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1. INTRODUCTION

This Coastal Hazard Risk Management and Adaptation Plan (CHRMAP) has been prepared for the Shire
of Exmouth to provide a basis for active and ongoing management of coastal hazards. Evaluation has
considered coastal hazards following the West Australian State Coastal Planning Policy SPP 2.6 ™ and
associated CHRMAP Guidelines @, including erosion, inundation and coastal landform mobility. In
addition, there has been some consideration of runoff flooding, as this has been a significant factor in
planning and development of Exmouth townsite.

The main area of interest for the CHRMAP extends for approximately 5km, from Exmouth golf course
to the northern end of McLeod Street, including Exmouth Town Beach (Figure 1-1). Town Beach was
previously identified as a coastal erosion hotspot, due to rapid erosion over 2007-2015 and proximity
of public assets ¥,

Overall, Exmouth CHRMAP aims to improve coastal planning and management within the Shire and
better align the Shire’s planning framework with State Planning Policy . Assets considered through
the CHRMAP process include:
e Natural Assets under direct management of the Shire.
e  Existing Built Assets owned by the Shire or under direct management.
e  Existing Built Assets owned or managed by the State Government.
e  Existing Built Assets owned by private landowners, subject to Shire Planning and Development
conditions.
e Areas designated for future development, subject to Shire Planning and Development
conditions.

A key CHRMAP objective is to provide a strategic pathway for ongoing development of Exmouth
foreshore, limiting risk to infrastructure, human safety, and other values, by:
e Determining where hazard is intolerable for Exmouth’s assets and values.
e Identifying plausible pathways for hazard management for existing developments.
e Determining practical and economically viable mitigation measures to support greater coastal
resilience.
e Identifying necessary refinements to local planning instruments.

The CHRMAP influences the:
e Shire’s Local Planning Strategy ' and Local Planning Policy ! (Strategic Planning by Local
Government)
e Local Planning Scheme ' (Statutory Planning by Local Government)
e District/Local Structure Plans (Spatial Planning for District and Locality).

The CHRMAP approach involves consideration of alternative pathways for change and identifies where
decisions may provide future constraints.




Northern)
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Figure 1-1: Location Diagram




Importantly, this CHRMAP does not resolve all coastal management issues or define a ‘Masterplan’ to
guide long-term development — rather, it provides support to future decision-making by the Shire as
its coastal planning and management objectives evolve. Furthermore, this CHRMAP should be actively
maintained by the Shire, with review and revisions approximately every 5-10 years, to cater for
changing conditions and townsite development. Recommended actions to facilitate future coastal
planning and management are listed, including identified future investigations.

The potential for existing and planned land-uses along Exmouth coast to be affected by coastal
processes within the next 100 years has been previously recognised through local development
applications and studies 73!, The significance of this pressure was further highlighted by rapid erosion
of Town Beach over 2007-2015, leading to its identification as a coastal erosion hotspot Bl
Consequently, the Shire chose to undertake a CHRMAP, supported by funding from the WAPC's
Coastal Management Plan Assistance Program.

Work on Exmouth Town Beach CHRMAP was undertaken by Seashore Engineering and Land Insights
project team. The project was established following the CHRMAP Guidelines ' using a risk-based
evaluation with 7 key stages (Figure 1-2). Previous reporting addressing Stages 1 and 2 includes:
Appendix A: Exmouth Town Beach CHRMAP: Establish the Context [**!
Appendix B: Exmouth Town Beach CHRMAP: Coastal Hazards 'Y
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 one section. Key CHRMAP stages,
associated actions and other related project deliverables are summarised in Table 1-1.

Stage 7 - Stage 1 -
Monitor and § Establish the
review context

Stage 6 -
Implementation

Figure 1-2: Stages in a CHRMAP Process following WAPC Guidelines




1.1. Exmouth CHRMAP Structure

Table 1-1: CHRMAP Stages and Project Deliverables

Assessment CHRMAP Stage Details Deliverable/Link to Section
Phase
1 Establish the e Stakeholder and Community e Community Survey & Workshop 1
Context Engagement Plan (see Figure 2-1)
e |dentify community coastal values e Report 1: Establish the Context
and aspirations (Appendix AAPPENDIX A)
e Adaptation Objectives & Success
Criteria (Appendix A)
2 Risk e Coastal hazard assessment and o Asset Register
Identification mapping for the selected planning ® Report 2: Coastal Hazards
Hazard timeframes (Appendix B)
e Detailed description of each e Workshop 2: Community Risk
asset/asset grouping Assessment Workshop (Appendix
Q)
e Workshop 3: Stakeholder Briefing
Workshop (APPENDIX D)
3 Vulnerability e Consequence and likelihood scales e Council Briefing Note
Asset Analysis e Level of risk matrix and risk e Council Briefing Session
tolerance scale
e Adaptive capacity of assets scale, This Document
vulnerability matrix, tolerance
scales & vulnerability of assets at
risk table
4 Risk Evaluation o |dentification of existing controls This Document
Risk that alter level of risk.
Assessment e Reassessment of asset vulnerability
& Priorities considering existing controls
e Assets requiring risk treatment as a
priority
5 Risk Treatment o Identification of risk treatment This Document
Adaptation options
Planning e Results of multi-criteria assessment
(including community values and
success criteria)
e Cost benefit analysis of risk
treatment options for short term,
medium and long-term risk
e Adaptation pathways or decision-
making strategy with decision-
points & management triggers for
short, medium and long-term
planning horizons
6 Implementation e Land-use planning instrument This Document
Implement- Plan requirements
ation e Short-term implementation plan

(present-25 years)

Medium and long-term strategic
implementation plan (25-50 and
50-100 years)
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1.2.  Purpose of this Document

This document summarises risk assessment and adaptation planning components of Exmouth Town
Beach CHRMAP, with due consideration of previously characterised coastal hazards ! (see Appendix
B). The CHRMAP aims to identify priority areas for management by the Shire, identifying adaptation
options. This document has been designed to inform the Shire and its community when planning for
potential coastal risk.

The assessment process has been guided by success criteria, identified by the Shire’s community
engagement process during Phase 1: Establish the Context (Section 2 & Appendix A and
supplemented by coastal hazard assessment in Phase 2: Risk Identification (Section 3 & Appendix B).
The assessment undertaken proceeded through key work phases that broadly align to stages in the
CHRMAP process noted in the CHRMAP Guidelines 2.

At the outset of the study, the Project Team, in consultation with the Shire, considered the most
appropriate way to apply the CHRMAP Guidelines in a fit-for-purpose assessment. Specifically, this
aimed to account for local attributes of coastal hazards and address the Shire’s key aims and objective
for future coastal planning and management activities. Key points of interest in this respect are:

e The area of focal interest centres on a relatively small coastal strip where townsite
development has occurred adjacent to the coast (Town Beach)

e (Coastal management at Town Beach requires impacts from and to Exmouth 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.

e Observations following sand management in 2022 included high erosion scarps and excessive
presence of cobbles along Town Beach, affecting public access by 4WD, and limiting boat
launching.

e Previous hydrological studies have flagged the role of the Northern Breakout to limit flooding
affecting Exmouth town site, particularly the area of floodplain east of Murat Road from the
Golf Course to Exmouth Marina.

The resulting approach was built on an understanding of these attributes and priorities for the Shire.
The methodology employed adopted an asset exposure-value-sensitivity approach which largely
aligns to WAPC CHRMAP Guidelines 1! stages (Figure 1-3), which parallels the hazard-asset-damage-
mitigation elements identified in National disaster risk management *?!. Town Beach was a focus area
for adaptation planning assessment as it is where most coastal assets are present, where existing
management challenges require attention and potential for competing pressures is considered
greatest.

Exmouth coast has been considered as four discrete management units (MU) intended to characterise
areas where there is potential for synergistic or competing interests for assets. Erosion analysis is
further conducted in eight sub-segments, (Figure 1-4), based on coastal change identified in the
Coastal Hazards 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
Figure 1-3: Exmouth CHRMAP Reporting Stages & Relationship to WAPC Guidelines
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Exmouth Management |

Units

Figure 1-4: CHRMAP Management Units (MU) and analysis sub-segments
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2. STEP 1: CHRMAP CONTEXT — 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 community was established as a basis for further
investigation. The term ‘value’ is qualitative in this context and based on the environmental, social,
and economic importance that the coastal area holds for the people that live, work and recreate there.
The first stage of the Community Values Assessment carried out for the Shire of Exmouth CHRMAP
was built around the 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?

Q5: How do key stakeholders ‘value’ their coastal assets?

Work undertaken is described in Report 1: Establish the Context and summarised in Figure 2-1, which
involved:

e Community survey

e Site visits & meetings

e Stakeholder ‘values’ workshop

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

See Boxes 1-4

aQ1-5 form the basis for Phase 1 reporting Report 1: Establish the Context (Appendix A). Key elements from Phase 1 relating
to the risk assessment process are summarised in Boxes 1-4.
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Part 1: Community Survey
Identifying coastal assets & values

Community&!i ngagement

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

services & values

Figure 2-1: CHRMAP Context: Community Engagement & Consultation Process

2.2. Setting Adaptation Objectives through Community Engagement

Adaptation to climate change is heavily couched in a process of ‘trade-offs’ whereby the pros and cons
of different decision-making 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 process of a CHRMAP. These 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 values. The process for community engagement and
consultation adopted for Exmouth CHRMAP is outlined in Report 1: Establish the Context (Appendix
A). Through the Community Survey and Community Workshop, participants were prompted by
Thought Starters (Figure 2-2).

Perceptions of existing coastal hazard?
Awareness of future coastal hazard

What assets have been identified?
What are their environmental and social values?
How can this information be used to define success criteria?

Perceptions of damage to assets due to inundation & erosion
hazards?
How would this impact use of coastal zone?

Awareness of range of options to mitigate coastal hazard?
@ Roles and responsibilities

- "
MITIGATION Willingness to pay?

Figure 2-2: CHRMAP Context: Stakeholder Engagement Thought Starters
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Box 1 and Box 2 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

Box 1: CHRMAP Context: Community Survey Summary

Box 2: CHRMAP Context: Community Workshop Summary
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2.3.  Preliminary Asset Identification

Identifying and defining the value of assets within the study area through community engagement
and maintaining a focus on these values through the CHRMAP process is a key part of the risk
assessment process. A preliminary coastal asset register was established with information sourced
through the Shire’s asset register, supplemented with a site 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 asset financial values potentially at risk
to erosion and inundation hazard. Where appropriate, assets were grouped into categories:

e Residential: private property adjacent to the ocean.

e Transport infrastructure: roads and access pathways.

e Marine infrastructure: harbour, jetties, boat ramps.

e Utilities: power, sewerage, and water.

e Foreshore reserve: including 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.

e Commercial: privately owned built infrastructure (cafes, shops, tourist accommodation).

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

Box 3: CHRMAP Context: Community Engagement & Consultation Process

2.4. Community Values and Success Criteria

Outcomes from the stakeholder engagement process acted as the basis for formulation of adaption
objectives and success criteria. Key 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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e Exmouth community expressed a strong sense of the “coast being part of their DNA”. While
Town Beach may not be as iconic as the nearby visitor ‘hotspot’ at Ningaloo, it is nevertheless
the familiar exposure to coastal experience for local people and visitors (on a weekly and even
daily basis).

e Natural areas are more highly valued than the built environment and associated facilities.

e 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.

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

e The marina and harbour development does not have a high level of community affinity —it is
accepted as being in-situ but is not connected with or associated with Town Beach or its use.

e Change is recognised as a challenge.

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

Consideration of outputs from the community survey, workshop and wider engagement
process suggested the key adaptation objective for the Shire of Exmouth is to maintain
access and utility of Town Beach and its associated facilities.

Success criteria aligning to this primary objective and guiding the process of rating ‘consequences’ of
erosion and inundation coastal hazards to inform the vulnerability assessment in subsequent CHRMAP
work phases are summarised as:

Box 4: CHRMAP Context: Community Engagement & Consultation Process

12
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Figure 2-3: Access along Town Beach: A key success criterion for Exmouth Community

13
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2.5. Land-use Planning Instruments in the CHRMAP Context

Land-use planning instruments are important tools to reduce coastal risk to existing and future assets.
Under the Western Australian Planning system, the approach to planning in relation to coastal hazards
is guided by State Planning Policy 2.6: Coastal Planning ™ and the Coastal Hazard Risk Management
and Adaptation Plan (CHRMAP) Guidelines 2. The guidelines refer to several planning instruments
that can be implemented to manage hazards along the coast (Table 2-1).

Existing planning controls within each of the Management Units (MUs) for Exmouth Town Beach were
considered at the outset of the CHRMAP. Existing tenure and planning arrangements for each MU are
summarised in Appendix E: Existing Land-use Planning with an example for MU:1 Northern Flood basin
presented (Table 2-2). This information provides context for subsequent assessment of residual risk
(Section 5.2.1) to facilitate selection of appropriate adaptation options and actions to mitigate
identified erosion or inundation hazards for the Shire.

Table 2-1: CHRMAP Context: Summary of Land-use 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.

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.

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)

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.

14
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Table 2-2: Land-use Planning Context MU1: Northern Floodplain

Assets

plant.

and freehold.

Golf Club: The Golf Club is part of a larger reserve encompassing sporting ovals on the western
side of Willersdorf Road. The golf course, and the parcel of UCL, are reserved for Public Open Space

Beach: large parcel of land south of the golf course club house comprises Unallocated Crown Land.
Within the scheme, the beach is reserved for Foreshore.

Wastewater Treatment Plant: Reserved for Public Purposes — Infrastructure Services. It is
understood that that the Water Corporation is currently exploring options for the relocation of the

Lots between Truscott Crescent and the Coast: Combination of Unallocated Crown Land, Reserve

§

B Gt comminty Localoug Serven conmerce A

W Conmacis £/ Py ssvbicerond £3 Soacaluse A rockad

(73 Dunmsvaerey W Picosenpce [ Towsm O — Unallocated Crown Land [ = =

. Foresror Putke purposes Urben cavelcprent () 250 500 0 250 500
gersary e (] Ot Catasie

Existing
Situation

The Shire’s Local Planning Scheme contains specific provisions for this special use (floodplain) zone SCAS.

SCAS5 does not extend over the dune systems or foreshore.

Special Use land parcels (SU4) extend further east than the Tourism lot.

These scheme reservations provide no specific existing development controls over any of these land parcels. The Shire, in receiving an application
for development, would need to ensure that the objectives of the reserves are maintained, and that incompatible development is not permitted.
Development of the Unallocated Crown Land would require management orders to be established, or other forms of tenure progressed over the
relevant parcels.

There are no specific controls related to coastal protection wtihin the Tourism zone.

The Shire would need to rely on the broader provisions in SPP2.6 pertaining to the need for site-specific consideration of issues. There has been a
foreshore (POS) reserve created on the seaward side of this land parcel that should provide some protection to any future tourist related uses.

Future
Considerations

There is an opportunity to review tenure to create a wider foreshore reserve should the land parcels be modified in future.

The intended future uses of the tourists lots are low-key recreational uses (Caravan Park and Camping Ground).

While low key, these types of recreational facilities can represent significant investment by an operator over many years, and there will be a need
for infrastructure to be placed appropriately.
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Table 2-3: MU 1 Northern Floodplain. Existing Planning Controls

No Description of Land Special Use Conditions
SU4 Lot 1TruscottCrescent Asa ‘P’ use: Objectives of Special Use Zone 4 are as follows:
and Lots 969 and 1495 e (Caravan park. 1. To cater for current and future supply of affordable tourist accommodation, principally in
(Reserve 38701) Warne e Camping ground. the form of caravan parks and camping grounds, to meet current and anticipated demand.
Street 2. To control the location, form, character, and density of development to complement
As an ‘A’ use: natural and built features within the locality.
Lots 1403 and 1404 e Telecommunications infrastructure 3. To provide for high quality short-term accommodation and tourist facilities.
Truscott Crescent; and 4. To protect potential and existing caravan and camping areas from the encroachment by
portion Reserve 27648, As an ‘I’ use: other incompatible use or development.
Lt 500 Nimitz Street, e Ancillary dwelling. 5. Development shall not exceed 2 storeys in height above natural ground level, except
Exmouth e Community purpose. where the local government considers that particular circumstances may warrant an
e Convenience store. exception and provided the objectives of the special use zone, and the Scheme are not

Lot 198 Pace Retreat, e Fastfood outlet. compromised.

Northwest Cape e  Motel. 6. Landscaping shall be provided to integrate the development into the natural landscape
and provide screening from visual and noise impacts of surrounding land uses.

7. A maximum of two ancillary dwellings and one single house (manager’s residence) are
permitted for permanent accommodation by staff employed by the Caravan Park and/or
Camping Ground.

8. The combined gross floor area allocated for the commercial land uses listed in the 'Special
Use' column shall not exceed 500m?2.

9. Fencing of individual caravan or camping sites is not permitted.

10. Freehold or Strata subdivision will not be supported.

Note: Development shall comply with all requirements of the Caravan Parks and Camping

Grounds Regulations 1997 and/or shall be as determined by the local government.

e  Recreation - private.

e  Restaurant/café.

e Single house (managers residence).
e Shop.

16
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3. STEP 2: HAZARD MAPPING — OVERVIEW

Step 2: Hazard
Mapping

Inundation Hazard
Assessment
Erosion Hazard
Assessment

3.1. Overview

Coastal hazards occur when processes at the interface between the ocean and the adjacent land can
provide physical, environmental, or social loss. For the most part, this is commonly associated with
movement of 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:
e Erosion, where oceans waters, including wave action, move sediment away from their existing
position along the coast, removing a previous area of land.
e 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 line with State Coastal
Planning Policy SPP 2.6 M. The capacity for coastal dynamics to interact with stream runoff has also
been evaluated, as floodplain management has been a critical factor in Exmouth townsite layout,
infrastructure, and future planning 7.,

Details of the hazard assessment are in Report 2: Exmouth Town Beach CHRMAP: Coastal Hazards
(Appendix B), which informed the risk assessment process reported herein. Hazard screening
assessment at the outset of Stage 1 is summarised in Figure 3-1 and Figure 3-2. This is followed by a
summary of asset identification and categorisation completed as part of this CHRMAP. An asset
register is included in Appendix B.

17
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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:

e HSD: Horizontal Setback Datum

e Sl:Storm Erosion

e S2:Historic Shoreline Movement Trend
 S3:Sea Level Rise (following DoT, 2009)

¢ 0.2 m per year allowance for uncertainty

Ontance 53 brovionRate (it}
e e e a2

Nortn ot gott
e

heation (m ANO)

LbowsamBB

eation m AND)

bbowsewBE

OstancetromEamauthMamns om)

FEfisUBVERBev e v n HERERURBREER
PR —

FERiBU IR U N e BERRHERUREE

$1 - Storm Erosion Allowance $2 - Historic Sh&ellm Movement ﬁend Allowance
Findings*:

Exmouth i Exmouth Ry Exmouth
Coastal Erosion Hazard 3 = Coastal Erosion Hazard Coastal Erosion Hazard
Horizontal Allowances | £ Horizontal Allowances

TSR s ]

1 5h 1(HSD1)
i 2(HsD2)
P 2.6 Erosion Allowance: 2023
6 Erosion Allowance: 2150
P 2.6 Erosion Allowance: 2070
P 2.6 Erosion Allowance: 2120

43

*See Hazard A Report for ded ion maps &

Erosion hazard allowance for 7 segments across 3 Management Units (Harbour excluded) at the

following timeframes: 2025; 2050; 2070; and 2125

Figure 3-1: Exmouth CHRMAP Erosion Hazard Assessment Summary
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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)

Figure 3-2: Exmouth CHRMAP Inundation Hazard Assessment Summary
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Figure 3-3: Coastal Assets: MU2 & MU3
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3.2. Coastal Hazard Summary

Evaluation of coastal erosion 'Y has indicated that accelerated erosion along Town Beach, which led
to it being identified as a coastal erosion hotspot B!, was a result of sustained anomalous wind,
combined with the 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, relative frequency of coastal inundation will increase with
projected sea level rise.

Consideration of inundation at this scale primarily facilitates decision making on constraints associated
with of land release and the hazard mitigation decisions potentially associated with resilient future
development. This information also provides a basis for prioritisation (of adaptation effort) provided
in subsequent stages of this report (Section 6).

Since 2005, the northern breakout is the primary pathway for drainage, due to the as-built level of
Madaffari Drive spillway. However, evaluation of runoff flood risk has indicated limited dependence
of flood risk on the rate of drainage from the northern breakout, as the Northern Basin is sufficiently
large to contain an extreme volume of floodwaters. This means that the breakout’s drainage function
is has low sensitivity to coastal change (expansion or partial closure of the breakout), provided a
minimal pathway for runoff drainage is present.

Exmouth’s coastal dunes provide an effective present-day barrier against wave action and a
substantial barrier against erosion 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 becoming 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 following a limited amount of costal recession.

Opportunity to use active dune management or reinforcement to reduce future erosion hazard are
considered within potential CHRMAP management options (Section 6). It is noted that if existing or
proposed development encroaches on the dune reserve, loss of dune protection requires site-specific
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 detailed in following Sections.
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4. STEP 3: ASSETS AT RISK

Step 3: Asset
Vulnerability

Identify assets
Determine exposure
to erosion &
inundation

Evaluate sensitivity to
erosion & inundation

4.1. Overview

Existing assets were identified through Phase 1 for the Exmouth Townsite. Assets potentially
impacted by coastal erosion and inundation hazards were identified by comparing erosion hazard
lines and inundation mapping against recent aerial imagery and cadastre of the Shire’s coast. This
defined a list of coastal assets identified in Phase 2 (Coastal Hazards Report ! Appendix B). All assets
lying seaward of the erosion and/or inundation hazard extent were recorded and identified within
Management Unit (MU) and analysis sub-segments, based on coastal change linkages. Asset exposure
rating and asset sensitivity ratings were derived for both erosion and inundation hazard to establish
Potential Impact to coastal assets in Exmouth (i.e. preliminary risk, prior to mitigation actions).

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

Phase 3

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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Table 4-1: Summary of Asset Identification per Segment (A-E)

\ETF) i
AL # Asset Areas
Sub-segment

1 Low lying floodplain through northern breakout
2 Reserve fronting golf course
3 Exmouth golf course - lot with club buildings
4  Willesdorf Road
A 5 Exmouth Men’s Shed
Mu1 6 Exmouth Oval
7 Exmouth Community Garden
8  Wastewater Treatment Facility lot
9 RAC Exmouth Cape Holiday Park
10 Two undeveloped lots on Truscott Crescent, zoned Special Use
B 11  Two undeveloped lots on Truscott Crescent, zoned Tourism
12 Warne Street foreshore access and carpark
13 Town Beach foreshore
14  Warne Street to Friedman Way residential area
15 Friedman Way foreshore access
Mu2 ¢ 16  Exmouth Yacht Club
17  Madaffari Drive
18  Madaffari Drive canal lots
19  Mantarays Ningaloo beach Resort
20  Exmouth Game Fishing Club Sports
MU3 21  Exmouth Harbour walling
22 Exmouth Harbour boat ramp & low-lying areas surrounding harbour
23 Filled lot levels adjacent to Exmouth Marina
24 Neale Cove foreshore
25  Maritime Facility on Neale Cove
D 26  Crevalle Way foreshore
27  Crevalle Way
28 Crevalle Way residential area
L E1 29 Lot zoned special use north of McLeod Street
30 Rural lots north of McLeod Street
£2 31  Mcleod Street
32 Rural lots landward of McLeod Street
E3 33 Rural lots south of McLeod Street

4.2. Asset Exposure Rating (Likelihood)

Likelihood is the probability of hazard impact (erosion or inundation) to 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 definition as per SPP2.6 Schedule One
only identifies a single level of coastal hazard recurrence, at the end of the projection period (by 2125).
Consequently, to understand the emergence of hazard and the need to progressively adapt to
increasing risk, changing likelihood of coastal hazards over time was projected. For both erosion and
inundation hazards, likelihood is projected to progressively increase due to sea level rise and projected
coastal recession (permanent erosion).
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RESIDENTIAL

Canal Estates
Osprey Way
Crevalle Way

Residential Assets in MU3 & MU4
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4.2.1. Erosion Likelihood

Erosion allowances were determined based on storm allowance, extrapolated historic change, and
recession due to sea level rise following SPP 2.6 schedule one, for time frames of 2025, 2050, 2070
and 2125. As observed change was dominated by phases of beach rotation direct projection of historic
change is not meaningful (i.e. the beach will not continue to rotate). Consequently, sub-segments
were determined, within which coastal change showed connected behaviour.

Average erosion allowance was determined for each of the sub-segments along Exmouth foreshore
(Table 4-2), to estimate available erosion buffers at each of the timeframes under consideration.
Distinction was made between the allowance for short-term 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.

Table 4-2: Erosion allowances per study segment

2025 2050* 2070* 2125%

Sub-Segment - - -

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
550-950m S E1 20 53 53 53 80 81 81 157 159 158
950-2100m S** E2 20 48 55 52 72 85 79 140 166 155
2100-300m S E3 20 49 56 53 74 85 80 143 167 157

Minimum, maximum and average erosion allowances are defined across each sub-segment
* 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 an available erosion buffer at each timeframe, to rate its
exposure to erosion hazard.

Figure 4-1: Town Beach foreshore assets located within the erosion hazard zone.
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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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Figure 4-2: Erosion Likelihood Rating

An exposure rating of low, medium, high or very high (1 to 4) was assigned to each asset (Table 4-3),
based on projected recession at each time scale. As presented in the Coastal Hazards report !
(Appendix B) there is a significant change to erosion hazard associated with longer time frames (2070
or 2125) due to a weak link between forecast time, sea level rise and coastal recession. Due to
uncertainty associated with relating sea level rise to recession, these longer-term ratings effectively
represent recession scenarios, rather than forecasting coastal position at these time frames. The
longer time frames are scenarios for primary dune loss, or dune field loss respectively.

Table 4-3: Erosion Likelihood Rating

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

For example, Exmouth Golf Course is in subsegment A in MU 1 (Northern Flood Basin). The average
erosion allowance for this subsegment in 2025 is 20m, in 2050 is 54m, in 2070 is 82m and in 2125 is
160m. The Golf Course infrastructure is located at a minimum distance of 130m landward of the
Horizontal Setback Datum. The erosion buffer available to the golf course provides low erosion risk
for the time frames of 2025, 2050 & 2070 but would shift to extreme risk by 2125.

Table 4-4: Erosion Likelihood Rating for Golf Course Assets

2025 2050 2070 2125
Av. Erosion Allowance 20m 54m 82m 160m
Distance to HSD 130m 130m 130m 130m
Recession Om 34m 62m 140m
Buffer 130m 96m 68m -10m

Exposure Rating L L L _
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Table 4-5: Asset Exposure (Likelihood) to EROSION for Exmouth Townsite

Management

Unit

Segment

Category

Min. Dist
HSD (m)

Exposure Rating (Likelihood) for EROSION
2025

Foreshore
A Reserve fronting golf course Reserve
MUl Exmouth golf course - lot 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
Friedman Way foreshore access Foreshore
MUz Exmouth Yacht Club Recreation
Madaffari Drive Transport 107 L
Madaffari Drive canal lots Residential 125 L
Mantarays Ningaloo Beach Resort Commerecial 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
Crevalle Way residential area Residential 90 L
MU Lot zoned Special use north of McLeod Street Reserve 14 M
o Rural lots North of McLeod Street Undeveloped Lot 90 L
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
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Overall, assets most exposed to erosion hazard are located within MU 2 sub-segment C, along Town
Beach foreshore area with Warne Street carpark, Exmouth Yacht Club and Friedman Way all currently
falling within the present-day erosion hazard zone (i.e. there is no present-day erosion buffer, with
existing extreme erosion exposure.

With 50-60m average recession for the 2050 scenario, the Golf Club reserve and Special Use lots at
Truscott Street (MU1 sub-segment A) are rated as extreme exposure with the addition of Mantarays
(in MU2 sub-segment C) and the Special Use zone north of McLeod Street (in MU4 E1).

With ~80m average recession for the 2070 scenario, Crevalle Way foreshore in sub-segment D and
both McLeod Street (in MU4 E2) and rural lots to the south (in MU4 E3) have extreme erosion risk.

With ~160m average recession for the 2125 scenario, all assets identified along the study area are
rated as extremely exposed to erosion based on existing erosion buffers.

4.2.2. Inundation Likelihood

The minimum ground elevation adjacent to each asset was determined using the available 2006 LiDAR
dataset. Exposure of existing assets to coastal inundation has been considered via a ‘percolation’
assessment approximating inundation extent up to +6.8m AHD (i.e. including very extreme events).
All existing assets potentially impacted by flood events up to +6.2m AHD were identified as subject to
potential inundation hazard (in Coastal Hazard report, Appendix B). The lowest level at which wetting
of the asset was identified was used to define inundation exposure.

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

Inundation likelihood was related to an inundation-frequency curve, derived from tide gauge analysis.
This was presented as either the number of days per year, based on daily maximum water level, or
the average number of years between events above the level. The inundation-frequency curve was
shifted upward for future time scenarios, based on projected sea level rise. For assets above 6.2mAHD,
coastal inundation hazard is deemed to be avoided. It is clarified that inundation levels do not include
effects of nearshore waves (e.g. wave runup), which need to be included for the 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). This is illustrated graphically in Figure 4-3, with the
classes representing different types of inundation event (Table 4-6). Allowance for “unsteady”
processes (e.g. surge pulses or long waves) are only included in the most severe inundation category
(500" yr ARI) as these are not captured in the tide gauge record, and their influence is dissipated by
distance landward from the coast.
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Level Recurrence Inundation Level
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Figure 4-3: Inundation Likelihood Classes

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

Table 4-6: Inundation Exposure Rating

‘ Recurrence ‘

Rating Exposure Comment
0 Negligible >500%yr ARI Above severe storm effects
1 Low (L) 500yr-500*yr ARI Severe storm + unsteady effects
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 on the floodplain adjacent to the northern breakout (MU1 A) and low-lying
parts of Exmouth Boat Harbour (MU3). High exposure has been identified for Exmouth Golf course
(MU1 A), parts of Truscott Crescent area (MU1 B) and rural lots south of McLeod Street (MU4 E1).

Under sea level rise scenarios, exposure across all areas increases. Areas transitioning from medium
to high inundation exposure include the Wastewater Treatment Plant lot (MU1 A), Truscott Crecent
(MU1 A), Town Beach foreshore area (MU2 C), Murat Rd near Gnulli Court (MU2 C) and residential
lots near Crevalle Way (MU4 D).
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Table 4-7: Asset Exposure (Likelihood) to INUNDATION for Exmouth Townsite

Exposure Rating (Likelihood) for INUNDATION

Minimum
Sub- Level 2025 2050 2070 2125
segment Asset Inundation Description (m AHD) OmiSLR 0-22mSLR 0-42mSLR im StR
Low lying floodplain through northern breakout
Golf Course +2.1 H H H
Exmouth Men’s Shed +4.8 L L L M
West section of Willesdorf Road +4.6 L L L M
Exmouth oval +5.6 - - - L
Exmouth Community Garden +5.5 - - 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 - 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 - 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. Asset Sensitivity Rating (Consequence)

Asset sensitivity describes the consequences of an asset being exposed to coastal hazards. A
qualitative value for each asset was established through stakeholder consultation considering social,
environmental, and economic benefits and services it provides to the Exmouth coastal community:

1. Social — support quality of life, health and wellbeing of the community and include social
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, geomorphic, biodiversity and
landscape and ecosystem services such as those provided 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. Economic — values of the assets identified that support industry, tourism, employment or
relate to matters that have an economic implication.

Attributes 1-3 were rated as Low, Medium or High in terms of their perceived sensitivity to erosion
and inundation hazard, with ratings aggregated to give an overall consequence rating per asset.
Low = no loss of social, environmental, economic function or service due 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 area was Town Beach Foreshore (MU2 C). 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 reaches (Table 4-8).

Similarly, most assets considered for Exmouth were given a low or medium consequence rating to
inundation (Table 4-9) across all segments except for the Wastewater Treatment Plant lot (MU1 A)
and Town Beach Foreshore (MU2 C).
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Table 4-8: Asset Sensitivity Rating (Consequence) EROSION for Exmouth Townsite

Min. Consequence
Sub- Dist HSD
segment Category (m) Rating

Reserve fronting golf course Land 25 M

A Exmouth golf course - lot with club buildings Recreation 130 M
Lots on Truscott Crescent, zoned Special Use Land 24 M

B Lots on Truscott Crescent, zoned Tourism Land 86 M
Warne Street foreshore access and carpark Foreshore 0 M
Town Beach foreshore Foreshore 0 _

C Warne Street to Friedman Way residences 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

£1 Lot zoned Special use north of McLeod Street Rural 14 M
Rural lots North of McLeod Street Rural 90 M

£ McLeod Street Rural 55 M
Rural lots landward of McLeod Street Road 75 M

E3 Rural lots south of McLeod Street Rural 55 M
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Table 4-9: Asset Sensitivity Rating (Consequence) INUNDATION for Exmouth Townsite

Initial

Wetting e
Segment (m AHD) Asset Description
2.0 Low lying floodplain through northern breakout M
34 Golf Course M
! 4.8 Exmouth Men’s Shed 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
4.4 RAC Exmouth Cape Holiday Park M
3.0 Truscott Crescent 700m north of Warne Street L
B 3.2 Lots zoned for Tourism on Truscott Crescent L
3.2 Town Beach foreshore area _
2 c 4.8 Yacht Club buildings M
4.6 Ningaloo Resort overtopped. (Front row of villas) M
3.6 Murat Road near Gnulli Court L
4.0 Madaffari Drive over spillway L
3.6 Exmouth Game Fishing Club Sports M
3 Harbour 1.5 Exmouth Harbour walling (tidal inundation) M
1.6 Exmouth Harbour boat ramp M
2.5 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
N E1 5.6 Murat Road south of McLeod Street L
2.6 Rural lots south of McLeod Street through dunes M
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Figure 4-4: 4WD Access on Town Beach, North of Warne Street Carpark
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5. STEP 4: 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 asset (likelihood + consequence) to determine potential impacts
of erosion and inundation. An evaluation of adaptive capacity then allowed determination of overall
asset vulnerability, which was examined in the context of existing controls as a basis for elucidating
residual risk. Risk ratings per management unit were evaluated to prioritise assets and discrete areas
requiring further treatment. Overall, only assets deemed to have ‘high’ or ‘extreme’ risk to erosion or
inundation hazard were considered for further analysis in Phase 5.

