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1. INTRODUCTION

ThisCoastal Hazard Risk Management and Adaptation Plan (CHREen prepared fahe Shire
of Exmouthto provide a basis for active and ongoing managemenbastal hazard€valuation has
consideredcoastalhazardsollowingthe West AustraliarState Coastal Planning Policy SPR2a6d
associated CHRMAP Guidelif@sincluding erosion, inundation and coastal landform mobility
addition,there has been some considerationrahoff flooding as this has been a significant factor in
planning anddevelopmentof Exmouth townsite

Themain area of interest fothe CHRMAP extends for approximatekm, from Exmouth golf course
to the northern end of McLeod Stredncluding Exmouth Town Beafffigurel-1). Town Beachwas
previously identified as eoastalerosionhotspot, due to rapid erosionver2007-2015and proximity
of public asset§!.

Overall, ExmouthCHRMAP aims to improve coastal planning and management withiHine and
0SGGSNI fATYy GKS { KANBQa LI I yH Asgels condider¥oSscdigh] o A ( |
the CHRMAP process include
9 Natural Assets under direct management of the Shire
9 Existing Built Assets owned by the Shire or under direct management.
9 Existing Built Assets owned or managed by the State Government
9 Existing Built Assets owned by private landowners, subject to Shire Planning and Development
conditions.
9 Areas designated for future development, subject to Shire Planning and Development
conditions.

A key CHRMAP objective is to provide a strategic pathway for ongoing developméhnoduth
foreshore, limiting risk to infrastructure, human safety, and other valbgs,
f Determining where hazardisli 2 f SN} 6t S F2NJ 9EY2dzikKQa | aasSda |
1 Identifying plausible pathways for hazard management for existing developments.
91 Determining practical and economically viable mitigation measures to support greater coastal
resilience.
1 ldentifying necessary refinements to local planning instruments.

The CHRMAP influences the:
T { KANBQa [ 20!l f M antl Logay Rlafiring PolitN(Srat&git @lanningy Local
Government)
{1 Local Planning Scheri®g(Statutory Planningpy Local Government)
9 District/Local Structure Plans (Spatial PlanfiordDistrict and Locality).

TheCHRMARpproach involves considerationafernativepathways for change aridentifieswhere
decisions may provide future constraints.




Northern)

Beach

590 1,q00 m

Shire of Exmouth
(see Inset A)

Figurel-1: Location Diagram




Importantly,this CHRMAR2 Sa y 2 NBaz2t @S [ttt O2Fadlt Ydyl3asSys
guide longterm developmentg rather, it providessupport to future decisionmaking bythe Shire as

its coastal planning and management objectieeslve.Furthermore, this CHRMAP should be actively
maintained by the Shire, with review and revisions approximately evet $ears, to cater for

changing conditions and townsite developmeRecommended actions to facilitate future coastal

planning and management are listed, includidgntified future investigations

The potential for existing and planned landes along Exmouth coaki be affected by coastal
processes within the next 100 yeanss been previously recognised through local development
applications and studié&®9. The significance of this pressure was further highlighted by rapid erosion
of Town Beachover 2M7-2015, leading to its identification as a coastal erosion hotsfot
Consequently, the Shirehose to undertake a CHRMAP, supported by funding fron?thet / Qa
Coastal Management Plan Assistance Program

Work on Exmouth TowBeachCHRMAP wasndertakenby Seashore Engineeriagd Land Insights
project team.The projectwas establishedfollowing the CHRMAP Guidelin& usinga riskbased
evaluationwith 7 key stagesHigurel-2). Previous reporting addressing Stages 1 and 2 includes:
AppendixA: ExmouthTown BeaclCHRMAP: Establish the Conté%t
AppendixB: ExmouthTown BeaclCHRMAP: Coastal Hazad
Subsequent stages have used slightly different reporting titles due to the nature of Exmouth Town
Beach and its management, with Steps 6 and 7 merged into onéosebley CHRMAP stages,
associated actions arather related project deliverables are summarisedriiamblel-1.

Monitor and § Establish the
review context

Stage 6 -
Implementation

Figurel-2: Stages ira CHRMARProcessfollowing WAPC Guidelines




1.1. Exmouth CHRMAP Structure

Tablel-1: CHRMAP Stages aftbject Deliverables

Assessment CHRMAP Stage Details Deliverable/Link to Section
Phase
1 Establishthe  § Stakeholder and Community 1 Community Survey & Workshop
Context Engagement Plan (seeFigure2-1)
1 Identify community coastal values { Report 1:Establish theContext
and aspirations (Appendix APPENDIX)
1 Adaptation Objectives & Success
Criteria(Appendix A
2 Risk 9 Coastal hazard assessment and Asset Register
Identification mapping for the selected planning 9§ Report 2:.Coastal Hazards
Hazard timeframes (Appendix B
1 Detailed description of each 1 Workshop 2: Community Risk
asset/asset grouping Assessment Workshd@g\ppendix
9
1 Workshop 3: Stakeholder Briefin
Workshop APPENDIR)
3 Vulnerability 1 Consequence and likelihood scale { Council Briefing Note
Asset Analysis 1 Level of risk matrix and risk 1 Council Briefing Session
tolerance scale
1 Adaptive capacity of assets scale, ThisDocument
vulnerability matrix, tolerance
scales & vulnerability of assets at
risk table
4 Risk Evaluation ¢ Identification of existing controls  ThisDocument
Risk that alter level of risk.
Assessment 1 Reassessment of asset vulnerabili
& Priorities considering existing controls
9 Assets requiring risk treatment as
priority
5 Risk Treatment 9 Identification of risk treatment ThisDocument
Adaptation options
Planning 9 Results of multtriteria assessment
(including community values and
success criteria)
1 Cost benefit analysis of risk
treatment options for short term,
medium and longerm risk
i Adaptation pathways or decisien
making strategy with decisien
points & management triggers for
short, medium and longerm
planning horizons
6 Implementation 9§ Landuse planning instrument ThisDocument
Implementat Plan requirements
ion f Shortterm implementation plan

(present25 years)

1 Medium and longerm strategic
implementation plan (2%0 and
50-100 years)
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1.2. Purpose of thidDocument

This document summarisesk assessment and adaptation plannaggmponentsof Exmouth Town
BeachCHRMAPwith due consideration of previously characterisedstal hazards! (see Appendix
B). TheCHRMARims to identify priority areafor management byhe Shire jdentifyingadaptation

options. This document has been designed to inform3hé&e and itcommunitywhen planning for

potential coastatisk.

The assessment process has been guided by success ciiteritified by the Shir€@ community
engagement process duringhase 1 Establish the Context (Section 2 & Appendix A and
supplementedoy coastal hazard assessmen®inase 2 Risk Identification(Section3 & AppendixB).

The assessment undertaken proceeded through key work phases that broadly align to stages in the
CHRMAP proces®ted in the CHRMAP Guideliriés

At the outset of the study, the Project Team, in consultation with the Shire, considered the most
appropriate way to apply the CHRMARidelines in a fifor-purpose assessmengpecifically, this
aimed toaccountfor local attributes of coastdlazards anéddressi K S {k&yiMBandiobjective
for future coastal planning and management activities. Key points of interest in this respect are:

1 The areaof focal interestcentres on a relatively small coastal strip whetmwnsite
development has occurrealdjacent tothe coast (Town Beach)

1 Coastal management at Town Beach requires imdaamts and toExmouth marina and canals
to be considered. This includes significant structural control due to the breakwaters and
revetments, as well as active sediment management, with bypassing from south of the
harbour and placement on Town Beach.

9 Observations following sand management in 20®2udedhigh erosiorscars and excessive
presence of cobblealong Town Beagchaffecting public accesby 4WD, and limiting boat
launching.

