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Glossary

1% Probability of Exceedance

Annual exceedance probability
(AEP)

Australian Height Datum (AHD)
Average recurrence interval
(ARI)

Catchment

Coastal Inundation

Design flood

Development

Discharge
Flood

Flood Awareness
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The level that one can be 99% confident will not be exceeded.

The chance of a flood of a given size (or larger) occurring in any one
year, usually expressed as a percentage. For example, if a peak flood
discharge of 500 m3/s has an AEP of 5%, it means that there is a 5%
chance (i.e. a 1in 20 chance) of a peak discharge of 500 m3/s (or larger)
occurring in any one year. (See also average recurrence interval).

National survey datum corresponding approximately to mean sea level.

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 design
flood will occur on average once every 20 years.

ARl is another way of expressing the likelihood of occurrence of a flood
event. (See also annual exceedance probability).

The catchment, at a particular point, is the area of land that drains to
that point.

Coastal inundation occurs when a combination of marine and
atmospheric processes raises the water level at the coast above normal
elevations, causing land that is usually ‘dry’ to become inundated by
sea water. Alternatively, the elevated water level may result in wave
run-up and overtopping of natural or built shoreline structures (e.g.
dunes, seawalls).

A hypothetical flood representing a specific likelihood of occurrence
(for example the 100 year ARI or 1% AEP flood).

Is defined in Part 4 of the AP&A Act as:

- Infill Development: development of vacant blocks of land that
are generally surrounded by developed properties.

- New Development: development of a completely different
nature to that associated with the former land use.

- Redevelopment: Rebuilding in an area with similar
development.

The rate of flow of water measured in terms of volume per unit time,
for example, cubic metres per second (m?3/s). Discharge is different
from the speed or velocity of flow, which is a measure of how fast the
water is moving for example, metres per second (m/s).

Relatively high river or creek flows, which overtop the natural or
artificial banks, and inundate floodplains and/or coastal inundation
resulting from super elevated sea levels and/or waves overtopping
coastline defences.

Awareness is an appreciation of the likely effects of flooding and
knowledge of the relevant flood warning, response ad evacuation
procedures.
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Flood Education

Flood level
Floodplain

Floodplain risk management
plan

Flood planning levels (FPLs)

Flood prone land

High High Water Spring Solstices

Hydraulic

Hydrograph
Hydrologic
Hydrology

Maladaptation
Mean High Water Springs

Peak flood level, flow or velocity
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Education that seeks to provide information to raise awareness of the
flood problem to enable individuals to understand how to manage
themselves and their property in a flood event.

The height or elevation of floodwaters relative to a datum (typically the
Australian Height Datum). Also referred to as “stage”.

Area of land which is subject to floods up to and including the probable
maximum flood.

A document outlining a range of actions aimed at improving floodplain
management. The plan is the principal means of managing the risks
associated with the use of the floodplain. A floodplain risk
management plan needs to be developed in accordance with the
principles and guidelines contained in the NSW Floodplain
Development Manual. The plan usually contains both written and
diagrammatic information describing how particular areas of the
floodplain are to be used and managed to achieve defined objectives.

Flood planning levels selected for planning purposes are derived from a
combination of the adopted flood level plus freeboard, as determined
in floodplain management studies and incorporated in floodplain risk
management plans. Flood planning levels for the low lying areas of
Davistown and Empire Bay are derived from the Brisbane Water
Floodplain Risk Management Study and Plan. The FPL is based on the
flood levels associated with elevated water levels in Brisbane Water as
a result of ocean storms, an allowance for climate change and a
freeboard.

Land susceptible to inundation by the probable maximum flood (PMF)
event. Under the merit policy, the flood prone definition should not be
seen as necessarily precluding development. Floodplain Risk
Management Plans should encompass all flood prone land (i.e. the
entire floodplain).

Rarer high tides occurring approximately twice a year, during the June
and December solstices (“king tides”)

The term given to the study of water flow in rivers, estuaries and
coastal systems, in particular the evaluation of flow parameters such as
water level and velocity.

A graph showing how a river or creek’s discharge changes with time.
Pertaining to rainfall-runoff processes in catchments.

The term given to the study of the rainfall-runoff process in
catchments, in particular, the evaluation of peak flows and flow
volumes. .

Incomplete, inadequate, or faulty adaptation.

“Every day” tidal inundation caused by high tides. The MHWS tide is the
average of all high water observations at the time of spring tide over a
period time (generally 19 years)

The maximum flood level, flow or velocity that occurs during a flood
event.



R h e}m Davistown and Empire Bay Climate Change Adaptation Study

Probable maximum flood (PMF) An extreme flood deemed to be the maximum flood that could
conceivably occur.

Probability A statistical measure of the likely frequency or occurrence of flooding.

Runoff The amount of rainfall from a catchment that actually ends up as
flowing water in the river or creek.

Storm Surge A rise and onshore surge of seawater as the result primarily of the winds
of a storm, and secondarily of the surface pressure drop near the storm
centre.

Topography The shape of the surface features of land.

Velocity The speed at which the floodwaters are moving. A flood velocity

predicted by a 2D computer flood model is quoted as the depth
averaged velocity, i.e. the average velocity throughout the depth of the
water column. A flood velocity predicted by a 1D or quasi-2D computer
flood model is quoted as the depth and width averaged velocity, i.e.
the average velocity across the whole river or creek section.
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Acronyms

1D
2D
AEP
AHD
ARI
ARF
AR&R
BoM
BVSC
DCP
DEM
DPE
ECL
IFD
FPL
FRMP
FRMS
FPRMSP
ha
HAT
HCCREMS

HHWS

Davistown and Empire Bay Climate Change Adaptation Study

One Dimensional

Two Dimensional

Annual Exceedance Propability

Australian Height Datum

Average Recurrence Interval

Areal Reduction Factor

Australian Rainfall and Runoff

Bureau of Meteorology

Bega Valley Shire Council

Development Control Plan

Digital Elevation Model

Department of Planning and Environment
East Coast Low

Intensity Frequency Duration

Flood Planning Level

Floodplain Risk Management Plan
Floodplain Risk Management Study
Floodplain Risk Management Study & Plan
hectare

Highest Astronomical Tide

Hunter and Central Coast Regional Environmental Management
Strategy

High High Water Spring

kilometres

Square kilometres

Local Environment Plan

Local Government Area

Light Detection and Ranging
metre

Square metres

Cubic metres

metres to Australian Height Datum

millimetres
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m/s

MHWS
MLWS
MHWN
MLWN
MSL
NSW
OEH
PMF
PoE
SES
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metres per second

Mean High Water Spring

Mean Low Water Spring

Mean High Water Neap

Mean Low Water Neap

Mean Sea Level

New South Wales

Office of Environment and Heritage (NSW)
Probable Maximum Flood

Probability of Exceedance

State Emergency Service (NSW)

Vii




R h e}m Davistown and Empire Bay Climate Change Adaptation Study

Table of Contents

R 10N i g o [¥ ot o] TS T O T O O PO T O TP T SRR PP OTOPPTRUPRPI 1
1.1 2ol 4= oYU o T PSP 1
1.2 R (0L AV @] o [Tt 4 V7= PSRRI 2
13 DOCUMENT SEFUCTUIE ...t rra e e s nnes 2

I (0T VY =T USSR 4

R I = ) (10 Y= J D | - ISP PP USPRTPPPPN 6
3.1 L= 1 1Y o= Tl o o HPU OO P PP P PP PPPPPPPPPPPPPPPRE 6
3.2 EXiSting REPOItS @Nd DaAta......cccccciieiiiiiiie ettt ettt e etee e e e te e e e et e e e e e bae e e eenbaeeeeataeeennnees 6

3.2.1 Brisbane Water FIood STtudy (2010).......cciiicuiiieiiiiieeeciiee ettt e eeteee e ecetee e e ecvte e e e e bre e e senbaeeesenraeaeeanes 7
3.2.2 Brisbane Water Floodplain Risk Management Study and Plan (2015).......cccceeeecieeeeciieeeeciieeeenns 8
3.2.3 Independent Report on Sea Level Rise (2015) .....oeiiiiiiee it eette et eeetee e e eeare e e e ebaeeeeens 8
3.24 Central Coast Council Climate Change Policy (2019).......ccccereiiieriiecieeeciee et eee e 9
3.2.5 Davistown and Empire Bay Flood Studies (2010).......ccueeeiiiieeeiiiiieecieeeceiree e eeieee s svreee e svreee e 9
3.2.6 Davistown and Empire Bay Floodplain Risk Management Study and Plan (Currently Underway)
10
3.3 EXISTING CASE DEM..cciiiiiieiiiee ettt ettt ettt e e e e e sttt e e e e s s aab e e eeeeeessanbbbeeeeeesesannrenaeeas 10

4 CUITeNt and FULTUIE RISK.....oo ittt ettt st e e st e s e e bee e sateesareeeneeas 11
4.1 BriShane Water FIOOMING .....uvveiiiiieiiieiee ettt e e e e ab e e e e e e e e satbaaeeeeeeesstaraeaeeeeeesnnraseees 11
4.2 [WoYor=] M @F: | el o100 1T 0 Al ol [o Yoo |12 V-SSP 11
4.3 Tl TNUNAATION ..ttt sttt ettt ettt e st e s he e saeesaee st e emeeeteeteens 12

5 Climate Change Adaptation - CONCEPt DESIZNS ......uviiiiiiei it ee e et eeerrre e e e e e e sberre e e e e e e s enanreaeees 14
5.1 AN ] o] o Y- Yol TS PURROt 14
5.2 Preliminary Options ASSESSMENT .....ccuiiiiiiciieeieieee e et e e e sttt e e e stre e e estree s ssateeeesbteeessnbeeeessstaeessssseeeesses 15

521 BUSINESS @S USUA...eiiiiiiiiiiiiiie s it ecteee sttt e sttt e e st e e s stee e e ssataeeesstaeessstaeessnsaeessnnseeeennns 15
5.2.2 11 oY USSRt 15
5.23 DaViStOWN FOr@SNOre Barmir.......ueiiuiieiiiieieiie sttt ettt ettt ettt e s e e sareesaneas 16
5.2.4 Outcomes Of OPtioNS ASSESSIMENT......ccuiiiiieieeicciiieeee e e e eeetrre e e e e e e e e sbre e e e e e e e ssabaareeeaeeeenanrreaeeeas 17
5.3 Concept Landform and Drainage Plan ... iiiiie ettt see e e e s e srae e e areeas 18
531 DAVISTOWN .ttt e s sba e s 18
5.3.2 [ e aT o1 g - - Y A P U T U TP 19

