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1 INTRODUCTION

This Coastal Hazard Risk Management and Adaptatiof @RMAR} the third of a set of

documents Figurel-1) prepared for the Shire of Harvey, to support léegn coastal management

and planning for the Shi2a O 2 I & TiHe Planthas &gl developed following the CHRMAP
framework outlined by the Western Australian Planning Commissiaith consideration of local
attributes. ThisCHRMATRonsiders the Shire of Harvey codsigirel-2), which extendsrom the

southern tip of Leschenault Peninsula to the northern Shire boundary, approximately 11km south of
Preston Beach. THewn centres at Binningup and Myalup are included.

Coastal Hazardssessment
Document 246800-07

Summary of Kelssues

Document246-00-08

Coastal Hazard Risk

Management & Adaptation Plan
Document246-00-09

Figurel-1: Document Context

Evaluation of the potential impacts of coastal hazards, particularly those of erosion, inundation and
coastal landform mobility is described in Section 7 of the Harvey CHRg#g®?al Hazals
AssessmenDocument 246)0-07).

Key coastal planning and management issues that may result from potential coastal hazards have
been identified through consideration of stakeholder values. Identification of values included
community liaison through wéshops and discussion with the project steering group, in their roles
as representatives of key stakeholder interest groups. Information regarding the identification and
analysis of key issues is reported separately in Section 3 of Harvey CI3RMARry oKeylssues
(Document 246)0-08).

The Plan acknowledges preseatay coastal management issues faced by the Shire and considers

how possible coastal change may affect town site and strategic planning over the next 100 years.
Adaptationstrategies are recomended to mitigate adverse consequences related to future coastal
hazards. The CHRMAP is intended to support and extend the coastal management practices outlined
in the Shire of Harvey Coastal Management Plan

Document No. 24®0-09 Rev0
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Figurel-2: Shire of Harvey Coast
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1.1 Background and @htext

The Shire of Harvey is one of nine member councils of the Peron Naturaliste Partnership (PNP), a
group of local governments who have adopted a regional, collaborative approach to monitoring and
management of the coastal zone from Cape Peron to Cape Nateral southwest Western

Australia. Through the PNP a number of studies have been completed to identify areas where future
impacts from coastal erosion and inundation may affect assets or planning along the PN¥toast

It was recognised that thers ia need for scaling dowrf regional coastal hazard assessments to

make the evaluation relevant to decisiomaking. The PNP identified the potential value of linking
hazard assessments from both regional and local scales, particularly to suppodgatey decision
making regarding the consequences of adaptation actions.

The regionakcale erosion and inundation assessméinicated significant challenges for town site
planning for the Shire of Harvey. The combination of a historic erosion trend with projected sea level
rise was modelled to produce significarbsion of the Leschenault Peninsula, with increased
inundation of the lowlands north of Leschenault Estuary further anticipated to constrain the narrow
strip of coastal development that includes Binningup and Myalup. As a consequence of these
forecast poential impacts, he PNP selected the Shire of Harvey as an appropriate location to test in
detail the process of stepping from regional coastal hazard assessment, through local hazard
assessment, to implementation within the planning framework.

The Shire bHarvey and PNP determined that the appropriate setting for the hazard assessment and
the interpreted consequences for coastal planning and management is through a Coastal Hazard Risk
Management and Adaptation Plan (CHRMAP) framework. This approaclsisteoiwith the State

Coastal Planning Polig¢ySPP 2.6), which acknowledgkat potential hazards caused by climate

change and sea level rise should not necessarily preclude prdagrtoastal useNon-statutory

guidelines for CHRMAP preparation héeen developed, whichsuggest the use of a ridlased
management framework, incorporating community and stakeholder consultation.

The process followed to delap this CHRMAP for the Shire of Harvey coast is outlinEdyurel-3.