1 Previoushydrological sidieshaveflagged the role ofhe Northern Breakout to limit flooding
affecting Exmouth town site, particularly the area of floodplain east of Murat Road from the
Golf Course t&xmouth Marina

The resuling approach was built on an understanding of these attributes and priorities for the Shire.
The methodology employed adoptech aasset exposurealuesensitivity approachwhich largely
aligns toWAPC CHRMAP Guidelifié¢stages(Figure1-3), which parallels the hazaakssetdamage
mitigationelementsidentified in National disaster risk managemé#t. Town Beachvas a focus area

for adapgation planning assessmerasit is where most coastal assetare present where existing
management challenges require attentiaand potential for competing pressures is considered
greatest

Exmouth coaghas been considered &sur discretemanagement unitsNiU) intended to characterise
areas where there is potential for synergistic or competing interests for ass@tsioRanalysisis
further conductedin eight sub-segments (Figure 1-4), based on coastal change identified in the
CoastaHazard report (Appendix B.
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STAGES IN EXMOUTH CHRMAP REPORTING

CHRMAP

CHRMAP Context Hazard Mapping Assets at Risk  Risk Assessment & Adaptation Monitor &
Priorities Planning Review
* Project parameters « Erosion hazard lines * Function/service
+ Community + Inundation * Eﬂlue « Impacts (risk) = Adaptations
engagement perCDLatiDn . Xposure Adapti . . ’
. . ptive capacity options analysis
v AssetlD assessment and {likelihaod) « Vulnerability « MCA/CBA
* Success Criteria depth maps * Sensitivity Low. Med. High Time § tiad &
(consequence) * Low.Med, High, =+ Time frames tied to
recommendations
Stage 1 -
oo STAGES IN CHRMAP PROCESS (WAPC GUIDELINES)
\
imdlener : : Il: 5 -
) mEntaton I,

Establish Risk Vulnerability Risk Risk Implementation Monitoring
Context 1D Analysis Evaluation Treatment &
Review

STAGES IN NATIONAL DRM FRAMEWORK

f =& ©

HAZARD ASSET DAMAGE MITIGATION
Figurel-3: ExmouthCHRMAP Reporting Stage& Relationship to WAPC Guidelise
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Exmouth Management E
a Units ;

[0 250 500m
if [ ——'

Figurel-4: CHRMAP Management Units (MU) aadalysis suksegments
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2. STER: CHRMARCONTEXQ OVERVIEW

Step 1: CHRMAP
Context

Community
engagement
Physical setting
Project parameters &
success criteria

2.1. Project Parameters & Priorities

Indicative value of the coast to the local communityas established as a basis for further
investigation¢ KS G SNY W@ fdzSQ A& ljdzZ €t AdF0A0S Ay (GKA& O3
and economic importance that the coastal area holds for the people that live, work and recreate there.

The first stage of th€ommunity Values Assessmecarried out for the Shire of Exmouth CHRMAP

was built aroundhe following key questions:

Q1:Who are the stakeholders?

Q2:What are the existing management issues?

Q3:How are these likely to change into the future?

Q4:What assets are located within the coastal zone?

Q51 26 R2 1Se adGlr(1SK2f RSNBR WOl fdzSQ GKSANI O2F adl t

Work undertakens describedn Report 1:Establish theContext andsummarised irFigure2-1, which
involved:
w Community survey

w Site visits & meetings
w {GF1SK2f RSNJ W@l f dz§SaQ 62NJ] aK2LJ

Key findings from Phase 1 allowed identification of adaptation objectives
(priorities) for the study area and definition of Success Criteria for the project

See Boxedl-4

aQ1-5formthe basidor Phase 1 reportingReport 1:Establish theContext (Appendix A)Key elements from Phase 1 reiag
to the risk assessment process are summarisdgbixesl-4.




SeashoreEngineering

Part 1: Community Survey
Identifying coastal assets & values

Part 2: Community Workshop

Relationships with the coastal zone

Communlty Engagement & understanding of coastal change

Consultation
Establishing Values Part 3: Asset Register
Success Criteria Classifying asset functions,

services & values

Part 4: Success Criteria

Setting adaptation objectives based
on stakeholder 'values' of assets

Figure2-1: CHRMAP Contex€Community Engagement & Consultation Process

2.2. SettingAdaptation Objectivegshrough Community Engagement

P'RELIGEFGA2Y G2 Ot AYFGS OKI y3S-20aF arS lo&ISING 0@2 dr®KSS RIN
of different decisioamaking pathways must be considered in the context of a desired future outcome
Identifying adaptation priorities or objectives for a coastal zone is therefore a key element in the
decision making and strategic planning procesa CHRMAPThese priorities need to be identified

early, through engagement and consensus building, to allow a shared understanding of the adaptation
planning process built on local community valug&ke process for community engagement and
consultation adopted for Exmouth CHRMAP is outlinedéport 1:Establish theContext (Appendix

A). Through the Community Survey and Community Workshop, participants were prompted by
Thought StartersHigure2-2).

Perceptions of existing coastal hazard?
Awareness of future coastal hazard
HAZARD
g What assets have been identified?
O What are their environmental and social values?
ASSET How can this information be used to define success criteria?
& Perceptions of damage to assets due to inundation & erosion
hazards?
DAMAGE How would this impact use of coastal zone?
Awareness of range of options to mitigate coastal hazard?
@ Roles and responsibilities
e -
MITIGATION Willingness to pay?

Figure2-2: CHRMAP Contex8takeholder Engagemenfihought Sarters
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Box1 andBox2 summarise the Community Survey and Community Workshop respectively.

Part 1: Community Survey

Identifying coastal assets & values

97 submissions received over a one month period

s Over 90% of respondents identifying recreation on the coast is their main
interest - boating, fishing, swimming, and snorkeling.

» Daily and weekly usage accounting for almost 90% of responses

» 60% of coastal users surveyed don't feel coastal erosion or inundation are a
problem now or will be in the future.

= Environmental, social and economic assets ID for Town Beach
s Natural features (beach and dunes) more highly valued than coastal
infrastructure (marina and the beach recreation facilities)

Use of and access to the beach as gateway to marine environment highly valued

Box1: CHRMAP Contex€ommunitySurvey Summary

Box2: CHRMAP Contex€ommunityWorkshop Summary

10
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2.3. PreliminaryAssetldentification

Identifying and defining the value of asset#hin the study areahrough community engagement
and maintaining a focus on these values through the CHRMAP procaskeis part of the risk
assessment proces#\ preliminary coastal asset regist®as establishedwith information sourced
through the Shir@ asset registersupplemented with asite visit and interrogation of aerial
photography. Reports have also been sourced from the Australian Exposure Information Platform
(AEIP)to provide an early indication of existing infrastructure agsetncial valuepotentially at risk
to erosion and inundation hazartlVhere appropriate, assets were grouped into categories:

w Residential private property adjacent to the ocean
Transport infrastructureroads and access pathways
Marine infrastructure:harbour, jetties, boat ramps
Utilities: power, severage, and water
Foreshore reserveincluding amenities within this area such as car parks, public ablutions,
barbeque/picnic/shade areas, playground, and pedestrian access structures such as ramps,
stairs and paths
w Commercial privately owned built infrastructure (cafes, shops, tourist accommodation)

€ e¢eeg

Part 3: Asset Register

Classifying asset functions, services & values

A classification of the function/services provided by and value associated with
coastal hazard for Exmouth.

« Asset ID - Shire asset register; aerial photography; community survey &
workshop (See Part 1 &2)

e Function/Service - assets categorised as:

Residential

Commerical

Foreshore Reserve

Transport Infrastructure

Marine Infrastructure

+ Value - qualitative assessment of environmental, social and economic values of
assets to rate each asset as LOW; MEDIUM; HIGH value.

o Qo o Q

Q

Value scores assigned to each asset identified based on a qualitative assessment
of its service and function. This information is used to inform confirmation of
SUCCESS CRITERIA (Part 4) and provide a consequence rating (sensitivity to
impacts of coastal erosion and inundation) for each of the assets considered

Box3: CHRMAP Contex€ommunity Engagement & Consultation Process

2.4. CommunityValuesand SuccesXiteria

Outcomes from the stakeholder engagement process acted as the basis for formulation of adaption
objectives and success criterkgey points from consultation with local community, business owners
and Shire representatives can be summarised as:

b Australian Exposure Information Platform (ga.gov.au)
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1 Exmouthcommunity expressed a strong senselud dcoast being part of the DNAE. While
Town Beach may notbe asiconidia&k S Yy S Nb & @ Nédalda? itNg neligrtheélessl 2 G Q I
the familiar exposure to coastal experience for local people and visitors (on a weekly and even
daily basis).

1 Natural areas are more highly valued thiéwe built environment and associatddcilities.

1 Ease of use and access are highly valued with only a limited interest in curbing this ease of
access to the benefit of conservation and management of natural areas.

1 Aquatic recreation is more highly valued than terrestrial coastal experiences.

1 The marina and harbour development does hatea high level of community affinityit is
accepted as beingisitu but is not connected with or associated wiibwn Beach or its use.

1 Change is recognised as a challenge.

1 Diversity of understanding or acceptance that coastal environmental change implies
corresponding human change

Consideration of outputdrom the community survey, workshop and wider engageme
process suggested the key adaptation objective for the Shire of Exmasitb maintain
access and utility of Town Beach and its associated facilities.

Successcriterik f Ay Ay 3a (2 GKAA LINAYFINR 202SO0GA0S | yR 3dz
erosion and inundation coastal hazards to inform the vulnerability assessment in subsequent CHRMAP
work phasesare summarised as:

Box4: CHRMAP Contex€ommunity Engagement & Consultation Process

12
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Figure2-3: Accessalong Town BeachA key success criteriofor Exmouth Community

13
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2.5. Landuse Planning Instruments the CHRMAP Context

Landuse planning instruments are important tools to reduwoastalriskto existing and future assets
Under the Western Australian Planning system, the approach to planning in relation to coastal hazards
is guided by State Planning Policg:Zoastal Planning and the Coastal Hazafsk Management

and Adaptation Plan (CHRMAPgEuidelines!?. The guidelines refer to several planning instruments
that can be implemented to manage hazards along the c(aile2-1).

