floor is flooded as it is assumed some contents
will be on the upper floor and unaffected and that structural damage costs will be less. In some
instances external damage may occur even where the property is not inundated above floor level
and therefore tangible damages include external damages which may occur with or without house
floor inundation.

A summary of the residential flood damages for the study area is provided in Table 7. Overall, for
residential properties in the area there is a large difference in the average tangible damages per
property between the frequent and rare flood events. This is reflective of the rarer floods, in
particular the PMF, having a far wider flood extent than frequent events, and of these rare events
being more costly, even after their rarity has been accounted for.

Table 7: Estimated Residential Flood Damages for Springvale and Floodvale Drain Catchment

No. No.
Properties Properties
Affected Flooded

Ave.
Total Damage Per o %
Damages Flood Cotn;r::lg °N " Contribution
for Event Affected to AAD

Property

Event  Flooded  Above

below Floor
floor) Level

PMF 428 287 $16,946,000 | $ 39,600 | $ 60,222 2.8%
0.5% 266 130 $ 7,191,200 | $ 27,000 | $ 34,411 1.6%
1.0% 248 118 $ 6,573,100 | $ 26,500 | $ 62,490 2.9%
2.0% 240 108 $ 5924800 | $ 24,700 | $ 162,247 7.5%
5.0% 226 88 $ 4891600 | $ 21,600 | $ 216,484 10.0%
10.0% 203 70 $ 3,767,700 | $ 18,600 | $ 349,553 16.1%
20.0% 192 58 $ 3,223,300 | $ 16,800 | $ 1,289,333 59.3%

R4

Average Annual Damages (AAD) $ 2,174,700 5,100 100.0%
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9.1.2. Commercial and Industrial Properties

The tangible flood damage to commercial and industrial properties is more difficult to assess.
Commercial and industrial damage estimates are more uncertain and larger than residential
damages. Costs to business can occur for a range of reasons, some of which will affect some
businesses more than others dependent on the magnitude of flooding and the type of businesses.
Common flood costs to businesses are:

¢ Removal and storage of stock before a flood if warning is given;

e Loss of production — caused by damaged stock, assets and availability of staff;

e Loss of stock and/or assets;

e Reduced stock through reduced or no supplies;

e Trade loss — by customers not being able to access the business or through business
closure;

e Cost of replacing damages or lost stock or assets; and

¢ Clean-up costs.

No specific guidance is available for assessing flood damages to non-residential properties.
Therefore for this Study, commercial and industrial damages were calculated using the
methodology for residential properties but with the costs/damages increased to a value which is
consistent with commercial/industrial development. For example, the maximum value of internal
(contents) damages was increased to $191,250 since the building contents are generally of higher
value whilst loss of rent was set at $1,000 per week to account for the loss of business through
having to close for a period. Flooding below floor level uses the same damages curve as the
residential properties.

Though the original OEH guidelines for flood damages calculations are not applicable to non-
residential properties, they can still be used to create comparable damage figures. The damages
value figure should not be taken as an actual likely cost rather it is useful when comparing potential
management options and for benefit-cost analysis. A summary of the commercial/industrial flood
damages for the study area is provided in Table 8.
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Table 8 Estimated Commercial and Industrial Flood Damages for Springvale and Floodvale Drain
Catchment

No. No. Ave
Properties Properties . o
Affected  Flooded Total — Damage Per ¢, ihution o
Event (Flooded Above Damages Flood to AAD Contribution
for Event Affected to AAD
below Floor Propert
floor) perty
PMF 29 19 $1,859,600 $64,100 $6,460 1.7%
0.5% 14 6 $729,600 $52,100 $3,635 1.0%
1.0% 14 6 $724,200 $51,700 $7,169 1.9%
2.0% 13 6 $709,500 $54,600 $20,889 5.5%
5.0% 13 6 $683,100 $52,500 $32,900 8.7%
10.0% 12 5 $632,900 $52,700 $62,281 16.5%
20.0% 12 5 $612,700 $51,100 $245,097 64.8%

 Average Annual Damages (AAD)  $378,400  §$13,000

9.1.3. Combined Damages

The combined results are provided in Table 9. This flood damages estimate does not include the
cost of restoring or maintaining public services and infrastructure. It should be noted that damages
calculations do not take into account flood damages to any basements or cellars, hence where
properties have basements damages can be underestimated.

Table 9: Estimated Combined (Residential and Commercial/lndustrial) Flood Damages for
Springvale and Floodvale Drain Catchment
No. No.

Properties Properties (TEs
0,
E Affected Flooded U] LEIELD O Contribution A’ :
vent (Flooded Above Damages Flood to AAD Contribution
for Event Affected to AAD
below Floor Propert
floor) Level perty
PMF 457 306 $18,805,600 | $ 41,200 | $ 66,682 2.6%
0.5% 280 136 $ 7,920,800 | $ 28,300 | $ 38,045 1.5%
1.0% 262 124 $ 7,297,300 | $ 27,900 | $ 69,658 2.7%
2.0% 253 114 $ 6,634,300 | $ 26,200 | $ 183,136 7.2%
5.0% 239 94 $ 5,574,700 | $ 23,300 | $ 249,384 9.8%
10.0% 215 75 $ 4,400,600 | $ 20,500 | $ 411,834 16.1%
20.0% 204 63 $ 3,836,100 | $ 18,800 | $ 1,534,430 60.1%

Average Annual Damages (AAD) $ 2,553,200 5,600 100.0%

It is important to note that the damages figure is designed to indicate the relative effects of different
sized events and provide a basis for the comparison of various mitigation options. Damages
assessments for mitigation options can be supplied once options have been shortlisted by
Council.

£
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9.2. Intangible Flood Damages

The intangible damages associated with flooding, by their nature, are inherently more difficult to
estimate in monetary terms. In addition to the tangible damages discussed previously, additional
costs/damages are incurred by residents affected by flooding, such as stress, risk/loss to life,
injury, loss of sentimental items etc. It is not possible to put a monetary value on the intangible
damages as they are likely to vary dramatically between each flood (from a negligible amount to
several hundred times greater than the tangible damages) and depend on a range of factors such
as the size of flood, the individuals affected, and community preparedness. However, it is still
important that the consideration of intangible damages is included when considering the impacts
of flooding on a community and the assessment of flood mitigation options. Indirect and intangible
elements of assessed flood mitigation options are captured via a multi-criteria matrix assessment,
presented in Section 11.

Post-flood damages surveys have linked flooding to stress, ill-health and trauma for the residents.
For example, the loss of memorabilia, pets, insurance papers and other items without fixed costs
and of sentimental value may cause stress and subsequent ill-health. In addition flooding may
affect personal relationships and lead to stress in domestic and work situations. In addition to the
stress caused during an event (from concern over property damage, risk to life for the individuals
or their family, clean up etc.) many residents who have experienced a major flood are fearful of
the occurrence of another flood event and the associated damage. The extent of the stress
depends on the individual and although the majority of flood victims recover, these effects can
lead to a reduction in quality of life for the flood victims.

During any flood event there is the potential for injury as well as loss of life due to causes such as
drowning, floating debris or illness from polluted water. Generally, the higher the flood velocities
and depths the higher the risk. Section 5.1 describes the main sources of high hazard in the study
area. However, there will always be local high risk (high hazard) areas where flows may be
concentrated around buildings or other structures within low hazard areas.
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10. FLOODPLAIN RISK MANAGEMENT OPTIONS

10.1. Background

Floodplain risk management measures are actions which can be undertaken in both the short
and long term which manage the risk of flooding. Measures range from flood modification
measures such as levees and retarding basins, to response measures such as emergency
response planning and property modification measures such as house raising. These types are
described in the following section. The section also describes the management measures that
may be assessed in detail for the study area.

As part of this FRMS&P a number of potential floodplain risk mitigation options have been
considered and tested for their effectiveness in reducing flood levels and hazard to the community.

10.2. Options for Consideration

10.2.1. Flood Modification Options

Flood modification measures modify the physical behaviour of a flood including depth, velocity
and redirection of flow paths. Typical measures include flood mitigation dams, retarding basins,
on-site detention, channel improvements, levees or floodways. Pit and pipe improvement and
even pumps may also be considered in some cases.

10.2.1.1. Improving Flow Paths

Residential development has restricted the space around the waterway, so improving flow paths
by increasing channel sizes will be difficult to achieve. This option however may be modelled by:
¢ Increasing existing culvert sizes;
¢ Removing/raising footbridges;
e Lowering channel beds to effectively increase capacity; and
¢ Increasing channel size where appropriate.

10.2.1.2. Retention Basins

Retarding basins store runoff temporarily and then release it at a reduced rate. Although they do
not reduce the total volume of runoff significantly, they reduce the rate at which runoff occurs, thus
reducing downstream flood levels. They also typically include a spillway on the embankment wall,
which is a slightly lower section that allow controlled overtopping if the basin capacity is exceeded.

10.2.1.3. Riparian Management

Vegetation maintenance including regular spraying of weeds and clearing of debris may yield
improvements in channel capacity.
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10.2.1. Property Modification Options

Property modification measures modify the existing land use and development controls for
future development. This is generally accomplished through such means as flood proofing,
house raising or sealing entrances, strategic planning such as land use zoning, building
regulations such as flood-related development controls, or voluntary purchase.

