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Foreword

The NSW Government Flood Prone Land Policy is directed towards providing solutions to existing
flood problems in developed areas and ensuring that 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 prone land is the responsibility of Local Government.
The State Government subsidises flood management measures to alleviate existing flooding
problems and provides specialist technical advice to assist Councils in the discharge of their
floodplain management responsibilities. The Commonwealth Government also assists with the
subsidy of floodplain management measures.

The Policy identifies the following floodplain management ‘process’ for the identification and
management of flood risks:

1. Formation of a Committee -

Established by a Local Government Body (Local Council) and includes community group
representatives and State agency specialists.

2. Data Collection -

The collection of data such as historical flood levels, rainfall records, land use, soil types etc.
3. Flood Study -

Determines the nature and extent of the flood problem.
4. Floodplain Risk Management Study —

Evaluates floodplain management measures for the floodplain in respect of both existing and
proposed development.

5. Floodplain Risk Management Plan —
Involves formal adoption by Council of a management plan for the floodplain.
6. Implementation of the Plan —

Implementation of actions to manage flood risks for existing and new development.

This Alexandra Canal Catchment Floodplain Risk Management Study is developed from the
previous Flood Study, prepared by Cardno for the City of Sydney Council.

11 February 2014 - DRAFT Cardno Page iii
W:\_Current Projects\4948 AlexandraCanal FRMSP\Report\Draft Report v5 - Final Draft\R001-W4948-Alex Canal FPRMSv5.docx



Floodplain Risk Management Study
City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan

Executive Summary

Cardno were commissioned by the City of Sydney to undertake a Floodplain Risk Management
Study and Plan (FRMSP) for the Alexandra Canal Catchment. This FRMSP has been undertaken
to define the existing flooding behaviour and associated hazards, and to investigate possible
management options to reduce flood damage and risk. The tasks were undertaken alongside
community consultation to ensure that community concerns were addressed.

The overall objective of this study is to develop a FRMSP that addresses the existing, future and
continuing flood problems, taking into account the potential impacts of climate change, in
accordance with the NSW Government’s Flood Policy, as detailed in the Floodplain Development
Manual (NSW Government, 2005).

The total catchment area is approximately 1,141ha and includes the suburbs of Alexandria,
Rosebery, Erskineville, Beaconsfield, Zetland, Waterloo, Redfern, Newtown, Eveleigh, Surry Hills
and Moore Park. It is generally bounded by the Eastern Distributor and Moore Park in the east,
Gardeners Road in the south, Sydney Park and Newton in the west and Albion Street in the north-
east. The majority of the trunk drainage system is owned by Sydney Water Corporation, while the
feeding drainage systems are primarily owned by Council.

The majority of the catchment is fully developed and consists predominantly of medium to high-
density housing, commercial and industrial development with some large open spaces.

A draft flood study has been prepared by Cardno (2013) to define the flood behaviour in the study
area, including both mainstream and overland flooding. The Flood Study determined the flood
behaviour for the 100 year ARI, 20 year, 10 year, 5 year, 2 year and 1 year Average Recurrence
Interval (ARI) events together with the Probable Maximum Flood (PMF). The primary flood
characteristics reported for the design events considered include depths, levels and velocities.
The study has also defined the Provisional Flood Hazard for flood-affected areas. An assessment
of the impact of blockages of culverts and pits was also undertaken for the flood study.

The community consultation undertaken as part of the FRMS built on the consultation undertaken
as part of the Flood Study (Cardno, 2013). The purpose of the Flood Study (Cardno, 2013)
consultation was to inform the community about the study and gain an understanding of the
communities experience with historical flooding in the catchment. The purpose of the more recent
consultation undertaken as part of this FRMS was to inform the community about the study,
identify community concerns and attitudes, to gather information from the community on potential
options for the floodplain and to develop and maintain community confidence in the study results.

The community consultation consisted of:
e A community brochure and survey;
e A press release; and
e Community information meeting during the public exhibition period.

Provisional flood hazard was defined as part of the Flood Study (Cardno, 2013) based on velocity
and depth of flood waters for the PMF, 100 and 5 Year ARI events. The additional hazard factors
outlined in the Floodplain Development Manual were considered as part of a true hazard
assessment undertaken in this FRMS.

Flooding is likely to cause significant social and economic damages to the community. A flood
damage assessment for the existing catchment and floodplain conditions has been undertaken as
part of the current study. The assessment is based on damage curves that relate the depth of
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flooding on a property to the potential damage within the property. Average Annual Damage (AAD)
is calculated on a probability approach using the flood damages calculated for each design event.
The average annual damage estimated for the Alexandra Canal floodplain under existing
conditions is approximately $13.0 million (excluding GST).

The majority of flooding within the Alexandra Canal catchment is characterised by overland flow.
The critical duration is between 1 and 3 hours across the catchment, with the peak of the flood
reached approximately 30 minutes to 1 hour after the start of the storm. This is considered short
duration “flash” flooding. The short time period until flooding occurs does not allow sufficient time to
evacuate residents from their properties. A review of the current emergency response
arrangements has been undertaken considering the nature of flooding within the catchment.

Floodplain management is primarily employed through development controls and other planning
measures. A review of the relevant state and local planning instruments has been undertaken with
regards to floodplain management within Alexandra Canal Catchment. The outcomes of this review
have been incorporated into the proposed floodplain risk management options.

A key component of development controls relating to floodplain management is the adoption of a
flood planning level. The Sydney LEP 2012 currently defines the flood planning level as the
100 year ARI event plus a freeboard of 0.5m. The suitability of this level for planning purposes in
the Alexandra Canal Catchment has been review based on flood behaviour and land use types.