Existing planning controls within each of the Management U{Mtds)for ExmouthT own Beachvere
considered at the outset of the GMAP.Existingenure and planning arrangements for each MU are
summarisedn AppendixE:Existing Landise Planingwith an example for MU:1 NortherfRlood basin
presented(Table2-2). Thisinformation providescontext forsubsequent assessment of residual risk
(Section 5.2.1) to facilitate selection of appropriate adaptation options and actions to mitigate
identified erosionor inundation hazards for the Shire.

Table2-1: CHRMAP Context: Summary of Lamgke Planning Instruments

? Structure Plans (SP) Developed and implemented where land is to be substantially developed.

Applies to areas that have been identified by either the Local Government in their scheme or strategy or where required by the Western Australian
Planning Commission.

Should incorporate the findings and associated reguirements of the CHRMAP in areas where there is potential for the further development, or the
redevelopment of a site.

Structure Plan development allows for the formation of a coastal foreshore reserve to manage current and future coastal erosion and possible
inundation.

Structure Plans do not have the force of the Local Planning Scheme, and act as guidance documents for future subdivision and development.

®

SP

Local Planning Scheme (LPS) Amendments can be used to implement planning controls in relation to coastal management and can be used as a
planning tool to identify risk and zone the land and apply provisions in relation to any development accordingly.

LPS

Special Control Area (SCA) can be declared through Local Planning Scheme over areas deemed significant in relation to coastal hazards & special
provisions applied where necessary.

Allows for specific planning mechanisms to be implemented where the highest coastal hazard has been identified through the CHRMAP process.
Relate to a specific area and will have a set of specific development requirements and/or conditions that will relate specifically to the identified area.
These will apply in addition to other local and state government planning frameworks applicable over the site.

®

SCA

Compulsory Aquisition (CA) involves the taking of land where it has been deemed that risk to coastal hazard is likely to apply and hazards have
advanced to a stage where land exceeds tolerable risk thresholds. This can be undertaken through 2 processes:
Purchase of the land by the LG if the owner agrees to sell the parcel under Section 190 of the Planning and Development Act (2005).
Compulsory acquisition by the LG without the agreement between parties under Section 191 of the Planning and Development Act coupled
with the Land Administration Act (1997)

CA

Reservation of Land (RL) Land can be reserved for foreshore purposes and particularly applies to the management of public assets. The
reservation of land would allow for improved asset management along the foreshore and for future planning of the foreshore reserve.

Local Planning Policy (LPP) Provides detail and guidance on acceptable development & assists in the decision-making process for development
requiring discretion including design responses to constraints in relation to development proposals, introduction of relocatable buildings within areas
such as tourism zone or coastal reserves, setbacks for development in relation to identified hazards, & floor levels for development.
The LPP can also identify the requirement at development approval stage for notifications to be placed on any applicable titles.

Motification on Title (NOT) A Section 70A notification can be placed on a Title of land as a condition of planning approval. This can identify the
identified hazard over the subject site. The notification can be either of a general nature in relation to the identified hazard or can be more specific and
if required time-limited, for example where a temporary use may be allowed for a limited timeframe prior to an identified hazard occurring.
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Table2-3: MU 1 Northern FloodplainExisting Planning Contis

No  Description ofLand SpecialUse Conditions

SU4 LotlTruscottCrescent Asl  Hse: Q Objectives ofSpecialUseZone4 areasfollows:
and Lot969and 1495 1 Caravarpark 1. To cater for current and future supply of affordable tourist accommodation, principal
(Reserv8701)Warne 1 Campingground the form of caravan parks armamping groundgp meetcurrent and anticipated deman
Street 2. To control the location, form, character, and density of development to complement

AsanW lue: naturalandbuilt features within the locality.
Lots 1403 and 1404  Telecommunications infrastructurt 3.  Toprovidefor highquality short-term accommodation and touridacilities.
TruscottCrescent; and 4. Toprotectpotentialandexistingcaravan and camping areas from the encroachnignt
portion Reserve 2764 AsanW us® otherincompatibleuse or development.
Lt 500 Nimitz Street, Ancillarydwelling. 5. Development shall not exceed 2 storeys in height above natural ground level, excep
Exmouth Communitypurpose. where the local government considers that particular circumstances may warrant an
Conveniencstore. exception and providethe objectives othe special use zone, and the Scheme are not

Lot198PaceRetreat, Fastfood outlet. compromised.
Northwest Cape Motel. 6. Landscaping shall be provided to integrate the development into the natural landsca

andprovidescreeningrom visualandnoise impacts of surrounding land uses.

Recreation private. . . . . .
7. A maximum of two ancillary dwellings and airglehouse(manageRresidence) are

=4 =4 -8 8 8 _a_9_9a_2

Restaurant/café. ’ ;
Singlehouse(managers residence permitted for permanentaccommodatiorby staff employed by the Caravan Park and/c
Sho?) g ' Camping Ground.

8. The combined gross floor area allocated for the commercial land uses listed in the '
Use'columnshallnot exceeds00n?.

9. Fencingfindividualcaravaror camping sites is not permitted.

10. Freehold ofStratasubdivisiorwill not be supported.

Note: Development shall comply with all requiremeotthe CaravarParksand Camping

Grounds Regulations 1997 and/or shall be as determined by the local government.
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3. STER: HAZARIMAPPING; OVERVIEW

Step 2: Hazard
Mapping

Inundation Hazard
Assessment
Erosion Hazard
Assessment

3.1. Overview

Coastal hazards occur when processes at the interface betweenctdanand the adjacent land can
provide physical, environmental, or social loss. For the most part, this is commonly associated with
movementof ocean waters (through waves, tides or storm surges) onto land area, particularly where
it adversely affects land use. The two most investigated coastal processes are:
1 Erosion, where oceans waters, including wave action, move sediment away from their existing
position along the coast, removing a previous area of land.
9 Coastal inundation, where land that was typically outside the influence of ocean waters,
becomes submerged, typically for minutes to hours (i.e. typically excluding wave action).
For purposes of this study, erosion and inundation hazard were determined in lin&taith Coastal
Planning Policy SPP 216 The capacity for coastal dynamics to interact witieam runoffhas also
been evaluated, as floodplain managemdrats beena critical factor in Exmouth townsite layout,
infrastructure, and future planning?.

Details of the hazard assessment are~iaport 2: ExmoutiTown Beach CHRMAREoastal Hazard
(Appendix B which idformed the risk assessment process reported lerddazard screening
assessment at the outset of Stage 1 is summarisédgare3-1 and Figure3-2. This is followed by a
summary of asset identification and categorisation completed as part of this CHRAA®sset
register igncludedin Appendix B
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Overview:

The approach to erosion hazard assessment is explained in the accompanying Hazard
Assessment Report and followed the guidelines for a 100-year planning timeframe described
by SPP 2.6 Schedule One. The sandy coast case has been adopted for Exmouth, with requires

the following erosion setback allowances:

HSD: Horizontal Setback Datum

Sl:Storm Erosion

S2:Historic Shoreline Movement Trend

« S3:Sea Level Rise (following DoT, 2009)

¢ 0.2 m per year allowance for uncertainty
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Erosion hazard allowance for 7 segments across 3 Management Units (Harbour excluded) at the
following timeframes: 2025; 2050; 2070; and 2125

Figure3-1: Exmouth CHRMAErosionHazard Assessme@ummary
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Overview:
Coastal inundation hazard was considered based upon previous work undertaken to determine

design cyclones for the region as well as tide gauge records applicable to the study area. Flood
mapping resulting from both approaches informed assessment of existing assets exposed to
inundation hazard over a 100yr planning horizon. This was supplemented with stream flooding
hozo(rd an;:i flood basin evaluation based on review and interpretation of work undertaken by
SKM (2007).