10.2.2. Response Modification Options

Response modification measures modify the response of the community to flood hazard by
educating flood affected property owners about the nature of flooding so that they can make
better informed decisions. Examples of such measures include provision of flood warning and
emergency services, improved information, awareness and education of the community and
provision of flood insurance.

10.2.3. Relative merits of Management Measures

A number of methods are available for judging the relative merits of competing measures. The
benefit/cost (B/C) approach has long been used to quantify the economic worth of each option
enabling the ranking against similar projects in other areas. A B/C ratio is the benefits expressed
in monetary terms (as a reduction in flood damage), compared to the actual likely cost of achieving
those benefits. It is a standard method for using the time value of money to appraise long-term
projects of the reduction in flood damages (benefit) compared to the cost of the works (including
ongoing maintenance). Generally the ratio expresses only the reduction in tangible damages as
it is difficult to accurately include intangibles such as a reduction in risk to life (as discussed in
Section 9.2). Once options have been reviewed, a shortlist of options will be subjected to a
damages and cost assessment to prepare a B/C ratio for further prioritisation.

The potential environmental and social impacts, and other intangible benefits of any proposed
flood mitigation measure must be considered in the assessment and cannot be evaluated using
the traditional B/C approach. The approach also does not consider the financial feasibility of works
that require a large capital outlay, the impact on emergency services, the political or administrative
feasibility of an option, its effect on the risk to life, as well as its long term performance. For this
reason a matrix type assessment has been used which enables a value (including non-economic
worth) to be assigned to each measure.

Multi-criteria decision matrices are recommended in the Floodplain Development Manual and
therefore it is also a recommendation herein that multi-variate decision matrices be developed
allowing detailed benefit/cost estimates, community involvement in determining social and other
intangible values, and local assessment of environmental impacts. A multi-criteria matrix
assessment has been completed in Section 11.
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10.3. Mitigation Options not further considered

10.3.1. Voluntary House Raising

Voluntary house raising (VHR) seeks to reduce the frequency of exposure to flood damage of the
house and its contents by raising the house above the minimum Flood Planning Level (FPL), and
accordingly reduce the frequency of household disruption and associated trauma and anxiety.
VHR is eligible for OEH funding based on eligibility criteria set out in the OEH Guidelines for
Voluntary House Raising Schemes (Reference 8). VHR was considered for properties along the
main waterway, however many of these are apartment blocks and are not suitable for raising,
besides which VHR is inappropriate in a floodway. For these reasons this option was not
considered further.

10.3.2. Voluntary Purchase

Voluntary purchase (VP) is recognised as an effective floodplain risk management measure for
existing properties in areas where:

e There are highly hazardous flood conditions and the principal objective is to remove people
living in these properties and reduce the risk to life of residents and potential rescuers;

e A property is located within a floodway and its removal may contribute to a floodway
clearance program that aims to reduce significant impacts of flood behaviour elsewhere in
the floodplain by improving the conveyance of the floodway; or

e Purchase of a property enables other flood mitigation works to be implemented (e.g.
channel improvements or levee construction).

Voluntary purchase typically has the most benefit when houses that are frequently subjected to
inundation over floor level can be removed from the floodway; both reducing the risk to life and
improving flow conveyance through the vacated lot. Within the Springvale and Floodvale Drain
catchments no properties meet this criteria, and there are no properties eligible for Voluntary
Purchase as defined by the Office of Environment and Heritage Guideline (Reference 9). While
several properties (or their driveways, for example) encroach on the waterway easement, the
removal of houses would not significantly benefit the residents nor improve downstream flood
levels. There are only a couple of properties that are subject to high hazard (in the 1% AEP
event), and these are in the unit complexes at the downstream end of the waterway. Furthermore,
demand for property in Botany is high, with a significant amount of development currently being
undertaken to provide accommodation. It is unlikely house owners would agree to sell, and the
value of the house itself may be cost prohibitive even with funding. This option has therefore not
been considered further.

There is a high rate of redevelopment within the LGA. It is expected that ongoing redevelopment
in the area will continue to improve flood risk, as new dwellings are built to comply with flood
related development controls that ensure adequate floor levels are constructed and that impacts
on flood levels are prevented.
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10.3.3. Evacuation

Evacuation is typically required in larger catchments in which over floor flooding typically occurs.
It requires substantial warning time to effectively remove affected residents from the area, and is
usually of greater benefit when the duration of inundation is days or even weeks, rather than
hours. The short warning time, rapid rate of rise and short duration of flooding in the catchment
mean evacuation improvements would have little benefit, and focus should be placed on
education and preparedness. This report has not considered evacuation improvements further.

10.3.4. Catchment-Wide Vegetation Management

Vegetation management has been assessed as a targeted measure in the southern (downstream)
reaches of Springvale Drain and Floodvale Drain, in which parts of the open channel sections are
heavily vegetated with weeds. In these areas, such dense vegetation serves to back up flow and
raise peak flood levels along the open channels. This option has therefore been assessed and
recommended as part of the Exell Street Focus Area report in Appendix D. Catchment wide
vegetation management was not assessed in this investigation as Council currently undertakes
street sweeping and leaf control measures to address culvert blockage.
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10.4. Flood Modification Options Considered — Overview

A number of flood risk mitigation options have been assessed throughout the catchment, which
has been divided into three key zones. These zones include the Northwest Residential Zone,
Northeast Residential Zone, and the Exell Street Focus Area. The options that have been
assessed are listed in Table 10.

Table 10 Mitigation Measures Considered

Report
Mitigation Options Considered Ref:'):nce
Northwest NWO01 Dalley Avenue Drainage Upgrade 10.4.2
Residential | NWO02 Bay Street Drainage Upgrade 10.4.3
AT NWO03 Holloway Street Drainage Upgrade 10.4.4.
Northeast NEO1 Banks Avenue Drainage Upgrade 10.4.6
Residential | NE02 Towner Gardens Drainage Upgrade 104.7
Zone NEO3 Park Parade Drainage Upgrade 10.4.8
FMO02 Duplication of pipe under Botany Road Appendix D
Exell St FMO03 Vegetation management (open channel sections) Appendix D
Focus Area’ Debris removal and maintenance at Floodvale Drain/ ,
FMO08 A dix D
SWSOOS No. 2 Culvert R
FM10 Local Drainage Improvements — Botany Road Appendix D
Property PMO1 Review of Planning Policies 10.4.10
Response | RM03 Revisions to Local Flood Plan 10.4.11
10nly the recommended options arising from Reference 3 have been listed. See full report for all options
considered in this area
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10.4.1. Zone 1: Northwest Residential Area

The northwest residential zone is located in the upper parts of the Floodvale Drain catchment,
and include Pagewood Public School and a number of flooding hotspots around Ocean St, Gibson
St, Holloway St and Banksia St (Hotspots No. 4-8). This zone also includes the hotspot at Bay
Street, one of the locations that prompted the expansion of the Study Area to the north. Flood risk
in these areas is generally caused by water ponding in trapped low points with insufficient or
ineffective drainage. A number of mitigation options have been assessed and are described
below.

10.4.2. Option NWO01: Dalley Avenue Drainage Upgrade

10.4.2.1. Option Description

Option NWO01 aims to reduce flood affectation on Dalley Avenue and the residential properties in
the vicinity of Pagewood Public School. This area has been noted as hotspot #4 in Council’s brief.
There is currently a pipe network that conveys water from Wentworth Ave (north and south of
Page Street) and Page Street south to the Springvale Drain. An offtake pipe has been added in
this option to alleviate the demand on this system, and allow a portion of the water from upstream
of Dalley Ave to drain directly to an area of lowered ground on Pagewood Public School oval to
act as a detention basin. At this stage a 1.35 m diameter pipe with a length of 14 m has been
trialled to drain the current low point on Dalley Ave into the school oval.

The detention basin was modelled by lowering the ground surface in the school’s playing field
area by between 1.0 and 1.2 m to a level of 12 mAHD on the western side, and 11.65 mAHD on
the eastern side. The area is approximately 2340 m?, which creates a volume of approximately
2800 m3. It should be noted that the depth and area of excavation is based on a ‘first-pass’
assessment where only the effect on flooding is determined. If there is shown to be a benefit, the
environmental and social constraints would be carefully considered. At this stage outlet pipe(s)
have not been considered, though if the option were to progress drainage of the oval would need
to be addressed.

10.4.2.2. Modelled Impacts

The effects of this option are relatively limited, and occur only for smaller design flood events. The
option achieves minimal reductions in flood level in the 20% AEP event of up to 0.05 m both on
the school grounds and properties along Dalley Ave, to just north of Page Street. The 1% AEP
event found negligible impacts with the option in place. The change in peak flood level for the
assessed option is shown on Figure 12 (1% AEP) and Figure 13 (20% AEP).