Phase 3 Exposure Sensitivity
[ —
Phase 4 Potential Impact

Vulnerability

Adaptive Capacity

Phase 4

Potential Impact
Prelim. Risk Rating

——

Vulnerability

Adaptive Capacity
Offset Prelim. Risk

Current Control
Physical/Planning

-

5.2. Risk Ratings & Matrices

Risk ratings for each asset were generated by combining likelihood (exposure) and consequence
(sensitivity) scales (Table 5-1). These matrices defined four levels of risk:

Table 5-1: Risk Rating Matrix (Initial)

Exposure

L M H
L Low Medium
Sensitivity M Low Medium High
J Medium High
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The adaptive capacity of each asset is its capacity to be modified in a way that makes it better
equipped to deal with negative impacts arising from coastal hazards effects. However, adaptive
capacity does not consider planned risk management measures. It identifies an asset’s ability to
reduce intolerable risk arising from coastal hazards. The adaptive capacity scale takes into
consideration design and function or form of the asset and was assessed as high, medium or low. In
general terms, adaptive capacity was rated by hazard type:
e Inundation adaptive capacity was low for residential buildings, medium for roads, and high for
landscaped foreshore assets.
e Erosion adaptive capacity low for residential buildings, medium for roads or landscaped
assets, and high for the Men’s Shed (relocatable) or the floodplain area (naturally dynamic).

Table 5-2: Adaptive Capacity Rating Scales

Adaptive Description
Capacity

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

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

The adaptive capacity rating for each asset was subsequently considered in conjunction with its
preliminary risk rating (potential impact) for erosion and inundation hazard to establish an overall
asset vulnerability* rating (Table 5-3).

Table 5-3: Vulnerability Rating Derivation

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

* Note the term “vulnerability” is used here specifically for consistency with the CHRMAP Guidelines
2l However, it is noted that inclusion of sensitivity and adaptive capacity obscures physical risk to the
asset — for example, existing access at Friedman Way foreshore would be lost with a small amount of
coastal erosion. The high adaptive capacity for this asset 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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Table 5-4: Asset Vulnerability Rating EROSION for Exmouth Townsite

Min. Dist Vulnerability Rating — EROSION
Management Segment Asset Category HSD (m) Om 55m 80m 160m
Unit 2025 2050 2070 2125
Reserve fronting golf course Foreshore Reserve 25 L H H H
Mu1 A Exmouth golf course - lot 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 0 H
Town Beach foreshore Foreshore 0
MU2 C Warne Street to Friedman Way residential area Residential 66 L
Friedman Way foreshore access Foreshore 0
Exmouth Yacht Club Recreation 0
Madaffari Drive Transport 107 L
Madaffari Drive canal lots Residential 125 L
Mantarays Ningaloo Beach 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
£1 Lot zoned Special use north of McLeod Street Reserve 14 M
Rural lots North of McLeod Street Undeveloped Lot 90 L
E2 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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Table 5-5: Asset Vulnerability Ratings INUNDATION for Exmouth Townsite

Vulnerability Rating — INUNDATION

Initial
Wetting (m 2025 2050 2070 2125
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 Gnulli Court 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
1.5 Exmouth Harbour walling locally overtopped
1.6 Exmouth Harbour boat ramp & low-lying walling locally overtopped
2.5 Majority of Exmouth Harbour surrounds
5.25 Filled canal lot levels adjacent to Exmouth Marina
4 D 3.6 Residential lots adjacent to Crevalle Way **
E1l 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 that would be deemed acceptable, tolerable, or intolerable was defined, where
intolerable vulnerability requires risk management measures as a priority. Tolerance levels were set
in consultation with Shire representatives and with reference to information gathered through the
consultation process with community and stakeholders.

Vulnerability rated ‘low’ or ‘medium’ under present conditions can be viewed as acceptable, requiring
no additional risk management measures other than monitoring. However, if the risk is identified as
currently being high or extreme, or can reach these levels before the end of the CHRMAP planning
timeframes, these risks require more short-term or immediate risk management measures to reduce
the risk back to tolerable or acceptable levels. The tolerance level adopted for this study was used to
identify which risk, locations and assets require risk management measures as a priority.

Table 5-6: Vulnerability Scale

Vuln. Description and level of Action required Tolerance

level

H Asset has limited ability to cope with the impacts of coastal hazards. TOLERABLE
Immediate to short-term adaptation is likely to be required to reduce risk to
acceptable levels.

M Asset has some ability to cope with the impacts of coastal hazards. However TOLERABLE/

short to medium term actions are likely to be required to reduce risk to ACCEPTABLE
acceptable levels.
L Asset has high resilience; it can cope with the impacts of coastal hazards ACCEPTABLE

without additional support. No immediate action required

5.3.  Existing Controls

The Risk Evaluation carried out in Phase 4 was used to prioritise risk management measures for the
study area. Assets with vulnerability rated high or extreme were examined in greater detail. The risk
evaluation considers if there are already risk management measures in place or existing controls that
can be taken into consideration to reduce the risk rating determined through the vulnerability
assessment (Section 5.2).

Existing controls and risk management measures already in place in the Shire of Exmouth study area
have the potential to reduce the consequences and/or likelihood of coastal hazard. Controls can be in
physical, natural, or planning/management controls (Table 5-7). A consideration of the influence of
the existing controls on mitigating risk was determined to produce a final rating of residual risk for
assets in each MU.

The process adopted was to take the high or extreme erosion and inundation vulnerability ratings for
each asset and adjust these ratings in the context of the effectiveness of existing controls over study
timeframes: 2025, 2050, 2070 or 2125. A rating of ‘0’ denoted no reduction in risk offered by the
existing control while a rating of ‘3’ indicated a wholly effective risk mitigation, up to the limit of
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 hazard (MU1) are primarily land use planning, insurance and
drainage with some reduction in risk also provided by dunes to the North (MU1) and the South (MU4)
and the breakwater at the harbour and the canal walls within Exmouth Marina (MU3). In terms of
erosion hazard, dunes provide natural control in MU1 and MU4 while structural control is dominant
in MU2 and MU3. Setbacks for existing development are not classed as effective controls, as the
setback has already been incorporated into the evaluation of erosion likelihood. Where an area is
presently undeveloped, the capacity to provide additional erosion buffer through setback on the lots
has been treated as partial control, ineffective to somewhat effective (0-2) based on lot width.

Table 5-7: Existing Controls to Mitigate Erosion (E) or Inundation (l)

Control Details Example Application

Physical Shoreline protection structures or | Breakwater E, I
seawalls Canal Walls E, |
Revetement E
Drainage and spillways |
Sand management E
Natural Shoreline topography features Dunes E, I
Rock may be present, but the E
elevation and extent is unknown.
Planning Controls on land use and Setback* E, I
management Flood management: |
e land-use control |
e Elevation I
e whether in or out of the I
floodplain area)
Insurance E |
Finished Floor Levels I

Overall Risk Rating is subsequently developed by applying consequences (Table 4-8 and Table 4-9) to
Residual Risk ratings.
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Table 5-8: Residual & Overall Risk Ratings EROSION for Exmouth Townsite

Residual Risk Rating — EROSION
Management Segment Asset Om 55m 80m 160m

Unit 2025 2050 2070 2125

Reserve fronting golf course
MuU1 Exmouth golf course - lot with club buildings

Two undeveloped lots on Truscott Crescent, zoned Special Use

B Two undeveloped lots on Truscott Crescent, zoned Tourism

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 Ningaloo Beach Resort

Neale Cove

Maritime Facility on Neale Cove
Crevalle Way foreshore

Mu4 Crevalle Way

Crevalle Way residential area

£1 Lot zoned Special use north of McLeod Street

Rural lots North of McLeod Street

MclLeod Street
E2

Rual lots landward of McLeod Street

E3 Rural lots south of McLeod Street

Om
2025

Overall Risk Rating — EROSION

55m
2050

80m
2070

160m
2125
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Table 5-9: Asset Vulnerability Ratings INUNDATION for Exmouth Townsite

Residual Risk Rating — INUNDATION Overall Risk Rating — INUNDATION

V:,thl::g p1713 2050 2070 2125 2025 2050 2070 2125
Segment m AHD  Asset Inundation Description Om +0.2m +0.4m +1.0m Om +0.2m +0.4m +1.0m
MU1 A 2 Low lying floodplain through northern breakout M H H H M H H H
3.4 50% of golf course inundation L L M L L M
4.8 Exmouth Mens Shed L L L L L L L L
4.8 West section of Willesdorf Road L L L M L L L M
5.8 Exmouth oval L L L L L L L L
5.6 Exmouth Community Garden L L L L L L L L
34 Wastewater Treatment Facility lot L L M - H H _
4.4 Eastern margin of RAC Exmouth Cape Holiday Park ** L L M H L L M H
3 Crosses Truscott Crescent 700m north of Warne Street L L L M L L L L
3.2 Small northeast parcel of lots zoned for Tourism on Truscott Cres ** L M M H L L L L
MuU2 C 3.2 Town Beach foreshore area L M H -_
4.8 Yacht Club buildings L L M H L L M H
4.6 Walling fronting Ningaloo Resort overtopped. Front row of villas ** L L M H L M H
3.6 Crosses Murat Road near Gnulli Court L L L M L
4 Madaffari Drive over spillway ** based on site assessment L L L L L
MU3 Harbour 3.6 Exmouth Game Fishing Club Sports** H H H H H
1.5 Exmouth Harbour walling locally overtopped L M H L
1.6 Exmouth Harbour boat ramp & low-lying walling locally overtopped H H
2.5 Majority of Exmouth Harbour surrounds M M
5.25 Filled canal lot levels adjacent to Exmouth Marina L L
MuU4 D 3.6 Residential lots adjacent to Crevalle Way ** H H
El 5.6 Crosses Murat Road south of McLeod Street L L
2.6 Rural lots south of McLeod Street through dune breakouts L L

** Level 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 recession. In the present day,
the only assets with overall erosion risk above low (L) are Town Beach Foreshore and Friedman Way
beach access, both in MU2. Present-day inundation risk is more active, with:

MU1 has high (H) overall inundation risk for the wastewater treatment facility and medium
(M) for the floodplain area.

In MU2, Town Beach access has high (H) overall inundation risk.

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.

Within MUA4, residential lots next to Crevalle Way have medium (M) overall inundation risk.

For the most extreme scenario, represented by 2125, potential coastal risk increases significantly.
Overall inundation risk rations for each management unit are:

MU1 has high (H) erosion risk rating for Truscott Ave Special use lots and medium (M) rating
for all other coastal assets.

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

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 increase of overall inundation risk ratings:

MU1 has extreme (E) overall inundation risk rating for the golf course and wastewater
treatment plant. The floodplain and RAC caravan park have high (H) overall inundation risk
and there is medium (M) overall inundation risk for part of Willesdorf Road.

MU?2 has extreme (E) overall inundation risk for Town Beach, with high (H) risk for the Yacht
Club and Mantarays.

MU3 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.

MU4 has extreme (E) overall inundation risk for lots adjacent to Crevalle Way and south of
McLeod Street.

Risk has been characterized by ratings and time frames:

Present-day risk management or mitigation is considered appropriate for assets with overall
risk rating of medium (M) or above.

Projected risk has been identified to require management where risk rating of high (H) or
above occurs from 2050. These cases are considered to require present-day adaptive
management (i.e. mitigation works need not be constructed, but budgeting for mitigation
should commence, and monitoring against a trigger for action).

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 50-100 years and needs to be incorporated into planning.

Possible risk has been identified based on risk rating of high (H) or above from 2125. This
represents extreme scenarios of coastal change, and therefore requires consideration for
planning, but may not be realized within the next 100 years.
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Table 5-10: Assets deemed to require Hazard Management

Erosion Hazard Inundation Hazard

Present-day Risk MU2 Town Beach Foreshore MU1 Floodplain area

Requires mitigation now | MU4 Friedman Way Foreshore Access MU1 Wastewater Treatment Plant
MU2 Town Beach Foreshore

MU3 Exmouth Game Fishing Club
MU3 Exmouth Harbour

MU4 Lots Adjacent to Crevalle Way

Projected Risk MU1 Truscott Special Use Lots

Requires adaptation | MU2 Exmouth Yacht Club

plan now MU4 McLeod St Special Use Lots

Emerging Risk MU4 McLeod Street

Integrate into planning | MU4 Rural Lots South of McLeod St

Possible Risk MU2 Mantarays MU1 Golf Course
Consider long-term | MU3 Neale Cove Foreshore MU1 RAC Holiday Park
management MU4 Rural Lots N & W of MclLeod St MU2 Exmouth Yacht Club

MU2 Mantarays
MU4 Lots S of McLeod St

Overall EROSION risk that would otherwise require management is mitigated by dunes for the Golf
Course. Erosion risk is mitigated 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.

Overall INUNDATION risk 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 Boat Harbour. Future
maintenance and upgrading will be required to continue this level of hazard mitigation.

Adaptation pathways to treat hazards deemed to require hazard management (Table 5-10) are
discussed per Management Unit (MU) in Section 6. Direction setting guidance is aligned to the
stakeholder adaptation priorities identified for each MU, which were driven by community led
CHRMAP success criteria.
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6. STEP 5: 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 viable strategies. Options should mitigate risk to an acceptable level whilst
maintaining values important to stakeholders. The risk prioritisation undertaken through this CHRMAP
has identified key assets and areas susceptible to potential impacts of coastal erosion and inundation,
both now and into the future.

Overall, Exmouth’s large and wide dune system gives substantial protection from coastal inundation
and provides a large buffer to storm erosion and coastal recession. Present-day hazards are largely
associated with coastal development in front of the dune system, including Town Beach foreshore
and Exmouth Boat Harbour, both of which have protective works. However, in the longer-term,
erosion and inundation pressures are expected to increase, requiring a focused risk treatment effort.

This Section outlines Step 5 of the CHRMAP process, which undertakes an Adaptation Options
Analysis to identify preferred strategies for ‘risk treatment’. This prioritises options for coastal hazard
mitigation and is aligned to Succes Criteria determined by the Shire and its’ stakeholders.

A ‘report card’ for each MU has been produced to guide adaptation decision making for the Shire with
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 Adaptation Options Analysis is presented for Town Beach to explore the viability of
alternative management pathways. This analysis included:
*  Multi Criteria Analysis — to establish the suitability of potential adaptation options to treat the
identified risks.
* Cost Benefit Analysis — to provide insight into economic utility of suitable options.
*  Project team Council briefing — to gain input on Shire preferences and delineate decision
making pathways moving forward.
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6.2. Adaptation Planning Overview

Adaptation planning fosters preparedness to manage risks and impacts of changes to our coast, by
planning for the most appropriate decisions and options to implement over time. It requires a
decision-making framework that enables the right decision to be made at the right time, in the context
of identified erosion and inundation hazard, and reflecting the community-defined social,
environmental, and economic value of the coast.

In this respect, ‘good’ practice in adaptation planning requires flexibility — the ability to make
appropriate decisions on available options to meet the changing needs of communities and coastal
areas through time as risks to assets change from tolerable to intolerable. The CHRMAP Guidelines
outline over-arching strategies that may be employed in adaptation planning, following a hierarchy of
avoid, retreat, accommodate or protect (Figure 6-1).

Locate assets in areas not at risk (not
applicable to existing development)
Retreat over time as coastal hazard
appears; Use Town Planning controls

Consider alternate building designs;
Require emergency evacuation
planning

Engineering interventions — seawalls,
flood walls, beach renourishment,
groynes etc

Figure 6-1: Adaptation Hierarchy for Mitigating Hazards

Applicability of any mitigation is determined by the nature of asset being considered, the level of risk,
and the agreed adaptation objectives or priorities established by the community and stakeholders in
that coastal area.

* Avoid: new development in areas at risk.

¢ Planned or Managed Retreat: of existing development in the face of intolerable risk.

* Accommodate: through design or management measures to limit impacts of hazard exposure.

* Protect: assets from exposure through structural interventions.
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Table 6-1: Adaptation Strategies and Associated Options
Adapted from WAPC (2019) CHRMAP Guidelines

Strategy

Options

Avoid

Development planning approvals take into consideration:
. Coastal Erosion setbacks.
. Inundation extents.
Changes to the Local Planning framework:
* Local Planning Strategy.
* Local Planning Scheme.
* Local Planning Policy.
* Development Control.

Managed
Retreat

Retreat over time as coastal hazard appears.
Considerations could include:
e Development control on further development.
e Consideration of time-based structures (e.g. limited life span).
e Notifications on title to prevent new/replacement of existing structures on land.

Accommodate

e Consider alternate building designs.

Require emergency evacuation planning.

Set minimum floor levels based on structure.

Locate development on least hazardous portion of site.

Use building materials that are flood resistant and/or designed to withstand forces.
Modify building design to allow for future relocation.

Protect

Beach Nourishment
Place sediment to offset beach erosion. Requires integration with primary and secondary

dunes. Typically used on high use beaches or foreshore reserves where retreat is not viable.
Benefit:

e Maintains beach amenity.
e  Mitigates further erosion.
Limitation:
e Requires sediment source.
e Temporary or short-term measure, which can smother adjacent areas.
e Relative high cost and ongoing expense.

Groynes
Benefit:
e Retain beach access and function.
e Reduces sensitivity of sand transport to fluctuations of wave direction.
Limitation:
e Can enhance coastal volatility and may create an area of local erosion pressure.
e  Transfer erosion pressure.

Seawall
Often an expensive option. Likely to lead to reduction or loss of usable sandy beach.
Likely more tolerable than other protection options because familiar (already being used).

Artificial reef Difficult to design submerged structures to work effectively, and costly to build
and maintain.

Breakwaters:
Social concerns about ocean views.
Concerns could be offset by designing shore-attached structures.
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For Exmouth townsite, applicability of these adaptation measures has been considered at a strategic
level to provide recommendations for adaptative action across each management unit (Table 6-2).
This is explored further in ‘Report Cards’ for each Management Unit (MU).

Table 6-2: Strategies for adaptive action across Exmouth Townsite MUs
“X” indicates strategy generally considered viable, “x” indicates there may be some constraints to
implementation, and blank indicates the strategy is not considered viable.

. . Accomm- Preferred
Management Unit Avoid Retreat Protect
odate Measure
MU 1: Northern Avoid
. X X X
Flood Basin Accommodate
Protect
MU 2: Town Beach X X
Retreat
MU 3: Exmouth . X Protect
Boat Harbour
MU 4: South of Accommodate
X X X
Harbour Retreat

Discrete options associated with each of these adaptation strategies are explored for prioritised risks
identified through CHRMAP Step 4 (Section 5, Table 5-10). Asset level adaptation pathways are aligned
to adaptation objectives and success criteria. In areas where existing assets have been deemed to
require hazard management, a decision to retreat, accommodate or protect depends on:

* Consequences of taking no action.

* Feasibility and social, environmental or economic costs associated with actions (e.g.
relocation) or structural interventions (to accommodate or protect) compared with the
residual value and life of the asset.

* Disruption and costs involved with actions.
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6.3. MU1: Northern Flood Basin

The Northern Flood Basin (MU1) has limited built form, with a significant, wide coastal dune barrier
providing protection against erosion and inundation (Table 6-3, Figure 6-2, Figure 6-3b). Immediate
needs for hazard management or adaptation relate to inundation risk to the floodplain area (including
the wastewater treatment plant) and erosion risk to Truscott Crescent Special Use Lots, which have a
narrow coastal setback. In the long term, there is potential for coastal inundation hazard to affect the
Golf Course and RAC Holiday Park.

Table 6-3: Assets deemed to require Hazard Management in MU1

Erosion Hazard Inundation Hazard

Present-day Risk Floodplain area
Requires mitigation now Wastewater Treatment Plant
Projected Risk Truscott Cres Special Use Lots

Requires adaptation plan now

Emerging Risk
Integrate into planning
Possible Risk Golf Course
Consider long-term management RAC Holiday Park

A key factor for this area is the ability to develop land zoned for tourism and the overall ability of the
flood basin to play an effective role for runoff flood risk mitigation into the future. Maximising longer-
term dune protection from inundation and erosion is considered to require dune management, with
early action being most cost-effective.

6.3.1. Coastal Risk Management for Northern Flood Basin (MU1)

Coastal inundation risk management for the Northern Flood Basin is intertwined with runoff flood risk
management, with extreme runoff levels being above coastal inundation levels for general flood
avoidance criteria (around 1% AEP), even with +1.0m sea level rise. Consequently, ongoing review and
update of Exmouth Floodplain Management Strategy [** is expected to provide guidelines for
development within the floodplain (Special Control Area SCA 5), including identification of required
finished floor levels and evacuation planning. One important distinction between coastal inundation
and runoff flooding hazards is that insurance will not cover ‘Actions of the Sea’, unless parametric
insurance is sought.

Maintenance of the northern breakout (Figure 6-3a) as a flow outlet, and longer-term potential for
modification of Madaffari Drive spillway should be incorporated in the updated floodplain
management strategy, with coastal change considered as a management issue. Preliminary flood risk
evaluation for the Coastal Hazard Assessment (Appendix B) suggests the northern flood basin has a
large enough volume that runoff flooding risk is likely to remain tolerable unless the breakout closes
over substantially. The breakout is located within land managed by the Department of Defence 4
(refer to Local Planning Policy 6).

With sea level rise, increased tidal inflow will convert a portion of the floodplain into a tidal basin. This
will kill existing vegetation and convert it to swamp habitat, gradually increasing in area. This change
was considered tolerable by the community and stakeholders.

The Wastewater Treatment Plant has previously been identified as a constraint to townsite
development, and subject to runoff flood hazard. Water Corporation have advised that relocation of
the plant is planned within 0-5 years, which will address the longer-term inundation risk.
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Figure 6-2: MU1 Northern Flood Basin, including segments A & B
Shaded areas show best estimate of 500-yr ARl inundation (darker) & upper limit estimate +1m SLR
(lighter).
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On Truscott Crescent Special Use Lots, the existing setback to the lot boundary is 24m. This is
considered adequate in the present-day to provide protection against acute storm response but
provides negligible tolerance to coastal recession. Adoption of the avoid-retreat-accommodate-
protect hierarchy suggests these lots should be subject to time-limited use (e.g. 21-year lease), with a
local monitoring and adaptation plan developed prior to building. Longer leasehold could be
considered based on internal building footprints within the lot boundary, or an appropriate plan for
relocation of assets when hazard is deemed intolerable.

a)

b)

Figure 6-3: MU1 a) Northern Breakout at north end, and b) Extensive Coastal Dune
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MU 1: NORTHERN FLOOD PLAIN Report Card

MU1: Segment A&B

Reserve fronting Golf Course to Truscott Crescent

Use and ‘value’

Tourist Zoned lots; Golf Course; Access and utility of foreshore
Land reserved for Department of Defence north of golf course includes northern
breakout.

Adaptation Objective:

Focus on inundation management, practices to protect existing dunes and facilitate
opening and development of new land.

Hazard

Erosion: Segment A is subject to relatively low erosion hazard, with large reserves
providing setback for future development. Although the 2125 erosion allowance
encroaches on golf club lot boundaries, existing building are positioned futher landward.
Development on vacant lots presently zoned for Tourism in Segment B requires
consideration of erosion hazard for the seaward portion of lots by 2070.

Inundation: Present day events above 10yr ARI causes inundation of flood basin through
the northern breakout. Elsewhere, inundation is a minor present-day hazard, with hazard
increasing with sea level rise at some locations, eventually require hazard recognition and
management.

Assets Golf course; Caravan Park; Ovals; Wastewater treatment plant; Exmouth Escape; Tourism
g{ zoned lots
O
Damage * Potential salinisation of northern flood basin with vegetation change (0.4m SLR)
* Golf course —tolerable damage to low lying area requires consideration (0.4m SLR)
o * Access to tourism lots zoned at Truscott Cresent — implications for lot development
and land value (1m SLR)

* Wastewater Treatment Plant — the face of the protective bunds can be reached by a
severe inundation event under 0.2m SLR. Overtopping or damage to the bunds
requires higher inundation.

Mitigation * Coastal flooding poses a limited threat, mostly within the area defined as floodplain

)

risk (Special Control Area SCA 5)

* This implies 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.

Summary:

Exposure to inundation hazard risk is generally mild overall with hazard for built-form infrastructure for the most part
minimal. Therefore, the focus moving forward will generally be on inundation management practices to facilitate
opening and development of new land.
e Stream flooding Special Control Area SCA5 covers most of potential area of coastal inundation hazard.
e ‘Adaptation’ largely involves incorporation of coastal inundation into existing management plans.
e Following suggestion of DWER, coordinate review and update of Exmouth hydrological assessment
e \Wastewater treatment plant bunds are exposed to infrequent flooding from runoff and coastal inundation.
It is understood there are plans to relocate the WTP. However, longer-term use of the WTP increases
inundation frequency with SLR may require bund reconfiguration to limit scour & undermining risk.
e Dunes provide significant erosion buffer and inundation barrier — dune management recommended as cost-
effective approach to preserve the protection provided.
e Undertake geophysical & geotechnical assessment of rock along dunes (lower priority than narrow dunes).
e Undertake a topographic survey and assess road structure adjacent to Exmouth Marina Village northern

spillway. This should be used to evaluate the viability of installing pipes or culverts at a lower level under the
road to the northern spillway — reducing reliance on the northern breakout for drainage.

AVOID and ACCOMODATE are preferred strategies to deliver adaptation objective of retaining land utility and
opening new land for development.
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Figure 6-4: Madaffari Drive Spillway in action

6.3.2.

Adaptive Pathways for Northern Flood Basin (MU1)

Actions to mitigate erosion and inundation risk are limited at an asset level:

Water Corporation plans to relocate the Wastewater Treatment Plant are underway. These
should be supported.

Most built assets are within Special Control Area 5 (Floodplain) in the local planning scheme
LPS4, with greater recurrence of runoff flooding than coastal inundation. Consideration of
coastal inundation in revision of the floodplain management strategy will facilitate effective
management of inundation risk.

Salinisation of the floodplain has been identified as a tolerable impact by the community and
stakeholders.

Due to absence of development on Truscott Crescent Special Use lots, the limited available
erosion buffer can be effectively managed through time-limited use (e.g. 21 year lease).
Guidance regarding requirements for conditional approval or time limited approval should be
established through a coastal SCA, consistent with WAPC CHRMAP Guidelines 2! Appendix 4.

Coastal inundation management is strongly related to runoff inundation management, with the
northern flood basin providing a critical storage area for floodwaters, reducing hazard to the town.
Review and refinement of the floodplain management strategy is recommended, clearly defining
floodplain development protocols, with acknowledgement of the secondary hazard of coastal
inundation, and consideration of coastal process dynamics impact on hydraulic capacity of the
northern breakout. Potential management options include:

1.

Maintaining the northern breakout to ensure a target hydraulic capacity, that will reduce the
extent of runoff flooding (i.e. potentially allowing land development).

Maintaining the northern breakout with minimal hydraulic capacity, so that it will open during
flood events.

Enhancing alternative flow paths from the northern floodplain to Exmouth Gulf, e.g. putting
lower level culverts on Madaffari Drive spillway. This also may require modification of Murat
Road reserve, to enhance flow paths leading to the spillway.

Determining flood extent if the northern breakout were to close over due to dune instability.
This potentially increases runoff flooding hazard across the floodplain.

These options are all dependent on floodplain management, with coastal inundation a secondary
consideration. Any management of the northern breakout is contingent on its role as part of land
reserved for the Department of Defence.
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Existing dunes provide a significant erosion buffer and inundation barrier, except at the northern
breakout. Pedestrian and vehicle traffic have denuded areas of dune and created areas of mobile dune
face, which is subject to sand drift landward and along shore (northward). Management options
include:
1. Allowing the dunes to continue to degrade — this will accelerate erosion and reduce coastal
protection provided by the dunes.
2. Undertaking low-cost measures to limit dune impacts (e.g. signage, controlled access)
3. Undertake moderate-cost measures to preserve dune protection function (e.g. replanting,
drift fencing).
Given the substantial dune system along most of MU1, use of low-cost measures is considered the
most cost-effective level of management east of the golf course, potentially with moderate-cost
measures adjacent to the tourist zone and special use lots. It is recommended a dune management
plan be developed and implemented.

Shore stabilisation measures to the South, particularly structural interventions along Town Beach and
the Yacht Club area (in MU2), have the capacity to transfer erosion pressure to the MU1 (Northern
Flood Basin) coast. This should be evaluated within design of any stabilization structures, and a coastal
adaptation response identified to mitigate impacts to MU1.

A recommended pathway for risk treatment in MU1 is:

Table 6-4: Recommended Actions for MU1

Issue Required Recommendation
Timeframe

Runoff flooding Immediate Liaise with DWER to develop revised Floodplain
Management Strategy. This should consider coastal
dynamics and instability of northern breakout.

Breakout instability Immediate Study to identify minimum channel area required for
drainage (may be part of Floodplain Management Strategy)

Dune management Immediate Develop and implement a dune management plan, to
reduce dune destabilization through traffic.

Development in 5-10 years Prepare and implement guidelines for development within

floodplain the floodplain SCA 5, including identification of required
finished floor levels and evacuation planning.

Development in coastal | 5-10 years Development of Coastal SCA, incorporating requirements

risk areas for conditional approval and time-limit approval.

Limited erosion buffer 10-30 years Apply time-limited leasehold to Truscott Crescent Special
Use lots, with conditions outlined by coastal SCA..

Transferred erosion Subject to MU2 Undertake coastal monitoring. Identify coastal adaptation

stress management response as part of stabilization design for MU2.

Floodplain salinisation 20-50 years No action presently deemed necessary.

Wastewater treatment | 40-60 years * Mitigate inundation hazard to WTP

plant

Coastal inundation 40-60 years * Amend SCA 5 wording. Advise occupants regarding

hazard limitations of insurance.

* These actions are unlikely to become critical without SLR ~0.4m. However, early action is considered highly

beneficial.
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6.4. MU2: Town Beach

Town Beach (MU2) is the most highly used part of Exmouth foreshore. It serves as a focal point
connecting Exmouth community to the Gulf, with two foreshore access points and extensive public
use of the beach area. Landscaping infrastructure has been incorporated to enhance beach amenity
including a car park and a grassed foreshore recreational area with BBQ facilities, partly protected by
an artificial foredune and low rock revetment (Figure 6-6).

Built infrastructure includes Exmouth Yacht Club building, located adjacent to Friedman Way access,
with Mantarays Resort being 450m further south, tucked against Exmouth Boat Harbour, behind a
substantial revetment. Residential properties have been developed along Madaffari Drive and Osprey
Way, set back at least 70m from the coast, with the foreshore reserve occupied by a large dune buffer.

The location of beach access, landscaping infrastructure and the nearshore built assets (Exmouth
Yacht Club and Mantarays) determines they are exposed to present day erosion and inundation
hazard. The dune buffer to landward, combined with foreshore protection works, are deemed to
provide effective protection to residential properties behind the dune (Table 6-5). In the long term,
there is potential for coastal hazards to affect Mantarays Resort and for inundation hazard to reach
Exmouth Yacht Club.

Table 6-5: Assets deemed to require Hazard Management in MU2

Erosion Hazard Inundation Hazard

Present-day Risk Town Beach Foreshore Town Beach Foreshore
Requires mitigation now Friedman Way Access
Projected Risk Exmouth Yacht Club

Requires adaptation plan now

Emerging Risk
Integrate into planning

Possible Risk Mantarays Exmouth Yacht Club
Consider long-term management Mantarays
6.4.1. Coastal Risk Management for Town Beach

The key objective for Town Beach is to provide management which supports ongoing beach amenity
(Figure 6-5). This has led to installation of infrastructure to enhance beach use, rather than having
intrinsic infrastructure value, except perhaps for Mantarays Resort, although its value is also
substantially linked to beach amenity. This perspective is reflected in the type of coastal defence
systems and the value of protected infrastructure:
e Light defences along northern Town Beach (Figure 6-11) are adequate for short-term erosion
pressure but would likely fail under direct hit from a tropical cyclone.
e Protected assets are largely landscaping elements, or low investment development such as
the Yacht Club building.

Combining low-cost infrastructure and low-cost defence uses the ‘accommodate’ strategy for coastal
risk mitigation (Section 6.2). Its economic viability relies on an effective ceiling to investment, balanced
against the risk of damage (with costs of replacement and recovery). This risk will change over time.
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Figure 6-5: Coastal Assets and Amenity along Town Beach foreshore

An aspirational vision for Town Beach is to provide beach facilities along the shore from Warne Street
towards Mantarays. This has resulted in dispersed assets, presently with a long gap between
Mantarays and Exmouth Yacht Club (Figure 6-6). This gap was originally provided with recognition that
flanking erosion may occur due to disruption of alongshore sediment transport by Exmouth Boat
Harbour breakwaters, partly mitigated through a sand management program by the Department of
Transport and Major Infrastructure (see Section 7.3).
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Figure 6-6: Town Beach Management Unit

Relative foreshore stability over 1996 to 2010 was considered for Exmouth Town Beach masterplan
7] including impact from TC Vance. However, physical changes observed since 2010 (Figure 6-7) have
demonstrated challenges to maintaining beach amenity in MU2:

e In 2011, rapid erosion was observed north of Mantarays, associated with high water levels
during La Nifa climate phase.

e This was followed by sustained accretion on the north side of the harbour, corresponding to
a change in the balance of northeast and southeast winds (67% NE dominant), compared to
the preceding 30 years (80% SE dominant).

e Accumulation supported dune vegetation establishment, which was then identified as a
constraint for material placement for sand bypassing. Material put along the beach was
subject to rapid erosion, causing a 2m high scarp and leaving an accumulation of pebbles and
cobbles along the active beach.
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Figure 6-7: Beach utility and access on Town Beach
2011 - scarping due to transport reversal; 2021 — Subsequent progressive accretion; 2022 - scarping due to sand placement
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MU2: TOWN BEACH Report Card

MU2: Segment C

Warne Street to Boat Harbour N

Use and ‘value’

Environmental, social, infrastructure assets along length of beach; focal point for
community access at Yacht Club; foreshore recreation; high value tourist accommodation

Adaptation Retain beach access and utility.
Objective: Project high-value assets (Financial — Mantarays; Social — Yacht Club)
Hazard Erosion: progressive and switching. Foreshore facilities are susceptible to storm erosion,
or potential long-term coastal retreat.
Inundation: Coastal facilities subject to inundation hazard, with additional requirement to
address wave runup.
Assets * Mantarays
% * Recreational Infrastructure
B * Yacht club infrastructure

* Power, water, telecommunications at Warne St & Friedman way

* Residential lots

* Undeveloped lots

Damage * Assets on upper/active part of beach flat

* Access reduced when scarping developed.

-~ * Erosion Hazard - Warne St & Friedman way; Mantarays, Yacht Club & Recreational
infrastructure.

* Inundation Hazard - Coastal facilities including Yacht Club buildings, Town Beach
foreshore area and Ningaloo Resort walling and villas are subject to inundation hazard,
with additional requirement to address wave runup.