S = To Yo Yo N 1 T o L=1 1 oY - R SUTR 22

6.1 FIOOO BERAVIOUT ... ettt ettt sttt et e st e s be e e sateesabeesbeeesmeeesareeenneeenns 22




R h e}m Davistown and Empire Bay Climate Change Adaptation Study

6.2 DI 1o b 11 T T N 23

/2N (oo (o] o o1 Tol N o F=1 1Y USRS 24
S [0 oY o1 =T o =T o1 - | o o SRR 26
8.1 AN ] o] o Y- Yol TS USRRt 26
8.2 Policy and Planning FramEWOTIK .........ceeiiiiiiiiiiiiiee et e e e e ettt e e e e e e e taee e e e e e s e snnbaaeeesaeeennnsseneeens 26
8.2.1 Gosford Council Development Control PIan 2013........ccviiiiiiiieeiiiee ettt 27
8.2.2 Gosford Local Environmental Plan 2014 ........cocoo it 27
8.2.3 Central Coast Council Climate Change Policy (2019).....c.c.ueeeiiiiieeciiee et 27
8.2.4 Floodplain Management Programi.........ceciiiicciiieeeee st eestre e e e e e s e siareeee e e e e s ssaraaneeeeeeans 27

8.3 R T T S Lo To B = T oV SRR 28
8.3.1 ) - =41 = SO TP P PR PPPPPRPPP 28
8.3.2 T 1= <] T TSP PPPPRRPP 29

9 RECOMMENAATIONS . .. eitiiiieiieeiite ettt sb e sttt sttt et e b e s b e e sheesae e san e st e s bt e b e e b e e beesbeeseeesanenane 31
10 CONCIUSION <.ttt b e st st e et et et e e bt e bt e b e e bt e sbeesbeesheesatesanesabesabeeabeenbeenneen 32

Appendices

PN o] 01T 0 [ [ NS Site Inspection 17 May 2018
FAY o] o= o Lo L1 - TP Existing Flood Risk Maps
APPENIX Corrrreeeeeeeeiiiee e e e e e Climate Change Adaptation Concept Preliminary Options
PN o] 01T 0o [ D SRR Climate Change Adaptation Landform Designs
F AN o] o 1=Y o Vo | PSPPSR Flood Modelling Results
FAY o] 01T 0o [ TR Civil and drainage Designs
FAY o] 01T 0o [t C U Economic Analysis

Tables

Table 3-1 Data CollatioN ..ccueieiieeiieeiiie ettt ettt ettt e s be e s bt e s s beesbeeebeeeateesabeeebaeensseesasaessneenaseenns 6
Table 3-2 Water Levels at Model Reporting Location 059 and Tidal Site 11 (Cardno Lawson Treloar, 2010).... 8
Table 3-3 Projected Sea LeVel RiSE RCP8.5........uuiiiiiiieciiiee et e eritee e sttt e e st e e s satae e e ssssae e e s sasaeessnsbeeessnsseeeennsaeeas 9
Table 4-1 Brisbane Water Flood Levels (Flood Study Reporting Location 059) ........ccceecuvveeviieeeecciee e 11
Table 4-2 Tidal Planes at Site 11 (BW FRIMIS 2015) ....ccci ittt eetee e e eitee e e eate e e e tae e e e earaea e ennneas 12
Table 4-3 Sea Level Rise Impacts on Tidal IEVEIS .......coiieiiiiieiee et ee e e 13
Table 7-1. Undiscounted Costs (iN MITIONS) .....iiiiieiiiieiiie ettt ceeeree e e e eeetare e e e e e eeesaaaaaeeeeeeennns 24
Table 7-2. Present Value Costs of Masterplan SCENArios ..........uuviiieii ittt e e e e e e e 24
Table 7-3. Summary of Benefits (in S millions present Values) .......c.ccvoeeeeirieeceeciiceeciecteceecee e e 25
Table 7-4. Summary of ECONOMIC RESUILS ...cocuiiiiiiiiie ettt ettt et e e e et e e e e sate e e e e ntee e e e abaeeeenreeas 25




R h e}m Davistown and Empire Bay Climate Change Adaptation Study

Figures

Figure 1-1 Climate Change Adaptation PrOCESS ......ccueiiiiciiieeicieee et ettt eeetee e e etee e e s vae e e enarae e s esntae e e snteeeeenreeas 2
FIgure 2-1 DaViSTOWN STUAY AT ....uiiiiiieccciiiieiee e ettt e e e e e ettt e e e e e e e e sntteaeeeaeessataaaeesaesesssstasaeassssaasssasssaeesannnes 4
FIZUre 2-2 EMPIre Bay STUAY AT ...ccciiiieiiciiiiieee e e ceciittee e e e e ettt eeeeeeeesetttaaeeeeeesssabaseeeseseeesssssasseaeessasasssaseeasenennes 5
Figure 5-1 Stages in the adaptation decision making process (HCCREMS, 2012) ........ccceccvvveeecvreeeccieeeesineeenn. 14




R h @m Davistown and Empire Bay Climate Change Adaptation Study

1 Introduction

1.1 Background

Davistown and Empire Bay are located within the Brisbane Water catchment, within the Central Coast Local
Government Area (LGA). Previous studies of Brisbane Water (Brisbane Water Foreshore Flood Study and the
Floodplain Risk Management Study and Plan (BWFRMP) (Cardno, 2015a,b)) have shown that the low lying
portions of Davistown and Empire Bay will face difficulty to maintain normal urban residential area functions
under climate change projections for sea level rise.

The flood planning level (FPL) for development within the low-lying areas of Davistown and Empire Bay has an
allowance for sea level rise to ensure the building is protected against flood from ocean storms for the life of
the structure. However, this does not consider the impacts on the property grounds, streets and public spaces
as a result of elevated tidal levels under sea level rise conditions.

Raising existing ground levels and associated infrastructure was identified in Cardno (2015b) as a potential
solution provided there are no long-term detrimental effects as a result of maladaptation. Raising land on a
large-scale regional basis is not practical given the multiple landholders and existing development. However,
by developing regional adaptation masterplan, incremental filling could be achieved, albeit over the longer
term on individual or multiple sites through development and urban renewal.

Local studies of catchment flooding for both Davistown and Empire Bay (Cardno Lawson Treloar, 2010) show
that they are at risk of flooding by overland flows. These issues were also raised by residents at recent
community engagement in the area. This study will consider the feasibility of a landform design that jointly
addresses risk of sea level rise and the current local drainage issues.

The suburbs of Davistown & Empire Bay are representative of a number of suburbs that are low lying and
susceptible to the effects of climate change and the existing threat from flooding in and around Brisbane Water
Estuary. This adaptation study is an important step in addressing climate change risk for all low-lying areas of
the Central Coast LGA. Figure 1-1 shows how this adaptation study fits within Council’s approach to climate
change adaptation across the LGA. Further details of the Brisbane Water Floodplain Risk Management Plan
and the Climate Change Policy can be found in Sections 3.2.2 and 3.2.4.

By undertaking a regional adaptation masterplan for Davistown and Empire Bay, adaption pathways can be
developed such as development controls, levees and other mitigation measures which could be implemented
over time in consultation with the community. The purpose of this climate change adaptation study is to
inform the development of a regional adaptation masterplan and these associated processes.
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Figure 1-1 Climate Change Adaptation Process

1.2 Study Objectives

The primary aim of this climate change adaptation study is to undertake a case study that will assist planning
for future development in low lying suburbs in and around the Brisbane Water Foreshore to adapt to future
changes such as climate risks.

This climate change adaptation study focuses on the technical analysis of potential landforms and associated
measures to provide flood protection against existing and future flood risk associated with both catchment
and ocean flooding (both tidal and storm induced).

The key objectives are to:

e provide the technical analysis to inform a future concept landform and drainage masterplan for the
suburbs of Davistown & Empire Bay.

e provide the technical analysis to inform the strategic phasing plan that would assist the
implementation of the concept landform and drainage masterplan.

e inform Management Action PM9 of the BWFRMP.

1.3 Document Structure
This document comprises the following:

e Section 2 — Study Area: The study area is defined as the low lying portions of Davistown and Empire
Bay.

e Section 3 - Existing Data: A range of data was reviewed in the preparation this adaptation plan.

e Section 4 - Existing and Future Risk: An analysis was undertaken of the existing and future flood risk
associated with catchment flows, ocean storms and tidal inundation.

e Section 5 — Options Analysis: Several landform and drainage plans have been refined through the
consideration of various planning and design inputs to ensure feasibility of the proposed climate
change adaptation strategy.



Rh

e}m Davistown and Empire Bay Climate Change Adaptation Study

Section 6 — Concept Landform and Drainage Plan: Based on the outcomes of the options analysis and
consultation with stakeholders, a concept landform and drainage plan has been prepared that
addresses existing and future drainage issues, and foreshore flooding (from tides and ocean storms).
Section 7 — Flood Modelling: Local catchment flood modelling has been undertaken to understand
the local catchment flood behaviour associated with the final landform and impacts associated with a
likely interim stage of the implementation.

Section 8 — Economic Analysis: An economic assessment has been undertaken on the proposed
landform and drainage plan for Empire Bay and Davistown to understand the overall economic
viability of implementing it.

Section 9 — Implementation: The strategic aspects of the future climate change adaptation
masterplan, including staging of works, trigger levels, land use planning and other considerations.
Section 10 — Recommendations: The outcomes of this study provide a series of potential actions and
recommendations for Council planning and specifically for the Davistown and Empire Bay Floodplain
Risk Management Study and Plan (currently being undertaken).
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2 Study Area

Davistown and Empire Bay are suburbs that will face difficulty with maintaining normal urban residential area
functions under climate change projections for sea level rise. These two locations offer the opportunity to
conduct a case study for climate change adaptation in the form of a concept landform and drainage plan. The
outcomes of this case study will hopefully provide an example for many other locations (not only on the Central
Coast, but across Australia) that face the same or similar challenges under climate change, where community
stakeholders have identified that actions such as planned retreat are not desirable outcomes.

The Davistown Catchment and Empire Bay Catchment Flood Studies were completed in 2010. The Sobek
models and associated DEMs developed for the purpose of these studies provided an opportunity to be utilised
as part of a climate change adaptation plan. The study area for this current study focuses on the low-lying
portions of the study areas from the 2010 Flood Studies (Cardno Lawson Treloar).

The study areas are show in Figures 2-1 and 2-2.

Figure 2-1 Davistown Study Area
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Figure 2-2 Empire Bay Study Area
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3.1 Site Inspection

Site inspections of the study areas were undertaken on 17 May 2018 and 6 November 2018 by Rhelm and
Council staff. The inspections were undertaken to review the results of the 2010 flood studies and to appraise
existing development, foreshore usage, topography and property access. The second site inspection was also
undertaken as part of the site appraisal for the Floodplain Risk Management Study and Plan to identify
opportunities to manage existing flood risk (this is discussed further in Section 3.2.6)

Photos were taken at the locations shown in Appendix A.

A foreshore resident provided some details on elevated water levels she had witnessed along the foreshore.
The photos she provided are included in Appendix A.

3.2 Existing Reports and Data
A range of existing reports and data were reviewed as part of this study. All reports and data included in the
review are summarised in Table 3-1.