Determination .
Hazard Identification ;
of Assets and Adaptation

Assessment of Key Issues i
Values Y Options

Evaluate risks Surveys and Identify coastal change What existing controls
associated with coastal community workshop drivers and the are in place?
erosion, dune mobility  to determine key assets potential impact on

and inundation and values existing land uses

Summarise updated Community review and Opportunities and What are the preferred
Hazard Assessment consideration of constraints to adaptation options?
Adaptation Options Adaptation
Refer to Coastal Hazard Refer to Summary of Refer to Summary of Refer to Sections 7 and
Assessment Key Issues Key Issues 8 of this document
Doc 246-00-07 Doc 246-00-08 Doc 246-00-08

Figurel-3: Elements of CHRMAP Development

_ Document No. 24®©0-09 Rev0
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1.2 CHRMAP Framework and Objectives

Guidelines for developing a CHRMAP have been prepared by WAPC, using risk management
principles to help prioritise the need for management actions. The content of a CHRMAP, as outlined
in the guidelines, incorporates assessmof hazards and values to guide identification of a plan for
coastal management, which is supported by monitoring and reviggu(el-4). Due to tle

complexity of coastal situations and the wide range of possible applications, there is no definitive
content, or approach towards developing a CHRMAP, although common elements include
identification of Objectives, Assets, Hazards, Performance CritélalVRnagement Options,

Monitoring and Triggers. The WAPC guidelines encourage communication and consultation with
stakeholders and community throughout the CHRMAP development and implementation.

| )
| )

Figurel-4: CHRMAP Components Recommended by WAPC
Extracted from CHRMAP Guidelines

Key objectives of the CHRMAP framework are to assist statutory decision makers to:
1 Consider coastal hazard and to evaluate the risk for specific assets;
9 Identify realistic and effecte management and adaptation responses to those risks; and
9 Prioritise the management and adaptation responses.

The CHRMAP is a netatutory document, intended to provide guidance to the Shire and other
decisionmakers over time in regards to the considéoa of coastal risk and management when
decisions are being made regarding:

1 Development, subdivision, rezoning or other planning and environmental approvals;
1 The prioritisation of coastal management efforts;

1 Provision of support to the community to ensutet recreational needs are maintained,;
1 Property, infrastructure and beach user/resident safety.

Within this context the CHRMAP should be taken into account when regional and local planning
instruments are reviewed; when capital works programs are beangidered; and in the more
immediate term, to provide a context for the consideration of dayday functions of the Shire
(including the consideration of planning/building applications).

? Document No. 24®0-09 Rev0
a— | Exoluate DocumentLast Updated27/09/2016
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2 COASTAL HAZARDS MNESETS

2.1 CoastaHazards

Coastal hazards affectirthe Harvey coast and relevant to coastal planning are described in the
Harvey CHRMA®oastal Hazards Assessm@dbcument 2480-07). The most significant hazards
include erosion, coastal inundation and landform mobility (dunes and estuary entrandiye&lbf

these hazards have been historically active on the Harvey coast and are projected to have increased
future impact with projected climate change, mainly through sea level rise

For each of the hazards, the severity of impact and extent of taffiearea are predicted to increase
progressively. Consequently, although there are considerable uncertainties regarding how each
hazard may change over time, management thresholds are likely to be reached with increasing
recurrence. Where use of these thsfeolds is affected by recurrence (e.g. safety or -bestefit),

then it is more a question of when the threshold is reached rather than its likelihood. The situation
suggests that adaptive, triggbased decisiomaking is likely to be required for effeoti

management of the Shire of Harvey coast. Following the principles of SPP 2.6, consideration of a
wide range of possible outcomes provides a practical basis for management.

Erosionhas occurred progressively on the Shire of Harvey coast for thousands of years with an
estimated average rate of 0.5 to 1.0 m/yr, through alternating phases of rapid erosion and relative
stability. Historic periods of erosion occurred in the 1970s to $38@ from 2008 to 2015, although
their role as part of a sustained trend is obscured by human activities, alongshore movements of
sand and partial recovery of beach sediment. The effect of sea level rise is projected to increase the
opportunity for erosie phases, with the average erosion rate increasing by up to 3.0 m/yr over the
next 100 years; notably with this severe estimate based on very conservative assumptions.

Historic observations of coastal change have suggested that the sections of rock ingdindydune
barrier locally affect how erosion occurs along the Harvey coast. This may substantially influence the
relative stability along the coast, with higher stability possible between Binningup and Buffalo Road.
Geotechnical assessment is requireddietermine the relative presence of rock and improve the
capacity for effective coastal management.