Measures available for the management of flood risk can be categorised according to the way in
which the risk is managed. Various options for flood risk management have been identified and
assessed. These options can be broadly defined into three categories:

e Flood modification measures — Flood modification measures are aimed at preventing /
avoiding or reducing the likelihood of flood risks. These options reduce the risk by
modifying the flood behaviour in the catchment.

e Property modification measures — Property modification measures are focused on
preventing / avoiding and reducing consequences of flood risks. Rather than necessarily
modify the flood behaviour, these options aim to modify properties (both existing and future)
so that there is a reduction in flood risk.

e Emergency response modification measures — Emergency response modification
measures aim to reduce the consequences of flood risks. These measures generally aim
to modify the behaviour of people during a flood event.

It is possible to quantitatively assess the economic benefits of some of the options, namely those
that were hydraulically modelled, and those with known benefits. For those options, a benefit-cost
ratio can be calculated. Where a desktop assessment was utilised for options (as opposed to
hydraulic modelling), a detailed economic analysis was not undertaken. In these cases a
judgement on the likely economic benefits of the options was made.

A multi-criteria matrix assessment approach has been adopted for the comparative assessment of
all options identified using a similar approach to that recommended in the Floodplain Development
Manual (2005). This approach uses a subjective scoring system to assess the merits of various
options against economic, social and environmental criteria. The principal merits of such a system
are that it allows comparisons to be made between alternatives using a common index. In addition,
it makes the assessment of alternatives “transparent” (i.e. all important factors are included in the
analysis). However, this approach does not provide an absolute “right” answer as to what should
be included in the plan and what should be omitted. Rather, it provides a method by which
stakeholders can re-examine options and, if necessary, debate the relative scoring assigned. Each
option is given a score according to how well the option meets specific considerations.
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The outcome of the multi-criteria matrix assessment is a ranked list of potential floodplain risk
management options for implementation in the floodplain. The following measures were highly
ranked and should be considered for further assessment and / or implementation:

Non-Structural Measures-
e FM15 Liveable Green Network
e FM23 Increased pit cleaning and maintenance
e EM1 Information Transfer to SES
e EM2 Preparation of District DISPLAN
e EM3 Preparation of Local Flood Plan
e PM3 Opportunities related to Large Scale Future Development
e PM2 Development Controls and Policies
e EMS5 Public awareness and education
e PM1 LEP Update
e EM6 Flood warning signs at critical locations
¢ PM9 Flood Proofing Guidelines
e EM4 Flood Warning System and Temporary Refuge
Structural Measures-
¢ FM9 Link Road to Alexandra Canal Upgrade — Maddox Street Alignment

e FM6 Additional pipes from Macdonald Street and Coulson Street to Alexandra Canal
(alternatively FM21 Detention Basin in Sydney Park — Offset Storage from Macdonald
Street)

e FM7 Detention basins in Redfern Park.
¢ FM18 Additional Drainage Network at Harcourt Parade to Gardeners Road
e FM17 Detention basin in Turruwul Park

e FM20 Sheas Creek Channel Flood Walls

The implementation strategy for recommended floodplain risk management measures is outlined in
the Floodplain Risk Management Plan.

The Draft Flood Study, Draft Floodplain Risk Management Study and Draft Floodplain Risk
Management Plan were placed on public exhibition for a period of four weeks from 28 October
2013 to 25 November 2013 to allow input from the community and interested parties to the Study
and its outcomes. Exhibition documents were available for review at several community locations
and on Council’s website.

Details of the exhibition were included in newspapers, mailed/emailed to previous contributors of
flood surveys, and emailed to community groups. A community drop-in session was held on
Wednesday 20 November 2013 at the Alexandria Town Hall, 73 Garden Street, Alexandria.
Officers from Council, Office of Environment and Heritage and Cardno were present and available
to answer community questions.

11 February 2014 - DRAFT Cardno Page vi
W:\_Current Projects\4948 AlexandraCanal FRMSP\Report\Draft Report v5 - Final Draft\R001-W4948-Alex Canal FPRMSv5.docx



Floodplain Risk Management Study
City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan

One telephone enquiry was received, three people attended the drop-in session, and one written
submission was received. All these were responded to by Council and no further action is required
for the Alexandra Canal Floodplain Risk Management Study and Plan.

11 February 2014 - DRAFT Cardno Page vii
W:\_Current Projects\4948 AlexandraCanal FRMSP\Report\Draft Report v5 - Final Draft\R001-W4948-Alex Canal FPRMSv5.docx



City of Sydney

Floodplain Risk Management Study

Alexandra Canal Floodplain Risk Management Study and Plan

Table of Contents

Foreword iii

Executive Summary

Glossary xiii

Abbreviations

1

Introduction

1.1
1.2

Study Context
Study Obijectives

Catchment Description

Available Data

3.1

3.2

3.3
3.4

Previous Studies and Reports
3.1.1 Alexandra Canal Catchment Flood Study

XViii

3.1.2 Green Square — West Kensington Floodplain Risk Management Study & Plan

3.1.3 Additional Studies
Survey Information

321 Floor Level Survey
GIS Data

Site Inspections

Consultation

4.1

4.2
4.3

Community Consultation

41.1 Community Brochure and Survey
Floodplain Committee and Stakeholder Consultation
Public Exhibition

Existing Flood Behaviour

51
52

5.3
54

55

Flood Study

Flooding Behaviour

5.2.1 Munni Street Sub-Catchment
5.2.2 Sheas Creek Sub-Catchment
5.2.3 Rosebery Sub-Catchment
5.2.4 Alexandra Canal Sub-Catchment
Historical Flooding