Table 3-1 Data Collation

Key
Reference
DataT D ipti Dat Auth
ata Type escription ate uthor for Current
Study
Design Plans Proposed drainage between Rosella Rd and 1989 Gosford City No
Myrtle Rd and Gordon Rd, Empire Bay - Plan Council
Flood Modelling Brisbane Water FS Catchment Flood Modelling 2014 Cardno Yes
Results Results at Reporting Locations
Flood Modelling Davistown depth and water level contours: 1m 2010 Cardno Yes
Results
Flood Modelling Davistown extents 2010 Cardno Yes
Results
Flood Modelling Empire Bay depth and water level contours: 1m 2010 Cardno Yes
Results
Flood Modelling Empire Bay flood extents 2010 Cardno Yes
Results
Flood Modelling Davistown depth and water level contours: 2m 2010 Cardno Yes
Results Filtered
Flood Modelling Empire Bay depth and water level contours: 2m 2010 Cardno Yes
Results Filtered
Flood Models Davistown and Empire Bay Sobek Models 2012 Cardno Yes
Flood Report Data compilation report for the Brisbane Water 1991 PWD No
Flood Study
Flood Report Report outlining the data collected for the 1992 MHL No
February 1992 flood event.
Flood Report Planning for Future Flood Risks: Marks Point 2015 Lake Yes
and Belmont South Local Adaptation Plan Macquarie
(DRAFT) City Council
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Key
- Reference
Data Type Description Date Author for Current
Study
Flood Report Brisbane Water FRMS and FRMP 2015 Cardno Yes
GIS Council GIS: Veg, Cadastre, Council Reserves, Various Central Yes
Creeks, Crown Land, Drainage channels, Coast
Headwalls, Pipes, Pits, Culverts, Catchments, Council
NPWS, Rain Gauges, Sewer, Water Supply
Structures, WL Recorders, Waterways / Ocean.
GIS WMS for Aerials 2012 Central Yes
Coast
Council
Historical Photos | Most are photos provided for the FS, but no Various | Community No
dates provided. One set of photos from 2015
event (Robert Baker).
Historical Photos | Photos of 1989 Flood 1989 Unknown No
Historical Photos | Photos of 1988 flooding at Myrtle Rd, Empire 1988 Unknown No
Bay
Survey Pits, Cross Sections, Structures and Historical 2008 Johnson Yes
Flood Marks Partners
Survey Historical and survey marks shown on plans 2007 Johnson No
(pdf only) Partners
Survey Survey points 2007 Johnson No
Partners
Survey Foreshore survey coordinates in excel 2007 Johnson No
Partners
Survey Historical flood mark coordinates and levels in 2007 Johnson No
excel (with comments) Partners
Survey Historical flood marks by address and level (no 2007 Johnson No
coordinate provided) Partners
Survey Cross sections in Excel 2007 Johnson No
Partners
Survey Brisbane Water Floor Level Survey 2015 Cardno Yes
Survey Council Lidar 2013 Central Yes
Coast
Council

3.2.1 Brisbane Water Flood Study (2010)
The Brisbane Water Foreshore Flood Study (Cardno Lawson Treloar) was completed in 2010. Prior to this study

being undertaken, numerous floodplain management studies for the tributaries of Brisbane Water had been

undertaken utilising a 1% AEP flood level in Brisbane Water of 1.95mAHD. This level was based on a review of

compiled observed levels in Brisbane Water during the 1974 ocean storm event (Department of Public Works,

1976).
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The 2010 Flood Study provided more reliable estimates of the 1% AEP flood level throughout Brisbane Water.
The study investigated a range of natural mechanisms that impact water level, as well as the effects of man-
made structures. The flood study also assessed the locally generated waves across the waterway.

The key results of the Flood Study (2010) in the vicinity of the Davistown and Empire Bay study area are
summarised in Table 3-2.

Table 3-2 Water Levels at Model Reporting Location 059 and Tidal Site 11 (Cardno Lawson Treloar, 2010)

HHWS?! MHWS? 1% PoE3 1% AEP 5% AEP 20% AEP

0.56 m AHD 0.33 m AHD 0.64 m AHD 1.49 m AHD 1.36 m AHD 1.24 m AHD
! High High Water Spring tide (see glossary)

2 Mean High Water Spring tide (see glossary)
3 Probability of Exceedance: the level that one can be 99% confident will not be exceeded.

3.2.2 Brisbane Water Floodplain Risk Management Study and Plan (2015)

This Floodplain Risk Management Study and Plan (FRMSP) looked at options to manage the flood risks that
results from coastal processes, such as significant coastal wave events and storm surge associated with low
pressure systems off the east coast of Australia. In addition to considering the flood risks presented in the
Flood Study (2010), the FRMSP also undertook additional assessments of flooding risk under projected sea
level rise scenarios. These assessments looked at the impacts of sea level rise on flooding from ocean storm
events and also the impact on more regular (but less severe) tidal inundation. The study looked at sea level
rise of 0.4m and 0.9m.

The detailed assessment of the impacts associated with increased tidal inundation as a result of sea level rise
was beyond the scope of the FRMSP. However, management Action PM9 of the FRMSP recommended the
development of Climate Change Adaptation Plans.

Given that new developments may have an asset life of 50+ years any present-day planning approvals could
have longer term implications to occupiers of land subject to flooding. Action PM9 highlights the importance
of beginning the process of planning for the potential impacts of sea level rise.

In addition to PM9, there were several options within Davistown and Empire Bay, that were identified to be
considered within a climate change adaptation plan, namely:

e FM1a Raise all flood affected roads;

e FM1b Raise major and critical flood affected roads;

e FMS5 Seawall maintenance and raising;

e FM6a Construct a levee around Davistown and Empire Bay to the PMF level;

e FM6b Construct a levee around Davistown and Empire Bay to the 5 Year ARl level;

e FMO9 Raise land affected by coastal flooding; and

e PM11b Undertake a review/updated investigation of the impacts of structural floodplain risk
management options on overland flows.

3.2.3 Independent Report on Sea Level Rise (2015)
An independent report on projected sea level rise in Brisbane Water was prepared by Doug Lord of Coastal
Environment Pty Ltd and by Dr David Wainwright from Whitehead and Associates in 2015.

The independent report recommended RCP8.5 as a suitable and defensible basis for sea level rise projection
in 2015. The report also identified that research on recent global emissions indicates that we are tracking at
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the top of the RCP8.5 projection. Within the high emissions scenario (RCP 8.5), there are three possible
trajectories (low, medium, high) which encapsulate the range of the modelling. In March 2015 Gosford City
Council resolved to adopt sea level rise planning levels based on projections for the Representative
Concentration Pathway Scenario RCP8.5, utilising the medium sea level rise projection. This projection has
been provided from 2015 mean sea level. The adopted sea level rise predictions are summarised in Table 3-3.

Table 3-3 Projected Sea Level Rise RCP8.5

Year Sea Level Rise (m)
2015 0

2030 0.1

2050 0.2

2070 0.4

2100 0.7

3.2.4 Central Coast Council Climate Change Policy (2019)

The Central Coast Council Climate Change Policy (The Policy) sets out Council’s position relating to climate
change with a view to maximising the economic, social and environmental wellbeing of Council and guides the
planning and development of the Central Coast Region’s resilience to climate change.

Of specific relevance to this climate change adaptation study are the following strategic principals and
commitments made in The Policy:

e Principle 2: Council implement a holistic approach to anticipate and adapt to climate change actions
that comprise the time scales such as now and the future as well as the impacts of the complex
interactions and interdependencies between the human and the environment systems.

e Principle 3: Council implement an evidence based decision making to respond, to adapt and build
resilience to Climate Change.

e Principle 5: Council implement a proactive approach and ensure continuity to better anticipate and
adapt to complex challenges posed by the changing climate.

e Principle 6: Council implement a Place-based approach to enhance Council and community capacity
for climate resilience that is context specific, knowledge based and collaborative.

e Commitment D4: Council develop place based Climate Change Action Plans in partnership with the
community that establishes regional targets for mitigation and prioritises local adaptation planning
(e.g. sea level rise, coastal hazards, disaster management).

e Commitment D7: Incorporate climate change risks in strategic and infrastructure planning for the
region to maximise local liveability through informed land use planning, development of planning
controls and guidelines that facilitates regional urban growth, transport connectivity and utility
services.

3.2.5 Davistown and Empire Bay Flood Studies (2010)
Flood studies were undertaken for Davistown and Empire Bay catchments to assess the risk associated with

catchment flooding.

Hydrologic and hydraulic modelling was completed to assess flood behaviour within the catchments. The
SOBEK modelling system was used to model the catchment and to hydraulically route overland flood flows
and street flow. The SOBEK modelling utilises the rainfall-on-grid methodology for developing the hydrology.
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In the model, rainfall is applied directly to the 2D terrain, and the hydraulic model automatically routes the
flow.

Flood behaviour was modelled for a series of Annual Exceedance Probabilities (AEP); 0.5% AEP, 1%, 2%, 5%,
10%, 20%, 50%, and 100% AEP and Probable Maximum Flood (PMF).

The flood models developed for these flood studies have been used as the basis of the models developed to
assess the local flood behaviour as part of this climate change adaptation plan and also for the Davistown and
Empire Bay FRMSP (Section 3.2.6).

3.2.6 Davistown and Empire Bay Floodplain Risk Management Study and Plan (Currently Underway)
This FRMSP is currently being prepared by Council to address existing and future flood risk associated with
catchment and coastal storm events. While there will be a large focus on addressing existing flood risk, one of
the key inputs to this study will be the recommendations of this climate change adaptation plan with regards
to addressing future flood risk. Where possible, management actions will be recommended that are able to
address existing risk and be adapted or staged to also address future risk.

3.3 Existing Case DEM
A Digital Elevation Model (DEM) was prepared to form the basis of the 2010 Flood Study for input into the
hydraulic models. Since the development of the 2010 models, that there has been more recent LiDAR data
collected by Council (2013).

A comparison of the Flood Study (Cardno Lawson Treloar, 2010) model DEMs to the LiDAR received from NSW
Spatial Services (dated 2013) was undertaken. Throughout the study area, the 2013 LiDAR data is generally at
the same elevation with isolated areas where the LiDAR elevation data is greater than 0.3 m different than the
DEM.

Due to the minor differences in the revised LiDAR when compared to the Flood Study (2010) DEM, the existing
(flood study) DEMs have been used for the ‘base’ modelling for this study. However, landform and drainage
design has also considered the 2013 LiDAR.
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4 Current and Future Risk

Davistown and Empire Bay can be impacted by three mechanisms of flood risk:

e Brisbane Water flooding as a result of ocean storms,
e local catchment flooding as a result of local rainfall, and
e tidal inundation during high tides.

All of these flood risks will increase as a result of sea level rise.

The flood risks in Davistown and Empire Bay have been discussed briefly below with regards to existing risks
(based on existing studies) and the likely increase in those risks as a result of sea level rise, based on the RCP8.5
projections (Section 3.2.3).