Coastal Landform Mobilithhas been observed on the Harvey coast over the historic record,

including dune movement and estuary entrance instabilityne maement is the main form of

mobility, with evidence of landward sand drift over the last 6,000 years. Estuary entrance movement
is wholly modern, after construction of a diversion drain near Myalup and relocation of the
Leschenault Estuary entrance in thesDs.

Dune mobility is influenced by a range of factors, including stress due to vehicles or pedestrians
(through damage to vegetationgoastal erosion, drought and bushfires. On the Harvey coast, it has
also been affected historically by industrial waditsposal and concerted dune restoration and
revegetation works. At its most degraded state in the early 1990s, approximately 50% of the Harvey
coast was subject to active dune mobility. The area of mobile sand sheets and dune blowouts has
been substantidy reduced through the combined effects of restoration works and comparatively

few severe storms.
Document No. 24®90-09 Rev0
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Sensitivity of the dunes to erosion or sea level rise has been assessed based upon the dune cross
sections. This indicated that the foredunes present alongtbthe coast north of Binningup
contribute substantially to stability of the main dunes. Erosion of approximately 20m, which can
occur during a single severe winter, is sufficient to lose the majority of foredune along the Harvey
coast.This would liket create widespread dune blowouts and sand sheet formation equivalent to
the situation of the 1980s and early 1990s.

Projected sea level rise is expected to amplify the net rate of erosion, increasing the opportunity for
dune destabilisation.

The instabity of estuary entrances has been demonstrated at the two artificial entrances for Harvey
Diversion Drain and Leschenault Estuary (The Cut), where shoreline movement is much greater than
the adjacent coast. Projected change will increase the dynamics s tbeations, due to increased

dune mobility and the potential for an increased volume of sediment in the fitedich and ebbsill.

Coastal hundation has been a relatively infrequenbastal hazard over the history of the Shire, with
limited flooding of Australind foreshore area and the lowlands at the northern end of Leschenault
Estuary. The effect of runoff flooding has been more significant, with repeated flooding and water
logging of the lowlands between Leschenault Estuary and Lake Preston promptiag@ment

through an operchannel drainage network. Road access to Binningup and the Southern Seawater
Desalination Plant is raised above the adjacent land, and drainage culverts pass under Springhill and
Buffalo roads. The drainage network and the lanndsains are presently susceptible to coastal

flooding due to very extreme ocean water levels, estimated to have 100 to 500 year average
recurrence interval (ARI).

Projected sea level rise is expected to progressively increase the likelihood of coaslialgflo

affecting parts of the Harvey coast. This will occur through increased recurrence of flooding at the
existing hotspots (Australind and the lowlands north of Leschenault Estuary), and extension of the
area affected by floods. For a projected sea leiggl of 0.9m, the 100 year ARI coastal flood is
estimated to reach as far north as Taranto Road, whilst typical high tideR2(fithes per year)

would be above the preserttay level of Buffalo Road.

Hazard Scenarios
Arange of projected hazard levels$ibeen used to define three hazard scenarios, which each
include changes to erosion, landform mobility and sea level Tiabl€2-1). The progressively
changing natte of coastal hazard is suggested by time fram@r which the scenario is considered
likely to be valid, with the moderate scenario expected to occur sometime after 2045 and the high
scenario expected to occur after 2075. The high level of uncertaistcaged with the hazard
projections is indicated by the broad and overlapping time frames for the different scenarios.
Table2-1: Hazard Scenarios

Existing Conditions | Moderate Scenario High Scenario
Erosion Up to 20m Up to 50m Up to 150m
Landform (Dune) Mobility 25% Increase 50% Increase 100% Increase
Sea Level Ris| 0.0-0.2m 0.2-0.5m 0.50.9m
Time Frame 20162065 20452115 20752115
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Projected time series for sea level rise and recession are illustratéidune2-1. The sea level rise

time seriedfollows State Governmemecommendedorojection,which is a moderately high
interpretation of IPCC projectiodgFigure2-1a). The combination of recession and acute erosion
provides a time series band of possible coastal position, with actual coastal position anticipated to
vary within this bandRigure2-1b). Comparison of the projected recession associated with different
combinations oficute erosion, progressive change and response to sea lev@Fiigge2-1c)