Exmouth Findings:
Preliminary Coastal Inundation Hazard ' Coastal breakouts do not play a key role
Based on Tide Gauge Records / in management of stream flooding

100 yr & 500 yr ARI

- under prevailing conditions. Coastal

inundation poses a limited threat, mostly
within the area defined as streamflow
flooding risk This implies that adaptation
‘trade offs’ associated with mitigation of
runoff flooding versus limiting coastal
inundation are likely to be more flexible
than previously considered. That is,
drainage of streamflow flooding is
needed for health / land-use reasons,
rather than flood risk to assets or safety.

m‘;.:ﬂ, Eray

T A

2.9 mAHD (100 yr ARI: No SLR)

3.6 mAMD (500 yr ARI: No SLR)

Inundation hazard maps were produced for Northern Flood Basin; Town Beach; Exmouth Harbour
and Canal; Harbour South showing the 100yr ARI; 100yr ARI + SLR; 500yr ARl and 500yr ARI plus SLR.
Water level analysis was also interpreted to allow reporting against a SLR allowance for 2025
(0m); 2050 (+0.22m AHD); 2070 (0.42m AHD) and 2125 (+1m AHD)

Figure3-2: Exmouth CHRMAP Inundation Hazard Assessn@nnmary
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Figure3-3: Coastal AssetdMU2 & MU3
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3.2. Coastal Hazard Summary

Evaluation of coastal erosi¢H has indicated that accelerated erosion along Town Beach, which led
to it being identified as @oastal erosion hotspot ¥/, was aresult of sustained anomalous wind
combined withthe presence of Exmouth Boat Harbour. Although the unusual wind conditions are
likely to be impermanent, rapid local erosion observed along Town Beach is likely to recur, to some
degree, whenever there is a switch in net transport direction (either way).

Coastal inundation provides a relatively limited hazard for Exmouth, with most areas exposed to
coastal inundation already being identified as subject to runoff flooding, within Special Control Area 5
in the local planning scheme. However, relatfuequencyof coastal inundation will increassith
projected sea level rise.

Consideration of inundation at this scale primarily facilitates decision makiogrestraints associated
with of landreleaseand the hazardnitigation decisions potentially associated with resilient future
development. This information also provides a basis for prioritisation (of adaptation effort) provided
in subsequent stages of this repg8ectiond).

Since 2005, the northern breakout is themary pathway for drainage, due to the-bsilt level of

Madaffari Drive spillwayHowever, galuation of runoff flood risk has indicated limited dependence

of flood risk on the rate of drainage from the northern breakoag the Northern Basin is sufficiently

large to contain an extreme volume of floodwateTéis means that thereakouQda RN} Ayl IS T dzy
is has lowsensitivity to coastal change (expansion or partial closure of the breakmatyided a
minimalpathway for runoff drainageés present

9EY2dzi KQ& O2F &idlt R dpfdentdaybapier Aagafist Waye abtibrif dar @S
substantial barrier against eraosion and inundation. The width and height of the dunes varies along the
shore, with substantial dunes north of Exmouth Boat Harbour, able to withstand significant coastal
recession without beoming susceptible to breaching. In contrast, dunes south of the Boat Harbour
are lower, narrower and less continuous. These dunes may become susceptible to breaching under
severe storm events followg a limited amount of costal recession.

Opportunity to use active dune management or reinforcement to reduce future erosion harard
consideredwithin potential CHRMAP management optid@ection6). It is noted thatif existing or
proposed development encroaches on the dune reserve, loss of dune protection requirsgesitéic
assessment of the dune reserve relative to the development. This includes presently vacant land on
Truscott Crescent, zoned for tourism.

This information forms the basis of the risk assessment process detafi@tbiming Sections
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4. STEB: ASSETS AT RISK

Step 3: Asset
Vulnerability

Identify assets
Determine exposure
to erosion &
inundation

Evaluate sensitivity to
erosion & inundation

4.1. Overview

Existingassets were identified through Phase 1 for the Exmouth Townsgitsets potentially
impacted by coastal erosion and inundation hazardere identified bycomparingerosion hazard
lines and inundation mappinggainstrecent aerial imagery and cadastre of the S®ireoast This
defined a list of coastassets identifiedn Phase ZCoastal HazardReport ¥ Appendix B All assets
lying seaward of the erosion and/or inundation hazard extent weerdedand identified within
Management Unit (MUand analysis subegments based on coastal change linkaghsset exposure
rating and asset sensitivity ratisgvere derivedfor both erosion and inundation hazard to establish
Potential Impacto coastalassetsn Exmouth(i.e. preliminary risk, prior to mitigation actions)

Phase 3 Exposure Sensitivity
—
Phase 4 Potential Impact Adaptive Capacity
Vulnerability
Exposure Sensitivity
Likelihood Consequence

Potential Impact
(preliminary risk)
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COMMERCIAL/
RECREATION

Key Commercial Assets in MU1 & MU2

""""

Mantarays Resort
Yacht Club
Golf Course
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Table4-1: Summary of Asselidentification per Segment (AE)

Management Unit&

b-segment
MU1 A
B
MU2 C
MU3
D
MuU4
El
E2
E3

#
1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

AssetAreas

Low lying floodplain through northern breakout
Reserve fronting golf course
Exmouth golf courselot with club buildings

Willesdorf Road
9 EY2dzi K
ExmouthOval

aSyQa

{ KSR

Exmouth Community Garden
Wastewater Treatment Facility lot
RAC Exmouth Cape Holiday Park

Two undeveloped lots on Truscott Crescent, zoned Special Use
Two undeveloped lots on Truscott Crescent, zoned Tourism

Warne Street foreshore access and carpark

Town Beach foreshore

Warne Street to Friedman Way residential area
Friedman Way foreshore access

Exmouth Yacht Club

Madaffari Drive

Madaffari Drive canal lots

Mantarays Ningaloo beach Resort
Exmouth Game Fishing Club Sports

Exmouth Harbour walling
Exmouth Harbour boat ramp & lelying areas surrounding harbour

Filled lot levels adjacent to Exmouth Marina

Neale Covédoreshore

Maritime Facility on Neale Cove

Crevalle Way foreshore

Crevalle Way

Crevalle Way residential area
Lot zonedspecial use north of McLeod Street
Rural lotsnorth of McLeod Street

McLeod Street

Rual lots landward of McLeod Street
Rural lots south of McLeod Street

4.2.

Asset Exposure Ratingikelihood)

Likelihood is the probability dfazard impactdrosion or inundatioito existing and future assets and
their values. Within the context of the vulnerability assessment, likelihood is used to consider the
exposure of an asset to coastal hazards. Coastal hazard zone definitionSRR#Z&chedule Oné!

only identifies a single level of coastal hazard recurrence, at the end of the projection perio@8py 21
Consequentlyto understand the emergence of hazard and the need to progressively adapt to
increasing riskchanging likelihood of coastal hazards over time was proje¢tedboth erosion and
inundation hazarddikelihoodis projected to progressiveigcrea® due to sea level rise and projected
coastal recessiofpermanent erosion)
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RESIDENTIAL

Canal Estates
Osprey Way
Crevalle Way

Residential Assets in MU3 & MU4
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4.2.1. ErosionLikelihood

Erosion allowancewere determined based on storm allowance, extrapolated historic change, and
recession due to sea level rise following SPP 2.6 schedule one, for time frame&,02@80, 2070
and 225. As observedhange was dominated by phases of beach rotatiioect projection of historic
change is not meaningful (i.the beach will not continue to rotate). Consequentiyb-segments
were determined, within which coastal change showed connected behaviour

Average erosion allowance wageterminedfor each of thesub-segmentsalong Exmouth foreshore
(Table4-2), to estimate available erosion buffers at each of the timeframes under consideration
Distinctionwas made between the allowance for shéetm storm erosion, and the allowance for
progressive change, termed recession, which results from net beach sediment loss as well as retreat
due to sea level rise.

Table4-2: Erosion allowances per study segment

2025 2050* 2070* 2125*

SubSegment - ; -

Min | Max | Ave | Min | Max | Ave | Min | Max | Ave
1500-3000m N A 20 52 55 54 78 85 82 153 | 167 | 160
950-1500m N B 20 48 53 50 72 82 75 140 160 | 147
0-950m N C 20 48 57 50 72 88 75 140 | 173 | 146
Harbour Area Excluded from erosion analysis due to presence of structures
0-550m S D 20 48 53 50 72 81 75 140 | 158 | 146
550950m S El 20 53 53 53 80 81 81 157 | 159 | 158
950-2100m S** E2 20 48 55 52 72 85 79 140 | 166 | 155
2100300m S E3 20 49 56 53 74 85 80 143 | 167 | 157

Minimum, maximum and average erosion allowances are defined across easkgmient
* Erosion is weakly tied to projected time frames. These effectively represent recession scenarios.
** Erosion allowances in E2 do not include allowance for potential dune instability in severe storms.

The minimum distance of each asset from the horizonal setback datum (HSD) was considered relative
to the recession distance to estimate awvailableerosion buffer at each timeframeto rate its
exposure to erosion hazard.