10.4.2.3. Evaluation

The proposed basin would provide minor benefit to the area’s flood risk in small events, including
benefit for property flooding, and reducing hazard to motorists and pedestrians on Dalley Ave.
This first-pass investigation has highlighted that the benefits available in the 1% AEP event are
negligible due to the sheer volume of water at the site. A much more expansive excavation would
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be required to have any flood benefit. Furthermore, there are significant limitations associated
with this option which would need to be considered further, including:

Capital costs of this option are estimated to be in the order of $650,000, assuming the field
is excavated to form the basin (rather than subsurface storage). To achieve a Cost-Benefit
Ratio (BCR) of 1, the option would need to reduce Average Annual Damages by
approximately $51,000. Figure 9 indicates six (6) properties in the vicinity of the option are
flooded over floor in the 20% AEP event. The reduction in peak flood levels in the 20% AEP
event caused by Option NWO01 (shown on Figure 13) could potentially prevent over floor
inundation to these properties, with minor benefits also afforded to other properties in the
vicinity. This indicates the option may be economically feasible (BCR >1), despite not
having a material impact on property damages in rarer events.

Inundation of the playing surface may reduce the recreational utility of the school oval, for
example by killing grass or resulting in nuisance inundation, causing ground closure. If an
all-weather surface is installed, it would need to be confirmed whether this surface could
withstand prolonged deep inundation without causing damage or reduction in the effective
design life of the surface;

Detention basins reduce flood levels for adjacent areas, but increase the hazard of flooding
within the basin itself. The additional risk to life within the basin area would need to be
considered, especially within the grounds of a primary school ; and

Constructing a subsurface water storage beneath the oval may address the above issues,
but would likely be prohibitively expensive; and

The effect of this option on over-road flooding, as well as a range of other tangible and
intangible factors, have been considered via a multi-criteria matrix assessment, presented
in Section 11.

It is noted that Options NEO1 and NEO3, described in Section 10.4.6 and 10.4.8 respectively, act
to reduce the upstream demand on the stormwater drainage network, yielding benefits in the
Pagewood Public School/ Dalley Avenue area. If either of these options are implemented, the
works involved in Option NWO01 could be reduced substantially (e.g. the basin component could
perhaps be omitted).

NWO01 Recommendation

This option provides localised benefits in frequent flood events, both to over-floor
property affectation and reduced flood risk to motorists over Dalley Avenue. It is
recommended as a low priority option to be further investigated, noting that it relies on
excavation of the Pagewood Public School oval which may not be acceptable to the
community due to loss of amenity and potential risk to life during flash flood events.
Investigation of Option NWO01 should also consider Options NEO1 and NEO3, which yield
benefits in this area also as they reduce upstream demand on the stormwater drainage
network.
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10.4.3. Option NWO02: Bay Street Drainage Upgrade

10.4.3.1. Option Description

Option NWO02 comprises the installation of two new pits on Bay Street (approximately mid-way
between Wentworth Ave and Lang St), and installation of a pipe to convey water northwards and
into the swamp within The Lakes Golf Course. At present there is a trapped low point on Bay
Street, classified as low hazard. This hotspot was not identified in the Flood Study nor Council’s
brief as it lies just north of the original Study Area boundary, however as it is located within the
model boundary, the Study Area has been extended to include it for consideration in this report.

The proposed pipe has been modelled as a 1350 mm diameter pipe approximately 112 m long
that would discharge into an open swale drain. The drain would run north for 260 m and discharge
into the existing water body within the golf course.

10.4.3.2. Modelled Impacts

The proposed works result in reductions of up to 0.64 m on Bay Street and in surrounding
properties in the 20% AEP, with some properties no longer flooded in the 20% AEP. Bay Street
itself is no longer flooded in either the 1% or 20% AEP event. The excavated channel is newly
flooded at its upstream end, and flood levels reduced in the downstream reach due to the
excavation. The effects in the 1% AEP are similar to the 20%, with a slightly greater extent of
benefits in the residential area. Both events show a minimal increase in water level in the northern
golf course pond. These impacts are shown on Figure 14 and Figure 15 for the 1% AEP and 20%
AEP events respectively.

10.4.3.3. Evaluation

The option achieves significant reduction in peak flood level for 10-15 properties on Bay Street,
with a number of houses no longer flooded in both the 20% AEP and 1% AEP events. The option
effectively drains Bay Street, removing inundation and hence improving safety for motorists and
pedestrians. Liaison with The Lakes Golf Club would be required to determine the most suitable
and cost effective swale drain easement, or if a new discharge into the golf course is acceptable
altogether.

With a capital cost estimated at approximately $400,000 ex GST, this option is considered
economically feasible due to the reduction in over-floor property affectation it provides in Bay
Street and surrounds. Other direct benefits, such as the reduction in inundation on Bay Street
itself, are captured via a multi-criteria matrix assessment presented in Section 11.

NWO02 Recommendation

|Z[ This option is recommended due to the positive benefits it brings to several residential
properties and Bay Street itself for relatively minor construction works.
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10.4.4. Option NWO03: Holloway Street Drainage Upgrade

10.4.4.1. Option Description

As identified in Section 5.4.1, the low lying residential area between Holloway Street and Gibson
Street is not able to drain effectively due to a lack of pipe capacity. Existing pipes in the vicinity
are full in events as frequent as the 20% AEP. This option assesses the effectiveness of
duplicating pipes from Holloway Street to as far south as Coal Pier Road for an approximate total
length of 1.5 km.

10.4.4.2. Modelled Impacts

This option results in notable improvement to flood depths for properties in a localised area along
Holloway St and Gibson streets, with some areas no longer flooded in both the 1% and 20% AEP
events. The impact of the works on the 1% AEP and 20% AEP peak flood level is shown Figure
16 and Figure 17 respectively. In the 1% AEP event, the maximum impact occurs on Gibson St
with a maximum reduction of 0.35 m. In the 20% AEP event, this option also benefits properties
on Gibson and Holloway Streets with maximum reductions of approximately 0.22 m.

Due to the existing stormwater drainage network already being full even in frequent events, the
pipe duplication is required to be continued for the full length of the below-ground network for it to
have a positive impact at its entry point on Holloway Street. The pipe discharges to the Floodvale
Drain open channel at the northern end of Coal Pier Road. At this location, peak flood levels
increase by 0.16 m between Coal Pier Road and Nant Street in the 20% AEP event. In the 1%
AEP event, there are increased flood levels of 0.02 m in the industrial park in the area between
Coal Pier Road and Nant Street. These impacts could be mitigated by the downstream works
proposed in the Exell Focus Area report, in Appendix D.

10.4.4.3. Evaluation

There is significant work involved in the pipe duplication as the pipe needs to be duplicated for
1.5 km to be effective. A shorter pipe would need to join the already-full network, and while this
would provide some additional storage, would quickly fill and become ineffective. With such a long
duplication, capital costs are significant, estimated to be in the order of $2.2M. Construction would
involve cooperation between a number of stakeholders including Council, private land owners,
state government (Three Ports), RMS and Sydney Trains. It is unlikely that the benefits afforded
to so few properties will justify such an extensive and costly design and construction process.

NWO03 Recommendation

This option is not recommended due to the high costs, difficulty of construction and
adverse downstream impacts for limited benefits to property damages.
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10.4.5. Zone 2: Northeast Residential Area

Zone 2 is in the north-eastern corner of the revised Study Area and includes properties east of
Banks Avenue around Jellicoe Oval and to the north as far as Birdwood Avenue. The area is
bounded on the east by Bunnerong Road. This section investigates several mitigation options that
seek to drain excess water away from properties to either Jellicoe Park or from Banks Avenue to
Bonnie Doon Golf Course. The mitigation options considered in this area are shown in Figure 11
Sheet B.

10.4.6. Option NEO1: Banks Avenue Drainage Upgrade

10.4.6.1. Option Description

Option NEO1 comprises an upgraded stormwater drainage system to allow the discharge of water
from Banks Avenue into a lowered section of Bonnie Doon Golf Course. This area has been noted
as Hotspot #3 in Council’s brief. Two additional 1050 mm diameter pipes are proposed to drain
the western side of Banks Avenue, and discharge into an excavated basin with an area of
approximately 18,850 m? and average depth of approximately 2 m. The excavation is primarily
designed for ease of drainage from Banks Avenue. A drainage swale at the western side of the
basin is proposed to ensure the basin does not normally store water, but rather is empty so as to
provide some benefit during a flood event.

10.4.6.2. Modelled Impacts

The flood impacts for the 1% AEP event are shown in Figure 18 with significant reductions in flood
levels around Banks Avenue and surrounding residential areas, some parts of which are no longer
flooded. This option significantly reduces the amount of water entering the drainage system
creating significant benefits downstream through Heffron Road and Mutch Park, as far as
Pagewood Public School and Baker Street (up to 0.3 m).

Impacts in the 20% AEP event are shown in Figure 19, and also show reduction of flooding on
Banks Avenue up to 0.2 m with some parts of the road no longer flooded. The increased drainage
capacity reduces flood affectation for the residential areas east of Banks Ave north of Heffron
Road. The reduction in peak flood levels range from between 0.02 and 0.2 m, with the greatest
benefits closest to Banks Avenue. There are also some benefits to the low lying areas of Mutch
Park and Heffron Road (approx 0.07 m). Inundation of the Banks Avenue and Heffron Road
intersection is reduced by approximately 30 minutes in the 1% AEP event and 10 minutes in the
20% AEP event. In both the 1% and 20% AEP events the newly excavated area in the golf course
is newly flooded in parts, however the excavation also causes a reduction in flood levels.