Mitigation * Tradeoffs — e.g. financial incentive to protect assets however adaptation objective for
the area is to retain access to and utility of the beach. This applies to both cross and
@ alongshore.
Summary:

e Extreme erosion risk for a range of assets along the Town Beach foreshore by 2170, Yacht Club and Ningaloo
Resort sitting on a modified dune area and presently exposed to erosion hazard.

e Foreshore is subject to progressive erosion through time but also have intense periods of retreat due to
directional switching of sediment transport.

e Impacts are not consolidated; Key infrastructure assets at risk lie at opposite ends of the sediment cell with
Mantarays to the South and the Yacht club with associated infrastructure and public access approximately
1km further North.

e The policy-based timeframes for erosion at this site are less meaningful than a consideration of a likely
sequence of erosion and an associated adaptation sequence to address consensus driven adaptation
objective RETAIN BEACH ACCESS AND UTILITY and the identified risk to coastal assets.

PROTECT and RETREAT are the only feasible options to deliver adaptation objective of retaining beach access (along
and cross shore) and utility as primary coastal access point for the settlement.
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6.4.2. Adaptive Pathways for Town Beach

The existing situation for Exmouth Town Beach is one where episodes of erosion or inundation

pressure are occasional. Existing protective works are commensurate with asset values (Figure 6-8,
Figure 6-9) with a deliberate focus to maintain beach access.

Figure 6-8: Town Beach area circa 2011

Relatively narrow coastal buffer, low dunes, development adjacent to beach, backed by canal estate
in the middle background

Figure 6-9: Ningaloo Beach Resort, southern end of Town Beach adjacent to harbour
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The adaptive approach involves identifying when existing management systems are no longer
appropriate and determining long-term options to guide evolution of existing practice.

For Exmouth Town Beach, existing or short-term coastal hazard risk management is required for Town
Beach facilities, including Friedman Way access and Exmouth Yacht Club. Risk is presently limited by
the relatively low cost of infrastructure and protection works (Figure 6-11). Access to and along the
beach, which has been rated as essential by the Exmouth community, is not presently restricted by
the protective works, although it has been adversely affected by sand management practices (see
Section 7.3).

In the longer term, these facilities are expected to be subject to progressively increasing erosion and
inundation pressure, eventually also impacting on the facilities at Mantarays Resort. Progressive
change, without intervention, involves:

e Reducing beach width/access

e Loss of beach in front of seawalls

e Damage to beach facilities, including artificial dune and seawalls

e Restriction of beach in front of dunes

e Qutflanking of existing foreshore protection

e Dune scarping and mobility

e Increasing constraint to beach access

e Damage to infrastructure
Further description of these pressures is outlined in Table 6-6.

An estimate of the timeframe over which existing management may remain effective has been
developed by considering beach position relative to Town Beach defences. A cost-benefit analysis
(CBA) for the defences has been undertaken, considering asset protection and the changing risk of
revetment failure with beach position (Figure 6-10). Community value of beach access, which is non-
monetary, has been parameterized as a wide range of equivalent monetary values.

Shaded area indicates

0.0
not preferred

Benefit-Cost Ratio

20 15 10 5 0 -5 -10 -15

P
(53]

BeachAccess

Value ($/yr) S0M mmme- &1M

Figure 6-10: Cost-Benefit Evaluation for Town Beach Protection
Considered with Existing Protection Level and Assets
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Figure 6-11: Existing Protective works and 2012 Concept Design for Yacht Club site
Note that dune loss has affected the original design intent

Assessment of Adaptive Pathways for Town Beach has followed general guidance from WAPC
CHRMAP Guidelines @ combining use of multi-criteria assessment to identify a short-list of viable
options, coastal recession modelling to predict performance of these interventions, and cost-benefit
analysis to indicate how the financial viability of options is expected to change over time (Figure 6-12).

-
Considering non-financial factors
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\-interventions, to assess impacts

Coastal Recession
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-
Considering financial factors &

management objectives to assess
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Cost Benefit
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S

Figure 6-12: Assessment Sequence for Town Beach Adaptation Pathways
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Table 6-6: Summary of key issues for Town Beach

Issue Timeframe Description Options Action
Beach NOW e Beach users have identified reduced amenity on Town Beach following sand | e Future sand management activities Shire to engage with DTMI
Amenity management activities by the Department of Transport and Major should undertake a wider assessment
Infrastructure, including excessive beach scarping & presence of rocks. of beach state (outside sand trap)
o Sustained period of southward alongshore sand transport (since 2010) has prior to works, limit transport of
occurred, after the preceding 30 years were northward. cobbles, and sand placement should
e Excavating material from the southern trap and placing to the north is not aim to reduce scarp formation.
achieving effective bypassing. e Sand extraction and placement
e Impacts to beach amenity have further occurred due to placing sand on the options should be subject to
beach flat, to avoid dune vegetation. agreement by the Shire Works
Manager prior to implementation
Access Along 10-30yrs ¢ | e Foreshore works include revetments and artificial dunes in front of Town e Remove facilities & structures (gains Adaptive pathway
Beach Beach facilities, Exmouth Yacht Club and Exmouth Game Fishing Club. ~25 years of beach access) recommended.
e These are in front of the primary dune & will restrict access along the beach | e Modify dunes to provide access
if sustained erosion occurs. behind existing facilities. Decision appropriate at 10m
e Rapid sustained erosion of 5-10m will occur when prevailing winds return to | e Modify structure layout to provide recession.
‘normal’. access in front of existing facilities.
e There is potential for progressive coastal erosion associated with sea level e Extend structures to provide access in
rise. front of existing facilities.
e Enhance beach stability to extend
duration of access along the beach.
Beach NOW ¢d o Wave and erosion hazard from severe storms provides a risk to existing e Remove structures & relocate Adaptive pathway
Facilities facilities along Exmouth Town Beach. Risk increases if the beach narrows. facilities. recommended.

Remove structures & relocate /
replace facilities (BBQ, paths & yacht
club building) after 10m coastal
retreat.

Remove structures & relocate facilities
after damage occurs.

Decision appropriate at 10m
recession.

¢ Establish plans before renewal / modification of existing facilities.

9 Existing facilities susceptible to damage in 100-year storm. Revetment susceptible to failure in 100-year storm after 15m coastal erosion
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Issue Timeframe Description Options Action
e Extend protective structures in front of
facilities.
e Enhance protective structures after
10m coastal erosion.
e Enhance beach stability to limit storm
risk to facilities.
Inadequate NOW Existing town planning documents have defined 40m foreshore reserve e Adopt larger foreshore reserves for all Adaptive pathway
Foreshore width. Application of DPLH methods to estimate foreshore reserve gives planning, limiting existing sites. recommended.
Reserve much larger widths (140-170m). Definition of the foreshore reserve can give e Adopt larger foreshore reserves for
an expectation of when coastal engineering works may be needed, or new developments only. Decision appropriate at 10m
requirements for retreat. e Enhance beach stability to limit storm recession
risk to facilities.
Dune NOW Dunes are presently experiencing moderate degradation pressure, including Shire to develop and
Management effects of pedestrian and vehicle traffic. Instability is projected to increase implement improved dune

with rising sea levels. Loss of vegetation from the dunes will cause dune
movement landward and alongshore (northward). This is estimated to
contribute 25m to foreshore reserve requirements.

management practices.
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Valuation of a cost-benefit ratio below CBR=1 indicates economic viability of the protection strategy
is limited beyond 10m coastal recession, with consideration of beach access reducing this amount of
change. However, it is noted the CBR is fundamentally developed by risk associated with damage from
extreme events — this is often not perceptible or able to be supported by public decision-making until
damage occurs, or beach access is constrained. Evaluation of the likelihood of a physical trigger has
been examined through coastal erosion /recession modelling (see Section 6.4.4).

The presence of existing coastal protection modifies decision-making from adaptation for unprotected
assets, where a coastal buffer less than the storm erosion allowance (S1) is a common trigger for
adaptation. Consequently, 10m coastal recession is recommended as a trigger for coastal adaptation
decision-making, with 20m coastal recession recommended as a trigger for adaptive implementation
(Table 6-7, and refer to Figure 6-19). At 20m recession, performance of Town Beach’s existing defences
is uneconomic, and coastal retreat is likely to significantly restrict access along the beach.

Table 6-7: Variation of Risk Status and Adaptation with Recession for Town Beach

Coastal

. Risk Status Decision-Making

Recession

0-10m Beach access generally available. Reasonable to repair protective
Tolerable risk to protective structures. structures if damaged.
Tolerable risk to assets to landward.

10-20m Beach access occasionally restricted. Requires decision about long-term
Increasing risk to protective structures. risk mitigation. If damaged,
Tolerable risk to assets to landward. protective structures should be

removed (retreat option) or
enhanced (protect option).

>20m Beach access seasonally restricted. Implement longer-term risk
Intolerable risk to protective structures. mitigation strategy, even if no
Increasing risk to assets to landward. protective structures are undamaged.

As with MU1 and MU2, existing dunes provide a significant erosion buffer and inundation barrier to
substantial high value assets (residential lots along Madaffari Drive). Although there is a large existing
buffer, its effectiveness will be reduced by dune instability. Low-cost dune management is considered
essential for long-term coastal management along Town Beach. It is recommended a dune
management plan be developed and implemented as an immediate action.

Under projected sea level rise, unmitigated coastal recession will result in the loss of all facilities along
Exmouth Town Beach, including Mantarays Resort, with erosion into the dunes substantially
restricting beach access and causing a total change to Exmouth Town Beach use and amenity. Future
adaptation can consequently either involve accepting these changes (i.e. a ‘retreat’ strategy) or
undertaking actions to limit processes of coastal recession (i.e. a ‘protect’ strategy).
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6.4.3. Multi Criteria Analysis (MCA)

Retreat or protect approaches to risk mitigation have been considered for Town Beach through
multicriteria analysis, which compares non-financial characteristics between options. Effectiveness,
environmental impact, social values, aesthetics, future adaptability, and cost were rated for each
option (Table 6-8). Each of these factors was given a rating out of 3 by the project team, except for
effectiveness, which was given a rating out of 10. While ratings are subjective, they were validated
through consultation with key Shire representatives, discussions in community workshops, targeted
stakeholder meetings and a subsequent Council briefing session held in Exmouth in May 2023.

Six options were considered:
e Removal of assets from inside hazard area e Seawalls / Revetments
e Beach nourishment or replenishment e Artificial Reef
e Groynes e Offshore breakwater

Effectiveness of different options was considered relative to their capacity to simultaneously offset
long-term coastal recession, resist short-term storm erosion and support beach amenity.
Consequently, seawalls or revetments are rated as moderately effective, as their placement
significantly blocks beach use. Notably, to combine protection and amenity may require installation
of a protection system, such as a combination of groynes and seawalls.

Table 6-8: MCA Assessment Criteria

Criteria Description Rating

Effectiveness Ability for the option to mitigate the coastal hazard risk Out of 10 | 1 = ineffective

(and deliver the adaptation objective) 5 = moderately effective
10 = Highly effective

Environmental | Impact on existing native vegetation / dunes / coastal Out of 3 | 1=high env. Impact
processes considering construction / clearing impacts 3 =low env. impact
Social Value Stakeholder and community impacts Out of 3 | 1= negative social value

3 = positive social value

Aesthetic Visual appeal of the option; aesthetics tying into the Out of 3 | 1 =visually unappealing

wider Shire vision for Exmouth 3 =visually appealing

Adaptability Whether the option is easily adaptable in future and if Out of 3 | 1=Ilow adaptive capacity

the option limits viability of shifting to alternatives 3= high adaptive capacity

Cost Upfront capital costs. Ongoing maintenance cost Out of 3 | 1 = relatively high cost

3 =relatively low cost

MCA results are presented in Table 6-9, with preferred options indicated in green and options deemed
not applicable in red. Options coded ‘yellow’ were the middle ground — although these are not
preferred options to meet stated adaptation objectives for Town Beach MU2, they may be applicable
for wider, strategic management across the Management Unit. Options considered further,
specifically evaluated for response to coastal erosion (Section 6.4.4) and financial viability via cost-
benefit analysis (Section 6.4.5) include:

e  Facility Removal

e Offshore Breakwater Construction

e Groynes.
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Table 6-9: MCA for Town Beach foreshore (MU2)

Option

Effective
- hess

Environ-
mental

Social Cost

Adapt-
ability

Score

Comment

EWELS

Artificial Reef

Offshore
Breakwater

Suitable for low-value public assets such as foreshore recreational
Removal of amenities. Potentially costly if triggers met before asset due for
assets from replacement. For the Town Beach area, this solution is problematic
. . 10 3 3 1 18 . . .
inside hazard given the lack of available land to relocate assets. Suggestion to
area consider the vacant dune area adjacent to Mantarays for possible
relation site for Yacht Club infrastructure
Beach Potentially very expensive and requires careful consideration due
nourishment 3 3 5 3 14 to local sediment dynamics associated with harbour and switching
or within sediment cell connected to changing wind conditions.
replenishment
A groyne near Mantarays (location B in Figure 6-13) will assist in
preserving beach to the South of MU but may contribute to
Groynes 6 3 3 2 16 transference of erosion pressure to the North. Groynes generally
lead to downdrift erosion issues if not designed and constructed
appropriately; would require sand nourishment as part of works

17

Expensive option. Likely to lead to reduction or loss of usable
sandy beach. Disconnection of foreshore with beach flagged as an
issue with stakeholders. Revetments are already in use in this MU

and therefore likely more tolerable than vertical seawalls.
Difficult to design submerged structures to work effectively, and
costly to build and maintain

Can be costly to build and maintain but can be designed to work
effectively and provide usable sandy beach. Social concerns about
ocean views likely. Concerns could be offset by designing shore-
attached structures.
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6.4.4. Coastal Erosion & Recession Modelling

A model for coastal erosion and recession was developed for Exmouth Town Beach, based on
consideration of historic rates of coastal change, storm events, variable alongshore sediment
transport, projected future coastal recession, and coastal erosion transfer due to potential
configurations of coastal defence structures. Coastal segments defined by groyne or offshore
breakwater fields was considered, incorporating effects of using 0, 1, 2, 3 or 4 structures into beach
position forecasts — thereby defining cells A-E (Figure 6-13).

Groynes

Pressure from

Weaker Beach Control
More Expensjve

Figure 6-13: Nominal Position of Control Structures for Exmouth Town Beach

Simulations of ‘possible futures’ were undertaken:

e Annual storminess was generated as a random event, statistically matched to estimated storm
bite and storm intensity.

e Alongshore sediment transport was simulated as a slowly varying process, with cycles of
varying duration, typically 5-8 years long, corresponding to El Nifio / La Nifia cycles.

e Rates of coastal recession in response to sea level rise were alternately based on SPP2.6
allowances (1:100 ratio of sea level rise to recession), or a reduced rate (1:50 ratio) based on
the presence of the wide nearshore rock platform along Town Beach.

Figure 6-14 shows an example of a simulated future, and the varied response to different protection
configurations. This demonstrates the tendency for transfer of erosion pressure from a retained cell
to the adjacent downdrift cell. A set of 1,000 simulated futures were subsequently generated, and
occurrence of erosion values were converted into an occurrence distribution for each year (Figure
6-15).

71



SeashoreEngineering

100.0
Unprotected

B0.O

=]
=
=

Rotation

Recession(m)
5
=]

Coastal change similar throughout.

o Storm Recession largely due to SLR.

M % B 2 2 g 2 g @ 2 © g 4 2 2 8 8 4 8 &
R R R A R A ~ A A ”mR R & B &8 & & %8 8 ® =& =
100.0
1 Unit Held

BO.O
Recession pressuretransferred to

0.0 downdriftcellsB &C

400

Recession(m)

200

Sdimentheldin Cell A, but eventually
profile moves landward with SLR

0.0

M B W g2 ¥ ¥ 2 g @ B B g ¥ 8 = g & = 9 8 H
R " " % R R ® & & R 88 8 8 ®& & & 8 8 8 & =&
100.0
2 Units Held

Recession pressuretransferred
to downdriftcells C-E

Recession(m)
5] 5
=] =]
L1

. é Sdiment heldin Cells A & B :

-200

2080
2090

2100
2105
2110
2115
2120
215

A =2 ®w 2 2 2 B g8 # & g & &
/g R R R R B B & =& & 8 = =

Figure 6-14: One Erosion Simulation, with 3 Different Protection Configurations
Retention defers coastal recession but transfers it to the adjacent (downdrift) cell. In the longer-
term, overall coastal recession will also begin to affect the retained cell.

Outcomes from the coastal erosion and recession modelling relevant to decision-making include:

1.

There is substantial difference between a policy-based ‘future’ projection (Section 3) and
anticipated behaviour based on the topography and bathymetry (Figure 6-16)

The first ‘decision point’ separating retreat from other strategies occurs when beach access
along Town Beach is constrained (~20-30 years at earliest).

Protection is able to defer removal of existing infrastructure for an extra 10-30 years, which
may extend its effective life to 2060-2115 (Figure 6-17).

However, protecting Town Beach will act to transfer erosion pressure to the north, bringing
coastal erosion pressure forward by ~10-20 years.

Protection cannot effectively extend beyond Warne Street due to transfer of pressure to the
breakout area, which would cause extensive damage to the dunes and prevent access along

the foreshore (i.e. it directly counters the objective for protection to support foreshore
accessibility).
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Figure 6-17: Time Range for Adaptive Change with 1 Protection Structure
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6.4.5. Cost Benefit Analysis (CBA)

The purpose of the Cost-Benefit Analysis (CBA) is to compare financial aspects of adaptation options.
All major values and costs of the selected options (Table 6-10), both at present and over the option’s
intended design life are balanced, reported as benefit-cost ratios (BCR) and net present value (NPV).
Both costs and benefits are considered across a range of discount rates, notionally to account for

opportunity cost.

Table 6-10: Monetary Value Elements Applied to CBA

Item Considered

Cost Elements

Damage to Existing Assets

Est. $2.6M for seawall, yacht club building & landscaping
infrastructure. 0% damage at 10m erosion, 100% damage
at 40m erosion, as the lowered seabed would cause
seawall failure through undermining.

Reduction Tourism Lot Value

Assumed $2.0M variation in lot value. 0% loss at 40m
erosion, 100% loss at 120m erosion.

Town Beach Amenity
Non-monetary

For “fixed’ financial evaluations, $100,000 p.a. value
assumed, with 100% benefit for <10m erosion and 0%
value for >30m erosion.

Northern Beach Amenity
Non-monetary

For ‘fixed’ financial evaluations, $20,000 p.a. value
assumed, with 100% benefit for <20m erosion and 0%
value for >50m erosion.

Groyne Construction

Estimated $600,000 per groyne, assumed installation 2025,
2055, 2085.

Offshore Breakwater Construction

Estimated $800,000 per breakwater, assumed installation
2025, 2055, 2085.

Beach Nourishment

Assumed $30/m?3, with 2,150 m3 required to offset 1m
recession*. Due to high uncertainty with both pricing and
volumes required, an additional factor of 3x has been
applied as a ‘high’ cost scenario for sand nourishment.

For each option, the projected median coastal position (as per Section 6.4.4) has been used to
estimate relative costs as the coast evolves over time.

It is noted the key benefit associated with management of Town Beach is provided by beach amenity.
This is a non-monetary benefit, and therefore its value is highly subjective. To cater for this, as well
using ‘fixed’ benefit rates to derive BCR and NPV, monetary factors have been used to derive a
‘required’ beach value, above which the costs for coastal management are deemed justifiable.

For ‘fixed’ benefit rates, the BCR, NPV and net outlay/loss are presented for discount rates of 0%, 7%
or 15%, for forecasts over 50-years or 100-years (Table 6-11). These figures highlight the relative time
bias introduced by the discount rate, and the relative emergence of coastal erosion pressure over

time:

e ‘Nochange’ is the best option for the short-term focus (7% or 15% discount, 50 year forecast),
as the limited erosion pressure on Town Beach prompts low financial justification for coastal
intervention. Notably ‘no change’ is the best option for a 100 year forecast, effectiveness
representing managed retreat, as it involves loss of assets exposed to coastal erosion.
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e Sand nourishment (low estimate) is the best option for the 0% discount rate, 50 year forecast
case. This case effectively gives increased weighting to erosion pressure from 2050-2075 and
demonstrates financial impact of forecast damage to existing assets during this phase if there
is no protection (from nourishment or structures). It is highlighted that uncertainty regarding
effectiveness of sand nourishment is significant, with the x3 estimate for sand nourishment
being financially unviable, having a negative NPV and BCR <1.0.

e Emergence of greater financial viability for groynes & breakwaters with the 100-year forecast
reflects the greater rates of coastal recession and erosion anticipated after 2075. However, in

the longer term, these structures defer, but do not prevent coastal retreat.

Table 6-11: Financial Evaluation for ‘Fixed’ Beach Amenity

Blue indicates positively viable (CBR >2.5),

indicates potential viability (1 < CBR <2.5) and red

suggests non-viability on a financial basis, although these options might be better preferred under a
wider consideration of project factors.

50-year 0% discount 7% discount 15% discount
Forecast (cash-flow) (intermediate) (short-term)
Outlay / Outlay / Outlay /
Option BCR NPV Loss BCR NPV Loss BCR NPV Loss
No change 18.7 | $1.6M | $0.9M 230 | $0.8M | $0.9M
Groynes
Breakwaters 1.0 $0M $1.6M
Nourishment 2.7 $7.6M $1.3M 48 | $1.4M | $1.3M 55 | $0.7M | $1.3M
Nourishment x3 | 0.9 -$1.4M $3.9M
100-year 0% discount 7% discount 15% discount
Forecast (cash-flow) (intermediate) (short-term)
Outlay / Outlay / Outlay /
Option BCR NPV Loss BCR NPV Loss BCR NPV Loss
No change 6.3 $4.6M $3.4M 26.1 | $1.6M $3.4M 240 | $0.8M $3.4M
Groynes 51 $4.9M $5.5M 2.5 $1M $5.5M
Breakwaters 3.8 $4.5M $6.6M
Nourishment 4.7 $4.8M $4.5M 5.0 | $1.3M | $4.5M 5.5 | $0.7M | $4.5M
Nourishment x3

Although each option has been considered applied separately, over the whole forecast, an
interpretation of the financial evaluation is that different options are more or less viable over time.
Indicatively, this could involve interim use of sand nourishment (early) or coastal structures (later) to
mitigate low rates of erosion, with transition to managed retreat as recession becomes advanced or
higher rates of erosion develop (Figure 6-18).

Do Nothing / Managed

Retreat

Groynes / Breakwaters

Sand Nourishment

Figure 6-18: Schematic of Option Viability over Time

2025

<

2050

2075

Solid line indicates higher viability. Blue has CBR >2.5 and

2100

2125

has 1 < CBR < 2.5.
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Financial-based decision-making is not definitive when a substantial proportion of the costs or benefits
are non-monetary, or when there is inequity in the distribution of costs and benefits. For Exmouth
Town Beach, the non-monetary benefit of beach amenity is a significant component. Economics of
this situation have been considered by evaluating the equivalent financial benefit required to bring
the overall BCR to 2.5, for each option (Table 6-12).

Table 6-12: Required Beach Amenity Benefit for BCR = 2.5

7% discount 7% discount 0% discount
Option 50 year forecast 100 year forecast 100 year forecast
No change / Retreat $15K p.a. S10K p.a. $40K p.a.
Groynes $100K p.a. $100K p.a. S50K p.a.
Breakwaters $135K p.a. $135K p.a. $65K p.a.
Nourishment $55K p.a. S50K p.a. $55K p.a.
Nourishment x3 $155K p.a. $150K p.a. $160K p.a.

These outcomes indicate the effect of evolving erosion pressure over time, with discounted rates
being focused on more immediate conditions, and the long-term 0% discount forecast providing an
overall cash-flow consideration.

In the context of community consultation indicating critical value for beach amenity, the real costs of
coastal hazard mitigation are moderate. However, they require dedicated funding, to be strategically
assembled, with some uncertainty of timing due to the nature of coastal erosion pressure (see Section
6.4.4).

6.4.6. Adaptive Pathways and Decision Points

Forecast coastal erosion pressure does not immediately require selecting a strategy for management
of Town Beach MU2. This presents an opportunity for flexible decision-making, with a series of
alternative adaptive pathways available. An indication of pathways available is presented relative to
observed coastal recession, along with the decision points that may stimulate an appropriate change
of management actions (Figure 6-19).

Damageto/
Challengeto  Lifetime of ~Damageto  Threat to
Beach Access Beach Mantarays Dunes /
-/ Facilities /Re"etment‘/Property RETREAT
x >
A L
Access /
All Managed /
o‘ptl‘ons Reduced Cost
similar to Effectiveness
start Renourish / Excessive
o Transferred
/ Erosion
v v v v v -
PROTECT
20m 40m 60m 80m Recession Distance

Figure 6-19: Town Beach Adaptive Pathways & Decision-Points
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As an example, while recession is <20m, the ‘do nothing’ approach is viable. Once recession reaches
around 20m, beach access will become restricted, which could be managed by:

e Accepting the loss of access

e Providing locally improved access

e Undertaking beach nourishment to offset recession

e Installing protection to mitigate the recession
These responses are all likely to remain viable until the next decision point is reached through
subsequent recession.

The adaptive pathways and decision points have been used as a basis for adaptation triggers.

Relative costs of different adaptation pathways, including asset losses by 50 or 100 years are
suggested by the 0% discount rate scenarios in Table 6-11. These suggest:

e By 2125, the ‘no change’ or managed retreat approach corresponds to $2.6M loss of existing
assets along Town Beach foreshore (revetment & foreshore assets) over 2050-2095 and loss
of part of the tourist lots’ effective value ($0.8M) from 2095 onward ©. Financial outlay is
associated with costs of removal prior to structure failure (managed retreat) and landward
extension of the revetment at Mantarays.

e Interim protection from groynes or breakwaters, with a cost of $1.8M or $2.4M, delays
damage to Town Beach assets but brings forward damage to the tourist lots. For groynes, loss
of Town Beach facilities is projected to occur around 2100, and slightly earlier for breakwaters,
around 2090. Loss of the tourist lots’ value is projected to occur over 2080-2125.

e Renourishment is projected to cost $4.5M to $13.5M. Note, sand bypassing and
renourishment are separate activities, with renourishment involving placement of additional
sand int the coastal system. The cost of sand bypassing has not been incorporated in
adaptation cost estimates.

Renourishment is noted as the only “full protection’ option, where it is assumed able to offset erosion
pressure. However, effectiveness of renourishment cannot be guaranteed. Alternative ‘full protection’
options using structures would require either (i) transferring recession pressure to a natural area of
equivalent accretion — not present along Exmouth coast; or (ii) installing alongshore control structures
that transfer erosion pressure to a sacrificial section of foreshore downdrift. Protecting a length of
foreshore would increase erosion pressure for approximately 2-3x that length downdrift. i.e. if a 3km
groyne field were constructed, say for $3.0M, the next 6-9km downdrift, to the north, would
experience accelerated loss (Figure 6-20). The end structure should be located on a rock formation
that extends landward — presence of such features has provisionally been confirmed through
geophysical investigations to support dune stability assessment °.

Issues anticipated to affect Town Beach, their anticipated time frames and recommended actions are
outlined in Table 6-13. As the need for implementation is not imminent, and either retreat or interim
protection options may be viable, the required timeframe and actions are noted as (R) for managed
retreat or (P) for interim protection strategies.

¢ Long-term projected risk is dominated by modelled coastal recession due to sea level rise (permanent change
of the coastal position) with a smaller distance considered for short-term storm erosion impacts. Modelling has
considered different cross-shore mechanisms for change, such as offshore sediment transfer or landward
transfer via dunes. However, actual response is likely to be influenced by both underlying geology and the
alongshore redistribution of sediment, particularly within the coastal sediment cell framework. The uncertainty
of projected recession requires careful application of adaptive coastal management, incorporating monitoring.
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Figure 6-20: Transfer of recession pressure due to stabilisation
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Table 6-13: Recommended Actions for Town Beach MU2

Issue Required Recommendation
Timeframe

Dune Management Immediate Develop and implement a dune management plan, to
reduce dune destabilization through traffic.

Sand Management Immediate Liaise with DTMI to have existing sand management
practices amended to reduce scarp development.

Access Management Immediate Develop and implement a beach access management plan,
to facilitate beach use and limit adverse impacts.

Restricted Beach 10-30 years Identify and implement preferred coastal management

Access

strategy.

Instability of Existing
Defences

25-50 years (R)
55-85 years (P)

(R) Monitor change & progressively remove threatened
assets
(P) Enhance and extend existing protection

Outflanking of
Mantarays revetment

55-85 years (R)
>100 years (P)

Enhance and extend existing protection (Figure 6-21)

Reducing Tourist lot
value due to erosion

60-90 years (R)
40-70 years (P)

Review lot management — consider retreat or local
protection. Requirements should be defined under coastal
SCA.

@ Crest extension

Typical revetment adaptation

Figure 6-21: Local revetment extension and adaptation adjacent to Mantarays
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6.5. MU3: Harbour & Canal Lots

Exmouth Boat Harbour and Exmouth Marina Village (Figure 6-22) contain the most intensive
infrastructure development along Exmouth coast. Exmouth Boat Harbour was built in 1997-1999, with
subsequent extension of a canal system from the harbour basin forming Exmouth Marina Village
(EMV), built over 2004-2010. Many of the structures within the boat harbour and EMV are designed
for direct interface with the sea, including revetments, jetties and boat ramps (Figure 6-24), which
consequently will have changing performance with projected sea level rise.

The Department of Transport and Major Infrastructure manages the Boat Harbour facility, and the
Shire of Exmouth has overall management of Exmouth Marina Village, with private land ownership of
canal lots encompassing jetties and canal walling inside EMV.
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0

Figure 6-22: Exmouth Boat Harbour and Exmouth Marina Village (Canal Lots)
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Figure 6-23: Facilities within MU3 Exmouth Marina and Canal Lots

Exmouth Boat Harbour and Marina Village are enclosed by substantial breakwaters (Figure 6-24).
Although severe coastal recession may ultimately require landward extension of the breakwaters,
they are considered to effectively mitigate erosion hazard to the infrastructure and assets in the boat
harbour and canal lots. Consequently, identified coastal hazard is mainly related to inundation (Table
6-14), except in the longer-term, where wider-scale coastal recession may affect Neale Cove
foreshore.
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It is noted that progressive adaptation of Exmouth Boat Harbour breakwaters will be required and is
likely to be integrated into ongoing maintenance of these structures by the Department of Transport
and Major Infrastructure. Increasing wave conditions and requirements for raising the breakwater
crest with projected sea level rise have been assessed ¢,

Assets where existing management does not adequately cater for coastal hazards, based on the risk
assessment process in Section 5, include Exmouth Game Fishing Club and the wider areas of hardstand
throughout Exmouth Boat Harbour. Masterplanning for the Boat Harbour ! further indicates
potential for changing asset types within the boat harbour, which may reduce tolerance to inundation
hazard.

Table 6-14: Assets deemed to require Hazard Management in MU3
Exmouth Canal Facilities (Jetties & Walkways) were not identified through the vulnerability
assessment, but will likely require planning modification, likely with a long time for establishment.

Erosion Hazard ‘ Inundation Hazard

Present-day Risk
Requires mitigation now

Exmouth Game Fishing Club
Exmouth Harbour

Projected Risk
Requires adaptation plan now

Emerging Risk
Integrate into planning

Possible Risk
Consider long-term management

Neale Cove Foreshore

Residential lots adjacent to
Crevalle Way

Figure 6-24: Exmouth Boat Harbour and Exmouth Marina Village
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MU3: EXMOUTH MARINA & CANALS Report Card

Use and ‘value’ e  Maritime facilities
e Marina and canal estate area
e Crevalle Way residential lots

Adaptation Increased sea levels will require facilities to be modified progressively.
Objectives
Hazard Erosion:

Related to the structural integrity of works
Inundation:

Working facilities — dependent on constructions levels (oceanic flooding)
Marina/canal estate — land levels set well above inundation levels but walkways
and stores built on low lying concrete areas subject to inundation hazard

Assets e Harbour infrastructure
e Canal residences
% e  Walkways; Public and private access
O e Residential lots & foreshore reserve
Damage e Damage to walkways and loss of public access along canal estates
-~ e Potential damage to harbour infrastructure and working facilities
Mitigation: Inundation
Increased sea levels will require facilities to be modified progressively.
@ e Adaptation sequences for residential facilities linked to decision making

with stakeholder groups — roles and responsibilities; tradeoffs between
private responses versus centralized adaptive efforts and appropriate
mechanism to allow this to be achieved.

e Adaptation sequences for working facilities related to construction
levels, life cycle of structures; requirement to integrate with waterways
management plans with revised water levels for jetty construction every
10 years.

6.5.1. Coastal Risk Management for Exmouth Boat Harbour and Canal Lots

Inundation and flooding pressures vary throughout Exmouth Boat Harbour and the Canal Lots. There
are four distinct ways in which hydrodynamics processes affect the need for inundation (or flooding)

risk management:

1. Around the edge of the Boat Harbour, inundation is developed by wave overtopping or

water passing through the harbour breakwaters, with ocean water level being an important

secondary process. Wave overtopping inundation affects a higher ground level than the

ocean water level. Wave overtopping can be mitigated by building the breakwaters higher,

modifying the face to reduce wave runup, increasing development setback from the
breakwater crest, or enhancing the drainage pathways for overtopping. Choice of an

appropriate strategy should be incorporated within Exmouth Boat Harbour masterplanning,

and ongoing maintenance and adaptation of the breakwaters by the Department of
Transport and Major Infrastructure.

2. Inside the boat harbour, inundation is determined mainly by the ocean water level, which
consequently is directly affected by projected sea level rise. Inundation risk outlined in the

Coastal Hazard Assessment (Appendix B) is directly relevant to this hazard, with
consideration of appropriate freeboard 18,
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~“1.7mAHD

~1.7mAHD

~1.3mAHD

Figure 6-25: Harbour Infrastructure Levels, MU3

3. Canal lot elevation is NOT related to coastal inundation, with the level of +5.25m AHD based
on runoff flooding along Murat Road. This is above the best estimate limit of coastal
inundation for 500-yr ARI plus sea level rise (+4.6m AHD).

4. Within the canals, inundation affects the edge walling and associated facilities (walkways,
jetties & storage sheds). Inundation is mainly associated with ocean water levels, with
potential for super-elevation due to runoff drainage, or canal-surge interactions. Although
water levels in the canals can be slightly higher than the corresponding ocean level, in
general it is difficult for these processes to occur at the same time as extreme ocean water
levels (e.g. peak runoff is usually several hours after the storm peak). Consequently,
guidance regarding adaptation for these areas has been based on tide gauge analyses
reported in Appendix B.