Ll

Figure4-1: TownBeach foreshoreassets located within the erosion hazambne.
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FORESHORE | -
RESERVE R e

Grassed areas
BBQs
Showers
Toilets
Carparks

Foreshore Reserve Assets in MU2 Town Beach
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Figure4-2: ErosionLikelihood Rating

An exposurerating of low, medium, high or very hidh to 4) was assigned to each asgéable4-3),

based on projected recession at each tipeale.As presented in the Coastal Hazards regbtt
(Appendix B) there is a significant change to erosion hazard associated with longer time frames (2070
or 2125) due toa weak link between forecast time, sea level rise and coastal reced3ign to
uncertainty associated with relating sea level rise to recession, these lbmgeratingseffectively
representrecession scenarigogather than forecasting coastal position at these time frames. The
longer time frames are scenarios fafimary dune loss, or dune field loss respectively

Table4-3: ErosionLikelihood Rating

Buffer Width Exposure Rating
>20m Low (L)
10-20m Medium (M)
0-10m High (H)

For example, Exmouth Golf Course isubegment A inMU 1 (Northern Flood BasinJhe average
erosion allowance for thisubsegmentin 2025 is 20m in 2050 is 54min 2070 is 82m anih 2125is
160m. The Golf Course infrastructure is located at a minimum distance of 130m landward of the
Horizontal Setback Datuntheerosionbuffer available to the golf courggrovides low erosion risk

for the time frames of 285, 2050 &2070 butwould shift to extreme risk by 225.

Table4-4: Erosion Likelihood Rating for Golf Course Assets

2025 2050 2070 2125
Av. Erosion Allowance 20m 54m 82m 160m
Distanceto HSD 130m 130m 130m 130m
Recession Om 34m 62m 140m
Buffer 130m 96m 68m -10m
Exposure Rating L L L _
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Table4-5: Asset Exposurelikelihood)to EROSIOMbr Exmouth Townsite

Management

Unit

Segment

Category

Min. Dist
HSD (m)

Exposure Ratindikelihood)for EROSION
2025

Foreshore
A Reserve fronting golf course Reserve
MU1 Exmouth golf courselot with club buildings Recreation
Two undeveloped lots on Truscott Crescent, zoned Special Use  Undeveloped Lot
B Two undeveloped lots on Truscott Crescent, zoned Tourism Undeveloped Lot
Warne Street foreshore access and carpark Foreshore
c Town Beach foreshore Foreshore
Warne Street to Friedman Way residential area Residential
MU2 Friedman Way foreshore access Foreshore
Exmouth Yacht Club Recreation
Madaffari Drive Transport 107 L
Madaffari Drive canal lots Residential 125 L
Mantarays Ningalo®each Resort Commercial 20 M
Neale Cove Transport 73 L
D Maritime Facility on Neale Cove Marine 92 L
Crevalle Way foreshore Foreshore 54 L
Crevalle Way Transport 74 L
MU4 Crevalle Way residential area Residential 90 L
E1 Lot zoned Special use north of McLeod Street Reserve 14 M
Rural lots North of McLeod Street Undeveloped Lot 90 L
Eo McLeod Street Transport 55 L
Rual lots landward of McLeod Street Undeveloped Lot 75 L
E3 Rural lots south of McLeod Street Undeveloped Lot 55 L

2

©



Seashore

Overall, assets most exposed to erosion hazard are located wWithi sub-segment Calong Town

Beach foreshore area with Warne Street carpark, Exmouth Yacht Club and Friedman Way all currently
falling within thepresentday erosion hazard zone (i.¢here isno presentday erosion buffer with

existing extremesrosionexposure.

With 50-60m average recessidor the 2050 scenariahe Golf Club reserve and Special Use lots at
Truscott Street (MUsub-segment A) are rated asxtremeexposure with the addition of Mantays
(in MU2sub-segment C) anthe $ecial Use zoneorth of McLeod Streefin MU4 E1).

With ~80m average recessidar the 2070 scenaricCrevalle Wayoreshore insub-segment D and
both McLeod Streetin MU4 E2pand rural lots to the soutkin MU4 E3haveextremeerosion risk

With ~160m average recessidar the 2125 scenariaall assets identified along the study area are
rated as extremely exposdd erosionbased orexistingerosion buffers.

4.2.2. Inundation Likelihood

The minimungroundelevationadjacent toeach asset wadeterminedusingthe available 200 LiDAR

dataset Exposure of existing assets to coastal inundation has loeesidered via alJS NO2f | (A 2 y ¢
assessment approximatirigundationextent up to+6.8m AHD (i.e. including very extremeents.

All existing asets potentially impacted by flood events up to +6.2m AHD vdergtified as subject to

potential inundation hazard (in Coastal Hazard repappendix B The lowest level at which wetting

of the asset was identified was used to define inundation exposure.

It is noted that differences betweethe level when initial wetting commences and the minimum
ground level adjacent to the asset indicate protection by a natural or-made barrier. This may
potentially affect initial flood warning time, speed of inundation and gitetd drainage.

Inundation ikelihood wagelated to an inundatioffrequency curve, deriveftom tide gauge analysis

This wagresented as either the number of days per year, based on daily maximum water level, or
the average number of yeaisetween events above the levélhe inundatioAfrequency curve was
shifted upward for future time scenarios, based on projected sea leveRisassetsabove6.2mAHD,
coastal inundatiomazard is deemed to be avoidddis clarified that inundation levels do not include
effects ofnearshore waves (e.g. wave runup), which need to be inclddethe design of assets
immediately adjacent to the coast

Inundation likelihood classes were developed based on relative recurrence of inundation events, at
each time frame (i.e. incorporating sea level rise). Thikgratedgraphically irFigure4-3, with the

classes representing different types of inundation evefiak{e 4-6). Allowance foréuy & G S| R@& ¢
processege.g. surge pulses or long wavesg only included in the most severe inundation category
(500" yr ARDas these are not captured in the tide gauge record, and their influence is dissipated by
distance landward from the coast.
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Figure4-3: Inundation LikelihoodClasses

Information was used to rate each assets exposure to Inundation hazaregligible low, medium,
high,or extreme:

Table4-6: Inundation Exposure Rating

Rating Exposure ‘ Recurrence ‘ Comment
0 Negligible >500yr ARI Above severe storm effects
1 Low (L) 500yr-500'yr ARI | Severe storm -tinsteadyeffects
2 Medium (M) 100-500yr ARI Severe storm inundation
3 High (H) 2-100yr ARI Storm inundation

4 Extreme (E) ‘ <2yr ARI ‘ Inundated without storms

Overall, exposure to inundation hazard is relatively low for most areas at the present time with
extreme exposure only othe floodplain adjacent to the northern breakout (MU1 A) and dgimg

parts of ExmouthBoat Harbour (MU3) High exposure has been identified fekmouth Golf course
(MU1A), parts ofTruscott Crescent argdU1 B)and rural lots south of McLeod Stre@iU4E1)

Under sea level rise scenarj@xposure across all areas increas®®as transitioning from medium
to high inundation exposure includbe Wastewater Treatment Plant lot (MU1 Ayuscott Crecent
(MU1 A), Town Beach foreshore area (MU2MG)rat Rd near Gnulli Court (MU2 C) and residential
lots near Crevalle Way (MU4 D).
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Table4-7: Asset Exposurelikelihood)to INUNDATIONor Exmouth Towsite

ExposureRating (Likelihood) for INUNDATION

Minimum
Ub- Level 2025 2050 2070 2125
segment  Asset Inundation Description (m AHD) Om SLR 0.22m SLR 0.42m SLR Im SLR
Low lying floodplain through northern breakout
Golf Course +2.1 H H H
9EY2dziK aSyQa { KSR +4.8 L L L M
West section of Willesdorf Road +4.6 L L L M
Exmouth oval +5.6 C C C L
Exmouth Community Garden +5.5 C [« L L
Wastewater Treatment Facility +3.0 M M M H
RAC Exmouth Cape Holiday Park +4.1 L M M M
Truscott Crescent 700m north of Warne Street +2.9 M M H H
B Small northeast parcel of lots zoned for Tourism on Truscott Crescent +2.4 H H H _
2 C Town Beach foreshore area +3.0 M M M H
Yacht Club buildings +4.7 L L L M
Ningaloo Resort overtopped. (Front row of villas) +4.2 L L M M
Murat Road near Gnulli Court +3.4 M M M H
Madaffari Drive over spillway ** based on site assessment +4.0 L M M M
3 Harbour | Exmouth Game Fishing Club Sports +3.6 M M M M
Exmouth Harbour walling (tidal inundation) +1.4
Exmouth Harbour boat ramp +1.6 H
Majority of Exmouth Harbour surrounds +1.4
Filled lot levels adjacent to Exmouth Marina +5.2 q L L L
4 D Residential lots adjacent to Crevalle Way ** +3.4 M M M H
El Murat Road south of McLeod Street +5.3 C L L L
Rural lots south of McLeod Street through dune breakouts +2.1 H H H

** Only applicable to a portion of the asset
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4.3. AssetSensitivityRating Consequencé

Asset sensitivity describes theorisequence of an asset beingexpod to coastal hazardsA
gualitative value for each asset was established through stakeholder consultation considering social,
environmentaland economic benefits and services it provides to the Exmouth coastal community

1. Socialg support quality of life, health and wellbeing tfe community and includesocial
benefits and services provided by environmental or infrastructure assets or land. Examples
include beaches and foreshore reserves, car parking, and formal access paths (public
infrastructure) to them.