10.4.6.3. Evaluation

The lowering of the golf course and additional drainage of Banks Avenue has benefits for
properties not only upstream, but also downstream as the demand on drainage is lessened. The
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construction requirements are relatively limited, with two new pits and pipes installed on the
western side of Banks Avenue (not crossing the road). Capital costs are estimated in the order of
$7.5M, owing to the significant excavation required within the golf course. To achieve a BCR of 1,
the AAD is to be reduced by approximately $600,000. With the benefits available in terms of peak
flood level reduction both around Banks Avenue and Page Street, this is considered feasible. The
cost estimate assumes the excavation is virgin natural material, however based on experience in
the area, it is possible that the excavated spoil may be contaminated, leading to higher capital
costs than currently estimated. The quality of soil should be determined via a geotechnical
investigation if this option were to proceed.

Construction within the golf course may entail a challenging approvals process, as the proposed
excavation would have substantial consequences for the layout of the golf course. Further
investigation is likely to be necessary to achieve an effective solution that is acceptable to all
stakeholders.

NEO1 Recommendation

This option has significant benefits for properties and roads both upstream and

|Zl downstream of the works and is recommended for further investigation. Key factors to be
considered include the quality of spoil, and if costly waste disposal would be required, as
well as the feasibility of altering the topography of the golf course.

10.4.7. Option NEO2: Towner Gardens Drainage Upgrade

10.4.7.1. Option Description

This option seeks to reduce flood affectation in the streets and properties around Towner Gardens
and Prince Edward Circuit in the north east of the revised study area. A new 1050 mm pipe is
proposed to be installed from Prince Edward Circuit, across Banks Avenue and into an excavated
channel in Bonnie Doon Golf Course. The pipe is proposed to be approximately 80 m in length,
and the channel has been modelled at this stage as 15 m wide and 150 m long, though the size
and location of this may be optimised in consultation with the golf club.

10.4.7.2. Modelled Impacts

The modelled flood impacts in the 1% AEP event are shown in Figure 20 and indicate minor
reductions in flood level in the residential area around Prince Edward Circuit and Towner Gardens
(~ 0.01 m) and up to 0.1 m reductions through Bonnie Doon Golf Club. The impacts in the 20%
AEP are shown in Figure 21, and show minor reductions in flood level through the residential
areas of up to 0.05 m. Further, inundation of Prince Edward Circuit is delayed by approximately 1
hour in both the 1% and 20% AEP event, and the duration of flooding is reduced by one hour in
each event. Flood levels through the southern parts of Bonnie Doon Golf Club are reduced by up
to 0.1 m.
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10.4.7.3. Evaluation

The proposed pipe installation and excavation area yield benefits for the target residential area,
in which approximately 15 properties are estimated to be flooded over floor in a 20% AEP event.
With capital costs estimated at less than $400,000, a reduction in AAD of $21,000 would be
required to achieve a BCR equal to 1, which is considered feasible given the broad area of peak
flood level reductions in the 20% event.

As with previous options, the works within the Bonnie Doon Golf Club would be subject to an
approvals process, and may need significant alteration to arrive at an effective option acceptable
to the golf club. Nevertheless, the benefits to property damages and inundation of Towner
Gardens, Wark Avenue and Prince Edward Circuit, mean the option warrants further investigation.
The multi-criteria matrix assessment presented in Section 11 captures a range of additional
tangible and intangible criteria.

NE02 Recommendation

This option provides benefits to a localised residential area, particularly in frequent
events and should be considered for further investigation. Consultation with Bonnie
Doon Golf Club will form a key element of the investigation to determine the feasibility of
this option moving forward.

10.4.8. Option NE03: Park Parade Drainage Upgrade

10.4.8.1. Option Description

This option targets flood affectation on the residential properties south and east of Jellicoe Park
through the addition of drainage pits and pipes and lowering of Jellicoe Park by approximately
2.5 m to form a retarding basin with a capacity of approximately 57,500 m?3.

10.4.8.2. Modelled Impacts

Similarly to Option NEO1, this option reduces the demand on the downstream drainage system
and yields benefits beyond the immediate works zone. The flood impacts in the 1% AEP event
are shown on Figure 22. In this option Jellicoe Oval would be newly inundated, as its ground level
is lowered and receives inflow from two pipes on Park Parade. This reduces flood affectation to
residential properties between Heffron Road and Park Parade, especially at the Banks Avenue
Intersection, with maximum reductions of 0.16 m in the 1% AEP event. Inundation at this
intersection is reduced by up to 10 minutes in the 20% AEP event. Further downstream benefits
of up to 0.12 m on Wentworth Ave and Page St (Pagewood Public School) are also noted. The
impacts in the 20% AEP, shown in Figure 23, are more localised to the works zone, with reductions
of up to 0.2 m around the Banks Avenue/Heffron Road intersection, and lesser reductions at the
proposed new pipe locations (only around 0.01 m). There are also some small patches of
reductions seen through the low lying areas of Mutch Park. Total inundation time of Heffron Road
near Mutch Park is reduced by approximately 50 minutes in the 20% AEP.
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10.4.8.3. Evaluation

This option provides benefits both in the immediate vicinity of the proposed works and further
downstream as the demand on the drainage system is relieved. However, there is likely to be
community opposition to lowering Jellicoe Park, especially as it is used for sporting fixtures (at the
time of writing, Jellicoe Park was one of the home grounds for the Pagewood-Botany Football
Club). Creating a basin in a publicly accessible area also constitutes an increase in the flood
hazard classification. Construction of subsurface water storage may provide a solution to this
issue whilst also providing water for park irrigation.

With a depth of 2.5 m, the construction costs of this option are expected to be over $11M, based
on earthwork rates applicable to excavated natural material. At this cost, the option is unlikely to
be economically feasible, as it would need to reduce AAD by nearly $1M to achieve a BCR of 1.
It is likely however that, with further investigation, the basin depth could be reduced to optimise
benefits to properties in frequent events. This option is recommended for further investigation to
develop the concept design further and assess the acceptability of this option to the community.

NEO03 Recommendation

This option is recommended for further investigation as it has the potential to provide
extensive benefits to properties immediately adjacent to Jellicoe Park, and further

|Z| downstream as the demand on the drainage network is reduced. The investigation should
consider alternative water storage methods and sizing to replace the proposed large scale
excavation and associated increase in hazard to the community.

10.4.9. Zone 3: Exell Street Area

The Exell Street area includes both the Springvale and Floodvale Drains in the southern part of
the catchment, where the land use is generally industrial and commercial and the drains are open
channels. A flood mitigation options assessment was undertaken in August 2016 by WMAwater
as a standalone focus area report. This report can be found in Appendix D. The report investigated
and recommended the options as listed in Table 11. Flood impact maps for all options are included
in Appendix D.

Table 11 Options considered in the Exell St Focus Area (Table 6 in Appendix D).
.. Recommended .. Adverse Council
Description Priority Impacts
Preference

(Yes/No)

(Yes/No)

FMO01 Low.erln.g Botan'y Rd, partial Yes Medium Yes No
duplication of pipe
. + .
EMO1A Option FMO1 + Swale Drain Yes Medium Yes No
along Golf Course
le Drain al If
FMO1B Swale Drain along Golf Course Yes High No Yes
only
WMAwater
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g e
o Recommended .. YEISE Council
Description Priority Impacts

(Yes/No) (Yes/No) Preference

Duplicati f pi d
FM02 uplication of pipe Uncer Yes Medium ] Yes
Botany Road
FMO3! Ongoing Channel Maintenance Yes High Yes Yes
Works g
FMo4 Combined Option FM01 & Yes Medium No NG
FMO03
Combined Option FM02 &
FMO05 N - - Y
FMO3 © es
FMO6 Increase SPrmgvaIe Drain No i i No
Cross Sectional Area
Removal of Springvale Drain , Already
FMO07 Y High Y
Culvert es 9 es undertaken
Improvement of
FMO08 Floodvale/SWSOOS No. 2 Yes Medium Yes No
Intersection
Combination of FM01, FM03,
FM Y L Y N
09 FMO7 and FM08 es ow es ©
FM10 Local Drainage Improvements Yes High No Yes

”Ongoing Channel Maintenance Works” had been investigated in Appendix D with a focus on
vegetation management. Vegetation management refers to activities such as removal of weeds
and exotics intended to prevent densification of vegetation which can increase hydraulic
roughness along the open channels, and subsequently reduce the conveyance capacity and
increase peak flood levels. Following completion of the Exell Street Focus Area report (Appendix
D) a broader review was undertaken by Council which identified a range of maintenance activities
and minor works at specific locations that would also contribute to maintaining conveyance in the
open channels. Specific actions included removal or modification of footbridges over the channels,
modification of fencing, removal of sedimentation, and negotiations with land owners to manage
floodplain vegetation and maintain channels on private property (e.g. the linking channel between
Springvale and Floodvale Drains at the northern end of Coal Pier Road).
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10.4.10. Option PMO01: Review of Planning Policies

10.4.10.1. Review of LEP

The Botany Bay Local Environmental Plan (2013) as it stands does not include some clauses
relating to flood prone land typically included in other Council LEPs. The LEP currently belonging
to Rockdale Council contains a more comprehensive Flood Planning clause. It is recommended
that the content of this clause, as shown below, are adopted by the amalgamated Bayside Council
to ensure Council is adequately covered. There may be issues arising with Councils compliance
with the gazetted Floodplain Development Manual (Reference 1) if such a clause is not included.
“[The Floodplain Development Manual] replaces the 1986 Floodplain Development Manual as the
Government’s manual relating to the management of flood liable land in accordance with Section
733 of the Local Government Act 1993. This provides councils and statutory authorities, and their
staff, with indemnity for decisions made and information provided in good faith from the outcomes
of the management process.” (Reference 1).