For marine facilities inside the boat harbour and canal lots, increasing inundation generally constrains

the amount of time the facility can be used effectively or safely (Figure 6-26).
360

20 Present Day Inundation Curve

0.8 hrs peryear

0.2m SLR

Water Level (emCD)

0.5m SLR

240 80 hrs peryear

Hours per Year

Figure 6-26: Inundation Occurrence and Change with SLR
Change to inundation occurrence noted for walkway level +1.7m AHD (+3.1m CD)

Inundation risks can be managed by:
o Modifying the level of inundation exposure (i.e. raising assets)
e Increasing asset robustness or tolerance to inundation (e.g. flood proofing)
e Modifying the way in which assets are used (e.g. accepting reduced access).
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Where these activities are achievable in a practical sense, they may form alternative management
pathways or ‘options’. However, they are more typically used in a complementary fashion: for
example, level raising is usually done as a discrete action, say every 20-30 years, with modification of
tolerance or changing asset use mitigating the changing hazard profile for the periods between asset

lifts.

With some variation, structures within the boat harbour precinct can be categorised as:

Boat harbour facilities, including moorings for fishing vessels, industrial facilities, and larger
recreational craft. The boat harbour is owned and managed by the Department of Transport
and Major Infrastructure, and includes breakwaters, areas of hardstand, revetments, and boat
ramps.

Canal estate facilities built as part of the overall EMV establishment and subsequent Superlot
A development. These include revetments, spillways, walkways, and jetties. EMV is a Shire
asset, with active management supported by Department of Transport and Major
Infrastructure, and ownership of private facilities, including jetties and walling, being the
responsibility of individual landowners.

Canal estate facilities built as part of the Superlot B development differ substantially from
those developed for Superlot A, as tilt-up concrete walling has been used for the canal edge
treatment, with buildings located on top of the upper walls. Ownership and management of
the walling is the responsibility of individual lot owners, but there is strong interaction
between adjacent properties, and access to jetties via the walkway is provided through
common-use access points, which are managed by the Shire.

Variation in ownership and management of revetments, jetties and walkways creates potential
challenges to future adaptation. This is illustrated by the existing walkway level of +1.7m AHD,
which is presently inundated <1 hour per year, but with 0.5m SLR, it will be inundated ~100 hours
(over ~30 days) per year. Although Exmouth Boat Harbour Boat Mooring and Management Plan
(191 provides a framework with which to raise jetty levels with SLR, this will result in a mix of old
and new jetty abutment levels, likely making the walkway dysfunctional. This has a potential
knock-on of requiring an increasing number of access points from the canal lots to the jetties.

ELEVATION - REVETMENT JETTY

Figure 6-27: Typical Canal Revetment Structure
Walkway Level at +1.7m AHD
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6.5.2. Adaptive Pathway for Exmouth Boat Harbour

Existing land levels for Exmouth Boat Harbour are variable, including sections of lower-level hardstand
to facilitate transfer at the jetty deck level and a raised area at Exmouth Game Fishing Club (Figure
6-25). Comparison of approximate inundation coverage at different levels (Figure 6-28) shows that
inundation of the hardstand areas starts below the 12yr ARI level, and virtually all the facility would
be underwater for an event reaching +2.5m AHD.

HOOYEAR]

Figure 6-28: Inundation Extents for Exmouth Boat Harbour & Marina Village
Water levels shown are described with present-day recurrence.

Adaptive requirements for the boat harbour precinct depend on the tolerable frequency of
inundation, which is largely a function of use (Table 6-15). Although harbour hardstand may tolerate
occasional inundation with minor damage, a minimum fill level is required to avoid the inconvenience
of frequent inundation. Activities proposed within Exmouth Boat Harbour Masterplan, including hotel
development, would require additional fill levels due to lower tolerance to inundation risk.
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Table 6-15: Required Harbour Land Levels & Fill Requirements

Harbour Use Desired Behaviour Required Level Volume Cost @$100/m3
‘Wet-use’ Dry for HAT +0.5m 2.0m AHD + SLR 110,000 m?3 S11M
General Use Dry for 100yr ARI + 0.5m 3.4m AHD+SLR 150,000 m3 $15M
Accommodation | Dry for 500yr ARl + 0.5m | 4.1m AHD + SLR 200,000 m3 S20M

It is possible to use different fill levels or floor levels for varied uses (e.g. a building may have office
facilities >1.0m above the shed floor). However, for this to be effective, evacuation pathways should
be established that maintain (rising) elevations heading further landward. Isolated elevated levels,
such as Exmouth Game Fishing Club (visible as a high point up to 3.0m AHD in Figure 6-28) do not
provide effective evacuation. It is further noted that an evacuation path should be away from the
breakwater, due to potential effects of wave overtopping.

6.5.3. Adaptive Pathways for Canal Lots

A high-level adaptation sequence for Canal Lots is provided for two discrete areas:

Working facilities
a. All jetties need an adaptive sequence tied to the boat mooring and management plan or
waterways management plan (jetty lifespan approx. 25yrs so need to cope with sea level change
within this timeframe. When updating management plan every 10 yrs for example).
b. Working level life cycle of predicted change for structures with revised water level every 10 years.

Residential facilities

c. Marina/canal estate area: Land levels in marina area are set well above inundation levels (runoff
flooding) — 5.25m — this is well above the coastal inundation level.

d. Walkway: At the present time, flood level frequency does not provide a significant hazard or
impediment to public or private access to the canal estates. Presently, the flooding occurs for
approximately 1-2 hours per year but with projected sea level rise of approximately +0.2m, there
will be around a 10-fold increase, and around 100 hours of walkway flooding per year for SLR of
+0.5m. While this is not structurally significant, it would equate to 30 days per year when water
has encroached on footpaths presenting a functional inconvenience.

e. Walling: Under present policy it is the landowner’s responsibility to fix or adapt structures —
while this may be an appropriate response for the walling, there are clear examples of where this
has not worked on a national basis (e.g NSW and Yunderup). Particularly problematic at the
walkway and floodway.

Therefore, three options that should be considered are:
i. Implementing changes via waterways management plan, placing onus on landowners.
ii. Change by-laws to transfer responsibility from individual landowners requiring them instead to
contribute to a centralized adaptation fund.
iii.  Requirement for landowners to provide their own access.
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6.5.4. Adaptive Pathway for Neale Cove Foreshore

Neale Cove foreshore is part of both MU3 for Exmouth Boat Harbour and MU4 for South of Harbour.
This is because existing foreshore and dune provides a critical erosion buffer to the single road
entrance to the south side of Exmouth Boat Harbour, whilst also protecting residential development
on the south side of the harbour precinct. The connected nature of erosion hazard along this length
suggests that a linear coastal defence (e.g. revetment) is likely to be appropriate.

Coastal recession at Neale Cove has reduced likelihood to occur as it is on the south side of the
Harbour, which in the long-term, has acted as a sink for alongshore sediment transport. However, only
15m erosion would be needed to expose the landward end of the harbour southern breakwater,
making the road susceptible to sand drift and potentially causing flanking to landward. Activities to
offset this could include stopping sand bypassing, extending the sand trap spur, or extending the
original breakwater ~80m with a revetment.

For recession in the order of 40m, protection of the Neale Cove residential area would require ~350m
revetment, including tie-ins, partly mitigated by underlying rock ** (see Appendix B). The wider dune
buffer along the harbour road means that protection may not be required until recession reaches
60m, which would involve a ~180m long revetment connecting the other two sections. Geophysical
assessment indicated higher levels of rock underlying the dune through this section ** (it is <2m AHD
adjacent to Neale Cove residential area).

Narrow Buffer

- Stop Bypassing

- Extend Spur

- Construct Revetment

- Stop Bypassing
- Construct Revetment

, \ Moderate Buffer (Residential)
- Construct Revetment

Figure 6-29: Segments for Neale Cove Erosion Management
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6.5.5.

Recommended Actions for Exmouth Boat Harbour & Marina Village

A recommended pathway for risk treatment in MU3 is:

Table 6-16: Recommended Actions for MU3

Issue Timeframe Recommendation
Private jetties 0-10 years Update BMMP every 10 years with revised sea levels & jetty
(ongoing) design requirements.

Concrete walkway Immediate Identify management options to landowners. Request DTMI
to support development of adaptive design *. Update BMMP
to provide direction for adaptation.

Revetment walkway Immediate Identify management options to landowners *. Update
BMMP to provide direction for adaptation.

Landward limit of | 10-25 years Extend south breakwater landward by ~80m to prevent

south breakwater impacts from recession (Figure 6-29).

Revetment walling 10-25 years Managed by landowners *. Adapt walling as part of repairs /
replacement cycle.

Concrete walling 10-25 years Managed by landowners *. Adapt walling as part of repairs /
replacement cycle.

Public boat ramp 15-25 years Managed by Transport. Adaptation to be incorporated in
maintenance program.

Harbour walling 15-30 years Managed by Transport. Adaptation to be incorporated in
maintenance program.

Harbour land levels 30 years ** Managed by Transport. Levels to be reviewed for modified
land-use within Harbour Masterplan.

Adaptation to be incorporated in maintenance program.

Public jetties 15-30 years Adapt jetties as part of repairs / replacement cycle.

Road adjacent to Neale | 45-90 years Construct ~350m long revetment to protect harbour access

Cove (1) road

Road adjacent to Neale | 65+ years Construct ~180m long revetment to protect harbour access

Cove (2)

road

maintenance actions.

* Walkway and walling structures maintenance and adaptation is the responsibility of landowners. However,
piecemeal adaptation is likely to have high cost and reduce facility effectiveness. It is recommended that a
preferred adaptation sequence be identified, guiding landowners to integrate adaptation into their

These walkways are largely on private land, but give continuous access along the waterway, and
consequently provide a perception of public access.

** Relative need to raise harbour land levels is strongly affected by harbour land-use. Levels would need to
be raised before development of short-stay or residential facilities.
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6.6. MUA4: South of Exmouth Boat Harbour

South of Exmouth Boat Harbour is the least intensively developed part of Exmouth townsite foreshore,
with a small area of residential development at Crevalle Way (see Figure 6-22 and Figure 6-29), and a
mixture of semi-rural and special use lots along McLeod street (Figure 6-30). Lots are generally on low-
moderate elevation floodplain areas, behind the coastal dune barrier of 40-60m width. A number of
lots closest to the coast are prone to coastal inundation, with water able to pass through the dune via
creek breakouts and dune blowouts.

Figure 6-30: South of Harbour: MU4 encompassing Segments E2 & E3

Evaluation of risks, accounting for community values, suggests a priority for inundation hazard
management of the lots adjacent to Crevalle Way (Table 6-17). Erosion and inundation hazards along
McLeod Street were given lower priority, largely due to existing low density of development. Further
development would increase the priority for hazard management.
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Table 6-17: Assets deemed to require Hazard Management in MU4

Erosion Hazard Inundation Hazard

Present-day Risk Lots adjacent to breakouts
Requires mitigation now

Projected Risk McLeod St Special Use Lots

Requires adaptation plan now

Emerging Risk McLeod Street

Integrate into planning Rural Lots South of McLeod St

Possible Risk Rural Lots N & W of McLeod St | Lots behind dunes susceptible
Consider long-term management to erosion

Figure 6-31: MU4 South of Exmouth Boat Harbour
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6.6.1. Coastal Risk Management for South of Harbour (MU4)

Existing perception of coastal risk is strongly linked to roles played by coastal dunes south of Exmouth
Boat Harbour. Where there are breaches in the dune, due to creek breakouts or dune blowouts, the
risk is heightened, either as pathways for inundation, or as openings through which storm wave action
can locally enhance erosion hazard. The dunes along this section of the foreshore are relatively
narrow, with low-lying floodplain behind (Figure 6-32). A number of the breakouts provide drainage
pathways for runoff.

Preliminary evaluation of dune stability has been undertaken by looking at cross-sectional areas,
indicating dunes east of MclLeod Street are susceptible to breaching during severe storms in the
present-day (see Appendix B Coastal Hazard Assessment). Coastal recession will progressively increase
the susceptibility of the dunes protecting MU4, with the entire dune barrier either lost or susceptible
to breaching with recession of 50m.

Although planning allowances for coastal recession are in the order of 140-170m, with further
landward exposure to erosion through dune breaches, it is expected that coastal recession is likely to
be smaller than the allowance, due to:

1. Presence of a wide intertidal rock platform reduces the capacity for offshore transport of
sediment used to project response to sea level rise.

2. Sections of exposed rock along the beach and lower dune suggest the presence of higher
underlying rock formations, which may act as a foundation for the coastal dunes, increasing
coastal stability. A geotechnical (geophysical) investigation may support improved definition
of coastal hazard risk along this foreshore (see Section 7.1).

3. Historically, net (annual) alongshore sediment transport has mainly been northwards, which
occasional reversals. Exmouth Boat Harbour therefore traps sediment on its south side, with
the accumulated material potentially offsetting part of the projected coastal recession. The
rate of sediment trapping will be influenced by ongoing sand management for Exmouth Boat
Harbour (Section 7.3).

Relative protection provided by the dunes provides a coastal hazard management sequence in the
context of coastal recession (Table 6-18):

Table 6-18: Coastal Hazard Management Sequence for MU4

Recession Hazard Pathway Hazard Management
0-10m Coastal inundation through existing e Encourage property level protection
breakouts e Consider capacity for breakout
management, including drainage
10-25m Dunes increasingly susceptible to e Dune management / reinforcement to
breaching. May be subject to landward enhance stability
migration.
>25m Dunes largely ineffective for hazard e Retreat from coastal erosion
mitigation e Property level protection for
inundation

e Evaluate capacity for protection
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Figure 6-32: Dune Structure, Breakouts & Floodplain South of Boat Harbour (MU4)
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MU 4: SOUTH OF HARBOUR Report Card

Use and ‘value’

o Neale Cove - Sediment sink adjacent to boat harbour (source
for bypassing to Town Beach)

e Neale Cove — maritime infrastructure

e Crevalle Way - Foreshore and residential area at Crevalle Way

e  South of Crevalle Way along McLeod St — rural lots

Hazard

Erosion:

e  Erosion hazard immediately south of the harbour linked to sand
management strategy, with the existing strategy of removal
from the Neale Cove area contributing to greater erosion
hazard for Segment D

e Crevalle Way area exposed to erosion hazard by 2070, with
residential area by 2125. Neale Cove and adjacent maritime
area is exposed by 2125.

e  Further south erosion hazard is variable, with present-day risk
associated with dune breaching in Segment E2.

Inundation:

e South of Exmouth Harbour rural sites occupy relatively low-
lying land which can be inundated through low parts of the
coastal dune.

e Inundation hazard first crosses the lowest parts of Murat Road
near Gnulli Court, with Murat Road near McLeod Street also
subject to inundation hazard. This may affect town access in
evacuation scenarios.

Assets

Neale Street (Segment D):
. maritime facility; private dwellings
Crevalle Way (Segment D):
e  Foreshore
e Road
e Residential area
McLeod Street (Segment E):
e Rural lot zone special use N or McLeod Street
e Rural Lot N of McLeod Street

Damage

N

Loss of dune, damage to road and adjacent maritime facilities in the area
adjacent to Neale Cove by 2125.

Damage to road at Crevalle Way and foreshore area and access by 2070
Residential area at Crevalle way likely to be impacted by dune erosion and
dune mobility by 2125.

Rural lots in Segment E1, E2 and E3 impacted by dune breaching and sand
mobility.

Mitigation:

)

e  Tradeoffs — e.g. ongoing sediment management programme
removing sand from sink at Neale Street to bypass to Town
Beach; protection at Neale Street versus Geotech survey and/or
active dune management (now) and targeted protection of
corner of road potentially at risk and sea wall adjacent to
private dwellings (later); further South, active dune
management for rural lots to stabilize and enhance resilience of
dunes v fill of low lying land on lots in line with policy.

e Implications of dune mobility for sub-division of lots.
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6.6.2. Adaptive Pathways for South of Harbor (MU4)

As noted in Section 6.5.4, proximity of Crevalle Way to Exmouth Boat Harbour means that adaptation
to coastal erosion pressure should be linked to Neale Cove foreshore management. Additionally, there
is a pathway for potential inundation risk from floodplain basin to the south. A suggested adaptive
sequence includes:

e Geotechnical assessment to establish extent and elevation of rock.

e Increasing dune stability (monitoring & active dune management)

e Fill low lying land landward of dune and south of Crevalle Way to reduce incidence of
inundation: note that fill in this area does not offset the erosion hazard associated with dune
instability.

e Alongshore structural protection, integrated with protection of Neale Street.

Outcomes from the geotechnical assessment will guide relative efforts on dune management and
protective works:

1 — Geotechnical survey of the area is undertaken, and no rock is located: In this scenario the
adaptation sequence would commence with active dune management across the length of the
area.

2 — Rock located at discrete sites: Targeted dune management for areas lacking rock control.

3 — Comprehensive rock coverage: Monitoring and review of dune areas with adaptive approach
to management as required.

Consideration of pros and cons for management of inundation and erosion is provided for MU4 (Table
6-19).
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Table 6-19: Adaptation Options for MU4

Option
Do nothing*

*Assumption
that status quo
in  terms of

Location

Neale Street — continued sediment bypassing
will lead to decreased stability to the south
(but increased resilience at Town Beach

With coastal recession, the dune will erode
through the southern section (the extent of

Considerations
Can continue to do this in the short

term but will require attention with SLR

Timing — not occurring at the present
but there will be a point at which land
becomes unsaleable

recession would result in:

1. Dune drift (up to about 30m width of
dune)

2. Erosion (less than 30m of dune remain) of
road; threat to private residences

A foreshore revetment would be required

along Neale Street and Crevalle Way — with

underlying rock approximately 1-2m AHD.

that can be subdivided

CONS —implications for beach access
and utility (although this area is not as

sediment . .
.| which determined by presence or absence of
management is o .
retained rock control) creating intolerable risk to
existing private lots.
Protect Neale Street — Under policy allowances 80m PROS — Notionally creating resilient land

heavily used or ‘valued’ as Town Beach

foreshore)

Area around McLeod ST

FILL land level above 2.9m in line with policy —
requires construction of drainage system.
Threat associated with dune instability reduces
by filling the area landward of the dune.

This is not recommended.

PROS - raising land level address issue
of dune mobility and decreases
inundation hazard. Development
requirement to fill is at the cost of the
landowner.

S

CONS — unlikely to provide significantly
more ‘resilient’ dune — sand eroded will

be transported north.

Soft protection

Increase dune resilience and therefore
enhance capacity to withstand erosion,
widening and raising the dune

1. Early options —sand management and
minimal expenditure on enhancing,
monitor and review and hope dune retain
size

2. Build dune up — 25 m3/m @ $500/m3
along about a 200m stretch of coast at a
cost of about $0.25M — reduces risk of
breaching during a severe storm.

PRO — adaptive management approach;

cost effective and iterative.

CON —requires ongoing investment

with benefit to the landowner but cost

is to the Shire.

6.6.3. Summary of Recommendations

A recommended pathway for risk treatment in MU4 is:

Table 6-20: Summary of Recommendations for MU4

Issue Timeframe ‘ Recommendation
Inadequate dune Immediate Set lease time limits. Do not consider conversion to freehold.
capacity to resist Immediate Liaise with WALGA to arrange geophysical assessment &
severe storm revise dune stability evaluation.
10-30 years Enhanced dune management to build dune capacity over
time.
Inadequate foreshore Immediate
reserve (lots south of
harbour)
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6.6.4. Exmouth-Minilya Road

Beyond MU4, Exmouth-Minilya Road provides a single road route connecting the Exmouth and the
Northwest Cape to the rest of Western Australia. This route is critical for the Town, as the pathway
for gas delivery essential to Exmouth’s power supply.

Existing management of Exmouth-Minilya Road by Main Roads WA and supported by the Shire of
Exmouth, presently copes with disruptions associated with flash flooding events along a series of
small, steep creeks %, The frequency and character of management has potential to change with sea
level rise causing coastal inundation.

Preliminary mapping indicates likely impact to Exmouth-Minilya Road by coastal inundation around
+3.35m AHD (not considering the effect of wave action). This has a present-day recurrence of
approximately 0.3% per annum, which is considered a tolerable risk for road damage, which is usually
targeted at 1-5% per annum.

With projected sea level rise, coastal inundation of Exmouth-Minilya Road increases in likelihood,
reaching a 1% per annum likelihood for +0.5m sea level rise, projected by around 2075. This is
considered an emerging problem, which should be acknowledged in long-term regional planning and
ongoing discussions with Main Roads WA.

Learmonth Jetty, a

Shire of Exmouth

THEKRAIT g3
MEMORIAL

9
Learmonth Jetty. a

Figure 6-33: Extreme Coastal Flood Extent on Exmouth-Minilya Road (+3.35m AHD)
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7. TARGETED ACTIONS

7.1. Coastal Monitoring and Geophysical Investigation

Coastal monitoring should be comprised of observations of the beach and the dune. Decisions
regarding Town Beach can largely be related to the available width of the beach (above high tide) in
front of assets (see Figure 6-19), which provides an indication of beach access, and potential for
erosion impacts. The first hard trigger point for decision making occurs with 20m of recession from
the present-day shoreline, which corresponds to no effective beach in front of the existing seawall at
high tide.

Monitoring activities can be undertaken with different levels of cost and complexity, acknowledging
the need to transition towards more detailed methods if refined decision-making is required (Table
7-1). In general, low-cost monitoring is considered viable for Exmouth Town Beach, potentially using
moderate or high-cost monitoring at baseline and every 5-10 years, to provide a framework for lower
resolution assessment.

Table 7-1: Alternative Monitoring Levels

Beach Measurement Dune Condition Coverage
Low Cost Beach Width Site Photos & Review of Beach width @ 200m centres. 10-15
Landgate imagery selected dune ‘problem points’
Moderate RTK Beach scarp, Transects with Species ID | Continuous (~5m) line surveys, with
Cost dune toe, dune crest transects @ 200m centres to back of dune
High Cost Topographic survey Drone Survey & Continuous 2D coverage (~5m max),
Multispectral extending >20m behind back of dune

Results from ongoing coastal monitoring should be assessed with reference to sustained long-term
coastal monitoring activities, specifically including:
e Measurement of sea levels at Department of Transport and Major Infrastructure’s Exmouth
tide gauge.
e Measurement of atmospheric conditions at the Bureau of Meteorology’s Weather Station
005007 at Learmonth Airport
e Capture of high-resolution aerial imagery, coordinated by Landgate, typically in 5-10 year
intervals. Some imagery may be available via organisations such as Google Earth.
e Low-resolution evaluation of ‘detected shorelines’ from satellite imagery 2. Geoscience
Australia provide a free product suitable for characterisation of long-term trends.

It is recommended that development of a first baseline survey included development of a coastal
monitoring manual, to ensure integration with lower cost approaches, and cater for staff changes. A
core element of the monitoring is the ability to distinguish between long-term coastal recession and
short-term erosion-recovery cycles. This will typically involve ongoing comparison of high-water mark
‘shorelines’ or contours (e.g. 2.0m AHD), subject to interpretation following severe storms.

Decision-making regarding appropriate adaptation pathways can be refined through evaluation of
rock presence within the dune system, and subsequently by ongoing coastal monitoring. This has been
undertaken via geophysical assessment from Town Beach through to Crevalle Way °. Extension
further south is not an immediate priority but is considered a necessary piece of information to
develop longer-term adaptation planning for this area.
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7.2. Dune Management

For detailed guidance on dune management activities, refer to WAPC (2003) Coastal Planning and
Management Manual %.

The coastal dune along Exmouth foreshore provides a significant present-day buffer to erosion and
inundation. However, with projected sea level rise, it is expected that coastal recession will reduce
protection provided by the dune. Consequently, low-cost efforts to enhance dune stability may help
to defer the time before hazard mitigation may require more extensive forms of mitigation (i.e.
protection or retreat).

Coastal dunes develop at the interface between the beach and the land, when a supply of sand can
be captured by dune vegetation. Conventionally, dune behaviour has been considered as a
disturbance-recovery cycle, with severe storms taking sand away and wind-blown transport providing
recovery. However, these transfers are developed through a mixture of marine processes, wind-driven
transport and human impacts (Figure 7-1), with the stability of dune vegetation being critical to the
capacity for sand to be held within the dune. With extensive areas of vegetation loss, sand can be
more rapidly transferred landward or along the coast, reducing the capacity of the dune to provide a
buffer against erosion or inundation.

Effective dune restoration, blowout repair and access management can substantially offset dune
instability, reducing sand loss to landward, estimated to reduced projected rates of coastal recession
by 25-50%. This is a crucial hazard mitigation tool where dunes are acting as barriers against storm
inundation.
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Figure 7-1: Beach-Dune Sediment Exchanges

Preliminary evaluation of dune pressures along Exmouth foreshore (refer to Appendix B.6 in the
Coastal Hazard Assessment) identified six types of dune mobility, including pedestrian access, vehicle
impacts, dune blowouts, dune scarps, mobile dune faces and along coast sand drift. Each of these
requires a different form of management. Examples of vegetation loss are shown in Figure 7-2and
Figure 7-3.
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Itis recommended the Shire develop and implement a dune management plan, which helps to control
access and defines activities to reduce ongoing destabilisation. It is noted that natural variability of
environmental conditions, including droughts or storm impacts, can contribute to dune instability.

Figure 7-2: Examples of Dune Vegetation Loss

Following from the Community’s focused interest in providing coastal accessibility, it is important that
access to the beach is provided through the dunes. Consequently, dune management needs to be
sensitive to focal areas of activity, which can change over time. However, provision of defined access
pathways may reduce the proliferation of dune disturbance (Figure 7-3).

Figure 7-3: Example of Dune Vegetation Loss through Vehicle Access
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7.3. Sand Management

Sand management for Exmouth Boat Harbour was identified as an ongoing activity to reduce the
impact of the harbour breakwaters on coastal dynamics 2. Predictive modelling prior to harbour
construction indicated low certainty regarding alongshore sediment transport, with potential to move
either north or south at a low rate (<5,000 m3 per year), depending on weather conditions and the
relative contributions of wind waves and swell.

Uncertainty regarding this impact was managed through construction of spurs on either side of the
harbour, effectively forming two sand traps. Performance of these traps was monitored, and after
early coastal disturbance by TC Vance in 1999, ongoing accretion in the southern sand trap was
observed. Sand management for Exmouth Boat Harbour from 2004 was subsequently based on an
assumption that material accumulated in the southern trap represented the rate of net alongshore
sediment transport. Intermittent bypassing, roughly every two years was undertaken, taking
approximately 3,000 m3/yr on average and placing it on Exmouth Town Beach (Figure 7-4).
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Figure 7-4: Exmouth Boat Harbour Sand Management Quantities

The overall principle of ‘sand into trap = sand out’ has not been wholly successful:

1. The northern side of the boat harbour remained relatively stable from 2004 to 2010 but
accreted substantially over 2011-2012. This is apparently related to a shift in the balance of
northeast and southeast winds (Exmouth Coastal Hazards Report Appendix A.3).

2. Accumulation in the traps is higher than for the adjacent shore (i.e. they effectively draw
material into the traps). Decline in the beach width outside the southern sand trap since
bypassing commenced suggests that sand removal, combined with changing wind conditions,
has caused erosion.
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Placement of bypassed sand has been limited to the beach area, to avoid establishing dune
vegetation. This has resulted in an increasingly long area of placement, closer to the water,
where initial response causes more rapid movement and greater scarp development. Sand
management in 2022 caused scarping of up to 2m height, providing a major constraint to
beach amenity.

Sand management in 2022 was anecdotally reported by community members to include a
large quantity of small rocks. It is noted the lower mobility of these rocks compared to sand
will result in increasing concentration of rocks as the sand is washed along the shore.

: North side of
Exmouth Marina

Construction of
Exmouth Harbour
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Figure 7-5: Shoreline Change North & South of Exmouth Boat Harbour

It is recommended that established practices of sand management by the Department of Transport
and Major Infrastructure for Exmouth Boat Harbour be revised:

1.

Determination of sand bypass volumes should be based on wider consideration than the
southern sand trap, including the state of beaches north and south of the harbour.
Environmental constraints of placing sand to avoid dune vegetation should be revised. It is
noted that landward placement (preferably strip placement across the dune) to reduce scarp
formation may require mulching and planting, with an added project cost.

Occurrence of rock fractions (say >25mm) within bypassed material should be assessed, to
cater for the potential for concentration on the shore as the sand fraction washes away.
Opportunities for pre-works assessment, screening during works, or post-placement clean-up
should be evaluated, and a pathway for monitoring and decision-making established. Material
placed further landward is less sensitive to the presence of rocks, so it may be practical to
screen a smaller quantity of bypassed material for placement on the beach.
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Sand management is a strategy identified to mitigate the coastal impacts for Exmouth Boat Harbour,
aiming to generally mimic sediment transfer driven by wave action, which is almost continuous
alongshore. However, sediment transport varies over time, depending on tidal and weather phases,
as well as changing coastal conditions.

Sand management practices need to be responsive to changing sediment supply and transport
direction. This should not simply involve measurement of the sand trap, as sediment is able to be
drawn into the trap, even under conditions of negligible supply. Prior to bypassing, it is recommended
to assess beach conditions for at least 500m south of the harbour breakwater.

In the longer term, coastal recession is anticipated to occur in response to projected sea level rise.
This will modify availability of coastal sediments to be transported by alongshore processes, likely to
occur as phases of both higher and lower sediment supply. Presence of rock underlying much of the
Exmouth coastal dunes means it is likely that sediment supply will ultimately decline, reducing the
benefits achieved by ongoing sand management.

It is noted that sand management and renourishment are separate, albeit related, management
actions. Renourishment specifically involves bringing in additional sand, to offset coastal erosion and
recession.
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8. STEP 6: IMPLEMENTATION

Evaluation of coastal hazards for Exmouth has shown there are assets which may be impacted by
erosion or inundation, with increasing impact anticipated in the longer term. Most of the present-day
risk relates to relatively lower cost public facilities within the existing foreshore reserve, with the
coastal dune providing a buffer against marine processes.

The existing (informal) coastal management strategy, which provides high coastal amenity but limits
financial exposure to hazard, has been largely effective under conditions of low-moderate coastal
change, but is likely to be challenged by more rapid change (e.g. cyclones) or substantive change
anticipated under long-term projected sea level rise. It is noted that acute erosion pressure
experienced over 2010-2015, which resulted in Town Beach being identified as a coastal erosion
hotspot !, was a consequence of a switch in prevailing wind conditions (identified from BOM
Learmonth wind records) — although future switching can be expected to occur, these impacts are
unlikely to be sustained and progressive.

Consideration of coastal hazards over the longer-term indicates potential for transition towards wider
impacts, including areas landward of the existing foreshore reserve, particularly where dune instability
may reduce its effectiveness to mitigate coastal hazards. These impacts are not certain to occur, and
therefore it is appropriate to:

e Acknowledge that hazards may extend beyond the existing foreshore reserves.

e Shift towards adaptive coastal management, which allows detection of change and proactive
intervention in a timely manner. A step to achieve this is to incorporate principles of the State
Coastal Planning Policy ™ and CHRMAP Guidelines [ into the Shire’s local planning framework
(Section 8.1).

e Prepare funding and observational frameworks to support possible coastal management
futures. These are considered in the context of recommended actions for each of the
management units (8.2).

e Undertake low-cost activities that may be able to offset development of longer-term hazard,
particularly dune management (Section 7.2) and modification of existing sand management
practices (Section 7.3).

8.1. Local Planning Framework

The significance of the Ningaloo coastal region has been acknowledged through development of State
Planning Policy 6.3 — Ningaloo Coast (SPP 6.3), which provides objectives for management of the
Ningaloo region, including Exmouth 24,

The Shire of Exmouth Local Planning Strategy 2015-2025 2% acknowledges the importance of
managing coastal hazards, through both SPP 2.6 (Coastal Planning Policy) and SPP 6.3. This is further
supported in the Exmouth region by the Ningaloo Coast Regional Strategy °. Despite
acknowledgement of coastal hazards, there is limited identification of coastal inundation, as runoff
flood risk occurs in the same locations, to generally higher levels. A special control area for Exmouth
floodplain (SCA5) is identified in Exmouth Local Planning Scheme 4 7). Other planning documents
include:

e Exmouth Marina Village ODP & Broad Design Guidelines 18!

e Exmouth Townsite Structure Plan %!

e Exmouth South Structure Plan 37
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e Exmouth Town Centre and Foreshore Revitalisation Plan ")

General considerations of how land use planning instruments may be used for the Shire to incorporate
longer-term hazard considerations identified through this CHRMAP include:

e Coastal hazard and adaptation planning to be considered during the revision and update of
the Shire’s Local Planning Strategy and Scheme to account for CHRMAP outcomes.

o Where the local planning framework requires further detailed site investigations and
planning, (for instance during the preparation of Structure Plans, scheme amendments or
Local Development Plans).

e Establishment of Special Control Areas or other identified planning instruments under the
Local Planning Scheme that can be used to regulate development in areas that have been
identified under the CHRMAP as being at higher risk.

e Reservation of coastal areas that have been identified under the CHRMAP as being exposed
to coastal hazard at present and in the future.

e Placing Notifications on Titles when new lots are created or development is approved to
identify the land is subject to hazard exposure. This will increase awareness of potential
property owners to present and future risks in relation to the site.

e Local Planning Policies (LPP) can be prepared and adopted in relation to managing current and
future development along the coastline.

e Reservation of land under the Local Planning Scheme to prevent intensification of land use.

e Establishment of a program whereby land can be Compulsorily Acquired for land that has been
identified under the CHRMAP as being at a high risk and therefore intolerable for habitation
of any form.

e Consideration of land swaps or leaseback arrangements (likely to occur outside of the
planning system).

Within the context of providing closer alignment to SPP2.6 ! and its supporting tools, suggested
amendments to existing land-use planning instruments for the Shire of Exmouth have been identified
(Table 8-1).

Evaluation of Exmouth’s land-use planning instruments for the purpose of managing coastal
inundation were evaluated as part of the Statewide Coastal Inundation Assessment . The planning
instruments acknowledged interactions between coastal inundation and runoff risks and identified
that opportunities for growth of Exmouth town site may include undertaking flood management and
mitigation works. However, criteria for tolerable coastal inundation hazard (including sea level rise)
were not identified, and preferred adaptation pathways are not described explicitly.

Exmouth’s planning framework acknowledges the role of emergency management and building design
guidelines in mitigation of flooding and inundation hazard. These factors are not explicitly
incorporated into SPP 2.6 and supporting tools, but if included in the proposed revision of Exmouth
Floodplain Management Strategy, they should also be considered in the context of coastal inundation.
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Table 8-1: Suggested Amendments to Land-Use Planning Instruments

Local Planning
Strategy

CHRMAP outcomes should be addressed as an amendment to the Shire’s Local
Planning Strategy, with areas at risk not being identified for further intensification
of development. Reference should be made to the requirements of SPP2.6 as they
pertain to proposed development subject to coastal hazard risk, including the
requirements for adequate coastal foreshore reserves.

Local Planning
Scheme

E%g\{,.

The Local Planning Scheme should be amended to reflect changes in the Local
Planning Strategy. On undeveloped land that is currently UCL, an adequate
foreshore reserve should be identified. In other areas (zoned Tourism or Residential
Development) the provisions of a Special Control Area should be implemented.