Flood Hazard

54.1 Provisional Flood Hazard
5.4.2 True Flood Hazard

Hydraulic Categorisation

Current Economic Impact of Flooding

6.1
6.2
6.3

Background

Floor Level and Property Survey
Damage Analysis

6.3.1 Residential Damage Curves
6.3.2 Average Weekly Earnings
6.3.3 Commercial Damage Curves
6.3.4 Industrial Damage Curves

11 February 2014 - DRAFT Cardno

Page viii

© © © © 0w 0w 0w 0 O N - -

=
o

N el s
NN R R

W N DNDNNMNNMNNDNNDNDNDDNRPRER
O © 01 o B~ D WWWWO O

A DA DDA DDD
W NNPRFP P OOO



Floodplain Risk Management Study

City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan
6.4 Adopted Damage Curves
6.5 Average Annual Damage
6.6 Results
6.7 Discussion

Environmental and Social Characteristics

Flood Emergency Response Arrangements

8.1
8.2

8.3
8.4
8.5

8.6

Flood Emergency Response

Flood Emergency Responses Documentation

8.2.1 DISPLAN

8.2.2 Local Flood Plan

Emergency Service Operators

Flood Warning Systems

Access and Movement During Flood Events

8.5.1 Access Road Flooding

8.5.2 Evacuation Centres

Flood Emergency Response Planning Classifications

9 Policies and Planning

9.1
9.2

9.3
9.4

9.5

Planning Instruments / Policy

Sydney Local Environmental Plan 2012

9.2.1 Flood Controls

9.2.2 Current Land Use and Zoning

Development Control Plans

Relevant Policies and Plans

9.4.1 Floodplain Management Policy

9.4.2 Decentralised Water Master Plan 2012 - 2030
Planning Recommendations for Alexandra Canal Floodplain

10 Flood Planning Level Review

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13
10.14

Background

Likelihood of Flooding

Current FPL

Land Use and Planning

Damage Cost Differential Between Events
Incremental Height Difference Between Events
Consequence of Adopting the PMF as a Flood Planning Level
Environmental and Social Issues

Climate Change

Risk

Culvert Blockage

Freeboard Selection

Flood Planning Level Recommendations

Flood Planning Maps

11 Floodplain Risk Management Options

111
11.2
11.3

Managing Flood Risk

Existing Case

Flood Modification Measures

11.3.1  Short to Medium Term Flood Modification Measures
11.3.2 Long Term Flood Modification Measures

11.3.3  Environmental Considerations

11 February 2014 - DRAFT Cardno

Page ix

44
44
45
46

48

50
50
50
50
51
52
52
53
53
57
59

62
62
62
62
64
70
70
70
71
71

73
73
73
74
74
74
75
75
76
76
76
77
77
78
80

81
81
81
82
82
91
96



Floodplain Risk Management Study

City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan
114 Property Modification Measures 97
11.4.1 PM1 - LEP and DCP Update 97
11.4.2 PM2 - Floodplain Management Policy 98
11.4.3 PM3 — Opportunities Related to Large Scale Future Development 99
11.4.4 PM4 - House Raising 99
11.45 PM5 — House Rebuilding 101
11.4.6 PM®6 — Voluntary Purchase 101
11.4.7 PM7 - Land Swap 102
11.4.8 PM8 — Council Redevelopment 102
11.4.9 PM9 - Prepare Flood Proofing Guidelines 102
11.5 Emergency Response Modification Measures 103
11.5.1 EM 1 - Information Transfer to SES 103
11.5.2 EM 2 — Prepare a District DISPLAN 103
11.5.3 EM 3 - Prepare a Local Flood Plan 104
11.5.4 EM 4 - Flood Warning System and Short-Term Refuges 105
1155 EM5 - Public Awareness and Education 105
11.5.6 EM 6 — Flood Warning Signs at Critical Locations 106
11.6 Data Collection Strategies 106
11.7 Green Square — West Kensington 106
11.8 Additional Inflows to Alexandra Canal 107
12 Economic Assessment of Options 108
121 Preliminary Costing of Options 108
12.1.2 Long Term Measure (FM11) 108
12.2 Average Annual Damage Assessment of Measures 110
12.3 Benefit Cost Ratio of Measures 110
12.3.2  Economic Assessment of Desktop Assessed Measures 111
13  Multi-Criteria Matrix Assessment 112
13.1 Scoring System 112
14  Conclusions 117
15 References 119

Appendices

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G

Community Brochure, Survey and Photographs

Committee and Stakeholder Workshop Outcomes

Environmental and Social Assessment

Flood Management Measure Modelling Results

Measure Costing

Green Square Superseded Options Review

Multi-Criteria Assessment

11 February 2014 - DRAFT

Cardno

Page x



Floodplain Risk Management Study
City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan

Tables

Table 1-1  Flood Affected Areas 4
Table 4-1  Property Ownership 11
Table 4-2  Property Description 12
Table 4-3  Summary of Age Groups 13
Table 4-4  Flood Affectation of Respondents 14
Table 4-5 Flood Management Approach Rating Summary 16
Table 5-1  Approximate ARI of Historical Rainfall Events (Observatory Hill — 66062) 24
Table 6-1 Flood Damages Categories 40
Table 6-2  CPI Statistics for Residential Damage Curves 42
Table 6-3  CPI Statistics for Commercial Property Damage Estimation 43
Table 6-4  CPI Statistics for Industrial Property Damage Estimation 43
Table 6-5 Flood Damage Assessment Summary 46
Table 8-1  Access Road Flooding 54
Table 8-2  Possible Evacuation Centres 57
Table 8-3 Emergency Response Requirements (as recommended in DECC, 2007) 61
Table 9-1  State Planning Controls 62
Table 9-2  Alexandra Canal Catchment Land Uses 65
Table 10-1 Probability of Experiencing a Given Size Flood or Higher in an Average Lifetime (70 Years) 74
Table 10-2 Damage Differential Costs 75
Table 10-3 Relative Differences Between Design Flood Levels 75
Table 10-4 Climate Change Impacts 76
Table 10-5 Recommended FPLs for Alexandra Canal Catchment 79
Table 11-1 Flood Risk Management Alternatives (SCARM, 2000) 81
Table 11-2 Flood Mitigation Measures 83
Table 11-3 Alternatives in the Long Term Drainage Strategy 94
Table 11-4 Estimates of AAD and NPV for Over-Floor Flooding Scenarios 101
Table 11-5 Reduction in AAD Resulting from House Raising Scenarios 101
Table 11-6 Green Square West Kensington High Priority Measures 107
Table 12-1 Costs of Quantitatively Assessed Measures 108
Table 12-2 Average Annual Damage for Quantitatively Assessment Measures 110
Table 12-3 Summary of Economic Assessment of Management Measure 111
Table 13-1 Criteria for Matrix Assessment 113
Table 13-2 Criteria Scoring System 114

11 February 2014 - DRAFT Cardno Page xi



Floodplain Risk Management Study

City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan
Figures

Figure 2-1 Study Area 7
Figure 4-1 Years of Residence 12
Figure 4-2 Age Groups 13
Figure 4-3 Average Rating for Flood Management Approaches 15
Figure 5-1 100 Year ARI Peak Flood Depths 20
Figure 5-2 PMF Peak Flood Depths 21
Figure 5-3 Sub-Catchments 22
Figure 5-4 PMF Provisional Flood Hazard 26
Figure 5-5 100 Year ARI Provisional Flood Hazard 27
Figure 5-6 5 Year ARI Provisional Flood Hazard 28
Figure 5-7 100 Year ARI Critical Duration 31
Figure 5-8 PMF True Hazard 33
Figure 5-9 100 Year ARI True Hazard 34
Figure 5-10 5 Year ARI True Hazard 35
Figure 5-11 Hydraulic Categories — PMF 37
Figure 5-12 Hydraulic Categories — 100 Year ARI 38
Figure 5-13 Hydraulic Categories — 5 Year ARI 39
Figure 6-1 Damage Curves Developed for Alexandra Canal Catchment 44
Figure 6-2 Average Annual Damage Curve for Alexandra Canal Catchment 45
Figure 8-1 Access Road Flooding 56
Figure 8-2 Locations of Possible Evacuation Centres 58
Figure 8-3 Emergency Response Classification Map 60
Figure 9-1 LEP Zones 64
Figure 11-1 Study Area Subcatchments 84
Figure 11-2 Short Term Measures — FM1 to FM10 85
Figure 11-3 Flood Modification Measures (Excluding Long Term Drainage Strategy) 86
Figure 11-4 Measure FM11 Layout 92
Figure 11-5 Sub-Areas for Measure FM11 95
Figure 11-6 Large Scale Re-Development Areas 100
Figure 12-1 Measure FM11 Preliminary Cost Estimates per Sub-Area 109

11 February 2014 - DRAFT Cardno

Page xii



Floodplain Risk Management Study
City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan

Glossary

Annual Exceedance Probability Refers to the probability or risk of a flood of a given size

(AEP) occurring or being exceeded in any given year. A 90%
AEP flood has a high probability of occurring or being
exceeded each year; it would occur quite often and
would be relatively small. A 1% AEP flood has a low
probability of occurrence or being exceeded each year; it
would be fairly rare but it would be relatively large. The
1% AEP event is equivalent to the 1 in 100 year Average
Recurrence Interval event.

Australian Height Datum (AHD) A common national surface level datum approximately
corresponding to mean sea level.

Average Recurrence Interval The average or expected value of the periods between

(ARI) exceedances of a given rainfall total accumulated over a
given duration. It is implicit in this definition that periods
between exceedances are generally random. That is, an
event of a certain magnitude may occur several times
within its estimated return period.

Cadastre, cadastral base Information in map or digital form showing the extent and
usage of land, including streets, lot boundaries, water
courses etc.

Catchment The area draining to a site. It always relates to a
particular location and may include the catchments of
tributary streams as well as the main stream.

Design flood A significant event to be considered in the design
process; various works within the floodplain may have
different design events. E.g. some roads may be
designed to be overtopped in the 1 in 1 year ARI or
100% AEP flood event.

Development The erection of a building or the carrying out of work; or
the use of land or of a building or work; or the subdivision
of land.

Discharge The rate of flow of water measured in terms of volume

over time. It is to be distinguished from the speed or
velocity of flow, which is a measure of how fast the water
is moving rather than how much is moving.
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Flash flooding Flooding which is sudden and often unexpected because
it is caused by sudden local heavy rainfall or rainfall in
another area. Often defined as flooding which occurs
within 6 hours of the rain which causes it.

Flood Relatively high stream flow which overtops the natural or
artificial banks in any part of a stream, river, estuary, lake
or dam, and/or overland runoff before entering a
watercourse and/or coastal inundation resulting from
super elevated sea levels and/or waves overtopping
coastline defences.

Flood fringe The remaining area of flood-prone land after floodway
and flood storage areas have been defined.

Flood hazard Potential risk to life and limb caused by flooding.