2. Environmental¢ support coastal habitats for their geologic, geomarptbiodiversity and
landscapeandecosystem servicesich as thoserovided by dune habitats for local flora and
fauna, trapping of and storing sand, and providing a source of sand to replenish beaches
following erosion events.

3. Economicg values of the assetiglentified that support industry, tourism, employment or
relate to matters that have an economic implication.

Attributes 13 were rated as Low, Medium or High in terms of their perceived sensitivity to erosion
and inundation hazardvith ratings aggregated to give an overall consequence rating per asset.
Low = no loss of social, environmental, economic function or semtige to projected
inundation/erosion
Medium = some loss of social, environmental, economic function or service.
High = significant impact to social, environmental, economic function or service

The only area that was considered highly sensitive to potential erosion hazards across the length of
the study arawas Town Beackoreshore(MU2 O). That is, the services, functions and values of the
environmental, social and economic assets in this area were considered most significantly impacted
by erosion along its reach€$able4-8).

Similarly,most assets considered for Exmouth were given a low or medium consequence tating
inundation (Table4-9) across all segmenexcept forthe WastewaterTreatment Plantlot (MU1 A)
and Town Beach Foreshotd(2 C)
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Table4-8: Asset Sensitivity Rating (Consequence) EROSt®BExmouth Townsite

Sub
segment Category
Reserve fronting golf course Land 25 M
A Exmouth golf courselot with club buildings Recreation 130 M
Lots on Truscott Crescent, zoned Special U: Land 24 M
B Lots on Truscott Crescent, zoned Tourism Land 86 M
Warne Street foreshore access and carpark Foreshore M
Town Beach foreshore Foreshore _
c Warne Street to Friedman Way resides Residential 66 L
Friedman Way foreshore access Foreshore 0 M
Exmouth Yacht Club Recreation 0 M
Madaffari Drive Road 107 L
Madaffari Drive canal lots Residential 125 L
Mantarays Ningaloo beach Resort Resort 20 M
Neale Cove Road 73 M
D Maritime Facility on Neale Cove Marine 92 L
Crevalle Way foreshore Foreshore 54 M
Crevalle Way Road 74 L
Crevalle Way residential area Residential 90 L
E1 Lot zoned Special use north of McLeod Stre Rural 14 M
Rural lots North of McLeod Street Rural 90 M
E2 McLeod Street Rural 55 M
Rual lots landward of McLeod Street Road 75 M
E3 Rural lots south of McLeod Street Rural 55 M
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Table4-9: Asset Sensitivity Rating (Consequence) INUNDATH®EEXmouth Townsié

Initial
Wetting
MU Segment (m AHD) Asset Description
2.0 Low lying floodplain through northern breakout M
3.4 Golf Course M
! 4.8 Exmoutha S y Shéd L
4.8 West section of Willesdorf Road M
A 5.8 Exmouth oval M
5.6 Exmouth Community Garden L
3.4 Wastewater Treatment Facility i
4.4 RAC Exmouth Cape Holiday Park M
3.0 Truscott Crescent 700m north of Warne Street L
B 3.2 Las zoned for Tourism on Truscott Crescent L
3.2 Town Beach foreshore area _
2 C 438 Yacht Club buildings M
4.6 Ningaloo Resort overtoppe@-ront row of villay M
3.6 Murat Road near GnullidDrt L
4.0 Madaffari Drive over spillway L
3.6 Exmouth Game Fishing Club Sports M
3 Harbour 1.5 Exmouth Harbour wallinidal inundation) M
1.6 Exmouth Harbour boat ramp M
25 Majority of Exmouth Harbour surrounds M
5.25 Filled lot levels adjacent to Exmouth Marina M
D 3.6 Residential lots adjacent to Crevalle Way M
4 E1 5.6 Murat Road south of McLeod Street L
2.6 Rural lots south of McLeod Street through dene M




SeashoreEngineering

Figure4-4: 4AWDAccess on Town Beach, North of Warneegit Carpark
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5. STER: RISK ASSESSMENT & PRIORITIES

Step 4: Risk
Evaluation
Risk rating by asset
Adaptive capacity by

asset
Vulnerability by asset

5.1. Overview

Phase 4 established a risk rating per asiletl{hood +consequence) to determine potential impacts

of erosion and inundatiorAn evaluationof adaptive capacity then allowed determination of overall

asset vulnerabilitywhich was examined in the context of existing conteslsa basis for elucidating

residual riskRisk ratings per management unit were evaluated to prioritise assets and discrete areas
requiring further treatmenth @S NI f £ = 2yf e aasSia RSSYSR (o2 KI @S
inundation hazard were considered for further analysis in Phase 5

Phase 3 Exposure Sensitivity

[ —

Phase 4 Potential Impact Adaptive Capacity

Vulnerability

Phase 4

Potential Impact Adaptive Capacity
Prelim. Risk Rating Offset Prelim. Risk

Current Control

v“lnerab“lty Physical/Planning

-

5.2. Risk Rating & Matrices

Riskratings for eachassetwere generated bycombininglikelihood (exposure)and consequence
(sensitivity)scaleqTable5-1). These matrices defimEfour levels of risk:

Table5-1: Risk Rating Matrix (Initial)

Exposure
L M H
L Low Medium
Sensitivity M Low Medium High

I vedgium High
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The adaptive capacityof each assets its capacityto be modified in a way that makes it better
equipped to deal with negative impacts arising from coastal hazards effdoisever, adaptive
capacity does not consider planned risk management measures. It identifies ai® assitity to
reduce intolerable risk arising from coastal hazards. The adaptive capacity scale takes into
consideration design and function or form of the asartl was assesseat high, medium or low. In
general terms, adaptive capacity was rated by hazard type:

1 Inundation adaptive capacity was low for residential buildings, medium for roads, and high for

landscaped foreshore assets.
9 Erosion adaptive capacity low for residential buildings, medium for roads or landscaped

assets,and high2 NJ 1 KS aSyQa { KSR ONBf20FdGFo6f S0 2NJ (K

Table5-2: Adaptive Capacity Ratin§cales

Adaptive
Capacity

Description

Good adaptive capacity. Functionality restored easily. Adaptive sys
restored at a relatively low cost or naturally over time.

Medium | Difficult but possible to restore functionality through repair and redesi 2
Low Little or no adaptive capacity. Potential impact would destroy 1
functionality. Redesign required

The adaptive capacity rating for each asset wabsequentlyconsidered in conjunction with its
preliminary risk rating (potential impact) for erosion and inundation hazard to establish an overall
assetvulnerability* rating (Table5-3).

Table5-3: Vulnerability Rating Derivation

Adaptive Capacity
L M
L Medium Low Low
Risk Rating | M High Medium Low
H High Medium
High

F b23S GKS (GSNY a@ddzZ ySNIoAfAGE&é A& dzZASR KSNB
2. However, it is noted that inclusion of sensitivity and adaptive capacity obscures physical risk to the
assetc for example, existing access at Friedman Way foreshore would be lost with a small amount of
coastal erosion. The high adaptive capacity for #siset implies that the foreshore access can be
easily rebuilt, although it should be acknowledged that this will need to be progressively moved
landward with erosion.
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Table5-4: Asset Vulnerability Rating EROSIOIfor Exmouth Townsite

Min. Dist Vulnerability Ratingg EROSION
Management Segment Asset Category HSD (m) Oom 55m 80m 160m
Unit 2025 2050 2070 2125
Reserve fronting golf course Foreshore Reserve 25 L H H H
MuU1 A Exmouth golf courselot with club buildings Recreation 130 M M M
Two undeveloped lots on Truscott Crescent, zoned Special Use Undeveloped Lot 24 L
B Two undeveloped lots on Truscott Crescent, zoned Tourism Undeveloped Lot 86 L
Warne Street foreshore access and carpark Foreshore H
Town Beach foreshore Foreshore
MU2 C Warne Street to Friedman Way residential area Residential 66
Friedman Way foreshore access Foreshore 0
Exmouth Yacht Club Recreation 0
Madaffari Drive Transport 107 L
Madaffari Drive canal lots Residential 125 L
Mantarays Ningalo@each Resort Commercial 20 H
Neale Cove Transport 73 L
D Maritime Facility on Neale Cove Marine 92 L
Crevalle Way foreshore Foreshore 54 L
Mu4 Crevalle Way Transport 74 L
Crevalle Way residential area Residential 90 L
E1 Lot zoned Special use north of McLeod Street Reserve 14 M
Rural lots North of McLeod Street Undeveloped Lot 90 L
£2 McLeod Street Transport 55 L
Rual lots landward of McLeod Street Undeveloped Lot 75 L
E3 Rural lots south of McLeod Street Undeveloped Lot 55 L
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Table5-5: AssetVulnerability RatingsINUNDATIONor Exmouth Townsite