Rockdale LEP 2011

6.6 Flood planning

(1) The objectives of this clause are as follows:
(a) to minimise the flood risk to life and property associated with the use of
land,
(b) to allow development on land that is compatible with the land’s flood
hazard, taking into account projected changes as a result of climate change,
(c) to avoid significant adverse impacts on flood behaviour and the
environment.

(2) This clause applies to:
(a) land that is shown as “Flood planning area” on the Flood Planning Map,
and
(b) other land at or below the flood planning level.

(3) Development consent must not be granted to development on land to which
this clause applies unless the consent authority is satisfied that the
development:

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

(b) is not likely to significantly adversely affect flood behaviour resulting in
detrimental increases in the potential flood affectation of other development or
properties, and

(c) incorporates appropriate measures to manage risk to life from flood, and
(d) is not likely to significantly adversely affect the environment or cause
avoidable erosion, siltation, destruction of riparian vegetation or a reduction in
the stability of river banks or watercourses, and

(e) is not likely to result in unsustainable social and economic costs to the
community as a consequence of flooding.
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(4) A word or expression used in this clause has the same meaning as it has in
the Floodplain Development Manual (ISBN 0 7347 5476 0), published in 2005
by the NSW Government, unless it is otherwise defined in this clause.

(5) In this clause:

flood planning level means the level of a 1:100 ARI (average recurrent interval)
flood event plus 0.5 metre freeboard.

Flood Planning Map means the Rockdale Local Environmental Plan 2011 Flood
Planning Map.

10.4.10.2. Development Control Plan, 2013

As described in Section 6.4.2, development controls pertaining to flood liable land are addressed
in Botany Bay DCP 2013 Part 3G — Stormwater Management and Part 10 — Stormwater
Management Technical Guidelines. The formation of a specific Flood Liable Land section may
improve the ease of interpretation and application of flood related development controls, both for
Council staff and development proponents.

An example of an appropriate DCP Section is shown below:

Example DCP - Flood Related Development Controls
The specific controls (listed below) have been formulated having regard to the following objectives:

a) To minimise risk to life and damage to property by controlling development on flood prone
land;

b) To ensure that the impacts of the full range of flood sizes up to and including the PMF are
considered when assessing development on flood prone areas;

c) To ensure that development does not have a significant impact on flood behaviour,
people’s safety, surrounding properties and structures, and the natural environment;

d) To ensure that the effects of climate change are considered when assessing development
in flood prone areas, including increased ocean level boundary conditions;

e) To ensure that development on the floodplain is consistent with the NSW Flood Prone
Land Policy (1984) and NSW Floodplain Development Manual (2005)

f) To ensure that developers and the community are conscious of the potential flood hazard
and consequent risk associated with the use and development of land within the floodplain;

g) To protect the integrity of floodplains and floodways, including riparian vegetation,
environmental processes and water quality;

h) To ensure that all land uses and essential services are appropriately sited and designed
in recognition of all potential floods; and

i) To ensure that development on flood prone land does not place an unacceptable financial
burden on landowners or the community.

Appropriate land use planning and development controls can reduce future flood risk and
associated flood damages by ensuring that development is compatible with flood risk. Planning
instruments can be used as tools to:
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e Guide new development away from high flood risk locations;

e Prevent inappropriate development from occurring;

¢ Ensure that new development does not increase flood risk elsewhere; and

e Develop appropriate evacuation and disaster management plans to better reduce flood
risks to the existing population.

The Botany DCP is currently under revision. It is recommended that flood planning controls are
addressed consistently and are consolidated for clarity and ease of use.

PM01 Recommendation
¢ Update Bayside Council LEP to include Flood Liable Land policy as per
|Zl Rockdale LEP 2011; and
o Form DCP section specific to flood related development controls.

10.4.11. Option RM01: Revisions to Local Flood Plan

A number of additions are proposed for inclusion in the appropriate section in accordance with
SES Requirements from the FRM Process (Reference 10). These are described below, and
include notification of roads frequently inundated and Flood Emergency Response Planning
classification of the floodplain.

10.4.11.1. Roads Inundated

A number of roads in the Springvale and Floodvale Drain Catchments are affected by flooding in
a range of different event sizes. Even in a relatively small and frequent events roads can become
overtopped and can be hazardous to motorists and pedestrians. Table 12 lists the roads affected
and the approximate depth to which they may be inundated in each design event. It is
recommended that this information be included in the relevant section of the Local Emergency
Management Plan (LEMPLAN).

Table 12 Roads affected by Flooding

. Flood Event

E:“ce Edward | g\ een Banks Ave and Birdwood Ave 20% AEP
Towner Between Prince Edward Cir and Monash Gardens 20% AEP
Gardens
Wark Ave Between Prince Edward Cir and Monash Gardens 20% AEP
Monash Between Wark Ave and White Rd 20% AEP
Gardens
White Rd Between Birdwood Ave and Monash Gardens 20% AEP
Keysor Rd Between Wark Ave and Bunnerong Rd 20% AEP
Banks Ave Between Park Pde and Heffron Rd 20% AEP
Between Banks Ave and Kenny Rd o
Heffron Rd Between Page St and Banks Ave 20% AEP
Bay St Between Wentworth Ave and Lang Ave 20% AEP
WMAwater
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Road Location l(:.)l\?:rctloi‘;)eerlit
Page St Between Dalley Ave and Wentworth Ave 20% AEP
Dalley Ave Between Page St and Holloway St 20% AEP
Holloway St Between Dudley St and Page St 20% AEP
Gibson St Between Dudley St and Page St 20% AEP
Baker St Between Wentworth Ave and Anderson St 20% AEP
Spring St Between Ocean St and Dudley St 20% AEP
Anderson St Between Ocean St and Baker St 20% AEP
Coal Pier Rd Between the Railway Line and Mcpherson St 20% AEP
McPherson St | p2eet Kt St and the Railway Line 20% AEP
Nant St Between the Railway Line and Mcpherson St 20% AEP
Botany Rd Between Exell St and Foreshore Rd 20% AEP
Exell St Between Greenfield St and Mcpherson St 10% AEP
Park Pde Between Banks Ave and Maxwell Rd 5% AEP
Holloway St Between Page St and Wentworth Ave 2% AEP
10.4.11.2. Flood Emergency Response Planning Classification of

Communities

The Australian Emergency Management (AEM) Institute worked with NFRAG to update national
best practice in flood risk management through the publication of AEM Handbook 7 (Reference
12) and various supporting guidelines. This handbook provides guidelines to classify communities
according to the impact that flooding has upon them. These classifications consider flood affected
communities as those in which the normal functioning of services is altered, either directly or
indirectly, because a flood results in the need for external assistance. This impact relates directly
to the operational issues of evacuation, resupply and rescue. Communities are classified based
on these guidelines using the Flow Chart in Diagram 2 (Reference 13).
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Diagram 2: Flow chart for determining flood emergency response classifications (Reference 3).
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The classification can identify the type and scale of information needed to assist in emergency
response planning. Section 10.4.11.3 provides a description of each of the Emergency Response
Classification definitions.

Key considerations for flood emergency response planning in these areas include:
e Cutting of external access isolating an area,;
e Key internal roads being cut;
e Transport infrastructure being shut down or unable to operate at maximum efficiency;
e Flooding of any key response infrastructure such as hospitals, evacuation centres,
emergency services sites;
e Risk of flooding to key public utilities such as gas, power, sewerage; and
e The extent of the area flooded.

The flood emergency response classifications for the Springvale Drain and Floodvale Drain
floodplain shown on Figure 24 are based on a preliminary assessment of the above
considerations. The extensive existing development and evacuation route capacity constraints,
make the emergency response constraints in the Bayside Council LGA more complicated than
just the isolation and inundation of areas by flood water.

Figure 24 shows large areas of the industrial part of floodplain are isolated and become fully
submerged in a PMF and are classified as Flooded Isolated Submerged. Residential areas in the
north are generally classified as ‘Indirect Consequences’, as they are not inundated however
access may be restricted by roads that are flood affected. The hotspots identified in Section 5.4
tend to be either Flooded Isolated Submerged or Flooded Isolated Elevated. These terms are
defined in the following section.

10.4.11.3. Emergency Response Classifications Definitions

Flooded Isolated Elevated (FIE) (High Flood Island/High Trapped Perimeter) - The isolated
area includes enough land higher than the limit of flooding (i.e. above the PMF) to cope with the
number of people in the area. During a flood event the area is surrounded by floodwater and
property may be inundated. However, there is an opportunity for people to retreat to higher ground
above the PMF within the island and therefore the direct risk to life is limited.