4.1 Brisbane Water Flooding
Major historical coastal flood events for the Brisbane Water foreshore floodplain include the severe ocean
storm of 1974 and the more recent, but less severe, event in 2007.

There are significant low-lying areas within Davistown and Empire Bay susceptible to flooding from Brisbane
Water even in more frequent events. Existing high tides in this area can cause foreshore inundation, especially
with joint occurrence with local rainfall. In Davistown inland penetration by flood waters and number of
properties affected by flooding is more significant than Empire Bay due to the very flat terrain.

The Brisbane Water Flood Study (2010) considered the flooding that results from coastal processes, such as
significant coastal wave events and storm surge associated with low pressure systems off the East Coast of
Australia. Analysis undertaken in the Brisbane Water Flood Study (2010) identified that sea level rise would
result in an almost equivalent increase in water levels at Davistown and Empire Bay.

In 2015 an independent report on projected sea level rise in Brishane Water was prepared for Council (see
Section 3.2.3). The sea level rise values from this report have been used to define the increase in flood levels
over time, as shown in Table 4-1. The mapping of these 1% AEP levels for 2015, 2050 and 2100 are shown in
Appendix B — Figure B1. The 2015 condition has been used as the ‘base case’ or ‘existing scenario’ against
which to assess the impacts of future flooding.

Table 4-1 Brisbane Water Flood Levels (Flood Study Reporting Location 059)

Year Sea Level Rise 1%PoE 1% AEP 5% AEP 20% AEP
(m) (m AHD) (m AHD) (m AHD) (m AHD)
2015 0 0.64 1.5 1.4 1.2
2030 0.1 0.74 1.6 1.5 1.3
2050 0.2 0.84 1.7 1.6 1.4
2070 0.4 1.04 1.9 1.8 1.6
2100 0.7 1.34 2.2 2.1 1.9

4.2 Local Catchment Flooding

The Davistown Catchment Flood Study (2010) analysis demonstrated that runoff and higher flood depths due
to the 1% AEP event occur in the open space and vegetated-marsh areas of Davistown. However, some
properties and sections of road experience flood depths up to 0.5m in this event. In the 1% AEP event, the
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modelling showed that no houses in Davistown are flooded above the floor level when the storm runoff is
combined with a 1% probability of exceedance level in the estuary.

The Empire Bay Catchment Flood Study (2010) analysis showed that in a 1% AEP event some properties and
roads may be inundated up to 0.5m. This occurs notably around Gordon Road, Boongala Avenue, Rickard Road
and Greenfield Road. In the 1% AEP event, the modelling showed that 22 houses are flooded above the floor
level when the storm runoff is combined with a 1% probability of exceedance level in the estuary.

Potential impacts to flood behaviour in the catchments due to climate change were analysed for estuary level
rises of 0.2m and 0.91m. Flood inundation in the low elevation areas of the catchment were particularly
affected by increases in sea level which influences the levels in Brisbane Water estuary.

Climate change also has the potential to impact rainfall. The ARR data hub suggests that rainfall could increase
as a result of climate change by up to 20% by 2090 (RCP8.5). The flood studies (2010) undertook sensitivity
testing of the flood behaviour to a 20% increase of the 1% AEP 2 hour storm event rainfall. The analysis resulted
in increases in flood levels up to 0.04m. In general, the increased flow ‘spread out’ rather than increased in
depth.

The 1% AEP local catchment flooding extent under existing conditions from the 2010 flood studies is shown in
Appendix B.

4.3 Tidal Inundation

The Sea Level Rise and the Estuarine Intertidal Zone discussion paper (Cardno, 2010b) was included as an
Appendix to the Brisbane Water Estuary Management Study undertaken by Cardno (2010a). The paper
focused on the environmental implications of sea level rise (such as the impacts on intertidal vegetation).

A discussion paper was also included in the Brisbane Water Foreshore Floodplain Risk Management Study to
identify the impacts of projected sea level rise on tidal inundation. The Delft3D hydrodynamic model was used
to investigate the tidal response to climate change and entrance morphology. The model setup used for the
Brisbane Water Foreshore Flood Study (Cardno, 2013) was employed for these tasks. The potential change in
tidal attenuation was investigated for the 0.4m projected sea level rise scenario, and this was achieved by
raising the water level downstream boundary condition by 0.4m to account for the rise in sea level.

The tidal events selected for mapping represent:

e High High Water Spring Solstices (HHWSS) — Rare high tides occurring approximately twice a year,
during the June and December solstices (“king tides”); and

e Mean High Water Springs (MHWS) — “Every day” tidal inundation caused by high tides. The MHWS
tide is the average of all high water observations at the time of spring tide over a period of time
(generally 19 years).

The modelled tidal levels relative to the current study areas are summarised in Table 4-2. The modelling
indicates that a 0.4m rise in sea levels relates to close to 0.4m rise in estuarine levels at Davistown and Empire
Bay.

Table 4-2 Tidal Planes at Site 11 (BW FRMS 2015)

MHWSS (m AHD) MLWS (m AHD) HHWS (m AHD)
Existing 0.33 -0.16 0.56
0.4m SLR 0.73 0.13 0.97
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The sea level rise projections outlined in Section 3.2.3 were applied to the results of the discussion paper and

are summarised in Table 4-3. The risk areas associated with the HHWS levels is provided in Appendix B — Figure

B3. If we interpolate between the values shown below it can be seen that a large proportion of the study area
will be affected by “king tides” tides by 2100. And it can be inferred that the impacts of “every day (MHWS)”

tides will cause significant road and property flooding by approximately 2070.

Table 4-3 Sea Level Rise Impacts on Tidal levels

Year Sea Level Rise (m) MHWS (m AHD) HHWSS (m AHD)
2015 0 0.33 0.56
2030 0.07 0.40 0.63
2050 0.20 0.53 0.76
2070 0.39 0.72 0.95
2100 0.74 1.07 1.30
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5 Climate Change Adaptation - Concept Designs
5.1 Approach

Adapting to climate change and rising sea levels is a complex problem, with no single technical solution, and
involving multiple interests and stakeholders. The Decision Support for Coastal Adaptation: The Handbook (The
Handbook) was developed in 2012 to assist the HCCREMS coastal councils more effectively approach and
determine adaptation responses and pathways for vulnerable coastal areas. The Handbook discusses ten key
stages in the decision-making process. Although the process is presented as a series of numbered stages, it is
recognised that in reality decision-making will often jump backwards and forwards between stages. The stages
are summarised in Figure 5-1.

The stages focused on in this adaptation plan are:

e Stage 4 Assess hazards and risks: this has been done in previous studies and forms the basis on the
adaptation plan. The hazards and risks are summarised in Section 4.

e Stage 5 Identify options and pathways: various options are presented in this document (Section 5.2).
Through collaboration with stakeholder a preferred approach was identified (Section 5.3). Flood
behaviour and civil design aspects of the preferred approach were assessed (Section 7).

e Stage 6 Establish Triggers: As part of the strategic planning, a series of triggers have been identified
to assist future decision making and implementation (Section 8.3.2).

Figure 5-1 Stages in the adaptation decision making process (HCCREMS, 2012)
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5.2 Preliminary Options Assessment

A range of approaches to climate change adaptation were assessed for the study area including filling of
properties, raising assets and foreshore barriers. A workshop with internal Council stakeholders was
undertaken to identify a preferred approach for more detailed assessment. An overview of the preliminary
options is provided in Section 5.2.1 to 5.2.3 and Appendix C, and the concept design of the preferred climate
change adaptation approaches in described in Section 5.3.

5.2.1 Business as Usual

If no steps towards climate change adaptation are adopted in the coming decades then current sea level rise
predictions would suggest that Davistown and Empire Bay will become increasing impacted by tides, with large
areas inundated by ‘every day’ high tides (MHWS) by 2100. Under these conditions the study areas would not
be habitable.

Planned retreat is a coastal hazards management approach that aims to allow the natural coastal processes
(e.g. inundation and erosion) to carry on without resisting against them with counteracting engineering
structures. As the inundation areas and / or erosion escarpment moves landward the existing development,
infrastructure and property boundaries will be required to retreat along with it.

Planned retreat is not an option considered by this study; it has been used as the base case against which to
compare climate change adaptation options.

5.2.2 Filling

The Gosford DCP 2013 requires all floor levels of residential buildings to be above the Flood Planning Level
(FPL). To assist in achieving this level, filling of individual properties is permitted by the FRMP (2015) where it
does not impact on active flow areas in the stream networks feeding Brisbane Water. Filling operations must
include adequate provision for drainage of surface water erosion and siltation control and be so placed and
graded as to prevent the shedding of surface water directly to adjoining properties.

The flood planning level for Davistown and Empire Bay varies slightly depending on location but is
approximately 2.2 m AHD. There is currently very little direction in Council’s DCP with regards to filling
properties in the floodplain, the fill level, and how filling of properties can be undertaken to minimise the long-
term impacts on local drainage.

The FRMS (2015) assessed options to address flood risk that included broadscale filling of Davistown and
Empire Bay (Option FM9). However, it was found that master planning, consultation and effective staging,
were required to establish whether filling would be feasible on a regional scale. Further the FRMS suggested
that planning controls could consider longer term management strategies such as incremental filling. The
FRMS noted that the potential change in flood hazard (i.e. from low to high hazard) as a result of climate
change would need to be considered in any filling strategy (i.e. partial filling of the areas could result in flood
island surrounded by high hazard flooding in the future).

Several options for filling of low lying areas of Davistown and Empire Bay were discussed with a range of
internal Council stakeholders. These included allowing a standard fill depth on all properties and variable fill
depths to optimise the landform for drainage outcomes. All filling strategies proposed full landform design as
to include filling of roads and open space as well as private properties. This addresses the issue of unfilled land
becoming high hazard due to sea level rise, creating high hazard flood islands of the filled land. Further details
on the preliminary filling options are provided in Appendix C.
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The initial step in investigating fill options was to identify an appropriate level of protection. Based on the
information presented in Section 4, it was determined that a minimum level of 1.5m AHD provides reasonable
protection for existing and future risks, namely because;

e The existing 1% AEP flood level is approximately 1.5m AHD;
e This provides protection from king tides (HHWS) past 2100; and
e This provides protection from 1% PoE past 2100.

It should be noted that floor levels would generally be set higher than the ground level affording a greater
level of protection than the fill levels proposed, e.g. the Flood Planning Level of flood affected properties under
current conditions would be around 2.2 m AHD.

5.2.3 Davistown Foreshore Barrier

To achieve the ultimate landform design presented by any of the filling options above, the majority of roads
cannot be filled until all adjoining properties have also been filled to allow for access and avoid drainage issues
(i.e. if the street is higher than the property, the property will not be able to drain to the street. Depending on
Council’s approach to policy and planning around property filling, it is likely that in the short term, at least,
properties will be filled as Development Applications are lodged for property redevelopment and therefore
the staging will be subject to progressive urban renewal.

Although there will likely be trigger points with regards to sea level rise that may expediate property owners
need or desire to fill, the reality is that impacts associated with king tides and ocean storm events are likely to
increase to a level that causes access issues and property damage before the final landform is achieved.