Special
Control Area

®

The introduction of a Special Control Area (SCA) for all land affected by erosion or
inundation over the 100-year planning period will provide the most effective
response to coastal and riverine hazards. The SCA will stipulate provisions to
respond to the risks identified in this CHRMAP, including the trigger for normally
exempt development to require development approval, Vulnerable Coastal Area
notifications on title, requirements for time limited approvals.

Local Planning
Policy

@

To provide context for the Special Control Area is it is recommended that that the
Shire of Exmouth prepare a Local Planning Policy. The Local Planning Policy should
address matters such as:
e Requirements for Development Applications in areas affected by the SCA.
e Guidelines for exempted development
e Guidance for the shire when considering strategic planning proposals,
subdivision referrals and development applications.

Foreshore

Management
Plan

It is recommended that the Shire prepare a Foreshore Management Plan for Town
Beach to address immediate management issues including access, environmental
management, dune management, community use and provision of facilities.

To implement the SCA, the Shire should initiate an amendment to Local Planning Scheme No. 4 to
insert sub-clause 5.8 under Part 5 — Special Control Areas, as per Table 8-2.

In addition to the suggested amendments, it is recommended the Shire consider:

e Alignment with SPP2.6 will require a structure plan to consider coastal processes in relevant

situations. The Local Planning Scheme (LPS) is the head power for implementing a Special
Control Area (SCA), Local Planning Policy (LPP), or Reservation of Land (in a planning sense).

e The Shire of Exmouth are recommended to consider a SCA head power in the Scheme, with

associated LPP. The LPP may suggest that a notification on title occur, through agreement with

the landowner (via the Shire), as part of planning approval (via the Shire, through S70A of the

Transfer of Land Act 1893), or during subdivision (via WAPC, under S165 of the P&D Act 2005).

Considerations of how the planning instruments may interface with this CHRMAP are summarised in
Table 8-3, distinguished by Management Unit. It is noted that development of beach access and dune
management plans recommended in Section 6 (and Section 8.2) could be undertaken individually, or
incorporated within an overall Foreshore Management Plan structure.
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Table 8-2: Proposed Amendment to Local Planning Scheme 4

5.8 Coastal 5.8.1 Purpose To provide guidance for land use and development within these areas subject to coastal erosion and inundation.
Hazard Special
Control Area Objectives of SCA7 are:
(SCA7) a) To identify land within Exmouth at risk of erosion and inundation by coastal processes by 2125.
Objectives b) To ensure public health and safety and reduce risk associated with coastal erosion and inundation.
c) To protect new development from the impacts of coastal erosion and inundation.
d) To avoid inappropriate land use and development of land at risk of coastal erosion and inundation.
e) Toensureland in the coastal zone is continuously available for coastal foreshore management, public access, recreation and conservation purposes.
f)  Toensure land use and development does not accelerate coastal erosion or inundation risk; or have a detrimental impact on the functions of
public reserves.
g) Toensure coastal processes are accounted for in preparing strategic planning proposals and in assessing subdivision and development applications.
a) Notwithstanding any other provision of the Scheme, all proposed development within SCA 1 requires the development approval of the local
government.
b) In considering any application for development approval, or its advice in relation to a proposed structure plan, or application for subdivision of
land within SCA 1, the local government is to have particular regard to:
(i) The Shire of Exmouth Coastal Hazard Risk Management and Adaptation Plan.
(ii) State Planning Policy 2.6 — State Coastal Planning Policy.
5.8.2 Additional (III) The Shire of Exmouth Coastal Hazard Local Planning Policy.
. (iv)  Thelikely effect on public safety and the risk associated with coastal inundation and erosion.
Provisions (V) The existing and likely future effect of coastal erosion or inundation on the land.
(vi)  The vulnerability of any roads providing access to the land and any public utility infrastructure servicing the land.
(vii)  The continued suitability of servicing the land with an onsite effluent disposal system, where reticulated sewer is not available.
(viii)  The impact that any proposed earthworks, retaining walls or other protective measures will have on the amenity of the locality and water
flows.
(ix)  The adequacy of the coastal foreshore reserve to provide for continued coastal foreshore management, public access, recreation,
conservation and landscape amenity.
c¢) Wherethelocal government decides to approve an application for development approval it may impose conditions so as to:

(i constrain the location of development.

(ii) control the form of construction, including foundations and associated works.
(iii)  determine the form, location and construction of access.

(iv)  require a minimum floor level for development.

108




Seashore

d)

(v)  limit the term of the approval.
(vi) require the approved development to be removed and the land restored to a condition as near as practicable to its condition immediately
before development started to the satisfaction of the local government upon a trigger event occurring. and

(vii)  require the registration of a notification under section 70A of the Transfer of Land Act 1893 on the Certificate of Title of the subject land at
the cost of the landowner advising:

a. thatthelotislocated inanarealikely to be subject to coastal erosion and/or inundation over the next 100 years.
b. ofany limited term of a development approval. and
c. ofanyrequirementto remove approved development and restore the land as near as practicable to its condition immediately before the
development started to the satisfaction of the local government upon a trigger event occurring.
Where an application for subdivision of land within SCA 1 is referred to the local government, it may recommend that the Commission applies
conditions requiring:
(i) the finished surface level of the land, or the level of public roads providing access to the land are raised sufficient to reduce the risk of
coastal inundation.
(i) building envelope/s, where applicable, provide a specified area of land that is located above the coastal inundation level.
(iii) a notification under section 165 of the Act to be placed on the Certificate(s) of Title of the subject land, at the cost of the landowner advising
that the lot(s) is located in an area likely to be subject to erosion and/or inundation over the next 100 years.

Notwithstanding the provisions of above, development approval is not required within SCA7 for the following development if such development
is otherwise exempt from requiring development approval under the Scheme:

(i) temporary or non-permanent structures not used for human habitation.
(ii) extensions to an existing single, grouped or multiple dwelling where the net floor area of the proposed extensions is no more than 50m2.

(iiii) a change of use where no new structures are proposed.
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Table 8-3: Considerations for Planning Instruments to Interface with the CHRMAP

and Canal Estate

use of harbour and associated
facilities; Access to canal estate
(walkways) and adjacent
properties.

MU1: Northern | Coastal dunes provide an effective | 1. Retain the low-key tourism uses (caravan park, camping) as currently depicted in the Local Planning Strategy
Floodplain barrier against wave action and a | 2. Amend LPS to explicitly include provisions for coastal process and adaptation in accordance with CHRMAP (ie @
substantial barrier against erosion add SCA7).
and inundation. 3. Create appropriate width foreshore reserves when/if UCL parcels are considered for future development.
The continued protection of the 4. If management orders are being created, or land being normalised — then the Shire should seek to create a LPS
coastal  dunes  should ~ be foreshore reserve with Management Order to the Shire to create reserve.
undertaken through creating a 5. Should the Shire look to obtain the management orders for these parcels of UCL, and subsequently lease the
coastal reservation. lot/s to an operator, it is recommended that specific provisions be incorporated into the leasing documents to
acknowledge potential coastal impacts (as outlined in the CHRMAP Hazard Assessment Report), and to avoid
impacts, and where appropriate to allow for planned/managed retreat or accommodation. SCA
MU2: Town | Exmouth Town Beach was | 1. Town Beach is currently a ‘Reserve’ under the Shire’s Local Planning Scheme No.4 and therefore largely
Beach previously identified as a coastal protected under the Scheme for development. Assets within this area are likely to be owned and managed by
erosion hotspot due to a “rapid the Shire and therefore, can be protected by the Shire from any identified hazards.
observed rate of erosion and | 2. The remainder of the land is zoned Tourism and Special Control Area 6 — Exmouth Marina. There are detailed
public assets close to the shore”. provisions for both areas in relation to development outlined under LPS4.
Continued access to and utility of | 3 proposed SCA7 will put in place additional development provisions in relation to potential future identified SCA
Town Beach has been identified as hazards. Under the scheme areas that will be subject to identified hazards should be noted and development
an adaptation priority for the provisions under the scheme should control development to be of a transitionary nature that is removable or
Shire. can be responsive to change and that no significant development should occur.
4. Should residential development occur within these areas, notifications should be placed on titles.
5. The Yacht Club has capacity within its existing reserve to slowly retreat as required over time.
6. Consideration of Benefit Distribution Analysis (BDA) for existing sea wall, to assist with apportioning the costs EMP
(capital and recurrent e.g. maintenance) based on the beneficiary pays principle.
MU3: Harbour | Continued operation and effective | Since the Marina was developed it has had an impact on the coastline within the Shire.

A Special Control Area 5 (SCAS) is already identified around the Marina under the Shire of Exmouth Local Planning
Scheme No.4 (LPS4).

SCA
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Sea level rise will modify water level occurrence relative to marine facilities, such as jetties, revetments and boat
ramps. This includes how often facilities are inundated, or the relative freeboard to resist wave action, affecting
their use. For most facilities, there is some tolerance to changing water levels, allowing facilities to be modified
progressively, incorporated with their renewal, typically every 15-30 years. Keeping ahead of this requires
recognition of tolerable performance for each facility, and identification of changing sea levels via a reliable
measure, such as Exmouth tide gauge record.

This planning mechanism provides additional requirements in relation to development approval, scheme
amendment, structure plan or subdivision application. In terms of lots within the Marina, it is suggested a condition
of any development approval within the Marina would involve notifications placed on titles identifying the possible
hazards that may occur over the subject site in the future.

BMMP

MU4: Harbour
South
(Residential
land)

The existing dune doesn’t provide
sufficient protection against an
extreme storm.

Protect and Accommodate
Increase resilience of coastal
dunes with active programme of
dune management (with
geotechnical assessment to
establish rock control as a
precursor) enhancing the
protective role dunes can play for
adjacent land/development

Residential Land south of the Marina also contains areas covered by the SCA5 designation under the Shire’s LPS4
which also designates additional development requirements over the land.

Most of the land is zoned ‘Urban Development’ under the Shire’s LPS4 where a Structure Plan is required to be
prepared prior to any subdivision or development taking place.

As part of the structure planning process for the site, CHRMAP outcomes should inform the design of the future
residential lots, in particular around Crevelle Way which was identified as having a ‘high’ risk, as well as the area,
further south adjacent to the dunes where geotechnical assessment should be undertaken to establish the extent
of rock control which has implications for dune migration landward and associated erosion issues or sand burial
problems that may be encountered for residential properties.

Further should development take place within this area, notifications should be placed on titles informing of
possible hazards in relation to identified coastal hazards through the CHRMAP process. The following is
recommended in this area:

1. Structure plan should identify appropriate coastal reserve — this should be ceded to Shire free of cost.

2. Notifications required on titles.

3. SCA for coastal hazards placed on existing lots — requiring development to be approved by Shire — may
require minimum floor level.

4. Shire to consider seeking Management Order for the large reserve in front of the residential land — and
put in place a plan to ensure dune system is strengthened as required.

LPS

SP

s

NOT

FMP
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8.2. Summary of Recommended Actions

Recommended actions from each of the Management Units have been combined, and classed as:
e Actions for Coastal Change (Table 8-5)
e Actions for Marine Facilities (Table 8-6)
e Actions for Dune Management (Table 8-7)
e Actions for Floodplain Management (Table 8-8)

Actions are summarized spatially in Figure 8-1 and Figure 8-2.

For each action, indicative costs, asset managers and potential grant pathways have been identified.
It is noted that asset managers have been distinguished as:

e Landowners: assets are wholly the responsibility of private landowners

e Shire: assets are wholly the responsibility of the Shire

e Shire (State): assets are formally managed by Shire, but commonly supported by the State
Government, typically financially.

e Shire / State: assets are ultimately the responsibility of the Shire, but coordination is shared
between the Shire and State Government, sometimes largely managed by the State on behalf
of the Shire.

e State Govt: assets are wholly managed by the State Government.

e Commonwealth: land is reserved for the Department of Defence.

Overall, many of the recommended actions can be completed through modification of existing
practices, or as part of asset renewal, with effectively minimal additional cost. New actions, that
would require additional funding to be established, have an estimated initial outlay of ~$500k within
the next 0-5 years, and ongoing costs for coastal change and dune management are anticipated to
progressively increase over time, from around ~S$200k per decade towards ~$700k per decade (Table
8-4).

Table 8-4: Summary of Projected Additional Costs for Recommendation Actions
Note: All costs based on 2025 values.

Dune Floodplain
Time Period Coastal Change | Marine Facilities Management Management
Immediate
~$80k ~$85k ~$90k ~$200k
(0-5 years)
Medium Term
(5-25 years) $10-15k / yr Costs depend on ~S5k / yr To be identified
L Ell' $40-60k / integration with through revised
one 1erm r facility renewal * ~$10k / yr FMS
(> 25 years) (averaged)

* The practice of ensuring adaptation can be incorporated into facility renewal may be efficiently
undertaken through Building Information Management and Asset Management tools. Alternatively, a
program of marine asset condition assessment can be undertaken.
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Table 8-5: Implementation Actions for Coastal Change

Required
Timeframe

Recommendation

Resources

Funding

MU2 Environ. Access Immediate Develop and implement a beach access management plan, to S30k Shire (State) CMPAP
Management facilitate beach use and limit adverse impacts. +$10k / yr

MU2 Environ. Sand Management | Immediate Liaise with DTMI to have existing sand management practices In-house Shire / State

amended, to reduce scarp formation and presence of rock.

All Monitor Detection of 0-5 years Undertake baseline coastal & dune survey. Develop coastal S60k Shire CAP
change monitoring manual to support ongoing assessment.

MU4 Planning Inadequate 5-10 years Extend geotechnical assessment to guide adaptation pathway. TBC TBC
foreshore reserve

MU1 Planning Limited erosion 10-30 years Apply time-limited leasehold to Truscott Crescent Special Use lots. In-house Shire
buffer

MU1 Monitor Transferred Subject to MU2 | Undertake coastal monitoring. S10k / yr Shire CAP
erosion stress management

MU1 Planning Transferred Identify coastal adaptation response as part of stabilization design S20k Shire CAP
erosion stress for MU2.

MU2 Works Restricted Beach 10-30 years Identify and implement preferred coastal management strategy. $500-800k / | Shire (State) CAP
Access (Costs assume use of renourishment, groynes or breakwaters) 30 years

MU2 Works Instability of 25-50 years (R) (R) Monitor change & progressively remove threatened assets ~$300k Shire CAP
Existing Defences 55-85 years (P) | (P) Enhance and extend existing protection $500k

MU2 Works Outflanking of 55-85 years (R) Enhance and extend existing protection S250k Shire CAP
Mantarays >100 years (P)
revetment

MU2 Works Reducing Tourist 60-90 years (R) Review lot management — consider retreat or local protection. TBC Shire
lot value due to 40-70 years (P)
erosion

MU2 Works Road adjacent to 30m recession | Construct ~350m long revetment to protect harbour access road $1,000k State Govt.
Neale Cove (1) 45-90 years

MU2 Works Road adjacent to 50m recession | Construct ~180m long revetment to protect harbour access road S550k State Govt.
Neale Cove (2) 65+ years

CMPAP — Coastal Management Plan Assistance Program; CAP — Coastal Adaptation and Protection grant scheme.
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Table 8-6: Implementation Actions for Marine Facilities

Required Recommendation
Timeframe
MU3 Planning Private jetties 0-10 years Update BMMP every 10 years with revised sea levels & jetty design S10k / Shire (State) RBFS
(ongoing) requirements. decade
MU3 Design Concrete walkway | Immediate Identify management options to landowners. Request Transport to S50k Shire (State) RBFS
develop adaptive design *. Update BMMP to provide direction for
adaptation.
MU3 Design Revetment Immediate Identify management options to landowners. Update BMMP to $25k Shire (State)
walkway provide direction for adaptation.
MuU3 Works Revetment walling | 10-25 years Managed by landowners. Adapt walling as part of repairs / - Landowners
replacement cycle.
MU3 Works Concrete walling 10-25 years Managed by landowners. Adapt walling as part of repairs / — Landowners
replacement cycle.
MU3 Works Public boat ramp 15-25 years Managed by Transport. Adaptation to be incorporated in - State Govt
maintenance program.
MU3 Works Harbour walling 15-30 years Managed by Transport. Adaptation to be incorporated in - State Govt
maintenance program.
MU3 Works Harbour land 30 years * Managed by Transport. Levels to be reviewed for modified land- HIGH State Govt
levels use within Harbour Masterplan.
Adaptation to be incorporated in maintenance program.
MU3 Works Public jetties 15-30 years Adapt jetties as part of repairs / replacement cycle. - Shire RBFS
South Design Exmouth-Minilya 15-30 years Assess inundation hazard to roadway and review options for $100k Shire (State)
Road mitigation.
MU1 Works Wastewater 40-60 years * Mitigate inundation hazard to WTP HIGH State Govt
treatment plant
South Works Exmouth-Minilya 40-60 years * Mitigate inundation hazard to roadway. Potential to adapt road as HIGH State Govt
Road part of repairs / replacement cycle.

RBFS — Recreational Boating Facility Scheme
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Table 8-7: Implementation Actions for Dune Management

Required
Timeframe

Recommendation

Resources

Funding

Grant
Schemes

MU1 Environ. Dune management | Immediate Develop and implement a dune management plan, to reduce dune S$30k Shire CW, CAP
MuU2 destabilization through traffic.
MU4
MU4 Tech Inadequate dune 5-10 years Liaise with DTMI to arrange geophysical assessment (extension S60k Shire CAP
Study capacity south of Crevalle Way) & revise dune stability evaluation.
MU4 Protection | Inadequate dune 10-30 years Enhanced dune management to build dune capacity over time. $120k Shire CWw, CAP
capacity +$30k /
decade

CW - Coastwest grants; CAP — Coastal Adaptation and Protection grant scheme.

Table 8-8: Implementation Actions for Floodplain Management

Required Recommendation Resources Funding
Timeframe
MU1 Planning | Runoff flooding Immediate Liaise with DWER to develop revised Floodplain Management $150k Shire / State FM, DRF
Strategy. This should consider coastal dynamics and instability of
northern breakout.
MU1 Planning Development in 5-10 years Prepare and implement guidelines for development within the S30k Shire FM
floodplain floodplain SCA 5, including identification of required finished floor
levels and evacuation planning.
MU1 Tech Breakout Immediate Study to identify minimum channel area required for drainage (may S15k Shire / State FM
Study instability be part of Floodplain Management Strategy)
MU4 Planning | Inadequate dune Immediate Set lease time limits. Do not consider conversion to freehold. In-house Shire
capacity
MU1 - Floodplain 20-50 years No action presently deemed necessary. -
salinisation
MU1 Planning | Coastal inundation | 40-60 years * Amend SCA 5 wording. Advise occupants regarding limitations of In-house Shire
hazard insurance.

FM — Floodplain Management grants; DRF — Disaster Ready Fund grants
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Figure 8-1: Location of Recommended Actions (North & Central)
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Figure 8-2: Location of Recommended Actions (South)
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APPENDIX A: Exmouth Town Beach CHRMAP: Establish the Context
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Asset Value Information

Details Category Function & Service Per Unit Total Value

Warne St. Carpark & | 50 m walling constructed in 2013 backed by carpark; No pricing provided | Foreshore Coastal access, recreation 307,750.00
revetment but assumption that walling costed at same rate as Yacht Club
revetement

Town Beach Shire Asset register 2022 Foreshore Ongoing access, community 109,693.18
infrastructure services, recreation and health
Wave shelters §
benefits.
BBQ
Picnic Tables

Drink Fountains

Fencing

TOTAL BEACH INFRASTRUCTURE 748,307.18
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Asset Details ‘ Category Function & Service Per Unit Total Value
Yacht Club Shire Asset register 2022 Recreational 923,250.00 923,250.00
revetment
Yacht Club Value derived through consideration of AEIP values** Recreational Strong community attachment and 700,000.00
infrastructure

Shire Assets M

Commercial
Private

Total

service; Provides local
employment.
Tourist drawcard. Seasonal
population.
Contributes to local economy.

2,159,307.18

50,370,000.00
74,730,000.00
129,331,818.36
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APPENDIX B: Coastal Hazards Report

Attached as separate document
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APPENDIX C: Workshop 2: Community Risk Assessment Workshop
COASTALHAZARD RISK MANAGEMENT AND ADAPTATION PLAN

How do you value your coast?

C it
y Come along to this important community
Wo rks h O workshop to discuss outcomes from a
p coastal hazard assessment for Exmouth

townsite. Provide your input on pathways

YOUR COAST, YOUR SAY!
to build more resilient coastal areas for all
to enjoy in the future!

Hazards Assets Mitigation
e What’s at risk? ¢ Reducing Risk

e Coastal erosion
¢ Management e Decision Triggers

e Storm Surge
e Flooding

6-8.30pm, Wednesday Nov. 16th
Mandu Mandu West Room

RSVP https://www.trybooking.com/CDXLE =
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APPENDIX D: Workshop 3: Stakeholder Briefing Session

COASTALHAZARD RISK MANAGEMENTAND ADAPTATION PLAN

Stakeholder
Briefing
Sess i on Join us to discuss outcomes from a coastal

hazard assessment for Exmouth townsite. We
will consider likely impacts to assets and
implications for key stakeholders in the ongoing
Coastal Adaptation in Exmouth: use and management of the Exmouth coastal
Stakeholder Roles & Responsibilities zone.

Hazards Assets Mitigation
What’s at risk?
Ownership
Management
e Economics

e Coastal erosion
e Storm Surge
e Flooding

Reducing Risk
Responsibilities
Interactions
Decision Triggers

1.30-4pm Thursday Nov. 17th
Mandu Mandu West Room

RSVP https://www.trybooking.com/CDXLH

RESILIENT, COLLABORATIVE, ADAPTIVE DECISION MAKING
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APPENDIX E: Existing Land-use Planning

Runoff flooding hazard has historically provided a focus for flood management, with coastal
inundation identified as a secondary threat, typically occurring at lower elevations. Consequently,
existing flood mitigation, through site identification, emergency management and minimum fill levels,
provide effective controls to coastal inundation.

The significance of the Ningaloo coastal region has been acknowledged through objectives for
management of the Ningaloo region, including Exmouth.

The Shire of Exmouth Local Planning Strategy acknowledges the importance of managing coastal
hazards, through both SPP 2.6 (Coastal Planning Policy) and SPP 6.3 (Ningaloo Coast). This is further
supported in the Exmouth region by the Ningaloo Coast Regional Strategy (2004). Despite
acknowledgement of coastal hazards, there is limited identification of coastal inundation, as runoff
flood risk occurs in the same locations, to generally higher levels.

A special control area for Exmouth floodplain (SCA5) is identified in Exmouth Local Planning Scheme
4,

Evaluation of Exmouth’s planning framework with a view to establishing its relevance in mitigating
inundation impacts provided the following (Seashore Engineering 2024):

* Interactions between coastal inundation and runoff flooding risks are identified.

* There is no defined scenario for coastal inundation hazard, with runoff flooding levels
generally above coastal inundation levels at the 100-year ARI recurrence used for town
planning. Allowance for sea level rise is not clearly reported, and there is no requirement or
provisions for adaptation.

* Information regarding coastal inundation hazard is not reported in the Local Planning Strategy
or LPS4.

* Exmouth Local Planning Strategy identifies that opportunities for growth of Exmouth town
site may include undertaking flood management and mitigation works.

¢ Minimum floor levels are recommended.

* The need for potential adaptive management along Exmouth coast is identified in the Local
Planning Strategy, acknowledging SPP 2.6. Adaptation pathways are not described explicitly.

* The planning framework acknowledges the role of emergency management and has
incorporated provisions supporting access evacuation in the Local Planning Strategy.

* Exmouth Local Planning Strategy and LPS4 acknowledge the role of ABCB guidance for
buildings.

* A special control area for Exmouth Floodplain (SCAS5) encompasses the area subject to coastal
inundation hazard, except for Exmouth Boat Harbour. Definition of SCA5 based on runoff
flooding, without additional reference to its role to mitigate coastal inundation may impede
SCA use to support strategic coastal interventions or adaptation.
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APPENDIX F: Northern Flood Basin Evaluation

Preliminary evaluation of the Northern Flood Basin has been undertaken through review of SKM
(2007) Exmouth Floodplain Management Strategy, JDA (2002), Australian Rainfall & Runoff and
hypsometry of the flood basin, derived from LIDAR.

Exmouth Northern Flood Basin Hypsometry

Contour Area (m?) Volume (m3)
1.5 m AHD - -
2.0m AHD 60,000 15,000
2.5m AHD 450,000 142,500
3.0m AHD 1,400,000 605,000
3.5m AHD 2,300,000 1,530,000
4.0m AHD 3,000,000 2,855,000
4.5 m AHD 3,750,000 4,542,500
5.0m AHD 4,400,000 6,580,000
5.5m AHD 4,800,000 8,880,000
6.0m AHD 5,150,000 11,367,500

It was noted that flood mapping derived for SKM (2007) used rainfall duration of 3-hours, which was
based upon creek catchment areas. Although this is considered likely to be reasonable for flooding
extent adjacent to the creek channels, it understates the capacity for flooding of the northern flood
basin, which takes a longer time to infill, with JDA (2002) previously applying a 12-hour rainfall
duration.

The stream flooding Special Control Area (SCA) based on SKM (2007) overlies most of the area possibly
subject to coastal inundation, delineated by 500 yr ARI estimates plus 0.9m SLR. This implies existing
flood mitigation activities should generally be valid for mitigation of coastal inundation hazard,
acknowledging differences to insurance coverage and some increases to relative damage (at the same
flood level) associated with salt-water flooding.

Comparison of potential runoff volumes against basin geometry for a ‘closed’ scenario, with no
effective drainage from the northern breakout suggests the lower rainfall duration potential
understates flood risk. However, it also shows that the storage volume of the basin is sufficient to hold
most flood events without reaching existing assets, except for extremely intense or sustained rainfall.
This suggests limited requirement to maintain a specific cross-sectional area for the northern
breakout, although it remains important for an outlet to be there, allowing drainage following a flood
event.

The existing structure of the northern flood basin has a primary drainage pathway towards the
northern breakout. There are several local sub-basins, with low relief constrictions at the northern
end of the golf course, adjacent to the wastewater treatment plant and near Truscott Crescent. The
former drainage pathway to the south has been significantly reduced through construction of
Madaffari Drive, with the spillway crest level around +3.5m AHD, limiting its role as a secondary flow
pathway.
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Development infill of the northern flood basin requires consideration of both the reduced storage
volume of the basin, and hydraulic effectiveness of drainage through the flood basin. This means that
assessment of infill development on the floodplain should consider:

e  Minimum development ground and floor levels, in accordance with accepted risk.

e The total amount of infill development in the flood basin should be capped, to ensure that
reduced flood storage does not increase flood risks to unacceptable levels for the existing
development fringing the basin.

e Infill shall not ‘block’ north-south water flow through the flood basin. The need for
stabilisation (e.g. retaining walls) resulting from flow focusing should be assessed.

e Potential for evacuation pathways (i.e. not be isolated).
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Executive Summary

Coastal hazards affecting Exmouth Townsite have been assessed, to support development of
a Coastal Hazard Risk Management and Adaptation Plan (CHRMAP). Together with
refinement of local planning instruments, the CHRMAP is intended to better align the Shire’s
planning framework with State Planning Policy SPP No. 2.6 (State Coastal Planning Policy).

Evaluation has focused on coastal hazards of erosion and inundation, which are the principal
hazards requiring assessment under the State Coastal Planning Policy SPP 2.6. Observations
and measurements of coastal processes indicate that policy-based estimates of erosion and
inundation hazard are likely to overstate hazards for Exmouth townsite. Consequently, the
approach used has generally been to:
e Adopt policy-based inundation and erosion estimates (e.g. following SPP2.6
schedule one) as an upper limit for adaptation planning
e Use data-based inundation and erosion estimates from tide gauge records and
shoreline change observations to define likelihoods of impacts.
This approach is intended to provide best-estimate projections of evolving coastal hazard
and reduce the maladaptation due to overstating the need for intervention.

Erosion hazard has been assessed for 2023, 2050, 2070 & 2120 using:

e Modelling of cross-shore response to a severe storm, based upon TC Vance, scaled
to have extreme water levels and winds corresponding to a 100-year average
recurrence interval (ARI).

e Extrapolation of shoreline trends based upon historical aerial imagery and satellite
imagery, generally from 1996-2020, which is after the construction of Exmouth Boat
Harbour. Shoreline change has historically been small, except near the harbour,
where sand has been trapped to both north and south.

e Allowance for erosion in response to sea level rise, using the projected sea level
curve described in Transport (2010). This includes an allowance of 0.5m of coastal
erosion per 0.01m of sea level rise for the whole foreshore, plus a geometric based
allowance for low-lying areas where higher water levels will cause narrow foreshore
features (berms and islands) to collapse landward.

Coastal inundation hazard has been evaluated, considering projected sea level rise up to
+1.0m, using a combination of tide gauge analysis and parametric tropical cyclone
modelling. Coastal inundation provides a relatively limited hazard for Exmouth, with most
low-lying floodplain areas exposed to coastal inundation already being identified as subject
to runoff flooding,

The evaluation of erosion and inundation forms a basis with which to proceed with
vulnerability analysis and mitigation planning for Exmouth through development of the
townsite CHRMAP.

Exmouth Coastal Hazards FINAL.docx
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Evaluation of coastal erosion has indicated that accelerated erosion along Town Beach,
which led to it being identified as a Coastal Erosion Hotspot (Seashore 2018), was a
consequence of the presence of Exmouth Boat Harbour, and the sustained occurrence of
anomalous sustained northeast wind contributions. Although the unusual wind conditions
are unlikely to be permanent, rapid local erosion observed along Town Beach is likely to
recur, to some degree, whenever there is a switch in sustained net sand transport direction
(either way), as sediment will be drawn from Town Beach until a new beach configuration is
reached.

Occurrence of wider field erosion adjacent to the southern sand trap suggests that ‘near
field erosion’ is occurring, where more sand is moving into the trap than is arriving from the
coast to the south. It is recommended the Shire liaise with Department of Transport, to
support a revision of sand management practices, including a wider perspective of coastal
change.

Exmouth’s coastal dunes provide an effective barrier against wave action and a substantial
barrier against erosion 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 becoming susceptible to breaching — which would then allow
seawater to move inland. 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 following a limited amount of costal recession. Opportunity to use active dune
management or reinforcement to reduce future erosion hazard should be considered within
potential CHRMAP management options.

Exmouth Coastal Hazards FINAL.docx
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1. Introduction

The Shire of Exmouth is developing a Coastal Hazard Risk Management and Adaptation Plan
(CHRMAP) for Exmouth townsite (Figure 1-1). Overall CHRMAP aims are to improve coastal

planning and management within the Shire and better align the Shire’s planning framework
with State Planning Policy SPP No. 2.6: State Coastal Planning Policy (WAPC 2019).
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Figure 1-1: Location Diagram

This document outlines assessment of coastal hazards affecting Exmouth Townsite, which is
a crucial step in development of a risk-based coastal management framework. This is
focused on roughly 5km of coast, from Exmouth golf course to the northern end of McLeod
Street. However, hazard is considered more widely where it involves spatial connectivity,
such as for flood basins or roads.

Exmouth Town Beach was previously identified as a Coastal Erosion Hotspot (Seashore
Engineering 2018), due to a rapid observed rate of erosion and presence of public assets
close to shore. This document includes detailed review of underlying causes of this hazard.
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Exmouth CHRMAP will guide management of existing and future land-uses, for areas of the
Townsite potentially susceptible to coastal hazards, including inundation, erosion, or other
impacts from coastal change. This will cover:

Natural Assets under direct management of the Shire.

Existing Built Assets owned by the Shire or under direct management.

Existing Built Assets owned or managed by the State Government.

Existing Built Assets owned by private landowners, subject to Shire Planning and
Development conditions.

Areas designated for future development, which are subject to Shire Planning and
Development conditions.

A key objective of the CHRMAP process is to provide a strategic pathway for ongoing
development of the town foreshore, limiting risk to infrastructure, human safety, and other
values, through:

1.1.

Determining where hazard is unacceptable or tolerable for Exmouth’s assets and
values (i.e. is occasional inundation of part of Exmouth Golf Club acceptable).
Evaluating the coastal erosion hotspot and determine appropriate actions (i.e.
identify conditions under which focal erosion occurs and how this could be avoided).
Identifying plausible pathways for hazard management for existing developments
(i.e. can buildings be flood-proofed or is coastal protection likely to be required in
the future).

Determining practical and economically viable mitigation measures to support
greater coastal resilience.

Identifying necessary refinements to local planning instruments, including changes
to Exmouth Local Planning Scheme.

COASTAL HAZARDS

Coastal hazards occur when coastal processes at the interface between the ocean and the
adjacent land can provide physical, environmental, or social loss. This is largely associated
with excursion of ocean waters through waves, tides or storm surges onto land, particularly
where it adversely affects land use or an existing asset. Key coastal processes include:

Erosion, where oceans waters, including wave action, move sediment away from
their existing position along the coast.

Inundation, where land that was typically outside the influence of ocean waters,
becomes submerged, typically for minutes to hours.

Landform movements, including wind-blown dune mobility and sand drift.

Coastal processes do not represent a hazard unless they affect an asset.

Management of coastal hazards is a key objective of the State Coastal Planning Policy SPP2.6
(WAPC 2019). This policy outlines a framework for management, combining land-use zoning
and foreshore reserves as the primary tool for mitigation of coastal hazards. The policy
recommends consideration of coastal hazards over a time frame of 100 years, including

extreme events and projected impacts of climate change, such as sea level rise.
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For areas where existing land-use may potentially be affected by coastal processes within
the next 100 years, SPP 2.6 recommends development and implementation of a CHRMAP,
for identification and ongoing management of coastal hazards. Guidelines regarding
CHRMAP development have been published (WAPC 2019).

This coastal hazard assessment has been prepared as a step in development of a CHRMAP
for the Shire of Exmouth.

1.2. HAZARD ASSESSMENT APPROACH

Assessment has followed a conventional approach for forecasting coastal hazards, using
observations to identify active processes, which are subsequently extrapolated (i.e.
considering more severe conditions, or for active processes to be sustained for decades),
with consideration of extreme events and sea level rise (Figure 1-2). However, this is
complicated by (i) construction of Exmouth Boat Harbour in 1996 modifying coastal
behaviour; (ii) influence of intertidal rock platforms and substantial coastal dunes; and (iii) a
generally low energy coastal setting, subject to occasional severe events. Consequently, the
biggest change observed is largely due to coastal adjustment to the harbour, some of which
is expected to progressively decline over time.

In addition, the Shire of Exmouth is subject to flooding from streamflow runoff, which has
played a significant role in townsite planning (SKM 2007). Consequently, streamflow runoff
has also been described in this hazard assessment informing Exmouth CHRMAP.