Flood-prone land Land susceptible to inundation by the probable maximum
flood (PMF) event, i.e. the maximum extent of flood liable
land. Floodplain Risk Management Plans encompass all
flood-prone land, rather than being restricted to land
subject to designated flood events.

Floodplain Area of land which is subject to inundation by floods up
to the probable maximum flood event, i.e. flood prone
land.

Floodplain management The full range of techniques available to floodplain

measures managers.

Floodplain management options The measures which might be feasible for the
management of a particular area.

Flood planning area The area of land below the flood planning level and thus
subject to flood related development controls.

Flood planning levels Flood levels selected for planning purposes, as
determined in floodplain management studies and
incorporated in floodplain management plans. Selection
should be based on an understanding of the full range of
flood behaviour and the associated flood risk. It should
also take into account the social, economic and
ecological consequences associated with floods of
different severities. Different FPLs may be appropriate
for different categories of land use and for different flood
plains. The concept of FPLs supersedes the “Standard
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flood event” of the first edition of the Manual. As FPLs
do not necessarily extend to the limits of flood prone land
(as defined by the probable maximum flood), floodplain
management plans may apply to flood prone land
beyond the defined FPLs.

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

Floodway areas Those areas of the floodplain where a significant

discharge of water occurs during floods. They are often,
but not always, aligned with naturally defined channels.
Floodways are areas which, even if only partially
blocked, would cause a significant redistribution of flood
flow, or significant increase in flood levels. Floodways
are often, but not necessarily, areas of deeper flow or
areas where higher velocities occur. As for flood storage
areas, the extent and behaviour of floodways may
change with flood severity. Areas that are benign for
small floods may cater for much greater and more
hazardous flows during larger floods. Hence, it is
necessary to investigate a range of flood sizes before
adopting a design flood event to define floodway areas.

Geographical Information A system of software and procedures designed to
Systems (GIS) support the management, manipulation, analysis and
display of spatially referenced data.

High hazard Flood conditions that pose a possible danger to personal
safety; evacuation by trucks difficult; able-bodied adults
would have difficulty wading to safety; potential for
significant structural damage to buildings.

Hydraulics The term given to the study of water flow in a river,
channel or pipe, in particular, the evaluation of flow
parameters such as stage and velocity.

Hydrograph A graph that shows how the discharge changes with time
at any particular location.

Hydrology The term given to the study of the rainfall and runoff
process as it relates to the derivation of hydrographs for
given floods.

Low hazard Flood conditions such that should it be necessary, people

and their possessions could be evacuated by trucks;
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able-bodied adults would have little difficulty wading to
safety.

Mainstream flooding Inundation of normally dry land occurring when water
overflows the natural or artificial banks of the principal
watercourses in a catchment. Mainstream flooding
generally excludes watercourses constructed with pipes
or artificial channels considered as stormwater channels.

Management plan A document including, as appropriate, both written and
diagrammatic information describing how a particular
area of land is to be used and managed to achieve
defined objectives. It may also include description and
discussion of various issues, special features and values
of the area, the specific management measures which
are to apply and the means and timing by which the plan
will be implemented.

Mathematical/computer models  The mathematical representation of the physical
processes involved in runoff and stream flow. These
models are often run on computers due to the complexity
of the mathematical relationships. In this report, the
models referred to are mainly involved with rainfall,
runoff, pipe and overland stream flow.

NPER National Professional Engineers Register. Maintained by
Engineers Australia.

Peak discharge The maximum discharge occurring during a flood event.

Probable maximum flood The flood calculated to be the maximum that is likely to
occur.

Probability A statistical measure of the expected frequency or

occurrence of flooding. For a more detailed explanation
see Annual Exceedance Probability.

Risk Chance of something happening that will have an impact.
It is measured in terms of consequences and likelihood.
For this study, it is the likelihood of consequences arising
from the interaction of floods, communities and the
environment.

Runoff The amount of rainfall that actually ends up as stream or
pipe flow, also known as rainfall excess.
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Stage Equivalent to 'water level'. Both are measured with
reference to a specified datum.

Stage hydrograph A graph that shows how the water level changes with
time. It must be referenced to a particular location and
datum.

Stormwater flooding Inundation by local runoff. Stormwater flooding can be

caused by local runoff exceeding the capacity of an
urban stormwater drainage system or by the backwater
effects of mainstream flooding causing the urban
stormwater drainage system to overflow.

Topography A surface which defines the ground level of a chosen
area.
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Abbreviations

1D

2D

AHD

ARI

BoM

DCP

DECCW

FPL

FRMP

FRMS

FRMSP

km

km

LEP

LGA

mAHD

mm

m/s

NSW

OSsD

OEH

PMF

PMP

SES

SWC

One Dimensional

Two Dimensional

Australian Height Datum
Average Recurrence Interval
Bureau of Meteorology
Development Control Plan

Department of Environment, Climate Change & Water (now
OEH)

Flood Planning Level

Floodplain Risk Management Plan
Floodplain Risk Management Study
Floodplain Risk Management Study & Plan
kilometres

Square kilometres

Local Environment Plan

Local Government Area

metre

Square metres

Cubic metres

Metres to Australian Height Datum
millimetres

metres per second

New South Wales

On-site Detention

Office of Environment and Heritage
Probable Maximum Flood

Probable Maximum Precipitation
State Emergency Service

Sydney Water Corporation
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1 Introduction

Cardno were commissioned by the City of Sydney to undertake a Floodplain Risk Management
Study and Plan (FRMSP) for the Alexandra Canal Catchment. This FRMSP has been undertaken
to define the existing flooding behaviour and associated hazards, and to investigate possible
management options to reduce flood damage and risk. The tasks were undertaken alongside
community consultation to ensure that community concerns were addressed.