In Empire Bay, this is likely to be less of an issue due to the smaller number of properties and the fact that ‘key
locations’ could be targeted by Council for voluntary or compulsory acquisition to allow for landform
completion.

In Davistown an interim measure may be required if property filling does not progress sufficiently in time to
provide adequate protection from sea level rise. A foreshore barrier has been identified as a potential option
for this purpose.

Two preliminary concept designs of the foreshore barrier are shown in Appendix C (Options 5 and 6). The
concept includes:

e Achieving a barrier for the majority of Davistown at 1.5m AHD;

e Retrofitting existing drainage pipes which discharge from behind the barrier to Brisbane Water with
non-return valves or flap gates;

e Integrating a foreshore cycle / pathway along the existing foreshore reserve;

e Integrating with ground levels already at or above 1.5m AHD to reduce the length of constructed
barrier;

e Incorporating ‘walls’ in locations that do not allow for a battered slope; and

e Utilising the barrier to protect wetlands from the impacts of sea level rise (i.e. restricting flows through
the barrier to replicate existing tidal flows into the future).

Once the final landform is complete, the foreshore barrier would no longer be higher than the adjoining
ground levels. A concept sketch showing these features is shown below.
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5.2.4 Outcomes of Options Assessment

The preliminary concept design options were presented to a group of internal Council stakeholders across a
range of divisions, including waterways, planning, assets and ecology. The following key issues were noted for
inclusion in the preferred landform and drainage plan:

e General:

0 A minimum landform level of 1.5mAHD was considered appropriate.

0 Although aroad grade of 0.5% is desirable, a road grade of 0.3% could be tolerated by Council.
This would reduce fill depths in locations where the proposed topography is being driven by
road drainage.

0 Design optimisation may reduce fill depths in key locations.

e Davistown:

0 The proposed landform was received positively by the stakeholders.

0 The use of vegetated swales could provide ecological corridors between wetlands and habitat
for some species such as frogs.

0 The use of a foreshore barrier was considered a good interim option, and the concept of the
barrier being ‘integrated’ into the final landform was positively received.

O The dual use of the foreshore barrier as a cycle / pathway could result in opportunities for
funding with other Council projects.

O It was suggested that those areas resulting in the greatest depth of fill (and associated costs)
could be reviewed for possible rezoning.

e Empire Bay:

0 The proposed landform results in low points on Rickard Road that rely on underground
drainage. In the event of drainage blockage, these locations would become trapped low
points, increasing the flood risk to adjacent properties.

0 The cost of the proposed large culverts would be significant.

0 The flows from the upper catchment are causing drainage issues within the proposed
landform that need to be addressed. Options to be considered as part of the preferred design
are:



R h @m Davistown and Empire Bay Climate Change Adaptation Study

= Collecting flows from Rosella Road and diverting them directly to Brisbane Water —
this was not considered achievable due to inlet pit losses, and the cost of drainage
upgrades to do so.

= Incorporating a drainage easement and / or channel running east from Myrtle Road
across Echuca Road, Greenfield Road and Kendell Road and into the receiving waters.

= Rickard Road may need to have a very low grade to reduce fill depths and allow for
drainage considerations.

The outcomes of the concept design options assessment were used to prepare the concept landform and

drainage plan design described in Section 5.3.

5.3 Concept Landform and Drainage Plan

5.3.1 Davistown

53.1.1

Proposed Landform

Following the evaluation of the preferred options from the conceptual design (Option 3), the Davistown

landform was further optimised to both reduce the maximum fill depths and provide improved drainage

outcomes.

The following general changes were made to the preferred concept option landform:

Reduce the minimum road grade, and subsequently the minimum stormwater pipe grade, from 0.5%
to 0.3%. This allows for the reduction of fill depths, minimally, across the study area but more
significantly at the high points in the landform design along lllawong Close, Jenkins Street and Malinya
Road. The maximum elevation of the proposed landform in these areas was reduced by approximately
200 mm with the resulting levels at 2.2 to 2.6 m AHD.

Davistown Memorial Park’s proposed gradient was changed from a flat surface at 1.5 m AHD to
incorporate a minimal grade (0.3%) towards the proposed swale. This will assist in reducing minor
ponding and the park remaining usable for longer as sea levels rise. There is no significant effect on
flood storage during local catchment flooding events.

A conceptual pit and pipe system was included to provide drainage in low points along the roadways
to achieve the desired drainage outcomes. The proposed pits are located within the roadside swales
and are assumed to be grated inlet pits with a 1.2 x 1.2 m opening. During detailed design the inlet
sizes may vary depending on approaching flows in the swales, or potentially be changed to a letterbox
style inlet pit as is currently used in Empire Bay.

Design of typical roadside swale sections for longitudinal drainage. This includes various sizes of
swales and some piped drainage to eliminate significant flooding of the roadways during minor local
catchment rainfall events.

Refer to the following maps in Appendix D for further information on the Davistown landform design:

Map GD701 — Final Landform
Map GD702 — Roadside Swale Treatment
Map GD703 - Fill Depths

The civil design drawings and details of swale treatment types are provided in Appendix F.
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5.3.1.2 Interim Landform Assessment

Between the completion of the final landform and the landform as it currently exists, an interim landform was
developed to gain an appreciation to how this scenario might be realised. It involves the construction of the
foreshore barrier, raising of select roadways, and filling of selected properties. The proposed implementation
of the landform and potential pathway for its development is further discussed in Section 8. As such, this
interim landform should be taken for information purposes only as the actual landform construction may
proceed differently.

To create an interim landform a selection of properties was assumed to be redeveloped under the condition
that ground levels within the lot boundary were required to be raised to the levels identified in the final
landform (refer Map GD701 in Appendix D). Using a combination of photographs gathered from the site
inspection, aerial imagery and Google Street View, a number of properties were identified as likely to be
redeveloped within the next 30 years. These properties were selected as those properties that were smaller
than the average house size and did not appear to have been recently renovated or built. A 30 year timeframe
was selected to correspond with the estimated 2050 sea level rise scenario in Table 3-3. A total of 255
properties were identified and these are illustrated in Map GD706. It should be noted that as an outcome of
increased tidal inundation, additional properties may also be filled in response to this. These properties have
not been included in this interim scenario, but are discussed further as part of the economic analysis
undertaken in Appendix G.

Selection of the roadways to be raised involved assessing whether adjacent properties were higher or lower
than the roadway and if construction of the raised roadway would prevent existing properties from draining
to the road. Roadways were also selected which comprise the proposed flood barrier. The following roadways
were selected for reconstruction in the interim scenario based on this assessment:

e Morton Crescent and Pyang Avenue, west of Lenora Avenue;
e Murna Road;

e Davistown Road, north of Murnra Road;

e Dilgara Avenue, north of Lilli Pilli Street;

e Magnolia Avenue, north of Kincumber Crescent;

e Kincumber Crescent, east of Magnolia Avenue;

e |lumba Avenue;

e Alkoomie Close and Arrunga Close; and

e Romford Close.

The extent of roadways raised as part of the interim scenario are shown in Appendix D - Map GD706.

The proposed foreshore barrier is alignment is also shown in Map GD706 and indicates which parts of the
barrier could consist of berms, shared pathways, retaining walls and reconstructed roadway.

5.3.2 Empire Bay

5.3.2.1 Proposed Landform
Following the evaluation of the preferred options from the conceptual design, the Empire Bay landform was
further optimised to both reduce the maximum fill depths and provide improved drainage outcomes.

The following general changes were made to the preferred concept option landform:
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e Reduce the minimum road grade, and subsequently the minimum stormwater pipe grade, from 0.5%
to 0.3%. This allowed for the reduction of fill depths relative to the previous iteration. The most
significant areas of fill depths are near the existing low point along Gordon Road and the proposed
high point along Rickard Road. Each of these areas requires filling up to a maximum depth of 1.5 m.

e Introduction of a channel between and aligned perpendicular to Myrtle Road and Kendall Road to
allow for drainage improvements both immediately and into the future.

e Raising of Rickard Road to create a ridge in the landform where runoff is split between flowing south
to the proposed channel and north to the existing drainage points to Brisbane Water. The maximum
fill depth associated with the raising of Rickard Road itself is approximately 1.3 m.

e A conceptual pit and pipe system was included to provide drainage in low points along the roadways
to achieve the desired drainage outcomes. The proposed pits are located within the roadside swales
and are assumed to be grated inlet pits with a 1.2 x 1.2 m opening. During detailed design the inlet
sizes may vary depending on approaching flows in the swales, or potentially be changed to a letterbox
style inlet pit as is currently used in this area.

e Design of typical roadside swale sections for longitudinal drainage. This includes various sizes of
swales and some piped drainage to eliminate significant flooding of the roadways during minor local
catchment rainfall events.

These elements furthered the concept design to a point where detailed design can be completed and
construction commence when sea level rise triggers are observed.

Refer to the following maps in Appendix D for further information on the Empire Bay concept landform design:

e Map GE601 — Final Landform
e Map GE602 — Roadside Swale Treatment
e Map GE603 - Fill Depths

The most significant change to the landform of Empire Bay is the introduction of a channel crossing all of
Echuca Road, Greenfield Road and Kendall Road. The total length is approximately 360 m and a set of three
3.7m wide x 0.6m high reinforced concrete box culverts are proposed beneath the aforementioned roadways.
The proposed channel is essentially a rectangular section with an invert at 0.9 m AHD for the purposes of
modelling; however, the final form is flexible and may range from a swale set in public open space, a buried
culvert, or a full width channel. This is largely dependent on Council’s and the community’s preference and
what can hydraulically convey the flows east to Brisbane Water. Whichever form the channel eventually takes,
a degree of property acquisition will be necessary to create the drainage easement.

This feature was introduced to ‘cut off’ the high energy flows approaching from the steep slopes to the south.
In previous landform design iterations, these high flows resulted in runoff not being able to be contained to
the roadways in the 1% AEP without the introduction of large lengths of cost prohibitive culverts which may
also be susceptible to blockage.

In addition to the ability to convey runoff to the receiving waters, the channel is also able to lower the
surrounding road and property fill depths because it relies on hydraulic head and not gradient to discharge
water to the east.

It should be noted from a staging point of view; it would be essential to construct the proposed channel /
drainage easement prior to raising of the adjacent properties and roadways.
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5.3.2.2 Interim Landform Assessment

Between the completion of the final landform and the landform as it currently exists, an interim landform was
developed to gain an appreciation to how this scenario might be realised. It involves the construction of the
drainage easement / channel, raising of select roadways where possible, and filling of selected properties. The
proposed implementation of the landform and potential pathway for its development is further discussed in
Section 8. As such, this interim landform should be taken for information purposes only as the actual landform
construction may proceed differently.