Flooded Isolated Submerged (FIS) (Low Flood Island/Low Trapped Perimeter) - The isolated
area is lower than the limit of flooding (i.e. below the PMF) or does not have enough land above
the limit of flooding to cope with the number of people in the area. During a flood event the area
is isolated by floodwater and property will be inundated.

Flooded Exit Route Overland Escape (FEO) - are those areas where access roads to flood free
land cross lower lying flood prone land. Evacuation can take place by road only until access roads
are closed by floodwater. Escape from rising floodwater is possible but by walking overland to
higher ground.
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Flooded Exit Rising Road (FER) - are those areas where access roads rising steadily uphill and
away from the rising floodwaters. The community cannot be completely isolated before inundation
reaches its maximum extent, even in the PMF. Evacuation can take place by vehicle or on foot
along the road as floodwater advances. People should not be trapped unless they delay their
evacuation from their homes. For example people living in two storey homes may initially decide
to stay but reconsider after water surrounds them.

Indirect Consequences (ID) — are areas which are outside the limit of flooding and therefore will
not be inundated nor will they lose road access. However, they may be indirectly affected as a
results of flood damaged infrastructure or due to the loss of transport links, electricity supply, water
supply, sewage or telecommunications services and they may therefore require resupply or in the
worst case, evacuation.

RM01 Recommendation
|ZI Inclusion of the following data in the Local Emergency Management Plan:

e Table of roads overtopped during flood events
e Flood Emergency Response Planning Classifications of Communities
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11. MULTI-CRITERIA MATRIX ASSESSMENT

11.1. Introduction

The Floodplain Development Manual (Reference 1) recommends the use of multi-criteria
assessment matrices when assessing flood risk mitigation measures. A multi-criteria matrix
assessment (MCMA) provides a method by which options can be assessed against a range of
criteria, and offers a greater breadth of assessment than is available by considering only the
reduction in flood risk or economic damages, for example. Such additional criteria may include
social, political and environmental considerations and intangible flood impacts that cannot be
quantified or included in a Cost-Benefit Analysis. It should be noted that the assessment of the
suitability of floodplain mitigation options is a complex matter, and an MCMA will not give a
definitive ‘right’ answer, but will provide a tool to debate the relative merits of each option.

11.2. Scoring System

A scoring system has been devised to assess the various options across a consistent basis to
allow for direct comparison. The scoring system is divided into four key criteria: Flood Behaviour,
Economic, Social and Environmental. Scores for each criterion are to be assigned to each option
then summed to determine the overall score. Options with higher scores indicate benefits across
a range of criteria and should be prioritised over those with lower positive scores, which may be
more neutral or have a combination of pros and cons. Conversely, options with the lowest negative
scores indicate the option would cause adverse outcomes in a number of criteria and should not
be considered further. The scoring system is provided in Table 13, and outcomes of the
assessment shown in Table 14. Discussion of the results is provided in Section 11.3.
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11.3. Discussion of Results

The multi-criteria matrix assessment results, presented in Table 14, can be used to not only
understand the benefits and disadvantages of individual options, but to also see trends across the
full suite of options assessed in the FRMS&P. The following are noted:

Cost Benefit Ratios (BCRs) were estimated as either greater than 1 (indicating the option
has economic merits), less than 1 (indicating the option is not economically feasible), or
equivalent to 1 (indicating the costs are approximately equivalent to the benefits). The
BCRs were based on a comparison of capital costs and reduction in property damages,
estimated from flood impact results for each option. Further investigation would be
required to refine cost estimates, which at this stage include a 20% contingency to cover
uncertainties in rates, quality of excavated material and an allowance for ongoing
maintenance;

Response Modification Measures and Property Modification Measures tend to score more
highly than Flood Modification Measures, as they can be implemented for a relatively low
cost, and over time can reduce property damage and improvement in community resilience
in the long term while not incurring negative environmental impacts;

The Towner Gardens Drainage Upgrade (NEO2) received the highest score out of the flood
modification options, as it reduces flood risk to a number of properties and roadways for
relatively limited capital works. Whilst the community consultation outcomes indicated
support for pipe upgrade options in urban areas, the option (in its current form) involves
excavating vegetated land within the adjacent golf course, which may not be deemed
acceptable by stakeholders in the golf club. Further optimisation of this design is likely to
be required to progress this option.

The Dalley Avenue Drainage Upgrade (NWO01) received the lowest score as it involves
large excavation, due to the proposed retention basin, for very little benefit in terms of flood
risk reduction; and

Options NWO01, NEO1, and NEO3 propose the usage of a sports field/park as a retention
basin and may attract opposition from stakeholders (local users, residents, sports clubs)
as amenity is sacrificed for flood mitigation. These options received negative scores for
‘Community and Stakeholder Support’ as a result.

WMAwater
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12. FLOODPLAIN RISK MANAGEMENT PLAN

This Plan summarises the recommended works investigated by the Springvale Drain and
Floodvale Drain Floodplain Risk Management Study. The Study made an assessment of flood
risk across the Study Area, and follows on from the Springvale Drain and Floodvale Drain Flood
Study (Reference 2).

The Floodplain Development Manual (Reference 1) notes that ‘An implementation program is to
be included in the management plan. This is to be prioritised based upon how soon the
management measures can be implemented, what constraints exist, and how effective the
measures are. Measures with little cost that can readily be implemented and which are effective
in reducing damage or personal danger should have high priority.

lists the mitigation measures assessed by the Springvale Drain and Floodvale Drain Floodplain
Risk Management Study that have been recommended for implementation. The table describes
the purpose of the measure, as well as its priority and the party responsible for its implementation.
Detailed description of each recommendation is provided in Section 10 of the Study, which also
contains measures that were assessed but were not viable for recommendation.

WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 62



6102 1oquiada( z}:1euld dSINYL o1eApoold oeABundS ZLZL6LY €06 1L

€9
JajemyIN M
. saluNWWoY Jo suoneolyisse|) Buluue|d asuodsay AousBiawg poold «
ubIH UoReIado0o Ul [1oUnog pue §3§ pue siasiew yydep jo mocmcﬁc_wﬂ _m_.__uM._m”MmﬂMEJo_o_\_“ pue ajeABulds Sy} UIyNIM S|ge|ieA. UOHBLULIOoMUI ucmw erﬂ_._uﬁ«ocw _w_mM_n_w H>>h._ﬂo:_“ Swiane poolj Buunp paddolono speol jo sige - 1eo0 E:wmﬁ_m_oo\w_m_ S0IY
' : i s g - ' : :ue|d Juswabeueyy Aousbiaw3g (2207 8y} Ul elep Buimojjo 8y Jo uoisnjou| o
*paunbai se sjuapisal *sjuauodo.d Juswdojersp pue JJejs [19UnoY Jo} yioq “Sl0quoo JusidorRrep)
ubIH 0} pajesIuNWWon Alesjo m.n o} pue :mno SUoN *sjo1juo9 Juswidojenap pajejal poojj jo uoieoydde pue :o:m@&ﬂ:_ Joaseg POIEIB OO} 0} O41080S UOKISS dOQ WHO} PUE | L0Z I SPI20Y maney folod Buluueld 10Wd
"90ug)sIsse [euonesado oAND 7 0
Buiobuo apinoid Aew Joye A\ AUpAg ‘uoissnosip ‘woyshs abelomas panip Ajelodwsy pue uoydAs *S[oAd] Pooy Wealysdn sonpal pue| HIAIND 2 “ON SOOSMS
Mo ) § 9OUBABAUOD 21|NEJPAY 9SEBIOUI 0} POAIND duoydis papaAul Bulisixe Ino Jes|D|/ulelq SeApoo] Je SoueuSiulew S04
uodn “Ja)e MW ASUPAS Ulim UOIE)INSUOD|  1ISAUI SAOWSI O} PAAIOAU] SHIOM A)}SOD pue aAIsUS)XT| Buissoud Z 'ON SOOSMS U} Je Ulelp a[eapoo]4 yBnouy) souefanuoo aroidw| e [BAOWB) SLIGD
Ul UoNON.)SUOD Io} 3|qisuodsal aq piNom [IDUN0D pue| 1aed
-uor ‘(10023 Mg poomabed) 1S
i 1edlyISSe|D pIezey poojj 8y} Sasealoul . .
9oUBUSUIRW abed pue aAy YHOMIUS M\ UO S})jousq Yim ‘wia)sAs abeurelp WealjSumop uo apeled Yied uo sadid om) Wwolj Mojjul SeAled8s
Mo os|e eale 9|qissaooe Ajoljgnd e ul uiseq e Buneaid X . . apelbdn abeureiq apeled yied €03N
pUE UOIONSUOD 10} 3|qISUOdSal 8q PINOM [IDUN0D K PUBLISP SIONPaY "UONODSIAU| SNUSAY Syueg du} Je Ajjeroadsa ‘apeled sed puUe paJaMO] SI [9A9] punoib s se ‘pajepunul Amau si [eAQ 20dljor uondo
Sed 90dljer Buuemol o} uonisoddo Ajunwwo)
pue peoy UolyeH usamaq saliadoid [enuapIsal Uo Uoiejoayje pooj seroidw)
“J9)em
Mo goueusjuiew| papuod ayy ur Buikeid ua.ipiyo yusnaid oy Auenoned JUaAS 3V %0Z dU} Ul AJuIdIA 8y} ut sBuljjemp g ~ 0} uoliepunul poojj-Jano -abeuo)s poojy apiroid 0} [00YdS 21Ignd poomabed uiyim piely apeibdn
4 PUB UONINJISUOD Jo} 3|qISuodsal 8q pinom [1ounod ‘fejes 211gnd Jo uoneIapISUOd JuedlIuBIS alinbai|sjeIrs|e [IIM YDIym ‘SJusAS Jusnbauy ul sjeas| pooy) ead ul suolionpal pasiieso]| Buikeld ay) sjeeoxa pue anusAy Asjleq yiesusq Ajoeded abeurelp ases.ou| abeuleiq snuany Asjeq LOMN
M jooyos Arewid e uiyym uiseq e Jo juswdoprag
. *sadid Jo uor *ainjn} ay} ur sepefdn weassumop Jayuny Buimole .
90UBUS)URW . . PY 3I0ysaiod pue 850D peoy Auejog
WP 1 e UONONJSUOD 10} B|qIsUodsal 8q PINOM [IoUN0D UONRUILLIEWU0D JO Ajiq py Auejog Buuemol yim uoiounfuod i epe.bdn adid pasifedo) e Jepisuod 109 Auejog ‘py Auejog yieausq sunJ jey) JeAIND Jo Ajoeded asesoul 0| Japun adid jo uoneoydng cond
P : : : ‘palinbai si a)sem |esauab se [esodsip sjsem a0 ‘uleJQ a[eApoold Jo Jses Ajjoalip Auadoud sjeaud uo sjans) Jajem aonpay : : : R
*pue| paumo Ajajeald pue Iouno) Yjog Uuo aq| "siapjoyaxels gnjo Jjob a IM palinbal uole}Nsuo: IN2JID pJemp3 aoulld pue 9SIN09 4109 apeibd
wnipa :oz_”,v mg__% ay) se _;._.o > Wmmo o bo :wmuonmwn . sz__.M> gm_ _._u mc-“odu. mn;o? B20J W_M"_U_ __._m_o suapJes) Jaumo | punose safedo.d pue sjeals o “4_ :o@wm o mun-__ Soyy| 100G SIULOG Ui [9U4EYD PIIBNEONG UE Ol PU SNUBRY SHUEE SS0108 noso obeureiq suap.e: Wmcso: 203N
pI Id ey pea. q 0} sl v Syueg ybnoiy syjom peol Juedyiubis| susple L P bl PUE S}831}S U} Ul UOIRIO84E POO]4 8INPaY pIEMPT 80Ul WOLj pajelsul 8 0} pasodod si adid maU e Jo UoRelesU| Ieiq suspie L
“pue| ._u:oa.mm_:oo J|06 uIBy)ou BY} Ul [9A9)] Jajem Ul =W %02 84} Ul DOpoaly 16Buo] ou seniedoid BLI0s um ‘senisdasd [enuepIsel "9SIN0D J|09) So)ET By L Ulym a,.__msm S} OJuI pUE SPIEMULIOU
wnipapy paumo AjgjeAld pue [1I9unoD Yjog Uo aq pinom| asii [ewlully * paiinbal aq pinom gnj9 409 saxe ayl J1oyem Aanuoo oy adid e jo uoneieysul pue ‘(3 Bue pue aay yuomuapy|  epesbdn ebeurelq 1eans Aeg ZOMN
. ¥ Buipunouns ay} pue jsas Aeg uo uoliepunul Jo yidep pue s 9onpay
Syiom 8y} se ‘uo pealbe aq 0} AJjiqisuodsay | yim uosier 19e.)S Aeg UO S3Iom LoIeABOXS Jo Joeduw) usamjeq Aem-piw Ajejewixoidde) j9a.s Aeg uo sjd meu om) Jo Lone|[elsu|
*ApNJs siy} Ul paJapIsuod
51 "goUBUS)UIBW 9SO0Uj} UBL) Juanbal 8JOW SJUSAS JOJ PAAISSGO *(1eak Jod saw ajdinuw BuLLIND20 SeNISUBIUI WLIO)S "9'1) SJUSAS *SUON0aSIaUI }S UOSIBYJOIN /PY Jald [EOD pue 1S [[20XT /Py Auejog peoy Auejog
HOH puE UONON.ISUOD 10} B|qISUOdSal 8q PINoMm [IDUN0D aq 0} Ajoy1| 8Je sjieuaq Jo Ajolew aouls ‘pajjepow |lesutes yuenbauy Buunp oiyed; o} sjuswipaduwi Buipooly eouesinu 8onpay| 8y} uielp o} syid Jejul pue auljedid efeure.p JeJEMWIOIS MaU & JO UoRONIISUOD | — sjuswenoldwi sbeurelq [eoo] OLWd
jou a1em suoneslpow sbeurelp [2o0] asay) Jo syoedw]
“aoueusjulew buiobuo “uleJp 8y} Jo UoNoas punoibiapun . .
? uresq sfeabuudg pue sayoeal [puueyd uado (suonoas jpuueyd
UBH PUE $10j08.U00qNS Buldeaspue] pue uopeneoxs 8U} Jo Weassdn Z 'ON SOOSMS 84 Lhim e 0q 0} JUSOE(pE pUE }S U0SIaY O] IOU S|oA9) 20N 0 90UBASAUOD D1 INEIPAY By} 8SEaIOU| 0} SLI ue uoijejoban Jo [eroway| uado) Juswabeuew uone}ebs, €04
BuIBEBUS 10} 5/qISUOdSe 5q PINOM [IOUNOD|  UONOBSIBI BU) 18 S[BA3] POl Ui 358310UI POSIE00T] IEAPOO|S U3Og 0} JUS2E(pE Pue IS UdOIN JO UHIOU S[aA8| POOl} 80Npay | § 1IneipAy sy | 0} SLIGRP P! neeban jo | 3| ¥ nejeban
“pue| paumo AjsjeAlid pue [1Dunod Yjog uo aq PouInba1 UOONASUO *95IN0D JI09 UoO( SlUUOg JO UONOSS PaJOMO| B O)Ul SNUSAY SHueg apeubdn
uBIH PINOM UeJp dY} SE ‘U0 vama w.n [OF “SI9PIOURHEIS AN 4106 3 LM pAIND3. UORENSUOD) PN SEIRH “papody JaBuol ou Buiaq saiadoud auwos pue seae [enuapisal wiouy Jsjem Jo abreyosip ay) MOJ[E 0} Wa)Shs abeurelp JeleMWIOlS popesbdn abeuleiq snusAy syueg LO3N
Buipunouns ul suononpai ul Buninsal ‘anuaAy syueg wo.y obeurelp aseq

Ruoud

suiaduo)

syysusg

uonduossaqg

uondo

ue|d wuswabeuey ysiy ure|dpoold G| a|qe

ue|d ¥ Apnig Juswabeue|y ysiy ule|dpool4
ulelq a|eApoo|4 pue uieiq ajeAbuuds




1,‘_-"::' PO

Springvale Drain and Floodvale Drain
Floodplain Risk Management Study & Plan

13. REFERENCES
NSW Government
1. Floodplain Development Manual
2005
City of Botany Bay Council
2. Springvale Drain and Floodvale Drain Flood Study
BMT WBM, November 2014
City of Botany Bay Council
3. Springvale Drain and Floodvale Drain FRMS&P
Lower Catchment Investigation
Draft — Exell St Priority Area
WMAwater, August 2016
4. Howells L, McLuckie D., Collings G., Lawson N.
Defining the Floodway — Can One Size Fit All?
February 2004
5. TUFLOW User Manual, Version 2012-05-AA
BMT WBM 2011
Department of Environment and Climate Change
6. Floodplain Risk Management Guidelines
NSW State Government, October 2007
Pilgrim DH (Editor in Chief)
7. Australian Rainfall and Runoff — A Guide to Flood Estimation
Institution of Engineers, Australia, 1987.
8. NSW Office of Environment and Heritage
Floodplain Management Program
Guidelines for voluntary house raising schemes
2015
9. NSW Office of Environment and Heritage
Floodplain Management Program
Guidelines for voluntary purchase schemes
2015
10. NSW Department of Environment and Climate Change
Floodplain Management Program
SES Requirements from the FRM Process, 2007
WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019

64



1,‘_-"::' PO

Springvale Drain and Floodvale Drain
Floodplain Risk Management Study & Plan

11.

12.

13.

14.

15.

16.