The total catchment area is approximately 1,141ha and includes the suburbs of Alexandria,
Rosebery, Erskineville, Beaconsfield, Zetland, Waterloo, Redfern, Newtown, Eveleigh, Surry Hills
and Moore Park. It is generally bounded by the Eastern Distributor and Moore Park in the east,
Gardeners Road in the south, Sydney Park and Newton in the west and Albion Street in the north-
east. The majority of the trunk drainage system is owned by Sydney Water Corporation, while the
feeding drainage systems are primarily owned by Council.

The majority of the catchment is fully developed and consists predominantly of medium to high-
density housing, commercial and industrial development with some large open spaces.

A draft flood study was prepared in 2012 by Cardno to define the flood behaviour in the study area,
including both mainstream and overland flooding. An updated version of the draft report (Cardno,
2013) has subsequently been provided to Council in conjunction with this study, following a review
and some minor changes to the flood modelling that was undertaken.

Models were calibrated and verified against four historical storm events that occurred in November
1984, January 1991, April 1998 and February 2001. November 1984 was approximately larger
than a 100 year Average Recurrence Interval (ARI) event, while April 1998 was in the order of a
10 year ARI event. The other two events were smaller, with January 1991 roughly a 5 — 10 year
ARI event, and February 2001 less than a 1 year ARI event. Using the established models, the
flood study determined the flood behaviour for the 100 year ARI, 20 year, 10 year, 5 year, 2 year
and 1 year ARI events together with the Probable Maximum Flood (PMF). The primary flood
characteristics reported for the design events considered include depths, levels and velocities.
The study has also defined the Provisional Flood Hazard for flood-affected areas.

An assessment of the impact of blockages of culverts and pits was also undertaken for the flood
study. The results found that the catchment is particularly sensitive to these factors and are
therefore considered further in this FRMSP for evaluation of flood planning levels.

A number of flood management options have been examined as part of this Floodplain Risk
Management Study to manage flooding within the Alexandra Canal catchment. The identification
and examination of these options was done in accordance with the NSW Floodplain Development
Manual: The Management of Flood Liable Land (“the Manual”’) (NSW Government, 2005).
1.1 Study Context
The Floodplain Management process progresses through 6 stages, in an iterative process:

1) Formation of a Floodplain Management Committee;

2) Data collection;

3) Flood Study;

4) Floodplain Risk Management Study;

5) Floodplain Risk Management Plan; and
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6) Implementation of the Floodplain Risk Management Plan.

This report represents Stage 4.

1.2 Study Objectives

The overall objective of this study is to develop a FRMSP that addresses the existing, future and
continuing flood problems, taking into account the potential impacts of climate change, in
accordance with the NSW Government’s Flood Policy, as detailed in the Manual (NSW
Government, 2005).

This FRMSP was undertaken in two phases:

» Phase 1 — Floodplain Risk Management Study where management issues are assessed,
management options are investigated and recommendations are made, and

» Phase 2 — Floodplain Management Plan detailing how flood prone land within the study
area is to be managed.

Specific objectives for Phase 1 included:

= Review of the current Flood Study (Cardno, 2013) and (if necessary) re-assess the design
flood discharges, velocities, flood levels, hydraulic categories and other relevant flood
information for any changes that may have occurred in the Study Area since the flood study
was undertaken. Up to date information is required for the full range of potential flood
events i.e. up to the PMF or an appropriate extreme flood.

= Review of Council’s existing environmental planning policies and instruments including
Council’s long term planning strategies for the study area, particularly in the light of the
potential impact of climate change.

= |dentify residential flood planning levels and flood planning area.

= |dentify works, measures and restrictions aimed at reducing the saocial, environmental and
economic impacts of flooding and the losses caused by flooding on development and the
community, both existing and future, over the full range of potential flood events and taking
into account the potential impacts of climate change. Council’'s aim is to have innovative
solutions to the management of the flood hazards within the study area and aims to have
effective community consultation and participation throughout the Study.

= To assess the effectiveness of these works and measures for reducing the effects of
flooding on the community and development, both existing and future and taking into
account the potential impacts of climate change.

= Assess whether the proposed works and measures might produce adverse effects
(environmental, social, economic, or flooding) in the floodplain and whether they can be
minimised.

» |n terms of the Department of Planning Circular PS 07-003 and “Guideline on Development
Controls on Low Flood Risk Areas — Floodplain Development Manual”’, determine if and
where exceptional circumstance are appropriate for flood related development controls on
residential development on land outside the residential flood planning area.

= Review the local flood plan, identify deficiencies in information and address the issues
identified in the DECCW (now OEH) Guideline “SES Requirements from the FRM Process.”

= Examination of the present flood warning system, community flood awareness and
emergency response measures in the context of the NSW State Emergency Service's
developments and disaster planning requirements.
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= Examine ways in which the floodplain environment may be enhanced without having a
detrimental effect on flooding.

= |dentification of modifications required to current policies in the light of investigations

= Council identified the following areas / precincts for redevelopment to accommodate future

needs:

O

O

O

O

O

Midblock Precinct

Epsom Park Precinct
Green Square Precinct
Green Square Town Centre

Ashmore Street Estate

The majority of these areas are affected by flooding and to allow redevelopment of these areas
flood management solutions are to be investigated. Some individual investigations have already
been carried out but these have been reviewed and management solutions assessed for
incorporating in the Floodplain Risk Management Plan.

= The City has developed the Liveable Green Network (LGN) Strategy and Master Plan (draft
April 2011). Specific flood management measures to be developed based on the LGN
strategy and Master Plan.