To create an interim landform a selection of properties was assumed to be redeveloped under the condition
that ground levels within the lot boundary were required to be raised to the levels identified in the final
landform (refer Map GE601 in Appendix D). Using a combination of photographs gathered from the site
inspection, aerial imagery and Google Street View, a number of properties were identified as likely to be
redeveloped within the next 30 years. These properties were selected as those properties that were smaller
than the average house size and did not appear to have been recently renovated or built. The 30 year
timeframe was selected to correspond with the estimated 2050 sea level rise scenario in Table 3-3. A total of
74 properties were identified, and these are illustrated in Map GE607. It should be noted that as an outcome
of increased tidal inundation, additional properties may also be filled in response to this. These properties
have not been included in this interim scenario, but are discussed further as part of the economic analysis
undertaken in Appendix G.

Unlike, Davistown, there are very few roadways that can be raised prior to adjacent property filling being
completed. Shelly Beach Road and Sher Close were the only roads raised in the interim scenario.

The extent of roadways raised as part of the interim scenario are shown in Appendix D - Map GD607.
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6 Flood Modelling

6.1 Flood Behaviour

For both Davistown and Empire Bay, the proposed landforms were modelled for local catchment rainfall with
the 1% and 20% AEP events. Previous modelling undertaken in the Davistown and Empire Bay Flood Studies
(Cardno Lawson Treloar, 2010) and the ongoing modelling taking place for the Davistown and Empire Bay
FRMSP by Rhelm indicate that the 2-hour duration represents the critical duration for a majority of both study
areas. For the purposes of the evaluation of the proposed landforms, the 2-hour event was modelled.

The downstream water level selected is 1.5 m AHD and is modelled as a static water level. This level is slightly
higher than the 1%PoE in 2100 (1.34m AHD), but has been selected an appropriate downstream boundary
condition considering the uncertainty in sea level rise the unknown impacts of climate change on extreme
storm events creating elevated ocean levels.

No changes were made to local design rainfall associated with climate change. This could be investigated
further as part of the detailed design process.

The landform modelling only included major pits and pipes, the street drainage was simply modelled as an
open swale.

Results from local catchment flooding are shown in the following maps in Appendix E:

e Map GD704 — Davistown Final Landform — 1% AEP Flood Depth
e Map GD705 — Davistown Final Landform — 20% AEP Flood Depth
e Map GE604 — Empire Bay Final Landform — 1% AEP Flood Depth
e Map GE605 — Empire Bay Final Landform —20% AEP Flood Depth

In the Davistown proposed landform private properties are flood free in both the 20% and 1% AEP events. A
majority of the roadways remain passable in the 1% AEP with areas along Lintern Street, Emora Avenue, and
Mirreen Avenue becoming inundated. Any isolated properties resulting from this flooding will not be isolated
for a long duration. Access into Davistown is maintained by the proposed raising of Davistown Road from the
north. In the 20% AEP event, all roadways within Davistown remain passable, with the exception of Malinya
Road at the waterway crossing.

Davistown Memorial Park becomes flooded in both the 1% and 20% AEP events. As the park’s surface is above
1.5 m AHD, the flooding is considered to be from the local catchment rainfall event and not Brisbane Water.
Although, it is acknowledged that the Brisbane Water level (1.5m AHD) contributes to the “backing up” of the
local catchment flows and flooding of this area. Maximum flood depths in the park range from 150 mm to
300 mm.

In Empire Bay, private properties are also flood free in both the 20% and 1% AEP events. Most of the roadways
remain passable in the 1% AEP event. Roads which are inundated in the 1% AEP event include parts of
Boongala Avenue, Rickard Road, Myrtle Road, Echuca Road, and Greenfield Road. Any isolated properties
resulting from this flooding will not be isolated for a long duration. In the 20% AEP event, all roadways remain
passable.

Comparison between the existing flood depths and the proposed landform flood depths are shown in the
following maps in Appendix E:

e Map GD709 — Davistown Final Landform — 1% AEP Flood Depth vs. Existing
e Map GE606 — Empire Bay Final Landform — 1% AEP Flood Depth vs. Existing
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The changes in flood depths across the properties in the study area range from minimal increases (i.e. less
than 100 mm increase) to a significant decrease (up to 300 mm decrease). In generally, roadways displayed
an increase in maximum flood depth due to the introduction of trapped low points and the raising of property
levels above the roadways, focusing flows into the roadways.

The proposed landform will provide an overall decrease in flood risk for the community from local catchment

rainfall.

The interim scenario for Davistown and Empire Bay was modelled to gain an appreciation for the potential
flood issue which could arise from a situation where some properties have been progressively raised before
others and following the construction of the flood barrier in Davistown and the drainage channel in Empire
Bay. For the interim scenario flood results, refer to the following maps:

e Map GD707 — Davistown Interim Scenario 1% AEP Depth

e Map GD708 — Davistown Interim Scenario 20% AEP Depth

e Map GE710 — Davistown Interim Scenario 1% AEP Flood Impacts
e Map GE608 — Empire Bay Interim Scenario 1% AEP Depth

e Map GE609 — Empire Bay Interim Scenario 20% AEP Depth

e Map GE610 — Empire Bay Interim Scenario 1% AEP Flood Impacts

Potential flooding issues exist from the increasing of flood depths on properties adjacent to those which have
raised ground levels. This will need to be investigated further as part of detailed design, and as part of
individual DA submissions.

Further investigation will also be required to determine the optimal outlet arrangement for existing drainage
which crosses the flood barrier. Although the model assumed flap gates on the pipe outlets, additional
capacity would be required to ensure flood depths behind the barrier do not increase to unacceptable levels.
This is particularly important along the southern end of Magnolia Avenue and Malinya Road.

6.2 Drainage

For Davistown and Empire Bay, the proposed landform improves the existing drainage conditions within the
study areas. Refer to the attached set of drawings for a contoured plan of the Davistown and Empire Bay
landforms and sections showing typical street drainage (Appendix F).

In Davistown, trapped low points are removed and roads are raised to provide positive drainage gradients
along roadways. The regrading of lots above the roadways will also eliminate the potential for isolated
ponding areas within private properties.

The drainage outcomes for both study areas achieve:

e Flood free private properties in all events equal to or less than the 1% AEP,

e A minor drainage system to convey runoff in roadside swales and drains in all event equal to or less
than the 20% AEP, and

e Swales have been designed to keep the velocity-depth product below 0.3m/s.
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7 Economic Analysis

An economic assessment has been undertaken on the proposed landform and drainage plan for Empire Bay
and Davistown to understand the overall economic viability of implementing it. The full details of this
assessment are provided in Appendix G.

An economic assessment is undertaken by comparing one alternative against another. It is important that
these scenarios or alternatives are clearly defined to ensure a robust analysis. Three scenarios have been
adopted for this assessment:

1. Base Case — this represents the ‘Do-Minimum’ scenario, and represents the base case against which
the masterplan options are considered;

2. Masterplan Scenario — this scenario incorporates the masterplan (landform and drainage plan),
without the proposed levee around Davistown;

3. Masterplan with the Levee Scenario — this scenario incorporates the masterplan plus the levee. Itis
noted that the levee only benefits Davistown, and therefore there is no change to Empire Bay in this
scenario, when compared to Scenario 2.

A summary of the undiscounted costs is provided in Table 7-1. These are provided to give an indication of
overall costs associated with the masterplan. They indicate that while the Davistown masterplan is more than
double the cost of Empire Bay, this is reflective of the total area and the number of properties at risk. The
overall average cost per property is roughly the same. The levee increases the capital works by an additional
$10.4M for Davistown.

While it is useful to review the overall costs involved, these costs will be spread over the period 2025 to 2100.
The present value of these cost estimates is provided in Table 7-2. Given the relatively long time span of the
proposed masterplan, the present value costs are significantly less than the undiscounted costs. A key point
to note, however, is that the levee, which is implemented early on within the overall timeframe, has a more
significant impact on the costs for Davistown.

Table 7-1. Undiscounted Costs (in millions)

Propert No of Ave Cost
Stages of Masterplan Roads Levee p v Parks Total . per
Filling Properties
property
Davistown — no levee $59.4 $10.4 $15.8 S4.7 $75.2 899 $84,000
Davistown $59.4 $10.4 $15.8 $4.7 $90.3 899 $100,000
Empire Bay $28.2 - $7.9M $0.7 $36.9 439 $84,000
Table 7-2. Present Value Costs of Masterplan Scenarios
Stages of Masterplan Costs No of Properties Avg Cost per property
Davistown — no levee $10.4M 899 $12,000
Davistown $19.3M 899 $21,000
Empire Bay $6.8M 439 $10,000
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A summary of the benefits described above are summarised in Table 7-3.

Table 7-3. Summary of Benefits (in $ millions present values)

Avg Benefit per
Stages of Masterplan Property Propertyl Road Park Total No Of. property (in
Retreat Damages Loss Loss Properties
dollars)
Davistown $12.9 -50.5 $1.2 S1.7 $15.4 899 $17,000
Davistown — no levee $12.9 $15.9 S1.2 $1.7 $31.8 899 $35,000
Empire Bay $3.1 $0.2 $0.4 $0.3 $3.9 439 $9,000

The economic assessment was undertaken by comparing the masterplan scenarios against the base case, for
both Davistown and Empire Bay. These results are summarised in Table 7-4. In addition to the base
assumption of a discount rate of 7%, 4% and 10% have also been tested.

For Davistown, the masterplan with no levee has a BCR of 1.5, with the present value of benefits exceeding
the costs. This suggests that the masterplan is economically viable.

The incorporation of the levee provides a significant improvement for Davistown, with the BCR increasing to
1.7. This is a result of the significant reduction in flood damages both now and moving forward throughout
the assessment period, which compensates for the increase cost of the levee relative to the masterplan
scenario with no levee. It is also noted that the scenario with the levee provides additional benefits, such as
flexibility in timing of filling and development of the masterplan levels, which is not incorporated in this
analysis.

Empire Bay has a BCR of 0.9, suggesting that it is marginally unviable based on the assumptions in this report.
However, the incorporation of some of the unquantified benefits may change this outcome.

It is also important to note, the ground levels of the properties as a whole in Empire Bay are higher than those
in Davistown. However, there are still a number of low-lying areas. The economic outcome may improve if
the masterplan were focused to more of the low-lying properties. However, further testing would be required
to confirm this.

Table 7-4. Summary of Economic Results?

Davistown Empire Bay

Discount Masterplan - no levee Masterplan - with levee Masterplan
Rate NPV BCR NPV BCR NPV BCR
7% $4.95M 1.5 $13.27M 1.7 $-0.41M 0.9
4% $41.34M 31 $63.24M 31 $8.35M 2.0
10% $-1.55M 0.8 $1.29M 1.1 $-1.35M 0.5

The results suggest that the masterplan is economically viable for Davistown, with a BCR of 1.5 without the
levee, and 1.7 with the levee. Empire Bay has a lower BCR of 0.9, which suggests that it is marginal unviable.
However, there are a number of unquantified benefits that may change this outcome.