Australian Emergency Handbook Series

Technical Flood Risk Management Guideline:

Flood emergency response classification of the floodplain
2014

Australian Emergency Management Institute

Australian Emergency Management Handbook 7: Managing the Floodplain Best
Practice in Flood Risk Management in Australia

2013

Australian Emergency Management Institute

Technical flood risk management guideline: Flood Emergency response classification
of the floodplain

2014

NSW Government Office of Environment & Heritage
Search for NSW Heritage
https://www.environment.nsw.gov.au/heritageapp/heritagesearch.aspx

NSW Government Office of Environment & Heritage
eSPADE
https://www.environment.nsw.gov.au/eSpade2Webapp

Australian Institute for Disaster Resilience
Technical Flood Risk Management Guideline: Flood Hazard
Second Edition, 2017

WMAwater

115073:R191212_Springvale_Floodvale_FRMSP_Final:12 December 2019 65



Figures



I..
E‘- :
g

‘.._'_"-'. w e

L




MUy 2
il -lr'.""".' (o] 5.0
i L )

~ Ba
b

E




o T
- (M T
Nt e i b
B ) L R L R
rF'rJl" -:'I-'-::_'l,.t:, 'f'”, L 13
- ol Mg ER o

5 el A i

D Study Area
State Enviro
Policy (Three

Commercial
Mixed Use
Business De

Business Pa

ISHUEN

General Indu
Light Industri
Low Density

Medium Den

Large Lot Re



5 -*TT::"" r
[

LTOR




5 -*TT::"" r
[

LTOR










- “

e i ah 'E"\--.'. 2
i :“" |ﬂ;-| A : S

iy s - % G g
‘.“éé‘:r;f,m,u.‘.%' T o

oy
Ty i -4 ke, g
LAY g _1 £

e
- L %
E
i
| i

i ._"|‘II:
Zag
% L Ay
=) i
— o
| i

_ L4 Provisional Hydraulic Hazard

L
d - H1 - Generally safe for people
) Y i buildings




H1 - Generally safe for people

buildings

o
5
©
S
T
>
I
S
c
S
®
>
[]
S
o

W
ey
. “Nant-St -

d i : ] g f & '
L ' - ! k s " A - ' J= P - 9
. R = L A L - L T I - = il )
L P ] = - i o K r L = i
s o I- - 4 - . ] [k . TR ] - a L 1-
. 5 i, i | " h B T agl g L T =
e e . k Lt ¢ = T - o~ -1
i i L 5 5 F. i
i = = ) - 2 - 3 - . N P B
2 . T = - . - ! v - Ny - = 4 r -
; . " - = A 0 | - 1 i o ! ]
; K . L, o s ; 2 A
- = - L - i - [ b . [ = - i - |
i < -F = = =k 1 o o] T o
] = C = P, 5 Y 5 1 L -
- ey ) . L i - L. d [t e & : i T -
Fhif v - R e d : ’ ikt ™ 7
Ly ] i = Y . ] L o — - ] 4 3 o hah
i, o Ty " z = i i 1] —* - 3 - x
% E ¥ - ? : .
{ 5 : e e . k. - - - 7 A F 3
I - H e ! P » i ramd all: kT iy Wy 1 T, iy,
- " 2 - i Q T g T - . L L2 i -
1 o - : u E, : -~ - = =
J T, R o ey ol 5 e - = LR Fos S s ol R T X e o e e
7 il - - F ; | "~ v E sl oo Sy X 1 " = e F
c g5 -~ . 1 - . y 0 1
5 o H S gt ol & L & - [Pt i - L 3
! ks E L = " i g - . L o E =
- ol R e ¥ I3 'y - ¥ .. o s " o
ol N ¥ ] xf ] 7 5 ;
N - 5 -i r £ [ H i
- . "y . [T i "
Ty . .- T . - o o 1
i v i | . | |




sy,
D
10
()=
g

Ba_n &




1B i _. | i'l .-'.'- d
'I'.,’H:':-'l-i.""
e R e e e
=BanksigiSt:
"‘I:; '.!ri:‘ _'.-"'_
Fded) T LA o

nt .ﬁT"n.-_l - Ty
ydiers, vk

s
. i
{ '- B

_'1_: .

H %--‘




Floodwaters
Road floodec
Other parts ¢

2=
29
T o
W/
35 D
S 0
8 2
=2 0
L c

ki
eNIRUTEE o)
SR L e




J:\J:\Jobs\115073\Community_Consultation\Questionnaire_Results\SF_Questionnaire_Results.xIsx

25

20

15

10

FIGURE 8A

SPRINGVALE AND FLOODVALE DRAINS

Survey Participation

How long have you lived in the area?

SURVEY SUMMARY

Total sent: 906
B Responded

B Not Responded

Less than 5 years

5-10years

11- 20 years

21-30vyears

More than 31 years
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FIGURE 8B

SPRINGVALE AND FLOODVALE DRAINS

SURVEY SUMMARY

How many people live/work at this address?

No. of Residents

4+

Type of building (Respondents only)

0, 0%

M Residential
M Business/Commercial/Retail

m Industrial



FIGURE 8C
SPRINGVALE AND FLOODVALE DRAINS
SURVEY SUMMARY
1. Have you ever experienced flooding since

living/working in the area?

\SF_Questionnaire_Results.xlsx

J:\J:\Jobs\115073\Community_Consultation\Questionnaire_Results

M Floodwaters entered house/business
M Floodwaters entered yard

M Road flooded

B Other parts of neighbourhood floode
m | saw water flowing out of

streets/drainholes

H | haven't experienced flooding

2. How did the flooding affect your home/business?

M None

M Parts of house/business buidling were
damaged

m Contents of my house/busniness were
damaged

B My garden, yard and/or surrounding
property damaged
M Flood disrupted my daily routine

¥ Flood didn’t affect me

1 Other Property damaged
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FIGURE 8D
SPRINGVALE AND FLOODVALE DRAINS
SURVEY SUMMARY

4. What do you believe to be the main cause of
flooding in your area

M Local creeks overtopping their banks

M Lack of capacity in the stormwater
network causing drainage systems to
surcharge

m Rainfall runoff flowing to a creek or
drain

M Other

5. Are you concerned about climate change and how
this might impact flooding in your area?

M Yes

® No




: 1854
g
©
S
o)
=

J

=)
f

N




S
*"

i g
Pa = vl et

1@

e}

15y
©
D)
2y

L

Cd

O T e
X

Wl |
| St Focus Area ||
e Appendix D)

q.h .-'.‘




L W Banksia Sty
¥ s Jeeit b
4 '.1' -1' y -. ! :













’

" L SSaaaaaaaRRR




e

e
ro =5

N5
NN S NS

B

{ppasa=3

ksia'S

~ Ban

o SRR



- e il ?"l"r':l'!':;}\ﬁ.. -
F = g 5] -
g |
=

e I PN -
L £ g M\

iy i e B N

ot 1 ; e »

- . o |I'E" 'I L
Rty o Ste.phn -l

"

Hamg gt 3N <, i - s E *-._-.I_..fmf.‘h--..'-‘al'."




i
|

Ay

¥
i 1o ¥ n, -y ’
o F“"-'"'#':r.-"':-"'\‘- ¢ e

= o TERENGLY
" '_- —.-'.-.I-trt T .:\f: I
S - "'i}
-|I- 1} s, ! K = .'l .'\\
., Lh.'l 5 .
11- ’ .- l:

£

r

Sl R

sl "

; . - ._ — Il ':':..nl.r ¥ .-.
e ey E'tephn R ap s

e TR P A






















Study Area



( | \ Appendix A



GLOSSARY

Taken from the Floodplain Development Manual (April 2005 edition)

acid sulfate soils

Annual Exceedance
Probability (AEP)

Australian Height Datum
(AHD)

Average Annual Damage
(AAD)

Average Recurrence
Interval (ARI)

caravan and moveable
home parks

catchment

consent authority

development

Are sediments which contain sulfidic mineral pyrite which may become extremely
acid following disturbance or drainage as sulfur compounds react when exposed to
oxygen to form sulfuric acid. More detailed explanation and definition can be found
in the NSW Government Acid Sulfate Soil Manual published by Acid Sulfate Soil
Management Advisory Committee.

The chance of a flood of a given or larger size occurring in any one year, usually
expressed as a percentage. For example, if a peak flood discharge of 500 m®%/s
has an AEP of 5%, it means that there is a 5% chance (that is one-in-20 chance)
of a 500 m¥%s or larger event occurring in any one year (see ARI).

A common national surface level datum approximately corresponding to mean sea
level.

Depending on its size (or severity), each flood will cause a different amount of flood
damage to a flood prone area. AAD is the average damage per year that would
occur in a nominated development situation from flooding over a very long period
of time.

The long term average number of years between the occurrence of a flood as big
as, or larger than, the selected event. For example, floods with a discharge as
great as, or greater than, the 20 year ARI flood event will occur on average once
every 20 years. ARI is another way of expressing the likelihood of occurrence of a
flood event.

Caravans and moveable dwellings are being increasingly used for long-term and
permanent accommodation purposes. Standards relating to their siting, design,
construction and management can be found in the Regulations under the LG Act.

The land area draining through the main stream, as well as tributary streams, to a
particular site. It always relates to an area above a specific location.

The Council, government agency or person having the function to determine a
development application for land use under the EP&A Act. The consent authority
is most often the Council, however legislation or an EPI may specify a Minister or
public authority (other than a Council), or the Director General of DIPNR, as having
the function to determine an application.

Is defined in Part 4 of the Environmental Planning and Assessment Act (EP&A Act).

infill development: refers to the development of vacant blocks of land that are
generally surrounded by developed properties and is permissible under the current
zoning of the land. Conditions such as minimum floor levels may be imposed on
infill development.

new development: refers to development of a completely different nature to that
associated with the former land use. For example, the urban subdivision of an area
previously used for rural purposes. New developments involve rezoning and