Vulnerability Ratingc INUNDATION

Initial
Wetting (m 2025 2050 2070 2125
MU Segment AHD) Asset Inundation Description Om SLR 0.22m SLR 0.42m SLR 1m SLR
1 A 2 Low lying floodplain through northern breakout H H H H
3.4 50% of golf course inundation H H H
4.8 Exmouth Mens Shed L L L L
4.8 West section of Willesdorf Road L L L M
5.8 Exmouth oval L L L L
5.6 Exmouth Community Garden L L L L
3.4 Wastewater Treatment Facility lot H H H -
4.4 Eastern margin of RAC Exmouth Cape Holiday Park ** M H H H
3 Crosses Truscott Crescent 700m north of Warne Street L L M M
B 3.2 Small northeast parcel of lots zoned for Tourism on Truscott Crescent ** M M M H
2 C 3.2 Town Beach foreshore area H H H _
4.8 Yacht Club buildings M M M H
4.6 Walling fronting Ningaloo Resort overtopped. Front row of villas ** M M H H
3.6 Crosses Murat Road near Gnuthiu@ L L L M
4 Madaffari Drive over spillway ** based on site assessment, constructed after 2006 lidar L L L L
3 Harbour 3.6 Exmouth Game Fishing Club Sports** H H H H
15 Exmouth Harbour walling locally overtopped
1.6 Exmouth Harbour boat ramp & lelyingwalling locally overtopped
25 Majority of Exmouth Harbour surrounds
5.25 Filledcanallot levels adjacent to Exmouth Marina
4 D 3.6 Residential lots adjacent to Crevalle Way **
El 5.6 Crosses Murat Road south of McLeod Street
2.6 Rural lots south of McLeod Street through dune breakouts

**| evel indicates when inundation exposure occurs. This will only affect a part of the assets.
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Vulnerability thatwould be deemed acceptable, tolerable, or intolerablgas defined where
intolerable vulnerabilityrequires risk management measures as a priorifpleranceevels were set

in consultation with Shire representatives and with reference to information gathered through the
consultation process witbommunity and stakeholders

VulnerabilityNI & SR Wt 2 6 Q ZidentooritiiRohstar be vieayeRBdddptablerequiring

no additionalrisk management measures other than monitoring. However, if the risk is identified as
currently being high or extremer canreach these levels before thend of the CHRMARIanning
timeframes, these risks require more shéerm or immediate risk management measures to reduce
the risk back to tolerable or acceptable levels. The tolerdeeel adopted for this study was used to
identify which risk, locations and assets require risk management measures as a priority.

Table5-6: Vulnerability Scale

Vuln. Description and level oAction required Tolerance
level

H Asset has limited ability to cope with the impacts of coastal hazards.], TOLERABLE
Immediate to shorterm adaptation is likely to be required to reduce risk |
acceptable levels.

M Asset has some ability to cope with the impacts of coastal hazards. Howl TOLERABLE
short to medium term actions are likely to be required to reduce risk tq ACCEPTABL

acceptable levels.
L Asset has high resilience; it can cope with the impacts of coastal hazal| ACCEPTABL
without additional support. No immediate action required

5.3. Existing Controls

The Risk Evaluatiararried out in BRase4 wasused to prioritise risk management measures for the
study areaAssets with vulnerability rated highr extremewere examined in greater detail he risk
evaluation considers if there are already risk management measures in plagesiong controlsthat

can be taken into consideration to reduce the risk rating determined through the vulnerability
assessmenfSections.2).

Existingcontrols and risk management measures already in place in the SHivexajuthstudy area

have the potential to reduce the consequences and/or likelihood of coastal hazard. Controls can be in
physical,natural, or planning/management contrel(Table5-7). A consideration of thénfluence of

the existing controls on mitigating riskas determined to producea final rating of residual risk for

assets in each MU

The process adopted was to take the halextremeerosion and inundation vulnerability ratings for

each asset anddjust these ratings in the context of the effectiveness of existing corras study

timeframes: 2@5, 205Q 20700r 2125 AratA y 3 2F WnQ RSyYy20SR y2 NBRdzO{
SEA&GAYT O2y(NRBt 4 KA wdllyéffectide dskmytigatiod, Tip t&¥delimihof RA OF G S
evaluation Control ratings were subtracted from vulnerability ratings to get a rating of residual risk

for each timeframe
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0 = no residual risk

1 = low residual risk

2 = medium residual risk
3= high residual risk

4 = extreme residual risk

Controls that influence inundation hazafU1) are primarily land use planning, insurance and

drainage with some reduction in risk also provided by dunes to the Nbftl)and the Souti{MU4)
andthe breakwater at the harbour and the canal walls within Exmouth Maffihd3). In terms of
erosion hazard, dunes provide natural control in MU1 and MU4 velilectural control is dominant

in MU2 and MU3Setbacks for existing development are not classed as effective controls, as the

setback has already been imporated into the evaluation of erosion likelihood.h&te an area is

presentlyundeveloped the capacity to provide additional erosion buffer through setback on the lots

has been treated as partial contraheffective to somewhat effectived{2) based on lot width

Table5-7: ExistingControls to Mitigate Erosion (Edr Inundation (1)

Control Details Example Application

Physical

Shoreline protection structures g
seawalls

Breakwater

Canal Walls
Revetement

Drainage and spillways
Sand management

Natural

Shoreline topography features

Dunes

Rock may be present, but th
elevation and extent is unknown

E,
E,
E
I
E
E, I

E

Planning

Controls on land use and
management

Setback*

Flood management:

1 Landuse control

1 Elevation

1  whether in or out of the
floodplain area)

Insurance

Finished Floor Levels

Overall Risk Rating is subsequently developed by applying conseq&abk=l-8 and Table4-9) to
Residual Risk ratings.
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Table5-8: Residual& OverallRiskRatings EROSIOIfor Exmouth Townsite

Residual RisRatingg EROSION Overall RiskRatingg EROSION
Management Segment Asset (0]94] 55m 80m 160m (0]49] 55m 80m 160m

Unit 2025 2050 2070 YAVAS) 2025 2050 2070 2125

Reserve fronting golf course

MUl Exmouth golf courselot with club buildings

Two undeveloped lots on Truscott Crescent, zoned Special

B Two undeveloped lots on Truscott Crescent, zoned Touris

Warne Street foreshore access and carpark

Town Beach foreshore

MU2 C Warne Street to Friedman Way residential area
Friedman Way foreshore access

Exmouth Yacht Club

Madaffari Drive

Madaffari Drive canal lots

Mantarays Ningalo®each Resort

Neale Cove
Maritime Facility on Neale Cove

Crevalle Way foreshore

Mu4 Crevalle Way

Crevalle Way residential area

Lot zoned Special use north of McLeod Street
Rural lots North of McLeod Street

McLeod Street

Rual lots landward of McLeod Street

El

E2

E3 Rural lots south of McLeod Street
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Table5-9: Asset Vulnerability Ratings INUNDATI@M Exmouth Townsite

Residual Risk RatingINUNDATION OverallRisk Rating; INUNDATION

V\I;;I;ﬁ:g 2025 2050 2070 2125 2025 2050 2070 2125
Segment m AHD Asset InundationDescription Om +0.2m +0.4m +1.0m Om +0.2m +0.4m +1.0m
MUl A 2 Low lying floodplain through northern breakout H H H M H H H
3.4 50% of golf course inundation L M L L M
4.8 Exmouth Mens Shed L L L L L L L
4.8 West section of Willesdorf Road L L M L L L M
5.8 Exmouth oval L L L L L L L
5.6 Exmouth Community Garden L L L L L L L
34 Wastewater Treatment Facility lot L M - H H _
4.4 Eastern margin of RAC Exmouth Cape Holiday Park ** L M H L L M H
3 Crosses Truscott Crescent 700m north of Warne Street L L M L L L L
B 3.2 Small northeast parcel of lots zoned for Tourism on Truscott Cres M M H L L L L
MU2 C 3.2 Town Beach foreshore area M H -_
L M H
L M H
L L M
L L L
H H H
M H

rm—r I r<IrIrrrrrcrrircecrrrrererrerrere <

48  Yacht Club buildings L L M H
4.6 Walling fronting Ningaloo Resort overtopped. Front row of villas *4 L L M H
3.6 Crosses Murat Road near Gnubiu@ L L L L
4 Madaffari Drive over spillwvay ** based on site assessment L L L L
MU3 Harbour 3.6 Exmouth Game Fishing Club Sports** H H H H
15 Exmouth Harbour walling locally overtopped L M H
1.6 Exmouth Harbour boat ramp & lelying walling locally overtopped H
2.5 Majority of Exmouth Harbour surrounds M
5.25 Filled canal lot levels adjacent to Exmouth Marina L
MuU4 D 3.6 Residential lots adjacent to Crevalle Way ** H
El 5.6 Crosses Murat Road south of McLeod Street L
L