1 A negative benefit in property damages is observed for Davistown due to the properties that have retreated, and
therefore in the base case there are less properties impacted over time than in the masterplan scenario
2 BCR — Benefit Cost Ratio, NPV — Net Present Value
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8 Implementation
8.1 Approach

The implementation of the proposed landform and drainage plan within this document needs to consider:

e How to fill private land.

e When roads and public land can be filled. l.e. filling of these areas may not be possible until adjoining
private land has been filled to avoid drainage issues on remaining low-lying private land.

e Staging of implementation.

e Sea level rise triggers for the consideration of ‘enforced’ filling or compulsory acquisition where the
lack of filling of isolated lots could be hindering filling of roads.

It is proposed that the landform and drainage plan be implemented through the following approach:

e Preparation of a detailed Masterplan that develops a detailed design of the proposed landform and
also provides property filling design guidelines and other specifications.

e Update of Gosford Council DCP 2013 (or the Draft Central Coast DCP) to require filling of properties in
accordance with this climate change adaptation plan. This would be enforced as part of any significant
development application within the study area. This would incrementally raise private property to the
final landform levels, allowing Council to then raise roads and other infrastructure.

e Council to look for opportunities to raise the roads identified in Section 5.3.1.2. This would likely be
done as part of road maintenance programs. However, there may also be opportunities to raise key
access roads through the state government floodplain risk management process to improve existing
emergency response access during Brisbane Water flood events.

e Council to implement the foreshore barrier / access path as soon as practical. This would likely be as
funds become available. Funds could be secured through the NSW Government Floodplain
Management Grants if the foreshore barrier can be shown to have sufficient protection from existing
flood risk. This should be assessed in the Davistown and Empire Bay Floodplain Risk Management
Study (currently underway).

e Implementation of selected aspects of the landform and drainage plan (including the foreshore barrier
described above) to be assessed for their ability to manage existing flood risk in the Davistown and
Empire Bay FRMSP (currently being prepared by Council).

e Raising of infrastructure, including roads as completion of adjoining property filling allows.

8.2 Policy and Planning Framework

On 12 May 2016, a proclamation to merge the former Gosford City and Wyong Shire Councils and form the
Central Coast Council was announced by the Department of Premier and Cabinet. At the same time, the State
Government issued Guidance for Merged Councils on Planning Functions. These guidelines recommended
Council analyse the differences in the current planning controls, including existing and deemed Environmental
Planning Instruments (EPIs) and Development Control Plans (DCPs).

Council has been preparing a draft Central Coast Local Environmental Plan (CCLEP) and draft Central Coast
Development Control Plan (CCDCP) in response to these guidelines. However, at the time this study was
undertaken the Gosford DCP (2013) and Gosford LEP (2014) was still in force for Davistown and Empire Bay.
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8.2.1 Gosford Council Development Control Plan 2013

Filling of properties (with Council approval) within the Brisbane Water floodplain (i.e. inclusive of the entire
current study area) is permitted by the DCP, in so far as it is allowable as part of the Brisbane Water FRMP
(2015). However, the FRMP does not permit filling within local catchment floodways or flood storage areas.

The proposed landform would require filling within local catchment floodways and flood storage areas. The
DCP would need to be updated to reflect this.

The DCP states that filling of individual sites in isolation, without consideration of the cumulative effects is not
permitted. The consideration of the cumulative effects is considered to the modelling and analysis undertaken
within this document.

8.2.2 Gosford Local Environmental Plan 2014

The land within the study area is primarily zoned ‘R2 — Low Density Residential’. In the locations where
significant fill depths are required to achieve the proposed landform, Council may consider rezoning these lots
to ‘R1 — General Residential’ to allow for higher density development (such as multi dwelling housing) to
provide better financial returns on development (i.e. the cost of filling and associated works per m? will be
higher than for those properties with less fill depth).

Any rezoning would need to consider a range of planning aspects outside of the scope of this study.

8.2.3 Central Coast Council Climate Change Policy (2019)
The Central Coast Council Climate Change Policy (2019) supports the adaptation plan proposed in this
document for Davistown and Empire Bay.

The Climate Change Adaptation Strategy aims to specifically address Principals 3 and 5 and Commitment D4
of the Central Coast Council Climate Change Policy (2019) (Section 3.2.4).

This Climate Change Adaptation Study has involved hydraulic modelling of local catchment flows of the existing
and proposed landform under existing and sea level rise conditions to assist in evidence based decision making
to respond, to adapt and build resilience to climate change (Principal 3 of the Climate Change Policy). Evidence
based decision making is also achieved through the undertaking of a cost benefit analysis. This analysis looked
at the staging of costs associated with implementing the proposed landform design (e.g. filling, drainage and
roads) and compared this against the economic cost of ‘doing nothing’ (e.g. flood damages and loss of land
value).

The next step in implementing the outcomes of this study is the preparation of a Masterplan that will be used
to develop specific development controls that consider constructability, adaptive pathways and staging of
development. It is critical that these controls are developed before critical sea level rise triggers are reached
to ensure that the controls are implemented as development occurs to achieve a proactive approach and to
ensure continuity to better anticipate and adapt to complex challenges posed by the changing climate
(Principal 5 of the Climate Change Policy).

8.2.4 Floodplain Management Program

The floodplain management program is implemented by State Government in collaboration with local councils
to assist in the implementation of measures to reduce the impacts of flooding and flood liability on
communities.
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There may be opportunities to implement aspects of the landform and drainage plan under this program to
manage existing flood risk, while also contributing to planning for the management of future risk. This may
include:

e Davistown foreshore barrier;

e Raising of selected roads; and

e Construction of drainage between Myrtle Roads and Kendall Road, Empire Bay (including acquisition
of full or partial private properties).

The benefits of these works in managing existing flood risk will be assessed further in the Davistown and
Empire Bay FRMSP (currently being undertaken by Council).

It is also noted that the outcomes of this climate change adaptation study seek to address the following
recommendations of the Brisbane Water FRMP (2015):

e PM9 - Develop Climate Change Adaptation Plan: this is the key purpose of this study.
e PM11 - Overland Flows Studies: The analysis undertaken as part of this landform design assessed the
impacts of filling in the floodplain on local flood behaviour.

8.3 Triggers and Staging

8.3.1 Staging

As discussed in Section 8.1 and 5.3, the landform implementation will occur progressively overtime. It is
important that incremental filling does not have negative impacts on the unfilled portion of the floodplain. It
is therefore proposed that the filling and infrastructure raising be undertaken in a staged manner.

8.3.1.1 Private Property Filling

Due to the large number of properties within the study area, and the relatively slow rate of development, it is
not proposed to stage the private property filling. Once the outcomes of this study are progressed to a detailed
Masterplan that is adopted by Council, it is proposed that the DCP be amended to require all development
applications within the study area to include fill to the required landform level. As roads and adjacent
properties will not yet be filled, the design of the filling will need to consider:

e The use of retaining walls along property boundaries;

e Atransition zone (i.e. appropriate slope) between the finished fill level of the property and the access
road;

e Inter-allotment drainage to manage potential drainage impacts on adjacent properties; and

e Geotechnical guidelines for property filling and drainage design.

8.3.1.2 Davistown Foreshore Barrier
As funding becomes available the foreshore barrier should be implemented. It is proposed that the foreshore
barrier be incorporated with a foreshore access and cycleway.

The foreshore barrier would eventually be incorporated into the landform design such that it is ‘flush’” with the
surrounding levels. Until such time, the barrier would provide flood protection from elevated water levels
within Brisbane Water (associated with ocean storms and extreme tide events).

The design of the foreshore barrier would need to incorporate non-return value outlets on drainage from the
catchment.
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The foreshore barrier could be undertaken as a collaboratively funded project utilising funding associated with
flood protection and open space / recreation.

8.3.1.3 Empire Bay Drainage Easement

The proposed landform in Empire Bay incorporates a drainage easement between Myrtle Road and Kendall
Road (Section 5.3.2). This easement is critical to drainage behaviour of the overall landform design; however,
it is also likely that the drainage easement will have benefits with regards to managing the existing local
catchment flooding risk. This will be assessed in more detail as part of the Davistown and Empire Bay FRMS.

Further, this easement could be incorporated into public open space; providing connectivity of the residential
areas to the foreshore area and open space adjoining Kendall Road. The design and width of the easement
would be dependent on the desired use, e.g. public open space may require more space than a drainage
channel.

Pending detailed design and community support, the construction of the easement could occur as soon as
funding is available as it is unlikely to have negative flood impacts on surrounding properties and assets.

8.3.1.4 Stage 1 Road Raising

There are several roads that can be raised prior to the completion of filling of adjoining properties. This is due
to the fact that the drainage from the adjoining properties is not directed to the subject roads. The locations
of these roads, or sections of roads are shown on Map GD706 and Map GE607 — Appendix D.

Opportunities to raise these roads and associated infrastructure and services could be as a result of funding
associated with:

o flood emergency response improvements (to be considered as part of the Davistown and Empire Bay
FRMS); and
e existing maintenance works.

Recent community engagement undertaken with the Davistown and Empire Bay communities (October 2019)
identified that road improvements, particularly formalised drainage were a high priority for the community.
These works could be undertaken concurrently with any road raising.

8.3.1.5 Stage 2 Road Raising
Most roads cannot be raised until the adjoining properties are filled. Therefore, the staging of most road
raising will be dependent on the completion of collections of properties filling to the landform design levels.

Raising of these roads will also need to include the filling of the ‘transition zones’ at property frontages (see
Section 8.3.1.1) and road drainage as shown in the civil drawings (Appendix F).

As discussed above in the Stage 1 Road raising improved roadside drainage works could be undertaken
concurrently with any road raising.

8.3.1.6  Public Land Raising

Filling of public land should be undertaken as funding permits. However, prior to filling of any public land, the
associated drainage impacts and access should be considered. It may be necessary to hold off filling of some
land until all surrounding private land (and possibly roads) are also filled.

8.3.2 Triggers

The key triggers for implementation of the landform will be sea level rise. As discussed in Section 4.3, tidal
inundation associated with only 0.2m of sea level rise will impact large areas of Davistown and some isolated
areas of Empire Bay. This inundation increases dramatically with sea level rise beyond 0.2m, with 0.74m of sea
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level rise resulting in the entire of the study area being inundated by everyday tides. Current predictions of
sea level rise expect this to occur by 2100.

The implementation of the foreshore barrier prior to sea level rise of 0.2m occurring would afford Davistown
protection against tidal inundation for a period of time and protection against existing 1% AEP Brisbane Water
flooding. However, as sea levels rise further the flood protection will reduce and the risk of tidal inundation
(particularly from ‘king tides’) will also become more likely. The foreshore barrier should only be considered
an interim protection method to allow for incremental filling of the landform behind the barrier.

Sea level rise, and the associated inundation of the study area will need to be monitored. Other impacts
associated with sea level rise such as groundwater response, may result in increased impacts not considered
as part of this climate change adaptation study.