Exmouth’s geomorphic and climate setting challenges use of a ‘standard’ interpretation
relating coastal drivers (e.g. waves and tides) to observations, with extrapolation of drivers
used to forecast future coastal change. Instead, the approach has been to distinguish coastal
process responses to active (ambient) and less active (extreme) coastal drivers and consider
how the balance of these processes may change over time. Due to the substantial change to
coastal behaviour introduced by Exmouth Boat Harbour, it is also necessary to distinguish
between changes that occurred as a ‘one-off’ response to harbour construction, and those
which represent a permanent change in behaviour, that should be extrapolated into the
future.

Extreme Events

Observations

Active # Extrapolation
- Processes
Morphology t

Sea Level Rise

Exmouth Boat

Harbour

Figure 1-2: Framework of Assessment Approach
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Evaluation of coastal dynamics includes:

e |dentification of active coastal processes, through evaluation of morphology,
shorelines, and vegetation lines. This indicates capacity for ongoing coastal
management and provides a basis for extrapolation of future change.

e Evaluation of coastal response to severe events, including storm erosion, and
potential breaching of barrier dunes.

e Assessment of plausible response to projected sea level rise.

e Consideration of policy-based frameworks for evaluation of potential erosion
hazard, noting these are not representative of processes active for Exmouth.

Evaluation of inundation hazard has been based on 29 years of tide gauge observations at
Exmouth. This provides a good basis for evaluation of tidal and mean sea level processes
influencing coastal dynamics and inundation hazard. However, during this time, there have
been relatively few extreme events, limiting confidence when estimating potential impacts
from severe tropical cyclones. Consequently, although statistical analysis of the water level
record has been used to estimate inundation event recurrence, the approach used has been
to consider potential impacts up to a ‘worst-case’ scenario, derived from tropical cyclone
statistics and parametric surge modelling (Seashore Engineering 2018).

For both erosion and inundation hazard, available observations suggest that policy-based
hazard estimates are likely to provide conservative over-estimates of hazard severity, but do
not fully describe active processes (e.g. Schedule One of SPP 2.6 does not describe dune
dynamics). However, it is also recognised that coastal processes may change over time,
particularly through response to sea level rise.

Consequently, active processes have been extrapolated to estimate hazard recurrence and
inform ongoing coastal management. Policy-based hazard estimates have been used to
define upper limits for hazard consideration within the CHRMAP development (Figure 1-3).

Policy Based [
Framework 1 .
=7 | 8
=~ Potential for active T ‘E
processes to change I 2=
= 3
g <%
|2 3
Active I 4w
o <
Processes ==
| o o
a o
\

Hazard recurrence based on observations

Figure 1-3: Integration of Observational and Policy Based Hazard Estimates
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Importantly, this approach supports comparison of projections with ongoing observations,
and can reduce potential for maladaptation due to hazard bias. The recommended
‘direction’ to limit maladaptation is determined by whether avoidance or intervention are
being used to mitigate hazard (Table 1-1). Initial screening using a policy-based hazard
assessment can consequently inform a suitable approach.

Table 1-1: Recommended Basis to Limit Maladaptation

Hazard Mitigation

Best Estimate

Conservative Estimate

Recommended Basis

Avoidance
(i.e. greenfield sites)

Small buffer performs

badly if estimate exceeded

Opportunity cost from
wider buffer

Conservative
Estimate

Intervention
(i.e. brownfield sites)

Need for subsequent

adaptation may be early

Exaggerates economic
justification for works

Best Estimate, adapt
to Conservative
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2. Exmouth Coastal Processes

Exmouth is located on the western side of Exmouth Gulf, in relatively shallow and sheltered
waters. Exmouth coastal structure is characterised by a broad shallow rock platform overlain
by a coastal dune barrier system, with flood basins to landward (Figure 2-1). The coastal
dune system acts as a buffer to extreme erosion and storm surge inundation events caused
by occasional tropical cyclones. The dune system provides an almost continuous barrier
along Exmouth foreshore, supported by alongshore sediment transport by winds and waves.

Exmouth Boat Harbour
———'#';' :

e . - T —

. . - '\- 8
& Historic hrdakout site e~ —>~=tloodplain
. : - : region

-

é..— Secondary dune

Coastal

Dune
Rock

platform

Figure 2-1: Coastal Features North of Exmouth Boat Harbour
Obliques Aerial Image: 16 May 2011 — WACoast (Gozzard 2012)

Observations of Exmouth coast provide an evidential basis to describe active coastal
processes and support estimation of future shoreline trends. Evaluation was carried out
using comparison and analysis of observations, interpretation, and previous studies for:

Coastal vegetation line & shoreline changes Section 2.1
Topographic assessment Section 3.2
Coastal inundation Section 3.3
Streamflow runoff flooding Section 3.4
Meteorologic & oceanographic drivers Appendix A
Coastal geology and geomorphology Appendix B
Dune stability assessment Section 4.3, Appendix C

Most of the information refines, extends, or confirms previous understanding of coastal
processes developed for Exmouth foreshore (Table 2-1). A key exception is the nature of
alongshore sediment transport, which has been affected by the boat harbour, as well as a
sustained period of anomalous winds, coincident with increased La Nifia climate prevalence
(See Figure A-6 in Appendix A).
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Coastal Process

Large-scale
Morphology

Town-scale
Morphology

Coast-scale
Morphology

Rainfall &
Runoff

Flood & Coastal
Process

Interactions
Ambient Winds

Tropical

Cyclones

Tides

Storm Surge

Ambient Waves

Extreme Waves

Alongshore

Sediment
Transport

Table 2-1: Coastal Process Understanding

Previous Understanding

Exmouth Gulf provides a relatively shallow
setting, substantially sheltered from ocean
waves.

Exmouth is located on the Cape Range
floodplain, subject to runoff flooding — this
is critical to town planning.

Characterised by a broad shallow rock
platform overlain by a coastal dune barrier
system, with flood basins to landward.
Coastal dunes provide variable barrier to
inundation hazard.

Flood hazard characterised by SKM (2007).

Not previously assessed. Drainage through
breakout assumed significant.

Southerly winds were considered prevailing
and dominant (Damara 2011).

Approximately 1-2 tropical cyclones
influence Exmouth each year. TC Vance
(905hPa) represented an outlying
extremely severe event (Egis 2000).
Exmouth astronomic tidal range of 2.8m
derived from 10 years of data.

TC Vance (3.5m surge) represented an
outlying extreme inundation event (Damara
2007).

Mainly generated by wind waves inside
Exmouth Gulf. Small swell wave entry from
north.

Extreme waves generated during tropical
cyclones.

Sustained, low rate of net northward
alongshore sediment transport, with
occasional short-lived reversal (Damara
2012).

Present Study
Confirmed.

Confirmed.

Variability of dune structure
demonstrated & indicators of dune
mobility developed.

Flood estimate within the flood basin
likely to be understated & requires
revision.

Floodplain storage capacity indicates
limited reliance on open breakout.

Update of wind data sets
demonstrates reduced dominance of
southerly winds since 2010,
corresponding to increased occurrence
of La Nifa climate phase.

Updated with 20 additional years of
tropical cyclone observations. Previous
evaluation generally confirmed.

Additional data has resolved influence
of tidal modulation and mean sea level
fluctuations.

Updated with 15 additional years of
water level data. Previous evaluation
generally confirmed.

No further information developed.

No further information developed.

Sediment transport has been obscured
by sand management, which creates
near-field erosion.

Behaviour since 2010 has included
sustained occurrence of reversed
transport, corresponding to increased
occurrence of La Nifia climate phase.
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2.1. COASTAL CHANGE

Change along the extended Exmouth coast has been evaluated through analysis of
vegetation lines extracted from vertical aerial imagery (collated by Department of Transport,
WA) and satellite-derived annual shoreline estimates (derived by Digital Earth Australia, as
part of Geoscience Australia). Vegetation lines have also provided the basis for development
of erosion allowances in a policy-based assessment of coastal erosion hazard (Section 4.1).

Aerial imagery from 1949 and 2020 demonstrates a relative lack of net coastal change,
except in the vicinity of Exmouth Boat Harbour, where the shoreline has advanced up to
100m following breakwater construction (Figure 2-2, Figure 2-3). However, observed
vegetation line and shoreline behaviour shows fluctuations over inter-annual to decadal
time scales. It is noted that vegetation line and shoreline change are not always in phase,
with simultaneous dune loss and beach growth suggesting cross-shore exchange of sand
between the beach and dune.

2.1.1. Vegetation Lines

On sandy shores, the vegetation line indicates a limit of active coastal processes and is
widely used to detect trends in shoreline change as it has limited response to tides, seasonal
change, or short-term beach movements. However, it is recognised that the vegetation line
does not indicate variation of sand volume on the beach and dune, and vegetation line
movement can be strongly affected by human activities.

WA Department of Transport maintains a catalogue of vegetation lines extracted from aerial
imagery using photogrammetry, which are available with variable coverage of Exmouth
coast for seven dates between 1961 and 2016. These vegetation lines, along with a digitised
vegetation line from 2020 imagery for this study, have been analysed at 50m spaced
transects along Exmouth coast. Changes between periods which had the greatest
overlapping alongshore coverage are plotted in Figure 2-3.

Exmouth Coastal Hazards FINAL.docx 8
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Exmouth Shoreline
1949, 2000, 2010

—— 2020 Shoreline

500 1,000 m
[ S—

Figure 2-2: Comparison of Aerial Photographs
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2.1.2. Shoreline Detection

Development of satellite-derived shoreline detection methods (Bishop-Taylor et al. 2021)
has provided important information for interpretation of coastal change. Although satellite
imagery has substantially worse resolution than aerial imagery, it is available for a much
more frequently available with typically 20 images per year available from Landsat satellites
(from 1987) and up to 140 images per year from the Sentinel 2 satellite (from 2015) at
Exmouth. Together the two provide a useful combination of high resolution and high
frequency observations.

Digital Earth Australia Coastlines dataset is an Australia-wide annual average beach position,
covering the period 1988 to 2020 (Bishop-Taylor et al. 2021). It has been derived from
colour-based shoreline detection applied to satellite imagery. It has been interrogated to
extract annual shoreline positions along 50m spaced transects adjacent to Exmouth Boat
Harbour (Figure 2-4; Figure 2-5).

Figure 2-4: Local Coastline Changes 1988-2018 (Digital Earth Australia)
DEA Coastlines derive annual average beach position (Bishop-Taylor et al. 2021)

Exmouth Boat Harbour breakwaters constructed in 1996.
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2.1.3. Summary of Outcomes

Shorelines and vegetation line assessment, together with assessment of key metocean
drivers (Appendix A) and consideration of human activities and coastal response (Section 0),
have refined understanding of Exmouth coast, including influence of Exmouth Harbour and
causes for loss of dune buffer and scarping which has threatened foreshore facilities at Town
Beach! (Figure 2-6). Key observations from assessments are summarised in Table 2-2.
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Figure 2-6: Observed Beach Scarping

Broadscale change to vegetation lines is mainly attributed to severe tropical cyclone
passage, with widespread vegetation line recession of up to 30m during TC Vance, and a
tendency for recovery (advance) following these events. There is some greater local volatility
of vegetation lines, including at dune breakout sites (e.g. 3600m north) and through
disruption of dune processes due to vehicle and pedestrian traffic (e.g. a dune blowout at
1350m south). Although vegetation lines demonstrate influence of Exmouth Boat Harbour
breakwaters, response has been partly obscured by impact of Tropical Cyclone Vance in
March 1999; sand management through sand bypassing; heavy pedestrian and vehicle use;
and construction two sections of rock revetments in 2013 which control ‘vegetation’ line
position north of the Harbour (Section 2.2.3).

! Erosion pressure on publicly owned facilities at Town Beach, identified through rapid
change in vegetation lines from 2007-2015 prompted the site to be identified as one of the
State’s coastal erosion hotspots (Seashore Engineering 2018).
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Information

Vegetation
Line change

Shoreline
change

Table 2-2: Summary of Shoreline and Vegetation line change assessment

Source & Coverage

DoT catalogue of vegetation
lines extracted from aerial
imagery using
photogrammetry

Variable coverage of
Exmouth coast for seven
dates between 1961 and
2016. Completed using 2020
imagery for Exmouth
townsite coast

Digital Earth Australia
Coastlines dataset has been
used to assess annual rates
of shoreline changes since
1988 (see Section 2.1.2).

Findings
Pre-1995 - tendency for vegetation line advance following 1966, likely to be associated with recovery from several
tropical cyclones in the early 1960s.
1999 - Widespread extensive recession of the vegetation line during TC Vance, with up to 25m occurring where
foredune deflation was evident (e.g. 1050m north of harbour) and in the lee of a lower section of rock platform which
permitted greater wave propagation to the shore (e.g. 3000m north of harbour). Overall, smaller recession to the
south is possibly influenced by increase presence of shoreline rock control and resistance to storm wave impacts.
2003-2007 A mixture of recession and advance across the shoreline with further recovery observed to 2007.
2007-2020 - overall tendency for erosion likely due to increased wave energy reaching the shoreline during sustained
periods of high mean sea levels; and influence of several TCs including TC Olwyn in 2015.
Overall, greatest volatility adjacent to dune breakouts to the north of the harbour (3600m north) which are subject to
rainfall runoff and at a dune ‘blowout at a vehicle access point (1350m south).
Pre 1995 — small fluctuations in beach width (typically <10m) prior to the construction of the Exmouth Boat Harbour
in 1995, mainly associated to local migration of sediment and shoreline features (e.g. cusps). There was a generally
tendency for erosion south of the Harbour which may have been influenced by greater potential for northward
sediment transport over the period, indicated by wind patterns (Appendix A.3).
Post 1996 breakwater construction — accretion on both sides which was a mixture of displaced material from the
works and infilling of the sand traps, with larger deposition on the south side. Infilling is a near-field response caused
by the structures, where sediment accumulates in the sheltered zones by drawing sediment from adjacent areas.
1999 — Occurrence of TC Vance (March 1999) caused erosion of dunes, and in the longer term increased the sediment
volume in the beaches, until the dunes gradually rebuilt. High alongshore transport during the passage also likely
contributed to initial accretion of the sand traps, with greater potential for accumulation to the south indicated by
peak winds occurring from the southeast.
From 2002 to 2010 - Greater tendency for accumulation to the southside, supported by stronger net alongshore
transport indicated by wind patterns (Appendix A.3). Sand was subsequently removed from the southside for local fill
in 2004 and bypassed to the north side in 2007 and 2009 (Section 2.2.2). The volume bypassed was ultimately greater
than the volume of accumulation for the period, resulting in erosion on the southside.
From 2020 - comparatively sustained ‘reversal’ of winds (likely due to La Nina phase), with greater capacity to cause
southward alongshore sediment transport. This has resulted in accumulation immediately north of the harbour,
enhanced by further sand bypassing from the south. Because potential retention volume is large, this supported a
rapid draw of sediment from the adjacent area (Town Beach) resulting in rapid erosion.
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Retreat of Town Beach adjacent to the foreshore facilities is apparent in both vegetation lines
(Figure 2-3, Chainage 400-900) and detected shorelines (Figure 2-5, Chainage 750-900). However,
change to detected shorelines occurred following construction of the boat harbour, whereas retreat
of the vegetation lines occurred more recently. This is a typical behaviour, where beach width
reduction increases potential for erosion hazard impact, but vegetation loss does not occur until
conditions are sufficient to affect the dune vegetation. Installation of two sections of seawall in
2013, with a combined length of around 200m, have control the vegetation line in these areas.

Change in shorelines demonstrate patterns of accretion in sand traps either side of the Exmouth
Harbour since 1996, which have been supported by corresponding erosion further north and south.
Greater overall accretion in the northern sand trap has been influenced by the harbour sand
management regime (Section 2.2.2) and a reversal of the net prevailing northward sediment
transport, sustained for almost a decade (since ~2010, see Appendix A.3). Corresponding sand
deposition across the rock platform north of the harbour suggests potential for offshore loss. These
factors have also led to an acceleration of erosion pressure south of the southern sand trap since
2010, including up to 20m vegetation line recession within 400m south since 2007.

2.2. HUMAN ACTIVITIES AND COASTAL RESPONSE

2.2.1. Disruption to Dune Processes

Since the 1960s, there has been increasing pedestrian and vehicle traffic on Exmouth foreshore. This
modifies the cycles of landward and seaward sediment transfers that contribute to coastal stability,
including preventing foredunes establishing, cutting tracks through dunes, and limiting vegetation
growth on the dune face (Figure 2-7). These impacts are small compared to potential effects caused
by severe storms, however, human impacts tend to reduce mechanisms for recovery following these
events.

As an indicative estimate of foredune erosion and recovery, the processes of storm erosion and
onshore wind-blown sediment transport were modelled:
e A storm capable of eroding the dune directly occurs approximately once every 3-5 years.
e Asevere storm can erode ~20m? of dune face, estimated to occur once every 20-50 years.
e Onshore winds are capable of transporting ~0.5m3/yr from the beach to the dune.
If undisturbed, these rates of wind-blown sediment supply provide capacity to recover before
another equivalent event occurs. Reduced recovery due to human impacts potentially limits dune
recovery.

Dune disturbance by human activity which cuts through the dune or reduces vegetation on the dune
face provides opportunity for additional landward sediment movement, through blowouts or sand
drift (Figure 2-7 b & c). This can equal or even exceed the wind-blown sand supply, preventing
recovery or causing dune erosion.
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Dune-Beach-Nearshore Storage

Landward and seaward exchanges " (a) Foredune Impeded
are not caused by the same

processes.

Nearshore Storage

Figure 2-7: Beach-Dune Dynamics & Impact of Vehicles on Beach

2.2.2. Exmouth Boat Harbour Response

Construction of Exmouth Boat Harbour in 1996 and subsequent sand management has modified
behaviour of the adjacent coast. Prior to construction of Exmouth Boat Harbour, site analysis
suggested that net annual sediment transport may occur in either direction, estimated at up to
7,000m? per year (Riedel & Byrne 1986). Sand traps were constructed on either side of the harbour,
to reduce capacity for sand to travel along the breakwaters and enter the navigation channel.

Ongoing management of Exmouth Boat Harbour since construction from 1996 has included sand
management, to reduce disruption of alongshore coastal sediment transport. Sand management has
been completed on seven occasions between 2004 and 2021, at an average cost in the order of
$120,000 per campaign (JFA 2011, BMT 2022). Works have generally involved removal of
accumulated material in the sand trap on the south side and placement on Town Beach to the north
at an overall average rate of 3,000m3/yr (Figure 2-8). For the 2021 campaign, a 400m disposal area
was designated between Friedman Way and Warne Street. Exceptions to this typical northward
bypassing regime occurred in 2004, when excavated material was used for land fill, and in 2021,
when excavation of the northern sand trap was completed (in addition to the south) following
progressive accretion which had extended to near the head of the spur groyne.
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Assessment of coastal change described in Section 2.1 indicates that initial response to Exmouth
Boat Harbour was infilling of sand traps to either side, supplied by nearfield erosion from adjacent
beaches. Sand management has been undertaken with an objective to transfer the volume in the
southern trap to the northern side, based on net sediment northward transport dominance.
However, there has been net loss from the beach adjacent to the sand traps, suggesting ongoing
sand management has continued the process of near-field erosion (i.e. the emptied trap acts as a
‘hole’ into which sand wants to move, which is separate to the process of alongshore sediment
transport).

An effect of a general ‘reversal’ of coastal sediment transport from 2010 onwards (due to increased
northeast winds during La Nifia conditions) was to switch which side of the harbour acts as an
updrift trap and which has downdrift sheltering. As the updrift side has far greater capacity to hold
sediment, switching created a near-field response on the northern side of the harbour, dragging
sediment from Town Beach. This process is likely to occur whenever there is a sudden shift of net
transport direction.

Apparent increase of sand coverage on the rock platform adjacent to the boat harbour suggests that
some sediment may have moved offshore, potentially bypassing the sand traps.

It is subsequently recommended the Shire requests the Department of Transport to review sand
management principles, to include a wider perspective of coastal change and variability.
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Figure 2-8: History of Sand Removal from Southern Sand Trap
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2.2.3. Construction of Foreshore Protection Structures

Two sections of low seawall were constructed along Town Beach in 2013 to provide 150m of
foreshore protection to the Exmouth Yacht Club building and adjacent carpark at Friedman Way and
50m of carpark at Warne Street. These structures are presently partly buried (Figure 2-9).

50m buried seawall at Warne St

150m low buried seawall at
FfiEd'.T\?ﬁvﬂ W?Y Partially exposed rock at
E }5 T Friedman Way

Figure 2-9: Partly Buried Seawalls at Warne St and Friedman Way

Connected to these sections of seawall, a foredune has been reconstructed along Town Beach
foreshore (Figure 2-10), supported by baffle fencing to assist stability.

(a) Baffle fencing with constructed dune (b) Baffle fencing with limited dune

Figure 2-10: Baffle fencing incorporated into Town Beach reconstructed foredune
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2.3. RELEVANCE TO HAZARD ASSESSMENT AND COASTAL MANAGEMENT

Overall, Exmouth has a relatively stable coast, controlled by the presence of rock platforms. These
increase the relative importance of alongshore transport and potential introduce greater sensitivity
to storm events that combine high waves and water levels, as protection from the rock platform
reduces when it is deeper under water. Much of the observed coastal change is associated with
initial response to construction of Exmouth Boat Harbour from 1996 or impact of severe TC Vance in
1999. These are ‘one-off’ impacts, and although further severe tropical cyclones may occur, effects
of TC Vance should be used for a validation of storm erosion, rather than a basis for future
projection of coastal trends.

Coastal dunes display numerous indicators that human actions, including pedestrian and vehicle
traffic, have disrupted beach-dune sediment transfers. This suggests an opportunity for relatively
low-cost coastal management to reduce erosion pressure. Variability of the dune structure and
proximity to assets affects the relative need for dune management. Presence of coastal rock also
indicates a potential offset to dune instability, however, as rock is buried beneath the dunes the
continuity and elevation of rock features is not presently known?.

Construction of Exmouth Boat Harbour has created areas of sediment impoundment on either side
of the harbour. This has introduced greater capacity for near-field erosion, demonstrated by
response to a comparatively sustained reversal of alongshore transport since 2010, corresponding to
increased incidence of La Nifia climate phases, after 30 years of relatively consistent northward
transport. This sensitivity is also likely to be active during tropical cyclones, and appeared to occur
during TC Vance, although it is difficult to distinguish from initial response to harbour construction.

Sand management through bypassing material accumulating in the southern sand trap appears to
introduce near-field erosion, rather than balancing supply from alongshore sediment transport. In
combination with the recent sustained transport reversal, this suggests the need to revise existing
sand management practices and apply a wider perspective of coastal change.

The flood basin area has a significant role to limit the impact of runoff flooding, which is a key
consideration for coastal inundation management (i.e. the storage area and a pathway for drainage
should be maintained). However, review of the flood basin storage capacity suggests that the basin
can hold a significant volume of water without substantially affecting Exmouth’s infrastructure. This
reduces the importance of keeping open dune breakouts, which have an uncertain response to
changing coastal conditions.

2 Department of Transport plan to undertake a geotechnical survey of the coastal section between McLeod
Street, south of the boat harbour, to the northern extent of the golf course in 2023/2024.
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3. Coastal Inundation and Runoff Flooding Hazards

3.1. POLICY BASIS

Allowance for coastal inundation in SPP 2.6 requires consideration of the maximum extent of storm
surge inundation, defined as the peak steady water level plus wave run-up, plus predicted sea level
rise. At Exmouth, wave-runup is halted by a near continuous dune barrier, with inundation of
floodplain region behind occurring through dune breakouts and creeks. For tolerable inundation risk
avoidance, SPP 2.6 requires development to be outside the 500-year average recurrence interval
inundation area at the end of a 100-year planning time frame:

“The storm event for storm surge inundation should be based on ocean forces and

coastal processes that have a 0.2 percent or one-in-five hundred probability of being

equalled or exceeded in any given year over the planning time frame.”

Recommended allowance for projected sea level rise when undertaking land-use planning in
Western Australia are defined over a 100 year forecast period in Department of Transport (2010),
based on Intergovernmental Panel on Climate Change predictions (IPCC 2007). Figure 3-1 shows
projected sea level rise appropriate for land-use planning, with extrapolation to 2120.

+ 1.0
1.0 m —
09 . 'I'
w 0.8 -
e
% 0.7 -
E 061
@
<= 0.5 1
© 04 ¢ 0.42m Y
@
© 0.3 A
N 02 I* 0.22m
0.1 4« 0.1m
00 T 1 T T T T T T
o o o o o o o o o o o o
- (3] [32] g 7] Q0 M~ © (=] o — o
o o o o o o o o - —
Y o~ ] Y ] Y] o o~ (Y] o~ o o~
Years

Figure 3-1: Sea Level Forecast Curve used for WA Coastal Planning
(Transport 2010)

For Exmouth, the area of runoff flooding is also important, as ephemeral creeks around Exmouth
townsite can cause flooding during high rainfall events. Runoff flood hazard requires consideration
for 100 year average recurrence interval (ARI) in accordance with the Natural Hazard Policy SPP 3.4
(WAPC 2006). This level has previously been defined by modelling by SKM (2007) and forms the basis
for Floodplain Special Control Area 5 in Exmouth Town Planning Scheme. The area of runoff flooding
risk is important for coastal adaptation, as coastal change (erosion or sedimentation) may modify
runoff drainage, therefore affecting the Town’s risk of flooding.
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3.2. TOPOGRAPHY

High resolution lidar topography for the Exmouth region was captured in 2006 by Fugro Spatial
Solutions Pty Ltd for the Exmouth Floodplain Management Study by SKM (2007) (Figure 3-2). In the
absence of more recent survey information of the study area, this dataset has been used for
investigations in this study, including assessment of inundation and erosion hazard. Areas where
land levels are likely to have changed since the topography was mapped have been cursorily
evaluated, including site developments and dune change. Where possible, these changes have been
accounted for in the methods (e.g. in Section 4.1.1 Horizontal Setback Datum definition: HSD).

A percolation based assessment of the lidar topography has been undertaken, which identifies land
below a nominated level that is hydraulically connected to the ocean (i.e. low points behind barriers
are excluded). This provides an indication of progressive areal coverage for coastal inundation
(Figure 3-3), with affected areas and levels summarised in Section 5.
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Figure 3-3: Percolation-based Contours
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3.3. TIDE GAUGE OBSERVATIONS

Coastal inundation hazard has been considered in previous studies of extreme ocean water levels
conducted for the purpose of small craft facilities at Exmouth (Maunsell & Partners 1981; Riedel &
Byrne 1986; Steedman & Russell 1986; Steedman 1987; Coastal Information & Engineering Services
1996; and Egis Consulting 1999a). Findings of these studies were summarised and reviewed in
Damara WA (2006).

Updated average recurrence intervals (ARIs) for water levels at Exmouth have been derived by fitting
an exponential distribution (Petrauskas & Aagard 1971) to the available water level record, between
1990 and 2020 (Figure 3-1). It is noted that analyses based on historic observations have low
confidence when estimating the magnitude of events with recurrence more than 2-3 times the
duration of an observational data set, with further unreliability for episodic conditions, such as
cyclonic surge (Wang & Le Mehaute 1983, Mangor et al. 2017). For Exmouth, this means high
uncertainty when estimating water levels with a recurrence of longer than ~75 years. Further
description of Exmouth water level record is in Appendix A.4.
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Figure 3-4: Exmouth Observed Water Levels

An initial plot incorporating all observations above highest astronomical tide (HAT = 2.9m CD)
demonstrated poor fit due to the exceptional nature of observed water level during TC Vance, well
above the 100yr ARI, with high influence of modest events around HAT (Figure 3-5). Events were
subsequently filtered to only incorporate large surge events, with TC Vance observations given an
undefined recurrence (i.e. accepting that this was an extreme event). The distribution adopted
(Figure 3-6) gives a 100-year water level of 4.3m CD (2.9m AHD) and 500-year ARl of 5.0m CD (3.6m
AHD). This distribution suggests TC Vance was roughly a 300-400yr ARI.

For land-use planning, water levels are distinguished between frequent ‘tidal inundation’ (<1yr ARI)
and ‘extreme inundation’ associated with infrequent storm events. Frequent inundation limits the
ability of terrestrial vegetation to survive, so areas exposed to tidal inundation is typically
characterised as wetland. The limit of present-day tidal inundation is approximately +1.5m AHD
(+2.9m CD), which will increase with sea level rise.
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Figure 3-5: Extreme Water Levels for Exmouth: Initial Fit

This combines water levels from high tides and due to storm events
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Figure 3-6: Extreme Water Levels for Exmouth: Adopted Fit

This describes extreme water levels due to tropical cyclones

Exmouth Coastal Hazards FINAL.docx

25



Seashore

3.4. RUNOFF FLOODING

SKM (2007) provides modelling of the extent of runoff flooding affecting Exmouth townsite, with
flood depths for the 100year ARI (1% AEP) case shown adjacent to the Exmouth Harbour in Figure
3-7 and Figure 3-8. Notably, this assessment was completed prior to full development of Exmouth
Marina Village, and not all works completed are consistent with the model assumptions.
Additionally, modelling was based on a 3-hour time of concentration®, which is applicable to the
creeks, but substantially shorter than the time scale used previously for assessment of the floodplain
basin (JDA 2002).

A simplified assessment northern floodplain behaviour has been undertaken for this study (Figure
3-9), building on the detailed analysis by SKM (2007) with additional information from design of
Exmouth Marina Village and its subdivision developments (JDA 2005). This involved definition of
flood basin hypsometry (area-level relationship) from the 2006 lidar survey and total volume of
water generated from the contributing catchment using Australian Rainfall & Runoff IFDs, matched
to flow rates from previous studies. Two cases were considered:

o The flood basin as closed.

e Flow through the 2006 breakout structure, with rates of flow approximated for different

flood levels within the basin.

The spillway on Madaffari Drive was assumed not to contribute effectively to drainage, as the
spillway crest has an approximate level of +4.0m AHD based on site assessment 4, which is therefore
not active until the flood basin is substantively full. At this level, the spillway would not perform its
original role to mimic the hydrology before Exmouth Marina Village, as described in JDA (2002). The
final constructed level of the spillway and road should be verified by survey.

Estimation of open channel flow rates suggested the northern breakout doesn’t drain fast enough to
meaningfully affect infilling of the basin until flood level is around 4.0m AHD or the storm duration is
extended (with associated slower inflow rates). Preliminary consideration of the existing balance of
runoff ‘breaking out’ and closure due to marine processes suggested that a typical annual peak
rainfall can likely flush sediments accumulated in the breakout. However, it is very likely the
breakout will change in character, with frequency of conditions tending to cause closure likely to
increase substantially with sea level rise.

3 This is approximately the time taken for runoff to travel from the back of the catchment, which would reach
he peak flow if a sustained, constant rainfall rate were to occur over the whole catchment.

4 Considered known walling levels adjacent to the canal and a count of block heights to spillway surface. Levels
should be confirmed by site survey.
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Figure 3-7: Streamflow Flooding Evaluation: North of Exmouth Harbour
(SKM 2007)
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Figure A-14
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The 100-year ARI flood basin level adopted for this study in accordance with Natural Hazard Policy
SPP 3.4 (WAPC 2006) was 4.2m AHD based on a critical 12-hour rainfall intensity. In addition, a
contour of 4.7mAHD was mapped, including a 0.5m freeboard on to the 100-year ARI flood level,
which corresponds to Department of Water and Environmental Regulation flood mapping practices.
This freeboard gives an allowance for model uncertainty and sub-scale processes (e.g. surface
gradients across the flood basin).
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Figure 3-9: Assessment of Flood Levels in Flood Basin

3.5. COASTAL INUNDATION AND FLOOD HAZARD MAPS

Maps have been developed for the study area the allowances for coastal inundation hazards and
terrestrial flooding, consistent with SPP2.6 and SPP3.4 respectively. The maps show:
1. Extreme coastal inundation cases based on regional-scale parametric modelling, deliberately
set high as a preliminary screening for inundation hazard.
2. High coastal inundation cases based on local tide gauge observations.
3. Spatial extent for a high runoff flooding scenario.

Extreme cases for inundation hazard screening are presented in Figure 3-10. This shows inundation
extent for present day (5.2m AHD) and with 1.0m sea level rise (6.2m AHD), based on a deliberately
conservative (high) estimate of coastal inundation for a 500-year event (Seashore 2018). The
method involved:

e BOM tropical cyclone database was used to generate regional distributions of cyclone
intensity and scale.

e These were applied through a parametric model for wind speed and pressure, and an
algorithm for surge, with a ‘free’ scaling parameter for wind setup.

e Application across a 5° regional grid, estimating the maximum surge from onshore winds,
gave a regional surge estimate, with regional observations of surge from tide gauges,
meteorological data, post-event surveys and geomorphic indicators used for scaling.

e Estimates of local recurrence were developed through downscaling and integration of surge
with tidal distributions, accounting for seasonal patterns of cyclones and water levels.
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Exmouth
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Figure 3-10: Coastal Inundation Hazard: Conservative Estimate
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Tide gauge observations were used to estimate 100-year and 500-year ARl peak steady water levels
based on extreme distribution fitting to total water levels (Section 3.3). Tide gauge analysis gives
locally relevant evidence-based estimates, but it is noted that event frequencies extrapolated from
tide gauge data have limited uncertainty in areas affected by tropical cyclones (Mangor et al. 2017).
This uncertainty goes beyond the ‘rule of thumb’ used for temperate conditions, where confidence
in recurrence interval is for a maximum of 2-3 times the observation length (i.e. 70-100 years ARI for
35 years of observations). This has been partly addressed through the method for event selection,
but fundamentally there are simply too few severe inundation cases to provide confidence in
projection of extremes.

Mapping (Figure 3-11) shows inundation extent for:

2.9m AHD estimated 100-yr ARl event*

4.6m AHD estimated 500-yr ARl event*

5.6m AHD estimated 500-yr event plus 1.0m sea level rise*.
These inundation extents are suitable for informing mitigation decisions which consider a continuum
of inundation hazard management (i.e. address impacts of higher events). However, they are not
considered suitable for identification of hazard avoidance (i.e. management of higher events is
limited to disaster management) as they may underestimate hazard likelihood.

Terrestrial flood extents for Exmouth Town Site are shown in Figure 3-12. This combines the 1% AEP
(100-yr ARI) flood fringe derived from hydraulic modelling by SKM (2007) with an additional area of
coverage for the northern basin, to a depth of 4.2m AHD, accounting for its’ capacity to infill over
extended time frames (24-72 hour rainfall, rather than 3-6 hours to reach peak stream flow). A
additional flood basin boundary is shown at a level of +4.7m AHD, which includes 0.5m freeboard for
uncertainty, based on Department of Water and Environmental Regulation (DWER) general practice.
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Figure 3-11: Coastal Inundation Hazard: Tide Gauge Based Estimate
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Figure 3-12: Runoff Flooding Hazard
NB: 100-yr ARI flood basin for southern basin to be determined
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4. Coastal Erosion Hazard

Coastal setbacks are recommended as the primary means of mitigating impacts of coastal hazards in
State Coastal Planning Policy SPP No. 2.6 (WAPC 2019). The basis of the policy was to "ensure the
location of new developments on the Western Australian coastline are positioned to avoid risk of
damage from coastal processes and, where possible, avoid the need for physical structures to protect
development from potential damage caused by physical processes on the coast" (WAPC 2019).