= Provide flood management strategies to the flood affected areas summarised in Table 1-1.
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Table 1-1 Flood Affected Areas

Suburb Flood Affected Streets and Areas

Alexandria

Bourke Road / Doody Street / Ralph Street

Bowden Street

McEvoy Street

Huntley and Coulson Streets

Maddox street

Sydney Park Road

Euston Road

Burrow Road

O'Riordan Street

Botany Road / Wyndham Street/ Buckland Street / Wellington Street

Beaconsfield

Botany Road / Collins Street
Victoria Street and Victoria Lane
Queen Street

Reserve Street

Erskineville

MacDonald Street,

Erskineville Oval and Copeland Street
Ashmore Street

Burren Street

Charles Street

Erskineville Road

Coulson Street and Mitchell Avenue

Eveleigh

Newton Street and Renwick Street
Burren Street

Holdsworth Street

Henderson Street and Mitchell Street

Newtown

Macdonaldtown and Holdsworh Street
Burren Street and Copeland Avenue

Redfern

Boronia Street and Marriott Street

Boronia Street/ Bourke Street/ South Dowling Street
Phillip Street and Baptist Street

Chalmers Street

Phillip Street / Elizabeth Street

Phillip Street / Walkers Street

Rosebery

Morley Avenue / Botany Road / Jones Lane
Cressy Street / Botany Road

Hayes Road / Dunning Avenue / Botany Road
Harcourt Parade / Dunning Avenue / Botany Road

Harcourt parade / Dalmeny Avenue / Tweedmouth Avenue/ Gardeners
Road

St Peters

Burrows Road

Surry Hills

Arthur Street / Bourke Street / Nobbs Street / South Dowling Street

Waterloo

Phillip Street and Walker Street
Powell Street and young Street
Phillip Street / Elizabeth Street
Young Street / Danks Street
Elizabeth Street / Wellington Street
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Suburb Flood Affected Streets and Areas

Zetland

= Joynton Avenue

= Epsom Park

= Green square

= South Dowling Street

Specific objectives for Phase 2 include:

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 flood hazard and
risk (taking into account the potential impacts of climate change).

Reduce private and public losses due to flooding.
Protect and where possible enhance the floodplain environment.

Be consistent with the objectives of relevant State policies, in particular, the Government’s
Flood Prone Land and State Rivers and Estuaries Policies and satisfy the objectives and
requirements of the Environmental Planning and Assessment Act, 1979.

Ensure that the Floodplain Risk Management Plan is fully integrated with Council’s existing
corporate, business and strategic plans, existing and proposed planning proposals, meets
Council’s obligations under the Local Government Act, 1993 and has the support of the
local community.

Ensure actions arising out of the draft plan are sustainable in social, environmental,
ecological and economic terms.

Ensure that the draft floodplain risk management plan is fully integrated with the local
emergency management plan (flood plan) and other relevant catchment management
plans.

Establish a program for implementation which should include priorities, staging, funding,
responsibilities, constraints, and monitoring.
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2 Catchment Description

The Alexandra Canal catchment covers 1,141ha or 43% of City of Sydney Local Government area,
including suburbs of Alexandria, Beaconsfield, Erskineville, Eveleigh, Moore Park, Redfern,
Rosebery, Surry Hills, Waterloo and Zetland. Approximately 93% of the total catchment area is
within the City of Sydney, with the remaining 7% being shared with the City of Botany Bay,
Marrickville and Randwick Councils.

The catchment and study area are shown in Figure 2-1.

Drainage systems consisting of open channels, covered channels, in-ground pipes, culverts and
pits convey runoff from the catchment to Alexandra Canal which discharges into the Cooks River.
The majority of the trunk drainage system is owned by Sydney Water Corporation, with the feeding
drainage systems primarily owned by Council.

The majority of the catchment is fully developed and consists predominantly of medium to high-
density housing, commercial and industrial development with some large open spaces that include
Moore Park Playing Fields, Moore Park Golf Course, The Australian Golf Course, Sydney Park,
Redfern Park, Waterloo Park and Alexandria Park.

Flooding throughout the catchment is a combination of overland flow and mainstream flooding.
Mainstream flooding issues tend to occur around Alexandra Canal and the open channels in the
study area. Examples of this type of flooding occur at the channel that runs between Alexandra
Canal and Bowden Street, the channel near Euston Road and the channel at South Sydney
Corporate Park. Elsewhere, flooding is primarily a result of overland flow and the capacity of the
stormwater network and overland flowpaths.

A feature of the catchment is the prevalence of ‘trapped’ low points. These areas, due to
topographical and development constraints, result in significant ponding and flooding of properties
and roads. In a number of these locations, the only way for water to escape is via the pit and pipe
system. Examples of these ponding areas include the Coulson Street sag, Joynton Avenue and
the ponding upstream of Erskineville Oval.
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3 Available Data

3.1 Previous Studies and Reports

3.1.1 Alexandra Canal Catchment Flood Study

The draft Alexandra Canal Catchment Flood Study (Cardno, 2013) is the key input study to the
FRMSP. The primary objective of this study was to define the flood behaviour in the study area,
including both mainstream and overland flooding. An extensive data compilation and review was
undertaken for the study and included a review of a number of previous studies, together with
collection of available rainfall records and survey data.

A detailed 1D/2D flood model was established to describe the flooding behaviour throughout the
study area. This model incorporates all pits and pipes from data provided by the City of Sydney
and has a 4 metre grid resolution. Hydrological modelling was undertaken through the application
of the Direct Rainfall methodology.