If private property filling is occurring at a slow rate, such that roads cannot be raised and ‘intolerable’
inundation occurs along roadways, Council may need to consider enforcing compulsory filling or compulsory
acquisition of those lots that remain unfilled. Council may then have the opportunity to redevelop those lots
(including required fill) and sell or retain the lots to improve public open space and / or drainage easements.
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9 Recommendations

The outcomes of this adaptation plan will be used to inform a series of planning decision by Council. The key
recommendations to assist in this process are to undertake the following:

e Distribution of the information contained in this study to all relevant Council staff and Councillors.

e Review the outcomes of this study and prepare a Drainage Masterplan-Public Domain Plan that will
inform a future local precinct development control. Plan and develop adaptive pathways that
considers constructability with respect to incremental phasing and implementation of a future
landform.

e Detailed Drainage Masterplan-Public Domain Plan that will inform a future precinct development
control plan and development adaptive pathways that consider constructability with respect to
incremental phasing and implementation of a future landform. Drainage masterplan would need to
consider:

O Sensitivity of the drainage system and the flood protection to downstream boundary
conditions and changes in rainfall

0 More detailed investigations into interim scenarios, impacts and triggers

0 Prepare standardised schematic drawings for individual lots (e.g. fill containment, drainage)

0 Constructability methodology report.

e Investigate options for internal and external funding for the Detailed Drainage Masterplan-Public
Domain Plan.

e Include specific works in FRMSP to assess the existing flood risk management benefits:

0 Davistown levee / foreshore barrier
0 Empire Bay drainage channel / easement.

¢ Include the recommended landform in the Davistown and Empire Bay FRMSP (currently being
prepared) to assess its ability to address existing and future flood risk. This may assist in application
for funding from the NSW Floodplain Management Program for components of the landform (such as
raising of public assets, easements.

e Review rezoning opportunities with Council planners to consider planning aspects not considered in
this study.

e Community engagement for the proposed landform and individual flood management works (e.g.
levee and drainage channel) to be undertaken as part of the Masterplan preparation.

e Community engagement for the proposed landform and associated works to showcase Council’s
innovative and proactive approach to climate change adaptation.

The outcomes of this study should also be used to develop climate change adaptation studies for other at-risk
locations.
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10 Conclusion

This climate change adaptation study identified that incremental filling to reduce existing and future flood risk
may be feasible within Davistown and Empire Bay. Filling of private and public land in this way achieves a flood
compatible landform where the cost is shared by those who gain the most benefit (the landowners) and public
funding. This provides some equity across the LGA with regards to community costs associated with climate
change adaptation.

The uncertainty and unreliability associated with determining future climate change scenarios means planning
and management options need to be adaptive and adjustable. However, the available data and sea level rise
projections would indicate that adaptation needs to start as soon as possible to ensure communities achieve
adaptation goals before sea level rise trigger levels are reached. Within the context of this adaptation study
and the study area, this mean providing the community with private property filling criteria so that all future
development can incorporate this. This is likely to be most effectively achieved by incorporating these criteria
within Council’s DCP. This is a high priority outcome of this study.
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Site Inspection 17 May 2018
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Photographs Provided by Resident During Site Inspection

April 2015, Foreshore at 29 Elinya Lane, Davistown

April 2015, Looking south towards Empire Bay
across Cockle Channel, 29 Elinya Lane Davistown

December High Tide at 29 Elinya Lane, Davistown

Davistown Progress Hall following heavy rain in
March 2018
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Existing Flood Risk Maps
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Tidal Inundation

Legend

[ ] Cadastre

HHWS Inundation
| ] 0.56 mAHD Existing

| ] 0.63 mAHD 2030
B 0.76 mAHD 2050
] 0.95 mAHD 2070
I 1.30 mAHD 2100

FE0L
T

50 0 50 100 150 200 m

N N

Scale : 1:5000@A3
Date : 15 August 2019
Revision : B
Created by : ERM
Coordinate System : Map Grid of
Australia 94







}m Davistown and Empire Bay Climate Change Adaptation Study

R h@m

nomics | engagemen

Rh

®

APPENDIX C
Climate Change Adaptation

Preliminary Options




R h @m Davistown and Empire Bay Climate Change Adaptation Study

Cl1 Preliminary Options

A range of approaches to climate change adaptation were assessed for the study area including filling of
properties, raising assets and foreshore barriers. A workshop with internal Council stakeholders was
undertaken to identify a preferred approach for more detailed assessment. An overview of the preliminary
options is provided in Section 5.2.1 to 5.2.3 and the concept design of the preferred climate change adaptation
approaches in described in Section 5.3. This appendix provides additional details of the filling options assessed,
and the preliminary concept option maps for filling and foreshore barrier options.

The following preliminary option maps are provided in this Appendix:

e Map GD101 Option 1 Davistown Filling — Topography Map
e Map GD102 Option 1 Davistown Filling — Cut and Fill Map
e Map GD201 Option 2 Davistown Filling — Topography Map
e Map GD202 Option 2 Davistown Filling — Cut and Fill Map
e Map GD301 Option 3 Davistown Filling — Topography Map
e Map GD302 Option 3 Davistown Filling — Cut and Fill Map
e Map GE101 Option 4 Empire Bay Filling — Topography Map
e Map GE102 Option 4 Empire Bay Filling — Cut and Fill Map
e Map GD401 Option 5 Davistown Foreshore Barrier

e Map GD501 Option 6 Davistown Foreshore Barrier

C1.1 Preliminary Filling Options

Several options for filling of low lying areas of Davistown and Empire Bay were discussed with a range of
internal Council stakeholders. These included allowing a standard fill depth on all properties and variable fill
depths to optimise the landform for drainage outcomes. All filling strategies proposed full landform design as
to include filling of roads and open space as well as private properties. This addresses the issue of unfilled land
becoming high hazard due to sea level rise, creating high hazard flood islands of the filled land.

C1.1.1 Standard Fill Depth

One approach to property filling is to apply the same amount of fill on all properties. This would ensure no
properties are required to fill more than others and filling only impacts adjoining properties by equal height
above existing ground levels. However, this would also in its ultimate fill condition (i.e. all properties, public
space and roads filled) maintain the existing topography and therefore existing drainage issues and low points.

There are residential and road areas of Davistown and Empire Bay currently at or just below 1 m AHD. These
areas are shown Appendix B. Based on a minimum level of protection of 1.5mAHD, it is proposed by this option
to apply 0.6m of fill to all locations.

As the topography is simply raised, not modified, the local catchment 1% AEP extent would remain almost
unchanged from that shown in Appendix B — Figure B2. However, minor drainage improvements could be
incorporated into road and public space filling, that could improve the flood behaviour from local catchment
flooding. This has not been assessed as part of this option. Once sea level rise of 0.6m has occurred
(approximately by 2090), the inundation from Brisbane Water during tidal and storm events would be almost
identical to the current inundation maps shown in Appendix B.
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C1.1.2 Davistown Optimised Landform Options

Three landform designs were investigated and presented to stakeholders. All three designs aimed to achieve

a minimum inundation protection of 1.5m AHD and to optimise local drainage conditions at the same time.

The landform and fill depths for all three options are shown in Maps GD101, GD102, GD201, GD202, GD301,
and GD302. The three options include:

e Option 1 sets the foreshore boundary of all roads at 1.5m AHD and then applies a 0.5% grade

increasing the height of the roads away from the foreshore. This allows for road drainage (most likely

swales) to achieve a reasonable grade to the foreshore, and therefore should reduce the existing local

drainage and flooding issues. The resulting landform has high points through the centre of Davistown

at approximately 2.6 to 2.8 m AHD. This option results in fill depths of approximately 1.5 to 2 m across

a significant portion of Davistown.

e Option 2 also sets the foreshore boundary of all roads at 1.5m AHD and 0.5% grade on roads but

incorporates the following features to reduce fill heights across the study area:

o

A low drainage swale along Lintern Street and adopts a flatter road grade along the swale’s
length.

A drainage easement through private property between Restella Avenue and Davistown
Memorial Park (to be implemented through the purchasing of an easement through one or
two properties).

A swale around the complete boundary of Davistown Memorial Park (while aiming to retain a
centralised active recreational area) set at 1.5m AHD.

A drainage easement through private property on the southern foreshore at the end of Jenkins
Street.

This option does not result in fill depths over 1.5m, however, there are still significant areas with fill

depths greater than 1m.

e Option 3 further refines the landform design presented in Option 2 by:

o

Incorporating low lying swale drainage along the foreshore ends of Mireen Avenue, Restella
Avenue, Davistown Road, Davis Avenue, Pine Avenue, Magnolia Avenue and Pyang Avenue.
These swales are anticipated to have an invert lower than 1.5m AHD, similar to the Lintern
Street swale in Option 2, and would allow for the road to be kept at an elevation of around
1.5m AHD adjacent to the swale. Given the low invert, these swales would be influenced by
tidal conditions. These swales generally extend around 50 - 100 metres inland, approximately
one or two property lengths.

Reducing the height of Davistown Memorial Park (to 1.5m AHD) and lowering the boundary
swale to an invert of around 1m AHD, which would result in this becoming a tidal wetland or
similar, connected by culvert or channel to the main wetland to the north. All boundaries of
this swale are assumed to be at 1.5m AHD.

This option significantly reduces the areas with fill depths greater than 1m, and with refinement as

part of the design process in Stage 2 this may be able to be reduced further.

Rising road access along Davistown Road is proposed in all three options to allow for evacuation and access

during flood events.



R h @m Davistown and Empire Bay Climate Change Adaptation Study

C1.1.3 Empire Bay Optimised Landform

The process for development of the Empire Bay landform was similar to that of the Davistown landform. As
such only one option was developed as part of the preliminary options assessment (Option 4 shown in Map
GE101 and GE102).

Following a review of the road network, it was identified that there were much longer lengths of road leading
away from the foreshore areas. When incorporating a rising 0.5% grade, this results in some significant fill
depths that would not be realistic.

A key difference in the drainage system in Empire Bay is that there is a significant existing drainage network.
To keep the fill depths down as much as possible, it was assumed that the existing alignment of the drainage
system would remain, allowing for low points to be established or flatter grades on roads to be achieved. For
example, a relatively flat grade (with a minimum elevation of around 1.8m AHD, compared with the existing
which is less than 1m AHD) was achieved by connecting into a drainage system that was assumed to be aligned
with the existing drainage system.

It is noted that this drainage system may require floodgates and other controls on the outlets and could
continue to result in some local drainage capacity issues as it is difficult to achieve desired flow capacities.
However, with improvements to the drainage system, the capacity should be improved over the existing
system. Further, there are a number of low lying properties (e.g. Gordon Road) which would currently
experience ponding and flooding. The proposed landform directs water away from properties and on to roads.

There are also a number of locations where a connection, or easement, is proposed from road areas to the
foreshore. Similar to Davistown, these are intended to reduce the amount of fill by providing a direct
connection to Brisbane Water.

The proposed landform results in less than 1m filling for the majority of Empire Bay. Some sections of road
and approximately 12 properties may have fill greater than 1m.
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