Evaluation of erosion hazard has followed the general form of SPP 2.6 Schedule One (WAPC 2019),
incorporating erosion allowances for storm erosion, shoreline movements, sea level rise and
uncertainty (Section 4.1). These erosion allowances are not intended to provide a prediction of the
shoreline position over selected planning horizons, but are planning allowances for coastal hazards.
In this CHRMAP, these planning allowances have been used to provide a conservative allowance for
future foreshore change and assess the relative exposure of coastal assets to coastal erosion.

Expected coastal behaviour has been described in Section 4.2, supported by an understanding
obtained from existing information and additional investigation for this project. The behaviour
considers metocean drivers, sediment transport pathways and landform sensitivities and the
presence of Exmouth Harbour. Expected behaviour is intended to inform management and
mitigation of coastal hazard, recognising limitations of using SPP 2.6 erosion allowances for
adaptation definition.

In general, it is expected that setback requirements under SPP2.6 should be larger than forecast
erosion allowances.

4.1. POLICY-BASED ASSESSMENT

Calculation of an erosion setback allowance for a 100 year planning timeframe is described by SPP
2.6 Schedule One. The sandy coast case has been adopted for Exmouth, which requires the following
erosion setback allowances:

e HSD: Horizontal Setback Datum Section 4.1.1
e SI1: Storm Erosion Section 4.1.2
e S2: Historic Shoreline Movement Trend Section 4.1.3
e S3: Sea Level Rise Section 4.1.4

o 0.2 metres per year allowance for uncertainty
The method of calculation is formulaic rather than process-based and is dominated by allowance for
coastal response to sea level rise (S3), with application of a Bruun ratio of 100:1 (Bruun 1962) to a
projected sea level rise scenario of 1.0m over 100 years (2120) requiring a 100m allowance for the
S3 sub-component of the coastal erosion allowance.
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4.1.1. Horizontal Setback Datum

Horizontal Setback Datum (HSD) represents the landward limit of ‘typical’ marine activity and is the
line from which erosion hazards distances are applied. The main HSD (HSD1) defined for Exmouth
coast used a combination of the 2020 vegetation line and the 100 year peak steady water level
contour (no wave runup) at +2.9m AHD inundation contour (see Section 3.3). HSD was identified at
transects spaced 50m alongshore as the most landward of the vegetation line or inundation contour.
This ensured the HSD excluded low vegetated foredune areas in front of the primary coastal dune,
which are unstable under extreme events.

Assessment of dune stability, using criteria defined in SPP2.6 (Section 4.3), has determined sections
of dune extending south from 1750m are susceptible to breaching during severe storm activity in the
present-day or with 1.0m sea level rise. For areas where dunes are in front of land below +2.9m
AHD, a second HSD (HSD2) has been defined, as the policy requires that assessment of storm erosion
assumes the loss of narrow or low elevation dunes during storm activity. HSD2 is defined where land
is below +2.9m AHD and is connected to a portion of dune susceptible to breaching in a severe
storm.

4.1.2. S1 Erosion — Storm Erosion Allownce

Severe storm erosion has been modelled using SBEACH profile model at five representative
transects. The transects were chosen to represent a range of dune, beach and platform structures to
capture a range of responses. A sediment size of 0.3mm was assumed based on previous sampling of
beach sediments.

The storm used was a synthesised to represent a 100 year ARI design storm, repeated three times.
Storm characteristics included:
o Peak offshore wave height 4.2 m and peak period of 7.8s, as previously estimated based on
storm parameters from TC Vance (Egis 1999).
e Wave amplitude and direction related to wind observations at Learmonth Airport, with peak
waves spanning over 2hours coinciding with maximum onshore wind.
e Water levels from Exmouth tide gauge during TC Vance, with the water level spike to +3.49m
AHD factored down to the 100-year peak steady level of +2.9m AHD.

Modelled storm erosion distances at each transect are in Table 4-1, with plots for three of the five
profiles showing the range of responses (Figure 4-1). Results generally demonstrate a maximum
erosion distance from the HSD in the order of 20m, with a lower response for a transect 1100m
South of Exmouth Harbour which had a wide beach and foredune area in front of the HSD. These
results are broadly consistent with recession of vegetation lines observed following TC Vance in 1999
(Section 2.1). A 20m erosion distance has been adopted as an allowance for S1.

Exmouth Coastal Hazards FINAL.docx 35



SeashoreEngineering

Profile

450N
650N
1700N
3000N
3508

1100S
1750S

Table 4-1: SBEACH Model Outputs - Erosion Distances

Max Dune Width | Erosion Distance Type
Reduction (m) from HSD (m)
15 20 Yacht Club — Modified Dune
0.6 21 Yacht Club — Modified Dune
11 22 Large dune/narrow platform
3 20 Large dune/narrow platform
0.4 18 Variable beach. Profile for wide beach,
preceding recent erosion
0.4 5 Wide platform/wide beach and foredune
1.5 20 In lee of ridge
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Figure 4-1: SBEACH Model Outputs - Selected Transects Plots
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4.1.3. S2 Erosion — Historic Shoreline Movement Trend Allowance

Average long-term shoreline movement trends for Exmouth coast (Figure 4-2) have been assessed
using vegetation line position change from 1966 to 2020.
e July 1966 — this is the earliest average vegetation line with complete coverage of the study
area from Department of Transport WA vegetation line database.
e 2020 - this vegetation line has been digitised from 2020 Landgate imagery by Seashore
Engineering.
Detailed evaluation of additional dates of vegetation lines available for the Exmouth coast
demonstrate erosion and recovery patterns between interim periods predominantly linked to
tropical cyclones, including up to 25m recession where foredunes were deflated during TC Vance
(Section 2.1). Influence of Exmouth Harbour construction and subsequent sand management is
shown by advance in the sand traps after its construction, and corresponding nearfield erosion
indicated by vegetation line recession outside the sand traps.

Change in vegetation line has been measured at 50m spaced transects along the study area. S2
erosion allowance has been evaluated using a 500m running mean of coastal trend, extrapolated
over a 100 year planning horizon (Table 4-2; Figure 4-2). The running mean is used to smooth
observed local scale erosion response, supporting definition of a setback which is likely to better
represents how a coast could respond to sustained erosion over longer timescales. Other
modifications to the erosion rate include:

e Anthropogenetic induced vegetation line recession at a dune access point at 3050-3100
north of the harbour (37m) and a dune breakout/4WD drive access point at 1300-1350
south (80m) have been excluded from the running mean;

e An erosion rate of zero has been applied to the coast which has experienced vegetation line
advance adjacent to Exmouth Harbour, extending from 600m north to 250m south. This
follows SPP2.6 to exclude areas of accretion that do not have compelling evidence the rate is
likely to continue for least the next 50 years. While accretion of sand trap areas may
continue, the rate is uncertain and will be influenced by sand management for the Harbour.
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Figure 4-2: Vegetation Line Movements (1966-2020), and S2 Erosion Allowance for 2120

Table 4-2: Summary of S2 Erosion Allowances for Discrete Sections

Segment
1500-3000m N A
950-1500m N B
0-950m N C
0-550m S D
550-950m S E1l
950-2100m S E2
2100-3000m S El

2023

Om
Om
Om
Om
Om
Om
Om

2050 2070 2120
Min | Max | Ave | Min | Max | Ave | Min | Max | Ave
dm 7m 6m | 7/m | 14m | 11m | 14m | 28m | 21m
6m | 10m | 9m | 12m | 19m | 17m | 24m | 38m | 33m
Om 8m Im | Om | 16m | 3m | Om | 31m | 5m
Om 5m 2m | Om 9m S3m | Om | 18m | 5m
5m 5m 5m | 9m | 10m | 10m | 18m | 20m | 19m
Im 9m 5m | Im | 17m | 9m | Im | 33m | 17m
Im 8m 5m | 2m | 15m | 9m | 4m | 29m | 18m

Note: Discrete sections of coast A to E have been defined to support description of erosion hazard.

Exmouth Coastal Hazards FINAL.docx

38




Seashore

4.1.4. S3 Erosion - Sea Level Rise Allowance Plus Uncertainty

Erosion distance adopted for sea level rise allowances are based on sea level rise projections
suggested by SPP 2.6 (see Figure 3-1) across four planning horizons, and Bruun ratio of 100:1 to sea
level rise (Table 4-3). Uncertainty allowances are applied at 0.2m per year, such that allowance for
2050 = 0.2 x (2050-2023) = 5.4m, rounded to 5m.

Table 4-3: S3 Sea Level Rise and Uncertainty Erosion Allowances

2023 2050 2070 2120

S3 Erosion Om 22m 42m 100m
Uncertainty Om 5m 10m 20m

4.2. EXPECTED BEHAVIOUR

For most of Exmouth’s coast, a single high primary coastal dune is present 200-400m landward of
the edge of a beach rock platform. The elevation and discrete nature of this dune system suggests
long-term stability of its position. Mechanisms to support relative stability include:

a) Wave breaking on the rock platform during lower water levels, reducing the wave energy
available to move beach and dune sediments.

b) Gradual slope across the rock platform promotes spilling breaking waves during moderate
water levels, which acts to push sediment landward on top of the platform.

c) The wide rock platform limits offshore sediment transport from the beach and dunes,
typically keeping sediment at a depth where it can be pushed back landwards by ambient
wave conditions.

d) Wave refraction during moderate to high water levels, which constrains the angles at which
waves can pass across the platform and reduces their capacity to transport sediment
alongshore.

Relative influence of these mechanisms is anticipated to change with sea level rise, generally
reducing the influence of (a) and increasing the influence of (c). The influence of (b) is likely to
reduce over time. Alongshore sediment transport would increase with sea level rise.

Intermittent exposure of beach rock along the foreshore (see Appendix B.7) suggests that rock may
be present within the dunes, above existing intertidal levels. Presence of rock above +2.4m AHD
would substantially reduce coastal recession associated with projected sea level rise °.

4.3. COASTAL DUNE BREACHING

SPP2.6 states that if the dune reserve is less than 100m?, defined as the cross-sectional area above
peak steady water level, it should be assumed that the dune will be removed during storm activity
and the maximum extent of coastal inundation should be calculated without the dune. Assessment
of dune cross-sectional area above a 100 year ARI peak steady water level of +2.9m AHD was
undertaken using lidar topography from 2006 (Figure 4-3). The method applied is described in
Appendix C with findings briefly summarised here.

5 Department of Transport plan to undertake a geotechnical survey of the coastal section between McLeod
Street, south of the boat harbour, to the northern extent of the golf course in 2023/2024.
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Analysis shows a large a large dune reservoir is present north of Exmouth Harbour demonstrating a
relatively stable system with a high erosion threshold. The dune reserve along this stretch lowers as
the dune system narrows to the south from the Gold Course to Town Beach, where about 50m of
erosion® is required before the dune reserve could be below 100m?. Lowered dune reserve north of
the Golf Course occurs at a creek breakout, where the dune is already breached and dune stability
during a storm will be influenced by transfer and egress of floodwaters through the breakout.

A smaller dune reserve generally offers lower protection south of Exmouth Harbour, extending
across residential lots near Crevalle Way and low density rural development. This dune has generally
experienced erosion pressure, indicated by typically 5-15m erosion between 1966 and 2020
vegetation lines.

Most of the dune south of 1700m from Exmouth Harbour has a dune reserve below 100m?2. Where
land behind this dune sits below the peak steady water level of +2.9m AHD, a second HSD (HSD2)
has been defined for erosion allowances. The HSD2 is mapped where land is below +2.9m AHD and
there is hydraulic connected to a section of dune susceptible to breaching during a severe storm. It is
noted the area behind this dune is subject to coastal inundation hazard with potential for flow
intrusion through two low sections of the dune (Section 3.5).

The dune in front of the residential area along Crevalle Way (300-550m S) presently has sufficient
dune reserve to resist breaching under a severe storm. However, there would be insufficient dune
reserve if 30m erosion occurred, demonstrating the potential importance of maintaining the dune.
Capacity of the dune to resist breaching reduces with projected sea level rise, so that for 1.0m sea
level rise, only 10m of erosion from present-day position would make the dune reserve insufficient
to resist a severe storm.

It is noted that this area has experienced dune erosion in the order of 5-10m since 2006 lidar
topography, based on vegetation lines, which is partly related to ongoing response of this beach to
the Harbour and its sand management. If this erosion trend continues this dune may become
susceptible to loss during a storm with inadequate dune reserve, although the inundation and
erosion risk is partly mitigated by land level behind which sit above +3.6m AHD, higher than the 100
year ARI peak steady water level (i.e. present day inundation hazard is likely to be considered
tolerable).

It is noted that where existing or proposed development encroaches on the dune reserve, loss of
dune protection requires site-specific assessment of the dune reserve relative to the development.
This includes vacant land on Truscott Crescent, presently zoned for tourism.

6 While erosion distances have been applied by shifting the existing front dune face profile landward (i.e. shape
of dune surveyed in 2006 lidar is maintained), in reality erosion typically occurs initially as a dune cut with a
steep scarped dune face with subsequent recovery. Landward transfers may also be active following
destabilization of the dune face.
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4.4. COASTAL EROSION HORIZONTAL SETBACK LINES

Total calculated erosion allowances for time frames of 2023, 2050, 2070 and 2120 are presented for
the length of the study area in Figure 4-4 to Figure 4-6. Erosion allowances have been mapped by
buffering the cumulative distances for S1, S2, S3 and uncertainty components at 50m spaced
transects. Mapping includes allowances applied to HSD1 (solid black line) and a second set of

allowances applied to HSD2 (dashed line) which is connected to a dune section which is considered
susceptible to breach according to SPP2.6.

The study area has been dividing into distinct sections, segments A to E3, to support description of

erosion hazard and asset exposure. The range of erosion allowances for each segment is summarised

in Table 4-4.
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Table 4-4: Summary of Total Erosion Allowances (m) for Discrete Sections

Segment 2023 2050 2070 2123
Min | Max | Ave | Min | Max | Ave | Min Max Ave
1500-3000m N A | 20m | 52m | 55m | 54m | 78m | 85m | 82m | 153m | 167m | 160m
950-1500m N B | 20m | 50m | 53m | 48m | 75m | 82m | 72m | 147m | 160m | 140m
C
D

0-950m N 20m | 48m | 57m | 50m | 72m | 88m | 75m | 140m | 173m | 146m
0-550m S 20m | 48m | 53m | 50m | 72m | 81m | 75m | 140m | 158m | 146m
550-950m S El | 20m | 53m | 53m | 53m | 80m | 81m | 81m | 157m | 159m | 158m
950-2100m S** E2 | 20m | 48m | 55m | 52m | 72m | 85m | 79m | 140m | 166m | 155m
2100-300m S E3 | 20m | 49m | 56m | 53m | 74m | 85m | 80m | 143m | 167m | 157m

** Applied from HSD1 and HSD2
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Figure 4-4: SPP 2.6 Erosion Allowances: 1 of 3
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Figure 4-5: SPP 2.6 Erosion Allowances: 2 of 3
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Figure 4-6: SPP 2.6 Erosion Allowances: 3 of 3
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5. Exposure of Assets to Coastal Hazards

5.1. COASTAL INUNDATION

Impacts of coastal inundation and flooding depend on the type of land-use, with some flooding
usually tolerated if it is sufficiently infrequent. Flooding incidence that is considered tolerable usually
varies from once per year (typical incidence for terrestrial vegetation to survive) to 1% likelihood per
year (possibly tolerable for housing), which is alternately termed as having a 100-yr average
recurrence interval (ARI). Coastal inundation flooding incidence will increase with sea level rise.

Exposure of existing assets to coastal inundation has been assessed through a ‘percolation’
assessment (see Figure 3-3), approximating flood extents up to +6.8m AHD (i.e. including very
extreme floods). Assets potentially impacted by flood events up to +6.2m AHD are listed
(conservative estimate of 500-yr ARI plus 1.0m sea level rise), with the flood level when initial
wetting will commence and minimum land level at the asset (Table 5-1). Where land levels are below
initial wetting, the asset is partly protected by a barrier (natural or man-made), potentially affecting
initial flood warning time, speed of inundation and post-flood drainage.

Likelihood of initial wetting has been estimated from tide gauge analysis. This is presented as either
the number of days per year, based on daily maximum water level, or the average number of years
between events above the level (ARI values are outlined in Section 3.3). Where assets are below
6.2mAHD, the asset is deemed potentially susceptible to coastal inundation hazard. Above this level
coastal inundation hazard is deemed to be avoided.

For assets where levels are likely to have been affected by land modification since 2006, when the
lidar topography was collected (see Table 5-1), an up to date survey may be appropriate to re-
evaluate inundation hazard, and helpful for future planning.

The following is noted:

e Inundation of the flood basin behind the northern breakout presently occurs with
approximately 10-year ARI water level. Increased inundation frequency with sea level rise
will change the character of the breakout:

a) Greater wave action across the nearshore rock platform will increase alongshore
sediment transport and provide a greater tendency for closure at the breakout mouth.

b) Higher coastal inundation events give a greater capacity for breaching and scour as
floodwaters withdraw. Large inundation events may bring in coastal sediment and
cause salinisation across part of the flood basin.

c) Forsea level rise above 0.4m, tidal ingress will occur. This will permanently change
vegetation in the flood basin and eventually develop a tidal channel network.

e Design of Exmouth Boat Harbour walling and adjacent land levels balanced inundation
frequency with access requirements for maritime facilities, including boat ramps and
gangway slopes. Sea level rise will cause Increasing damage to walls and surfaces, requiring
adaptation. Exmouth Game Fishing Club building has been locally raised, lowering the risk.

e Rural lots south of Exmouth Harbour occupy relatively low lying land which can be inundated
through low parts of the coastal dune.
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e Exmouth Golf Course occupies a large part of the northern flood basin, with tolerable
damage to low lying areas requiring consideration. The club house is generally set above
+8.0m AHD, avoiding coastal inundation hazard.

e Inundation through the northern breakout progresses south, crossing Truscott Crest at
above a 100-year ARl and reaching a small portion of lots presently zoned for Tourism just
above this level. Maintenance of access and lot development requires consideration of
inundation hazard.

e The Wastewater Treatment Facility lot is presently subject to inundation above 200-year ARl
water level. Bund levels are above present day level of ‘flood avoidance’ but are considered
exposed for a sea level rise of +0.2m. Relative inundation and flood exposure should be
considered as part of planned relocation.

e (Coastal facilities including Yacht Club buildings, Town Beach foreshore area and Ningaloo
Resort walling and villas are subject to inundation hazard, with additional requirement to
address wave runup.

e Survey of land levels for the residential area near Crevalle Way is required to confirm
inundation hazard, as land has been subject to fill since 2006 lidar collection.

e Facilities occupying the higher western margin of the northern flood basin, including RAC
Holiday Park and the region surrounding Exmouth oval are subject to low frequency
inundation hazard.

e Inundation hazard first crosses the lowest parts of Murat Road near Gnulli Court, with Murat
Road near MclLeod Street also subject to inundation hazard. This may affect town access in
evacuation scenarios.
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Table 5-1: Summary of Coastal Inundation Hazard

+1.5m AHD
+1.6m AHD
+2.5m AHD

+3.6m AHD

+5.25m AHD

Exmouth Harbour and Marina

Filled lot levels adjacent to Exmouth Marina

Initial wetting |Inundated Area Min Land Level 0'(2212':';" 0.(2220n;05)LR 0'?::;;"" 1'&'&3‘;"
North Side of Exmouth Harbour
+2.0m AHD +1.4m AHD >10yr >5yr 2yr
+2.6m AHD +2.1m AHD >50yr >30yr >20yr 2yr
+3.0m AHD +2.9m AHD >100yr >70yr >50yr >10yr
+3.2m AHD +3.0m AHD >100yr >100yr >70yr >20yr
+2.4m AHD >100yr >100yr >70yr >20yr
+3.4m AHD +2.1m AHD >200yr >100yr >100yr >30yr
+3.0m AHD >200yr >100yr >100yr >30yr
+4.4m AHD Western margin of RAC Exmouth Cape Holiday Park ** +4.1m AHD ‘ >200yr
+4.6m AHD Walling fronting Ningaloo Resort overtopped. Front row of villas ** +4.2m AHD ‘ >400yr
Yacht Club buildings +4.7m AHD ‘
+4.8m AHD East section of Willesdorf Road +4.6m AHD ‘
Exmouth Mens Shed +4.8m AHD ‘
+5.2m AHD Willesdorf Rd, near Exmouth oval +5.0m AHD ‘
+5.4m AHD Wastewater Treatment Facility bunds overtopped +5.3m AHD Avoided ‘
+5.6m AHD Avoided Avoided ‘
Avoided Avoided ‘
+5.8m AHD Avoided  Avoided | Avoided

+5.25m AHD

+2.6m AHD
+3.6m AHD
+4.0m AHD
+5.6m AHD

South Side of Exmouth Harbour

Avoided

+1.4m AHD 2 days/yr 20 days/yr 80 days/yr 330 days/yr
+1.6m AHD 1 days/yr 9 days/yr 50 days/yr 310 days/yr
+1.4m AHD >40yr >20yr >10yr 2 days/yr
+3.4m AHD >400yr >300yr >100yr >50yr
+3.6m AHD >400yr >300yr >100yr >50yr
>400yr >100yr

+2.1m AHD

>50yr

>20yr

>20yr

2yr

+3.4m AHD

+3.4m AHD
+5.3m AHD

**Subject to land modification since 2006 lidar collection

>400yr

Avoided

>300yr

>100yr

>50yr

Avoided
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5.2.

COASTAL EROSION

Coastal erosion hazard to existing assets across defined segments A to E3 has been considered using
SPP2.6 erosion allowances defined for four planning timeframes (Table 5-2). Assets exposed to
erosion hazard require further consideration in subsequent work phases of the CHRMAP.

The following is noted:

Segment A is subject to relatively low erosion hazard, with large reserves available for use as
setback for future development. While the 2120 erosion allowance encroaches on the golf
club lot boundaries, existing building are positioned futher landward.

Development on vacant lots presently zoned for Tourism in Segment B requires
consideration of erosion hazard on the seaward portion of lots by 2070.

Segment C has high erosion hazard, with a range of assets for Town Beach foreshore, Yacht
Club and Ningaloo Resort sitting on a modified dune area and presently exposed to erosion
hazard. Partial protection to this segment is provided by two sections of low seawall
constructed in 2013 (see Section 2.2.3). The residential area to landward requires
consideration of erosion hazard by 2070, with the road on canal lots potentially affected by
2120.

Crevalle Way road and foreshore area is exposed to erosion hazard by 2070, with residential
area by 2120. Neale Cove and adjacent maritime area is exposed by 2120.

Rural lots in Segment E1, E2 and E3 have variable erosion hazard, with present-day risk
associated with dune breaching in Segment E2.

Erosion hazard of Segment C and D will depend on the harbour sand management strategy, with the
existing strategy of removal from the south side contributing to greater erosion hazard for Segment
D and placement in Segment C unable to effectively mitigate erosion pressure at Town Beach.

Exmouth Coastal Hazards FINAL.docx 49



Seashore

Table 5-2: Summary of Coastal Erosion Hazard

Min. Erosion
Segment | Assets at Risk Asset Type Chainage Di;t;:‘ce :;:::::::e
HSD (m) timeframe
Reserve fronting Exmouth golf course Land 3050-2400m N 25 2050
A Exmouth golf course - lot with club buildings Recreation | 3050-2950m N 130 2120
Two undeveloped lots on Truscott Crescent, zoned Special Use Land 2350-1450m N 24 2050
B Two undeveloped lots on Truscott Crescent, zoned Tourism Land 1400-950m N 86
Warne Street foreshore access and carpark Foreshore 900m N None
Town Beach foreshore Foreshore 900-550m N None
Warne Street to Friedman Way residential area Residential 850-600m N 66
Friedman Way foreshore access Foreshore 550m N None
¢ Exmouth Yacht Club Recreation 500-450m N None
Madaffari Drive Road 550-250m N 107 2120
Madaffari Drive canal lots Residential 550-250m N 125 2120
Mantarays Ningaloo beach Resort Resort 100-Om N 20
Neale Cove Road 100-250m S 73 2120
Maritime Facility on Neale Cove Marine 100-200m S 92 2120
D Crevalle Way foreshore Foreshore 350-500m S 54
Crevalle Way Road 350-500m S 74
Crevalle Way residential area Residential 350-500m S 90
Lot zoned Special use north of McLeod Street Rural 550-700m S 14
© Rural lot north of McLeod Street Rural 750-950m S HSD1: %0 SRR
HSD2: 55 | Hsp2: 2120
HSD1: 55 | Hso1: 2070 |
MclLeod Street Road 1000-2050m S
£ Uralll  HSD2: 2023
Rural lots landward of McLeod Street Rural 1000-2200m S HSDL: 75
USRCAAl  HSD2: 2023
E3 Rural lots southside of McLeod Street Rural 2100-3050m S 55

5.3. RUNOFF FLOODING

The overall implication is that runoff flooding is not a substantial risk to existing assets on the
northern flood basin, with Willesdorf Rd; the golf course; wastewater treatment lot; and Truscott
Crescent, including a portion of two lots zones for Tourism susceptible to flooding with a 100 year
ARl flood level.

The flood fringe defined upstream of the flood basin by SKM (2007) identifies terrestrial flood hazard
to parts of the townsite adjacent to foodways. Outcomes of the 2007 flood assessment are
influenced by land modification, including completion of the full development of Exmouth Marina
Village (see Section 3.2). An updated assessment to assess existing terrestrial hazard should be
completed, incorporating up to date survey information and critical time of concentration for creek
and flood basins
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6. Conclusions and Recommendations

6.1. CONCLUSIONS

Evaluation of coastal erosion has indicated that accelerated erosion along Town Beach, which led to
it being identified as a Coastal Erosion Hotspot (Seashore 2018), was a consequence of the presence
of Exmouth Boat Harbour, and the sustained occurrence of anomalous wind conditions. Although
unusual wind conditions are unlikely to be permanent, rapid local erosion observed along Town
Beach is likely to recur, to some degree, when there is a switch in net transport direction (either
way). Sediment will be drawn from Town Beach until a new beach configuration is reached, either
being ‘drawn into’ the sand trap, or by truncating the general sand supply.

Occurrence of wider field erosion adjacent to the southern sand trap suggests that ‘near field
erosion’ is occurring, where more sand is moving into the trap than is arriving from the coast to the
south. It is recommended the Shire liaise with Department of Transport, to support a revision of
sand management practices, including a wider perspective of coastal change.

e The ‘usual’ behaviour of sand trapping on the south side of the harbour, which was identified
prior to 2010, has not been sustained. Further excavation of material from that area is not
recommended until conditions switch back to longer-term patterns.

e The approach of excavating sediment from adjacent to the northern spur groyne is likely to have
limited effectiveness during conditions of prevailing southward alongshore sediment transport
(i.e. digging a hole and dumping the sand next to it — it will fall back in).

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, relative impact of coastal inundation will increase in
frequency due to projected sea level rise.

Consideration of inundation at this scale primarily facilitates decision making on the release of land
and the hazard mitatigation decisions potentially associated with it’s resilient future development.
This information also provides a basis for prioritisation (of adaptation effort) to be conducted in
subsequent stages of this study.

Evaluation of runoff flood risk has indicated limited dependence of flood risk on the rate of drainage
from the northern breakout. Although this the primary pathway for drainage, due to the as-built
level of Madaffari Driver spillway, dimensions of the breakout are not critical, although a pathway
for runoff drainage should be ensured.

Exmouth’s coastal dunes provide an effective barrier against wave action and a substantial barrier
against erosion 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 becoming 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 following a limited amount of costal recession. Opportunity to use active dune
management or reinforcement to reduce future erosion hazard should be considered within
potential CHRMAP management options.
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It is noted that where existing or proposed development encroaches on the dune reserve, the loss of
dune protection requires site-specific assessment of the dune reserve relative to the development.
This includes presently vacant land on Truscott Crescent, zoned for tourism.

6.2. RECOMMENDATIONS

Investigation of coastal hazards for Exmouth has indicated the potential importance of beach rock to
long-term stability of Exmouth dunes. It is recommended that the Shire coordinate a geophysical
survey (ground penetrating radar, supported by boreholes) to evaluate the location and elevation of
buried rock along the nearshore. The highest priority area for investigation is south of Exmouth
Harbour, where it is adjacent to development and the dune buffer is narrow, low, and
discontinuous.

The existing runoff flooding assessment provides a limited characterisation of flood risk, which is an
important spatial constraint for town planning. The previous assessment is now outdated, with
planned hydraulic works around Exmouth Boat Harbour incompletely built, and multiple areas being
modified through earthworks or natural morphologic change.

A high resolution topographic survey across the townsite is recommended, to support the flood
assessment. This will also serve to support other aspects of town planning and building approvals.

Indicators of dune instability are widely present. This suggests a need to develop an effective dune
management strategy, to be incorporated in the Shire’s coastal management plans.
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Appendix A Meteorology and Oceanography

APPENDIX A.1 CLIMATE AND RAINFALL

Exmouth is in the arid northern Gascoyne region, which is characterised by hot summers and mild
winters (Bureau of Meteorology 1998). The region is towards the north of the extra-tropical ridge
and the western limit of the Northwest Shelf. This location enables influence of mid-latitude low
pressure systems, extra-tropical high-pressure systems, and occasional westward-reaching tropical
cyclones. Regionally, weather is affected by the latitudinal shift of the sub-tropical high-pressure
belt, in combination with the summer continental heat trough (Gentilli 1971). Prevailing conditions
are very dry, combining with a strong continental heat trough to enhance the influence of thermally
driven winds. Background southerly winds occur on Exmouth peninsula for most of the year (Figure
A-1), with wind strength peaking over the summer months, which are frequent year-round.

9 AM 3PM

Learmonth Airport wim QR

01 Mar13975t0 11 Al.lg 2020 w CAL \|‘ F >= [0and < 20 >= 30 and < 40

Site 005007 Lat: -22.2406° e 0304 < 10 e 20 s < 30 s

SE

Elevation 5m  Long: 114.0967° ™ s

Figure A-1: Learmonth Wind Roses (BOM)

Typically, the region experiences occasional (1-2 per year) tropical cyclones during summer months
(Lourensz 1981; Dare & Davidson 2004) as well as the northern tail of mid-latitude storms in winter,
including the tropical-temperate interaction of the northwest cloud band (Telcik & Pattiaratchi 2014;
Reid et al. 2019). Regional annual rainfall is in the range of 200-300 mm, although much of this can
fall within a single storm event, either from tropical cyclones from January through March, or from
cold front winter storms with a high northerly excursion from May to July (Figure A-2). Episodic
rainfall provides the capacity for highly variable streamflow conditions (i.e. flash flooding),
particularly when combined with the steep and rocky catchments of Exmouth Cape Range (Hyd20
2014).
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Figure A-2: Seasonal Meteorological Records from Learmonth Airport
Located 33 km South of Exmouth, 1945-2021

Long-term daily rainfall records are available from Vlamingh Head (1913-1994), Learmonth Airport
since 1945 and Exmouth Town since 1968 (Figure A-3). These records indicate potential past
terrestrial flooding events associated with high rainfall, in the absence of streamflow gauging. It is
noted that actual flooding is dependent on additional factors, including but not limited to rainfall
intensity and duration, distribution of rainfall over catchment, and catchment moisture.

The largest rainfall events are usually either thunderstorms or tropical lows/cyclones between
January to March, including eight of the nine highest 2-day rainfall recorded at Learmonth since
1945. The most significant recent rainfall events occurred during TC Vance in 1999, TC Pancho in
March 2008, and a northwest rain band in April 2014, which all caused widespread flooding of roads
and parts of the town.
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APPENDIX A.2 TROPICAL CYCLONE HISTORY

Tropical cyclones (TC) are the most severe weather systems experienced in the Exmouth region, with
capacity to generate extreme winds, waves, surge and rainfall. The tropical cyclone season affecting
occurs from November through to April with up to 10 tropical cyclones recorded on the northwest
shelf during one season (Damara WA 2008). The incidence of cyclonic impacts to Exmouth is highly
irregular, with a TC travelling to within 300km on average once per year and to within 100km once
every two years.

The Bureau of Meteorology (BoM) maintains a database of TCs observed in Australia since 1907
(Karelsky 1961, Coleman 1972, Lourensz 1981, Dare & Davidson 2004). Examination of the database
has identified a selection of TCs which had the greatest potential to produce extreme meteorological
and oceanographic conditions at Exmouth (Table A-1).

TC Vance in March 1999 is the most memorable direct cyclone impact to the Exmouth coastline,
passing approximately 25km east of Exmouth as a category 5 cyclone before making landfall in the
southern part of the Gulf. TC Vance generated extreme waves and water levels roughly 2.0m above
highest astronomical tide levels which caused severe erosion of the beachfront and inundation
around the Exmouth Marina (BoM 2022).

Table A-1: Significant Tropical Cyclones Impacting Exmouth
Includes TCs within 60km and reaching < 980hPa; and TCs within 120km and reaching < 960hPa

Year Date Cyclone | Min CP Nearest Position to Exmouth

Name within | Distance | Bearing Central | Directionof  Avg

300km from (°N) | Pressure | Travel (°N) = Speed
(hPa) | Exmouth (hPa) (km/hr)
(km)

1927/20/03/1927 UNNAMED | 977 16 292 977 173 N/R
1945| 2/02/1945 | UNNAMED | 950 53 238 950 192 22.3
1956| 2/03/1956 | UNNAMED | 960 46 263 970 222 23.1
1961(24/01/1961| UNNAMED | 920 83 69 920 186 17.2
1961| 2/03/1961 | UNNAMED | 950 87 115 964 231 20.9
1964 29/03/1964  KATIE 960 23 319 960 179 24.2
1975/19/02/1975, TRIXIE 925 80 101 952 222 16.9
1975/30/03/1975 BEVERLEY | 966 36 261 969 149 23.0
1977| 7/03/1977 KAREN 970 29 11 986 234 14.3
1982| 6/03/1982 IAN 966 16 292 984 192 18.9
1990(27/01/1990| TINA 976 15 250 976 169 29 7
1995(24/02/1995| BOBBY 222
-——-—-———
2006/30/03/2006/ GLENDA 924 16.1
2008/19/02/2008 NICHOLAS | 956 68 261 972 170 10.1
2011/23/02/2011) CARLOS 978 17 194 978 238 15.5
2015/12/03/2015, OLWYN 955 39 295 955 196 29.8
2015/ 1/05/2015 | QUANG 977 29 11 996 131 23.6
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The capacity for tropical cyclones to create storm surge is strongly affected by system path and
intensity. However, unlike sites in the east Pilbara, storm tracks associated with moderate (>0.5m) of
high (>0.75m) surge do not apparently tend to be associated with direct impact of onshore winds
(Figure A-4).