2.6 Rural lots south of McLeod Street through dune breakouts

** | evel of initial wetting only affects a small part of the asset
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Residual and overall risk ratings display progressively increasing risk to assets over the forecast
scenarios, corresponding to increasing sea level rise associated coastal redadsierpresentay,

the only assets with overadirosionrisk above low (L) are Town Beach Foreshore and Friedman Way
beach access, both in MUPresentday inundation risk is more active, with:

1 MUL has high (H) overall inundation risk for the wastewater treatment facility and medium
(M) for the floodplain area.

1 In MUZ2, Town Beach access has high (H) overall inundation risk.

1 For MU3, the game fishing club and boat ramp areas have high (H) overall risk and the general
hardstand around the harbour has medium (M) overall risk.

1 Within MU4, residential lots next to Crevalle Way have medium (M) overall inundation risk.

For the most extreme scenarioepresented by 245, potential coastal risk increases significantly.
Overall inundation riskations for each management unit are:

1 MUL1 has high (H) erosion risk rating for Truscott Ave Special use lots and medium (M) rating
for all other coastal assets.

1 MU2 has extreme (E) overall erosion risk rating for Town Beach foreshore and the Yacht Club,
with high (H) for Matarays and medium (M) for Warne Street and Friedman Way access
points.

1 MU4 has high (H) for Neale Cove foreshore, and all coastal assets adjacent to McLeod Street.
Crevalle Way foreshore has medium (M) overall erosion risk rating.

Equivalently, there is significant increadeoverall inundation risk ratings:

1 MUL1 has extreme (E) overall inundation risk rating for the golf course and wastewater
treatment plant. The floodplain andATcaravan park have high (H) overall inundation risk
and there is medium (M) overall inundation risk for part of Willesdorf Road.

1 MU2 has extreme (E) overall inundation risk for Town Beach, with high (H) risk for the Yacht
Club and Mantarays.

1 MUS3 has extreme (E) overall inundation risk for all assets within the harbour except the game
fishing club, which has high (H) risk. There is medium (M) overall inundation risk for the lots
adjacent to the canals.

1 MuU4 has extreme (E) overall inundation risk for lots adjacent to Crevalle Way and south of
McLeod Street.

Risk has been characterizbgratings and time frames:

1 Presentdayrisk managementor mitigationis considered appropriate for agsavith overall
risk rating of medium (M) or above

1 Projected risk has been identifidd require management wherésk rating of high (H) or
above occurs from 2050. Tkse cases areonsidered to require preserday adaptive
management(i.e. mitigation works need not be constructed, but budgeting for mitigation
should commence, and monitoring against a trigger for action)

1 Emerging risk has been identified based on risk rating of high (H) or above from 2070. This
does not presently require adaptive management, but the risk is expected to develop over the
next 53100 years and needs to be incorporated into planning.

9 Possible risk has been identified based on risk rating of high (H) or above f&snT2iis
represents extreme scenariasf coastal change, and therefore requires consideration
planning, butmay not be realized within the next 100 years.
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Table5-10: Assets deemed toequire Hazard Management

Erosion Hazard Inundation Hazard

Presentday Risk
Requires mitigation now

MU2 Town Beach Foreshore

MU4 Friedman Way Foreshore Acces

MU1 Floodplain area
MU1Wastewater Treatment Plant
MU2 Town Beach Foreshore

MU3 Exmouth Game Fishing Club
MU3 Exmouth Harbour

MU4 Lots Adjacent to Crevalle Wa

Projected Risk
Requires adaptatior
plan now

MU1 Truscott Special Use Lots
MU2 Exmouth Yacht Club
MU4 McLeod St Special Use Lots

Emerging Risk
Integrate into planning

MU4 McLeod Street

MU4 Rural Lots South of McLeod St

Possible Risk
Consider
management

long-term

MU2 Mantarays
MU3 Neale Cove Foreshore

MU4 Rural Lots N & W of McLeod St

MU1 Golf Course
MU1RAC Holiday Park
MU2 Exmouth Yacht Club

MU2 Mantarays
MU4 Lots S of McLeod St

Overall EROSIONsk that would otherwise require managemerg mitigated by dunes for the Golf
Course Erosion risk imitigated or deferred by protective structures for Warne Street, Town Beach,
Exmouth Yacht Club and Mantarays. Future maintenance and upgrading will be required to continue
this level of hazard mitigation.

OveralINUNDATIONSsk that would otherwise require management is deferred by dunes for the Golf
Course, RAC Holiday Park and rural lots south of McLeod Street. Protective structures defer inundation
hazard management for Exmouth Yacht Club, Mantarays and Exmouth BoatuHaHRuture
maintenance and upgrading will be required to continue this level of hazard mitigation.

Adaptation pathways to &at hazards deemed to require hazard managemdrabie 5-10) are
discussed per Management Unit (MU) in SectérDirection setting guidance is aligned to the
stakeholder adaptation priorities identified for each Muhich were driven by community led
CHRMARP success criteria.
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6. STER: ADAPTATION PLANNING

Step 5: Adaptation
Planning

Adaptation hierarchy
Options analysis for
Town Beach
MCA / CBA

Adaptation Timeframes
& pathways

6.1. Overview

Successful risk management and adaptation planning requires identification and assessment of
options to determine viablestrateges Options should mitigate risk to an acceptable level whilst
maintainingvalues important to stakeholderghe risk prioritisation undertakehroughthis CHRMAP

has identified key assets and areas susceptible to potential impacts of coastal erosion and inundation,
both now and into the future.

hdSNI £t 9EY2dzikKQa fFNBS YR 6ARS RdzyS aeadsSy 3;
and provides a large buffer to storm erosion and coastal recesBi@sentday hazards are largely

associated with coastalevelopmentin front of the dune system, includingown Beach foreshore

and Exmouth Boat Harboyrboth of which have protective works. However, in the longem,

erosion and inundation pressures are expected to increase, requifimguaed risk treatment effort.

This Section outlines Step of the CHRMAP process, whiahdertakes anAdaptation Options
Analysisto identify preferred strategies fo# N& & 1 (1 NiBgridiitiéés gptiofsfor coastal hazard
mitigation and isaligned to Succes Criterizterminedby the Shire and itstakeholders.

I WNBLER2NI OFNRQ F2NJ SIOK a! KIFIa 0SSy LINRBRdzOSR G2
summaries presented and extended discussion in associated Appendices.

Adaptive Pathways are presented for MU1, MU3 and MU4, where characteristics of assets for each
management unit determine limited options for hazard mitigation.

A more detailed®daptation Options Analysiis presented foiTown Beacho explore theviability of
alternative management pathways. This analysituded
A Multi Criteria Analysig to establish the suitability of potential adaptation options to treat the
identified risks.
A Cost Benefit Analysisto provide insight inteeconomicutility of suitable options.
A Project team Council briefing to gain input onShire preferencesand delineate decision
making pathways moving forward.
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6.2. Adaptation PlanningOverview

Adaptation plannindosters preparednesto manage risks and impacts of changes to our coast, by
planning for the most appropriate decisions and options to implement over titnesquires a
decisionmaking framework that enables the right decision to be made at the right fimtbe context

of identified erosion and inundation hazardgnd reflecting the community-defined social,
environmental, and economic value of the coast.

Ly G(GKA& NBALISOGZ Wwa22RQ  LINI Ol A OSthe Aakility ltoRmakadli | G A 2 y
appropriate decisions on available options to meet the changing needs of communities and coastal
areas through timesrisks toassets changffom tolerable to intolerableTheCHRMARsuidelined?

outline over-arching strategiethat may be employed in adaptation plannijrigllowing a hierarchpf

avoid, retreat, accommodater protect (Figure6-1).

Figure6-1: Adaptation Hierarchyfor Mitigating Hazards

Applicability of anymitigationis determinedby the nature of assebeing considereghe level of risk
and the agreed adaptation objectiser priorities establishedoy the communityand stakeholderin
that coastal area.

Avoid: newdevelopment in areas at risk

Planned or Managed Retreaof existingdevelopment the face of intolerable risk
Accommodat: through design or management measureeslimit impacts of hazard exposure.
Protect:assets from exposure through structural interventions

To Do Do o
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