The models were calibrated and verified against four historical storms; November 1984, January
1991, April 1998 and February 2001. The results of the calibration and verification showed that the
model was capable of reproducing the observations from those events, providing confidence in the
overall modelling results.

Using the established models, the study has determined the flood behaviour for the 100 year ARI,
20 year, 10 year, 5 year, 2 year and 1 year ARI events as well as the Probable Maximum Flood
(PMF). The primary flood characteristics reported for the design events considered include depths,
levels and velocities. The study has also defined the Provisional Flood Hazard for flood-affected
areas.

Following a review that was undertaken in conjunction with this study, some minor updates were
undertaken to the modelling for the flood study, and a revised draft was provided to Council. The
key changes that occurred in the modelling are:

e Modification of the terrain in the model between Nobbs Lane and Parkham Lane. This
localised area was under construction at the time that the LIDAR was collected, and
therefore did not suitably represent the storage in this area.

e Model terrain at Erskineville railway station was revised to refine the representation of
overland flowpaths in the vicinity.

¢ Refinement of hydraulic parameters along Sheas Creek concrete drainage channel.

The above changes were made and incorporated into the updated draft. It is noted that these
resulted in only minor localised changes to flood model results to the previous draft.

3.1.2 Green Square — West Kensington Floodplain Risk Management Study & Plan
The relevant documents from the Green Square West Kensington Study are:

e Green Square — West Kensington Floodplain Risk Management Study, Public Exhibition
Draft, February 2011, by WMA Water

e Green Square Catchment Floodplain Risk Management Plan, Final Draft, May 2013, by
WMA Water

These two documents overlap a part of the study area for the current project, incorporating the
eastern part of the Sheas Creek Catchment, inclusive of the Green Square redevelopment area.

11 February 2014 - DRAFT Cardno Page 8



Floodplain Risk Management Study
City of Sydney Alexandra Canal Floodplain Risk Management Study and Plan

The studies identified a number of options for floodplain management and prioritised these options
for implementation into a plan. This is similar to the current process undertaken for the study.

Whereas the Green Square West Kensington Studies focused on a portion of the catchment, the
current study overviews a much larger study area within the City of Sydney LGA. The measures
identified in the Green Square West Kensington studies have been reviewed in conjunction with
the identification of options in the current study.

3.1.3 Additional Studies

A number of additional studies have been conducted regarding the Alexandra Canal Catchment.
These studies were completed prior to the undertaking of the Flood Study (Cardno 2013) and were
reviewed and incorporated into the Flood Study (where relevant). These studies include:

e Green Square Town Centre Flood Mitigation Option Report, 16 July 2008 by Cardno

e Green Square Town Centre Flood Mitigation Option Report Addendum, 12 July 2012 by
Cardno

e Green Square Town Centre Floodplain Risk Management Plan, 13 July 2012 by Cardno
e The Liveable Green Network:

o Volume 1 - Liveable Green Network Strategy and Master Plan Report, draft April
2011

o Volume 2 — Network Development Assessment, draft April 2011
o Volume 3 — Background Research and Case Studies, draft April 2011

e Ashmore Precinct Structure Plan Flooding and WSUD Assessment, February 2006 by
Cardno

¢ Ashmore Street Masterplan Flood Assessment, 16 October 2008 by Cardno

3.2 Survey Information

Council provided aerial laser scanning (ALS) ground levels surveyed in 2007 and 2008 for the
entire catchment. Generally, the accuracy of the ALS data is +/- 0.15m to one standard deviation
on hard surfaces.

Additional field survey was undertaken as part of the Flood Study (Cardno, 2013) by Cardno’s
surveyors to provide additional detail for the development of the flood model. This included cross-
sections of some open-channels, bathymetry of Alexandra Canal, and historical flood level
observations.

3.21 Floor Level Survey

Detailed survey of building floor levels within the flood inundation extent was conducted in March-
April 2013. A total of 1820 floor levels were surveyed:

e 429 by Council in St Peters, Alexandria, Beaconsfield, Rosebery and Zetland; and
e 1391 by Cardno in St Peters, Erskineville, Waterloo, Redfern, and Surry Hills.
This information has been provided separately to Council for privacy reasons and is thus not

included in this Report.

3.3 GIS Data

City of Sydney Council provided Geographic Information System (GIS) data for preparing the
Alexandra Canal Catchment Flood Study model and reporting. The data included:
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= Pit and pipe data

= Cadastre

= 1m and 2m Land Information Centre (LIC) contours
= Aerial photography (2006)

* Road centrelines

Field survey of more than 4500 pits and over 4000 pipes was undertaken by Cardno’s surveyors
(separate to this study) to provide a detailed database of the locations and dimensions of all
Council’s pits and pipes within the entire LGA. Invert and surface levels of pits was determined
from airborne laser scanning (ALS) levels and details measured directly during survey. This
information was collated during the Flood Study (Cardno, 2013).

3.4 Site Inspections

Detailed site inspections of the study area were conducted on numerous occasions during the
Flood Study as well for the FRMSP and during the assessment for GSTC and individual
developments. The site visits provided the opportunity to review flood issues identified as part of
the Flood Study (Cardno, 2013) and identify and review the feasibility of potential flood
management strategies.
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4 Consultation
4.1 Community Consultation

The community consultation undertaken as part of the FRMS built on the consultation undertaken
as part of the Flood Study (Cardno, 2013). The purpose of the Flood Study (Cardno, 2013)
consultation was to inform the community about the study and gain an understanding of the
community’s experience with historical flooding in the catchment.

The purpose of the more recent consultation undertaken as part of this FRMS was to inform the
community about the study, identify community concerns and attitudes, to gather information from
the community on potential options for the floodplain and