Exmouth Tropical Cyclone Surge Event Paths 1990-2020

N\
v i E < o - -~
& { < . =

Lo ! < < - -

Figure A-4: Tracks of Tropical Cyclones Matching Low, Moderate or High Surge Classes

APPENDIX A.3 WIND

An active long-term wind observation is available from Learmonth Airport (AWS 5007) since 1975,
34km to the south of Exmouth townsite (Figure A-5). This station provides insight wind conditions
influencing the Exmouth coast, although it is recognised that there are local differences in the winds,
particularly due to the relative influence of Cape Range. The station was upgraded in June 1994 to
record direction in a 10° band and in June 2001 to record directions in a 1° band, while available
observations switched from predominately 3-hourly to hourly in July 2018.

Wind speed observations demonstrate the timing of extreme winds during passage of several TCs,
with a highest wind speed of 166km/hr from the southwest (225°N) recorded during TC Vance.
Observations from the northeast quadrant, southeast quadrant, and eastern half (i.e. offshore) have
been plotted separately to provide an indication of the relatively influence the extreme winds may
have had on the Exmouth coastline. Other historic wind records are available from Vlamingh Head
(5024: 1965-1967) and Exmouth Town (5051: 1967-1975), which had previously recorded wind
speeds 96.5km/hr northwest wind during TC Elsie on 22/01/1967 and an 81.7km south-east wind
during TC Glynis on 1/02/1970 respectively.
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Exmouth coastal wind patterns are highly influenced by a complex land-seabreeze effect generated
by the shape of the Exmouth Peninsula, and partial sheltering from westerly winds by the elevated
Cape Range. Wind roses from Learmonth Airport demonstrate the dominance of prevailing southerly
winds throughout the year, peaking in strength and occurrence in December and falling to June.
Overnight winds occur almost exclusively from the south throughout the year, switching to either a
northeast or southerly seabreeze by the early afternoon during summer months or a northeast
seabreeze during winter months. Significantly, the east facing aspect of the Exmouth coast is
significantly sheltered from prevailing southerlies, with direct exposure occurring during less
frequent northeast and southeast winds, which have greatest occurrence round June.
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Figure A-5: Learmonth Airport Wind Speed and Direction Observations

Inter-annual variation of ‘onshore’ wind and wave conditions on the Exmouth coast has been
considered over the Learmonth Airport record using the difference in annual occurrence of winds
from the north-east and south-east (Figure A-6). This provides a relative measure of either
southward or northward transport potential due to ambient local winds patterns, which overlies on
other influences including from background swell and elevated waves during tropical cyclone or
tropical low passage. This demonstrates a tendency for greater south-east wind occurrence (i.e.
northward transport), with sporadic reversals which tend to occur during La Nina climate phases
(e.g. 1999-2000, 2011-2013, 2020-21). Since 2010, there has been a comparatively sustained
‘reversal’, which indicates greater potential for northward sediment transport, which has been
reflected in assessment of shoreline changes adjacent to the Exmouth Boat Harbour (Appendix B).
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Figure A-6: Interannual Variability between Southeast and Northeast Winds

Exmouth Coastal Hazards FINAL.docx 58



SeashoreEngineering

oow "o e
January
24%
W ~
s
. pan W >60 (km/h)
" M 45-60 (km/h)
. w 30-45 (km/h)
w 15-30 (km/h)
10-15 (km/h)
v CALM
w =
ww s st
o "o e
May
24%
ow e
1%
waw ns o
860 (xm/h)
45 60 fum/h)
- w3045 om/h)
1550 fem/h)
1018 (km/h)
Aam
wew -
W -
o "o e
September
24%
W ~
1%
wew s o
”“ 340 (km/h)
4560 (m/h)
™ 3045 o) o
1530 (um/h}
/ 1015 (lem/h)
1 Am
waw "
w £
ww s -t

February March
20% 205
W ~ .
1% %
2% e wew s
o W60 (kM) %
45 60 (km/h)
3045 (m/m) o
15 90 fkm/h) w
1015 (lem/h)
am
- wiw
w - w
W s s ww 'S
"o e "o
June July
20% 2%
N ~ W
1% %
2% e ww %
8>60 (km/m) o
8550 fkm/N)
3045 (km/n)
1530 km/R) w
1015 (/)
A
" wiw
w - w
“w '3 s _w '3
% o now
October November
20% 2%
N ~e e
1% %
o L Ww s
o w60 iyt o
4560 fke/h)
3045 {km/h)
1530 {bm/b) v
015 (/) /;
M
5 wiw
w - w
s ) W

Figure A-7: Learmonth Monthly Wind Rose
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APPENDIX A.4 WATER LEVELS

Oceanographic processes active across Gascoyne Region and Ningaloo sub-region are highly
modulated by the structure of Exmouth Gulf, which is a semi-enclosed, generally shallow (<30m
depth) marine water body, open to the north. The Gulf experiences mixed, mainly semi-diurnal
tides, with an astronomic tide range of 2.8m (Table A-2). Surges are generally small (<0.5m) with the
capacity for extreme surges in the south of the Gulf inferred from relict storm deposits (May et al.
2016) and a 3.5m surge measured at Exmouth during passage of TC Vance in 1999 (Nott & Hubbert
2005). Although the highest ocean water levels were due to TC Vance and TC Olwyn, events above
the normal tidal range have also been caused by less severe weather, with a substantial increase.

Table A-2: Tidal Planes at Exmouth

Datum HAT MHWS MHWN MSL MLWN MLWS LAT
m CD 2.87 2.35 1.76 1.44 1.16 0.55 0.03
m AHD 1.47 0.95 0.36 0.04 -0.24 -0.85 -1.37

Tidal planes based on a Department of Transport submergence curve.

Water levels modulate the effects of waves on the beach and dune, and the degree of wave
attenuation to the shore in the lee of rock platforms. Water levels have been measured by
Department of Transport at the Exmouth Jetty, from 1989 to 1993, and in the Exmouth Boat
Harbour from 1997 onwards. Observations presented in this section are to Chart Datum (CD), which
is 1.40m below AHD at Exmouth.

Hourly observations and the 30-day running mean from Exmouth demonstrate the overall range of
water level variations (Figure A-8). The highest water level of 4.89m CD (3.49m AHD) was recorded
during TC Vance (March 1999), which generated a sustained tidal residual of approximately 1.0m
and a short-period “spike” of approximately 2.0-m lasting less than two hours (Figure A-9).
Significantly, this spike occurred around mean sea level during a rising tide, rather than 3 hours later
when the tide was over 1.0m higher. TC Vance remains the largest measured surge event in the WA
tide gauge network.
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Figure A-8: Exmouth Observed Water Levels
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Figure A-9: Observed Water Level and Tidal Residual during TC Vance

The combined seasonality of tides, surges, and mean sea level fluctuations determines that water
level ranging varies over the course of the year (Figure A-10). The main sources of seasonality
include:
e Mean sea level variability in the order of 0.3m associated with changing weather and
movement of pressure bands (peaking around April and lowest in September).
e Bi-annual tidal cycle (peaks near March and September), with a total a lowest to highest
astronomical tidal range of 2.85m.
e Surge peaks due to tropical cyclones mainly occur in January to March.

Seasonal and inter-annual variability should be considered when interpreting submergence
occurrence (Figure A-11). Consequently, while over the whole record a level of 3.0mCD (1.6mAHD) is
reached on average 2 hours per year, that will typically have occurred either near the March
equinox, or during passage of a tropical cyclone.

Inter-annual mean sea level variability is strongly linked to the El Nifio / La Nifia climate cycle
(Pariwono et al. 1986; Pattiaratchi & Buchan 1991; Feng et al. 2004), with higher water levels
occurring during the La Nifia phase, up to 0.3m higher in 2011-2013 (Figure A-12). Inter-annual tide
variability is modulated by the 4.4-year lunar perigee and 18.6-year lunar nodal cycles (Damara WA
2008; Eliot 2010).
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Figure A-10: Seasonal Distributions of Exmouth Water Levels
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Figure A-12: Interannual Tide and Mean Sea Level Variability
Note that this method does not resolve the 4.4-year tidal modulation.
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APPENDIX A.5 WAVES

Orientation of Exmouth Gulf provides substantial shelter from southwest swell waves prevalent
across the east Indian Ocean, with a small fraction of swell energy diffracting around Northwest
Cape and into the Gulf. Frequent strong winds provide a regular source of wave energy, with wave
generation correspondingly limited by available fetch length across the Gulf. The largest observed
wave conditions both inside and outside the Gulf have been associated with extreme winds

generated by tropical cyclones.

Wave conditions play an important role in driving sediment along the east facing Exmouth coast,

with the wave climate characterised by:

e Prevailing ‘background’ swells originating in the Southern and Indian Ocean which are

heavily attenuated by diffraction around Northwest Cape and Muiron Islands.

e Winter easterly swell generated across the Timor Sea, particularly east of Northwest Cape
with some refraction into Exmouth Gulf (Pearce et al. 2003).
e Locally generated wind waves during northeast and southeast winds across the Gulf,

including sea breezes.

e Extreme wind waves generated by infrequent tropical cyclones, with most modest waves

during summer tropical lows and pre-frontal conditions during winter storms.

Swell waves and ‘north-east’ wind waves contribute to southward sediment migration, while ‘south-
east wind waves contribute to northward sediment transport. Waves during tropical cyclones can

cause brief, intense short-term transport episodes in either direction, depending on track.

Wave observations obtained for this study are limited to the Department of Transport directional
waverider buoy installed offshore Exmouth in 52m depth from 2006 to 2012 (Figure A-13). The
varied aspect, shelf, gulf structure, as well as modulation by water depth across the extended rock
platform, limits the relevance of this dataset to the Exmouth coast. However, it does provide insight
into timing of extreme waves and seasonality. The standout wave in the record occurred during TC
Nicholas, with a 3.87m northerly wave rising to a peak wave of 5.66m from the southwest as it

passed west of Exmouth.
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Figure A-13: Exmouth Wave-Rider Buoy Observations
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Seasonal distribution of offshore wave heights recorded at Exmouth shows a peak in July associated
with the stronger influence of swell from the southern Indian Ocean, while wave heights are lowest
during April (Figure A-14). Extreme events associated with the passage of tropical systems during
February and March is shown by the peak in the 99%" percentile.
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Figure A-14: Monthly Wave Height Percentiles

APPENDIX A.1 RUNOFF FLOODING

Ephemeral creeks around Exmouth townsite provide a risk of flooding during high rainfall events
demonstrated by flooding associated with TC Vance in March 1999 (Martens et al. 2000; SKM 2007),
a Northwest cloudband in June 2002 (SKM 2007) and TC Pancho in March 2008 (Paterson 2008). The
highest 24 hour rainfall record for the Exmouth region was 412.8mm in March 1964 at Yardie Creek
(BoM 1998), 50 km southwest of Exmouth, which is 108 mm more than the highest value recorded
at Exmouth. SKM (2007) provides modelling of the extent of runoff flooding affecting Exmouth
townsite, as described in Section 3.4.
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Appendix B Coastal Geology and Geomorphology

APPENDIX B.1 SURFACE GEOLOGY & STRUCTURE

Exmouth peninsula is located on the western side of Exmouth Gulf, in relatively shallow and
sheltered waters. It’s geological characteristics and geomorphic function have been described by
several authors i with a summary in Damara (2012). The geology of the area is characterised by a
sequence of marine limestone conglomerates, laid down 10-30 million years ago, including the
regionally present Mandu, Tulki and Trealla limestones, (Hocking 1988). Uplift of the range and sea
level sequences developed a stepped geological formation, overlain by sandstone and calcareous
sediment (Wyrwoll et al. 1993).

Surface geology of Exmouth peninsula (Figure B-1) demonstrates three main structures between the
townsite and Northwest Cape (Allen 1993). Cape Range, which forms a spine down Exmouth
peninsula, is the oldest formation (Tertiary). Colluvium deposits predating the Pleistocene form most
coastal features on the eastern side of the peninsula and a broader plain to the north. Modern
features are prevalent on the western coast and northern tip of the peninsula, reflecting reef
bioproduction and sediment reworking.

0 10 km

Figure B-1: Exmouth Surface Geology Map
Extract from Geological Survey of Western Australia 1:250,000 Map Sheet 50-05 Onslow.
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The nature of sediment supply and reworking is suggested by Exmouth Gulf bathymetry (Figure B-2).
The Gulf is a large, shallow embayment, sheltered from southwest ocean swell waves by Northwest
Cape, with partial sheltering from the north due to Muiron Islands and a connected sill. Despite sand
accumulation at Northwest Cape, the western side is characteristic of low sediment supply, with a
steep coastal margin. Contrastingly, the south and east coasts are very gently sloped, with extensive
muddy deposits including terrigenous sediments from the relict Ashburton ‘megadelta’ between
Ashburton and Yanarrie Rivers.

Ashburton ‘megadelta’ does not actively provide sediment to the Gulf, except under extreme rainfall
conditions. The low topography, dominated by longitudinal sandy dunes interleaved by elongated
claypan basins for 4,000 km?, acts as an evaporation pan for low to moderate rainfall events.

The shallow Gulf waters are biologically productive, provide economically and socially important
commercial and recreational fishing, as well as a resting and nursing area for humpback whales on
their southern migration (Commonwealth of Australia 2007, Fitzpatrick et al. 2019). The position of
Exmouth Gulf at the intersection of the north facing Pilbara coast and the west facing Gascoyne
coast provides oceanographic complexity (Verspecht 2002, Commonwealth of Australia 2007).
Within the Gulf waters, shallow bathymetry, and wide intertidal zones further complicate
hydrodynamics, increasing the respective influence of wind-blown and tidal circulation.
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Figure B-2: Exmouth Gulf Satellite-Derived Bathymetry
Neptune (2019)

APPENDIX B.2 OVERVIEW OF EXMOUTH COASTAL MORPHOLOGY

Exmouth coastal structure is strongly controlled by the presence of underlying rock features, which
generally grade upwards towards Cape Range (van de Graaf et al. 1976), with additional local ridges
potentially marking shorelines from previous eras. At the modern shore, the rock is expressed as a
subtidal platform, which is overlain by a coastal dune barrier system, with variable sand cover in the
intertidal and subtidal zones (Figure B-3). Sandy deposits also lie immediately offshore from the
platform. The coastal dune structure varies in elevation and width along Exmouth coast, with natural
(floodway) and man-made disruptions, and irregular presence of rock features (Figure B-4; Figure B-
5).

Exmouth Coastal Hazards FINAL.docx 68



SeashoreEngineering

Exmouth Boat Hc—_xrbour

e

=~ =Floodplain

region

Figure B-3: Example of Coastal Features North of Exmouth Boat Harbour
Obliques Aerial Image: 16 May 2011 — WACoast (Gozzard 2012)
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Figure B-4: Exmouth Obliques 16 May 2011 — North of Harbour
Source: WACoast (Gozzard 2012)

Exmouth Coastal Hazards FINAL.docx

70



SeashoreEngineering

Figure B-5: Exmouth Obliques 16 May 2011 - South of Harbour
Source: WACoast (Gozzard 2012)
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APPENDIX B.3 PLATFORM STRUCTURE AND VARIABILITY

The broad rock platform contributes to relative stability of Exmouth coast, limiting wave impacts
under normal tides through depth limitation and nearshore refraction. Historic erosion of the coastal
dune is almost exclusively linked to extreme water level events (e.g. TC Vance in 1999). Control
provided by the rock platform will progressively reduce with sea level rise, due to increased wave
transmission and reduced refraction across the platform.

A profile north of the Exmouth Harbour provides an example of platform elevation and width (Figure
B-7). Nearshore, there is a shallow slope of subtidal bedforms down to -3m AHD, before a nearly
horizontal rock platform with an irregular sand veneer, subsequently sloping down to the Gulf
seabed. The rock platform structure provides partial separation between nearshore dynamics of the
beach ‘perched’ on the rock platform, and dynamics of features adjacent to the platform edge, with
shallow-water waves tending to sweep sediment on the platform towards shore. Alongshore
sediment transport occurs along both margins: wind waves dominate beach transport, whereas
swell waves and currents are likely to be more influential on the platform edge. In addition, there is
an active, wind-driven, alongshore sediment transport regime, as evidenced by rapid closure of dune
breakouts and management required for access paths.
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Figure B-6: Platform Profile 450m north of Exmouth Harbour

Aerial imagery and bathymetry illustrate variability of the rock platform along Exmouth coast.
Interpretation of aerial imagery has been used to estimate a typical position of wave breaking at low
tide and offshore extent of the rock platform (Figure B-7), and nearshore features adjacent to the
Exmouth Harbour (Figure B-8). Interpretation of these features have assisted identification of typical
sediment transported patterns, with swell contributing to a dominance of southward transport for
offshore areas of the platform, with northward dominance inshore due to local wind waves (Figure
B-9).
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Figure B-8: Nearshore Features Adjacent to Exmouth Harbour
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Figure B-9: Segments Characterising Coastal Behaviour

APPENDIX B.4 COASTAL DUNE STRUCTURE

The coastal dune system along the Exmouth coastline is present as an almost continuous barrier,
broken by floodway breakouts, which release water under extreme rainfall events and may act as
inlets during extreme coastal flooding events or tsunami. The dune system provides two important
roles:
o Definition of a series of flood basins which provide a significant, ephemeral source of
retained freshwater.
e Creation of a buffer to extreme events, particularly erosion and storm surge inundation
caused by occasional tropical cyclones, but potentially also for tsunami. The capacity of the
dune system to resist breaching under severe storm impact is assessed in Appendix D.
The dunes are supplied by eolian transport, with the structure strongly influenced by underlying rock
pavement foundation, beach width, orientation to prevailing winds and human disturbance.
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The system is characterised by a primary ‘modern’ dune, lower secondary dune and foredune areas
(Table B-1; Figure B-10). The primary dune is almost continuous while the secondary dune is
intermittent and the foredune an ephemeral feature, having experienced substantial damage due to
traffic and impact of TC Vance.

The height of the primary dune varies from 6m up to 12-14m, with greater dune heights generally
within 1500m of the Exmouth Harbour. To the north of the Harbour, lower secondary dune ridges
are evident along parts of the coast, particularly north of the Exmouth Boat Harbour, with a series of
ridges near the Exmouth Golf Club and wastewater treatment facility. A comparatively narrow single
dune ridge is evident to the south of the Exmouth Harbour.

Foredunes develop in front of the primary dune when there is a net supply of sediment, a process
for onshore sand movement (typically wind) and potential for vegetation growth. On the Exmouth
coast, they represent ephemeral structures, which have grown either in response to seasonal or
inter-annual variations in sand supply, as post-storm recovery (e.g. following TC Vance), or through
changes brought about by coastal structures (e.g. Exmouth Harbour). Dunes below 4m AHD are
lightly vegetated and may be overtopped and deflated during storm events. They should not be
considered permanent morphology and are not suitable for installation of permanent facilities.

Table B-1: Characteristics of the Exmouth coastal dune system

Description Attributes Interpretation of Dynamics

Primary dune Relatively high and comparatively narrow, |Supplied by aeolian transport, overlying a

with crests typically reaching 6 to 8m AHD  |rock pavement foundation.

elevation. Primary dunes presently provide Modified sediment supply, including change

some protection from tropical cyclone surge to sand bypassing, could give increased risk

and inundation and direct wave attack. of dune breaching. In addition, artificial
breaching for beach access or diversion of
drainage floods could potentially change
flood basin behaviour to landward.

Lower secondary |Present for parts of the coast, particularly Occur in isolated areas, where they suggest

dunes north of the Exmouth Boat Harbour local sequences of coastal deposition.

Low level Below 4m AHD, these are recent features Ephemeral features, which have grown

foredunes developed in front of the primary dune, either in response to seasonal or inter-
including recovery after TC Vance and annual variations in sand supply, as post-
response to construction of Exmouth storm recovery, or through changes brought

Marina. These develop where there is a net |about by coastal structures

supply of sediment, a process for onshore May be overtopped and deflated during
sand movement (typically wind) and storm events. They should not be considered
potential for vegetation growth. permanent morphology and are not suitable

for installation of permanent facilities.
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Figure B-10: Segment of Dune Topography and Example Profile

APPENDIX B.5 DUNE BREAKOUTS

Landward of the dune field, a set of extensive ephemeral flood basins is present, which

acts as a storage area during occasional extreme runoff flooding events. Parts of the basins

are below 4m AHD, although they are typically around 5m AHD. The basins drain to the

coast through several ‘breakout’ channels, which provide semi-permanent breaches through
the primary dunes. Anecdotally, the breakouts expand rapidly during flood events and

contract subsequently, generally through northwards movement of beach and dune sediments.

Dune breaches or low points also provide a pathway for coastal inundation associated with

tropical cyclone surge or tsunami. Any breaches in the dune may widen rapidly, increasing the risk of
inundation of the land behind. Dune breaches can also rapidly infill, temporarily acting as a sediment
sink and altering the sediment supply of the adjacent coasts.

Dune stability is affected by the number, width, and locations of breakouts; along with the sediment
supply and the potential for further breakouts based on terrestrial and coastal flooding. The
structure of key breakout systems along Exmouth coast is demonstrated by lidar elevations and
profiles in Figure B-11 and Figure B-12.
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The northern breakout, positioned 3400m north of Exmouth Harbour, provides a pathway for
floodwaters to recede and coastal flooding. It is very likely the breakout will change in character but
determination of the exact nature of this change, however in its present form:

e Lidar levels suggests that this breakout can presently support coastal flooding into the basin
approximately once every 20 years, which will progressively increasing to an annual
occurrence for sea level rise of 0.8m. Increased inundation frequency with sea level rise will
change the character of the breakout:

a) Greater wave action across the nearshore rock platform will increase alongshore
sediment transport and provide a greater tendency for closure at the breakout mouth.

b) Higher coastal inundation events give a greater capacity for breaching and scour as
floodwaters withdraw. Large inundation events may bring in coastal sediment and
cause salinisation across part of the flood basin.

c) Forsea level rise above 0.4m, tidal ingress will occur. This will permanently change
vegetation in the flood basin and eventually develop a tidal channel network.

e Flood basin assessment suggested that this breakout does not drain floodwaters fast enough
to significantly affect infilling of the basin until flood level reach around 4.0m AHD, or the
storm duration is extended (with associated slower flow rates) (Section 3.4). This reduces
the flood hazard importance of keeping the breakout open — although it remains important
to drain floodwaters from a land-use and health perspective.
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Figure B-11: Northern Breakout Profiles
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APPENDIX B.6 DUNE MOBILITY

A typology of dune mobility along Exmouth foreshore was developed to discuss and further
understand existing issues and management requirements for subsequent work phases of Exmouth
CHRMAP (Table B-2 & Figure B-1).

Table B-2: Typology of Exmouth Dune Mobility

Dune Type | Description

Type A Pedestrian access to the beach is gained by crossing over/through dunes.

Pedestrian | Damage or removal of vegetation to form pathways may result in dune

Access mobilisation.

Type B Vehicle access tracks to the beach over a dune. Larger area of impact than

Vehicle pedestrian crossing.

Access

Type C Dune blowouts can form from a focal erosion point (such as a scarp from 4x4

Dune activity or a storm event), which provides a pathway for dune erosion to

Blowouts progress upwards along the face of the dune. Once the crest is reached,
sand is lost over the crest and inland

Type D Formation of scarps along the dune due to human impacts, storm responses

Dune or evolutionary sequences.

Scarps

Type E Dune face that has transitioned from being stable to losing sediment to the

Mobile surroundings.

Dune Face

Type F Net sediment transport rate along the beach/dune occurring at a greater

Sand Drift level than localised erosion spots such as blowouts. Accumulation of sand
drifts downwind, usually in the lee of an obstacle. Sand drift and dune
migration need managing to a different extent than that of a local dune
blowout or scarp
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Figure B-13: Identified Areas of Dune Mobility
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APPENDIX B.7 BEACH ROCK

Exposed beach rock is present along sections of the coastal dunes south of Exmouth Boat Harbour
(Figure B-14). These features are partly buried by the dunes, but their exposed elevation of up to
2.5mAHD indicates they are likely to contribute to dune stability. Further investigation is
recommended to assess the extent and elevation of rock along this area, where it is adjacent to
development, as the dune buffer is narrow, low, and discontinuous.
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Figure B-14: Exposed Beach Rock and Levels
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APPENDIX B.8 ALONGSHORE TRANSPORT POTENTIAL

A model for regional scale behaviour has been developed through a simplified estimation of
alongshore transport potential. This combines fetch length, wind occurrence and coastal orientation
(Figure B-15).
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Appendix C Dune Stability

Capacity of a barrier dune system to resist breaching collapse due to a combination of erosion and
overtopping is commonly parameterised by the cross-sectional area forward of the dune crest and
above the storm level (FEMA 2003; Dekker et al. 2005; Larson et al. 2009; FEMA 2018), referred to as
the frontal dune reservoir (Figure C-1). From a field data set of 38 events on the US coast, FEMA
(2018) suggests the volume of frontal dune reservoir required to prevent breaching during a 100year
ARI storm is typically >50m?2.

WAPC (2019) have adopted a similar approach for Western Australia, using a breaching stability
threshold if there is >100m? of cross-sectional area above the 100 year peak still water level. Where
the cross-sectional area is <100m?, it is assumed that the dune will be removed during storm activity
and the maximum extent of coastal inundation (including HSD definition) should be calculated
without the dune. Notably, the breaching threshold area is larger than typical ‘storm bite’ erosion
estimates (Mariani et al. 2012) because breaching adds a mechanism of overtopping dragging dune
material into lowland behind the barrier.

Breaches in the dune may widen rapidly, increasing risk of inundation to land behind. Dune breaches
can also rapidly infill, temporarily acting as a sediment sink and altering sediment supply to adjacent
coasts. Sections of dune that are commonly susceptible to breaching include flood breakout points
and beach access points that cut into the dunes.
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Figure C-1: Dune Reservoir Schematic (Extracted from FEMA 2018)
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Ongoing capacity for dunes to resist breaching when subject to coastal recession has been examined
using SPP2.6 criteria, with cross-sectional area calculated at 50m spaced transects using 2006 LiDAR
topography data (Figure C-2; Figure C-3). In the case of Exmouth foreshore, the heel of the dune is
mainly above the 100 year peak steady water level of +2.9m AHD and the back side of the dune
down to the heel has been included in the cross-sectional area.

To consider potential future vulnerability, erosion distances and sea level rise required for cross-
sectional area of <100m? and <50m? have been estimated. Whilst erosion distances have been
applied shifting the existing front dune face profile landward (i.e. shape of dune surveyed in 2006
lidar is maintained), in reality erosion typically occurs initially as a dune cut with a steep scarped
dune face with subsequent recovery, Landward transfers may also be active following destabilisation
of the dune face.

Relative protection afforded by the dune, at a 100 year peak steady water level of +2.9m AHD,
suggests the appropriate level of coastal management:

e Area>100m? Requires sustained erosion to come under threat. Monitor.

e Area 50-100m? May come under threat after progressive erosion. Manage.

e Area <50m? Under threat from a single extreme storm event. Protect.
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Figure C-2: Dune Cross-Sectional Area Calculation at 500m South of Exmouth Harbour
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The analysis shows:

A large dune reservoir in front of the golf course (2300-3100m N), with greater than 200m of
dune erosion required before the dune is considered susceptible to breaching;

Dune reservoir reduced southward towards Exmouth Town Beach (950-2300m N)), across
presently vacant land on Truscott Crescent. Lots across this section encroach on the dune
reservoir, requiring site-specific assessment of the available dune reservoir relative to
potential development.

Town Beach and Yacht Club assets are within the dune reservoir (500-900m N), positioned
on the front edge of a modified dune which is protected by a low seawall.

Residential lots between Warne Street and Friedman Way are setback behind Town Beach,
near the landward edge of the dune reserve. Dune erosion in the order of 40m is required
for this dune to be considered susceptible to breaching in the present day, with 35m of
erosion for 1.0m sea level rise.

The resort on the northern side of the Exmouth Harbour (0-150m N)) is within the dune
reservoir, with seawall protection in front of developed area.

The residential area along Crevalle Way (300-550m S) is fronted by a smaller narrow dune.
Dune erosion in the order of 30m is required for this dune to be considered susceptible to
breaching in the present day, with 10m of erosion for 1.0m sea level rise. It is noted that this
area has experienced dune erosion in the order of 5-10m erosion since the 2006 lidar
topography, based on vegetation lines, with is related to ongoing response of this beach to
the Harbour and its sand management.

Reduced dune protection along low density rural development to the south (550-3400m S),
with area majority of the dune south of 1700m presenting considered susceptible to
breaching.
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Figure C-3: Dune Capacity to Withstand Breaching & Erosion Pressure
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Appendix D Exmouth Coastal Transects
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Appendix E Exmouth Cadastre
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Appendix F Exmouth-Minilya Road Hazard Assessment

Exmouth-Minilya Road provides a single road route connecting the Exmouth and the Northwest
Cape to the rest of Western Australia. This route is critical for the Town, as the pathway for gas
delivery essential to Exmouth’s power supply. Existing management of Exmouth-Minilya Road by
Main Roads WA and supported by the Shire of Exmouth, presently copes with disruptions associated
with flash flooding events along a series of small, steep creeks (Hyd2o 2014). The frequency and
character of management has potential to change with sea level rise causing coastal inundation.

This evaluation has been prepared as a Supplement to Exmouth Town Site Coastal Hazard Risk
Management and Adaptation Plan (Exmouth CHRMAP), on behalf of the Shire of Exmouth. The
primary study area is the coast adjacent to Exmouth townsite, including areas subject to Shire
regulation and management. However, as access to Exmouth is effectively limited to Exmouth-
Minilya roadway, particularly its connection to Learmonth airport, potential influence of coastal
hazards to the roadway represents a significant consideration for future management. It is
anticipated the final CHRMAP will include a recommendation to liaise with Main Roads WA (MRWA),
who manage Exmouth-Minilya roadway, as part of long-term coastal adaptation.

It is recognised that the main present-day threat to the roadway is associated with runoff flooding
(Hyd20 2014). However, with projected sea level rise, there is increased opportunity for damage to
the roadway through coastal inundation or erosion. It is noted the most likely mechanism for
damage through coastal inundation is scour associated with withdrawing floodwaters.

This preliminary evaluation has been developed to help provide an initial framework for discussion
between MRWA and the Shire of Exmouth. It is understood that MRWA have existing assessment
and management frameworks in place.

Initial estimates of coastal inundation thresholds have been developed using the Climate Central
visualization tool (https://coastal.climatecentral.org/). This is acknowledged to provide a coarse
representation, as it is based on satellite-derived 30m horizontal resolution topography (SRTM), with
limited confidence in vertical datum accuracy.

Physical thresholds have been identified where:

* Constrained to coast (1.45m AHD)

*  First reaching roadway (1.95m AHD)

* Reaching roadway at most creeks (2.35m AHD)

* Reaching airfield (2.75m AHD)

* Substantial coverage of airfield (3.35m AHD)
Likelihood of these thresholds being reached has been estimated, using an estimated extreme
distribution, based on historic observed water levels from Exmouth tide gauge.

Change in likelihood due to projected sea level rise has been presented, demonstrating the
transition from infrequent occurrence, into occurrence that is significant for design purposes.
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Preliminary mapping indicates likely impact to Exmouth-Minilya Road by coastal inundation around
+3.35m AHD (not considering the effect of wave action). This has a present-day recurrence of
approximately 0.3% per annum, which is considered a tolerable risk for road damage, which is
usually targeted at 1-5% per annum.

With projected sea level rise, coastal inundation of Exmouth-Minilya Road increases in likelihood,
reaching a 1% per annum likelihood for +0.5m sea level rise, projected by around 2075. This is
considered an emerging problem, which should be acknowledged in long-term regional planning and
ongoing discussions with Main Roads WA.
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A sequence of different coastal inundation scenarios is presented for the lowest part of Exmouth-
Minilya Road, near Learmonth Airport. These show the transition of impacts from inundation level of
+1.45m AHD, through to +3.35m AHD, and identify how the recurrence interval changes with
projected sea level rise up to +1.0m.
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+0.5m MHHW
+1.45m AHD
+2.85m CD

High Present-day
Frequency
Negligible Impact

Present Day
+2.85m CD
Occurs 2 yearsin 3

+0.2m SLR
+2.85m CD
Occurs every year

+0.5m SLR
+2.85m CD
Occurs every year
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Occurs every year
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Approximate
Inundation Level
+1.0m MHHW
+1.95m AHD
+3.35m CD

High Present-day
Frequency
Limited Impact

Present Day
+3.35m CD
Occurs 1in 12yrs

+0.2m SLR
+3.35m CD
Occurs 1in 8yrs

+0.5m SLR
+3.35m CD
Occurs 1in 4yrs

+0.9m SLR
+3.35m CD
Occurs every year

Approximate
Inundation Level
+1.4m MHHW
+2.35m AHD
+3.75m CD
Tolerable Present-
day Frequency
Minor Impact

Present Day
+3.75m CD
Occurs 1 in 30yrs

+0.2m SLR
+3.75m CD
Occurs 1in 20yrs

+0.5m SLR
+3.75m CD
Occurs 1in 10 yrs

+0.9m SLR
+3.75m CD
Occurs 1in 4 yrs

Shire of Exmouth

%
THE KRAIT &3
MEMORIAL

N

Learmonth Jetty, o

%

/

(

|

Shire of Exmouth & l

THE KRAIT &y
MEMORIAL

Learmonth Jetty, a

-

Learmonth Jetty. k=
B

Learmonth Solar
Observatory

Learmonth

-

Learmonth Jetty, a

Exmouth Coastal Hazards FINAL.docx

94



SeashoreEngineering

Approximate
Inundation Level
+1.8m MHHW
+2.75m AHD
+4.15m CD
Tolerable Present-
day Frequency
Moderate Impact

Present Day
+4.15m CD Shire of Exmouth
Occurs 1 in 75yrs 5

+0.2m SLR
+4.15m CD
Occurs 1in 45yrs

+0.5m SLR
+4.15m CD
Occurs 1in 25yrs

THEKRAIT i3 |
MEMORIAL

+0.9m SLR
+4.15m CD
Occurs 1in 10yrs

™~
S

Approximate
Inundation Level
+2.4m MHHW
+3.35m AHD
+4.75m CD

Low Present-day
Frequency
Major Impact

Learmonth Jetty &

Present Day
+4-75m CD Shire of Exmouth &
Occurs 1in 280yrs

+0.2m SLR
+4.75m CD
Occurs 1in 180yrs

+0.5m SLR
+4.75m CD
Occurs 1 in 90yrs
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Occurs 1 in 40yrs Leormorth JZ‘% @
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