highlights the relative sensitivity of the projection to the response to sea level rise. However, it also
shows that even with extreme response (300:1 ratil, recession ddwance developed using SPP
2.6 will give a number of decades for identification and response.
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Figure2-1: Sea Level Rise and Coadgacessiorscenarios
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2.2 Coastal Assets and Amenity
Community and stakeholdeonsultation was used to identify the key assets and amenity of the
Harvey coastTable2-2). The process of identification and valuation is described in the Harvey
CHRMABummary of Key Issu@3ocument 2480-08). For each identified asset or amenity,

relative sensitivity to diffeent coastal hazards and the major impacts were considered as part of the

valuation.
Table2-2: Summary of Assets and Values
Coastal Asset or Amenity | Sensitivity Impacts Community
Importance
Residential
Binningup Town Site Erosion / Dune Mobility | Damage to property, infrastructure; | High
management costs
Binningup Road Access Inundation Minor flood risk, management costs | High
Myalup Town Site Erosion / Dune Mobility | Management costs High
OtherResidential Areas Erosion / Dune Mobility | Management costs Medium
Industrial
Harvey Diversion Drain Erosion / Dune Mobility | Management costs High
Desalinisation Plant Erosion / Dune Mobility | Management costs Medium
Recreational
Onbeachactivities Erosion Loss of beach amenity High
Coastal 4WD Access Point] Erosion Management costs High
Informal Launching Sites | Erosion Maintenance Low
Binningup Seawall Erosion Structural damage, infrastructutess | High
Professional fishing Erosion Loss of access High
Rural
Agricultural Land Inundation / Salinity Loss of productive agricultural land | High
Heritage
Aboriginal Heritage Erosion / Dune Mobility | Affected by 4WDs Low
European Heritage Erosion / Dune Mobility | Management costs Low
Environmental
Sedgelands Dune Mobility / Salinity | Habitat loss High
Dune Vegetation Dune Mobility Management costs High
Coastal Woodlands Dune Mobility Habitat loss High

The process of valuation highlighted the diversity of community interestssequently providing a

high valuation for the majority of identified assets or amenity. A very strong sense of value was
clearly placed on access to and use of the coast, with a stronger interest in the management of
presentday conditions than in posd@éfutureissues.

Interpretation of the valuation also recognises that any community and stakeholder engagement
process cannot be wholly or proportionally representative of the community.

=
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2.3 Interaction of Hazards with Assets

Interaction of coastal hazardstivithe assets and amenity is a key focus for coastal planning and
adaptation. Coastal planning typically aims to use the spatial (and temporal) characteristics of the
hazards and assets to avoid interaction. Adaptation is required when the levels of hazard
intolerable for the existing assets and management framework (i.e. have unacceptable likelihood of
adverse physical, financial, social or environmental impacts).

Coastal management (both formal and informal) within the Shire of Harvey shows strapitéan

of coastal hazards, with typically wide coastal setbacks and layout of infrastructure to minimise the
impact of dune mobility or erosion. As a consequence, the existing management framework has
generally created moderate to large thresholds foanbe before significant adverse outcomes are
likely to occur Table2-3), which would prompt adaptation. Exceptions occur at Binningup Seawall,
recreational activities directly linked to the beach and for the sedgelands noityalup.

Table2-3: Assets and Existing Management Thresholds

Coastal Asset or Amenity | Threat | Threshold | Outcome when threshold reached
(A) Residential
Binningup Town Site Dune Mobility >30m Road smothering, then houses
Erosion >50m Lossof road
Binningup Road Access Inundation >0.5m Town access restricted oncelyear
Myalup Town Site Dune Mobility Any Caravan park or houses smothered
Erosion >170m Caravan park lost
Other Residential Areas Dune Mobility >10m Isolatedresidences smothered
Erosion >150m Isolated residences lost
(B) Industrial
Harvey Diversion Drain Dune Mobility >70m Blocking of Diversion ocean entrance
Erosion >30m Increased wind drift blocks entrance
Desalinisation Plant Dune Mobility >150m Smothering of building
Erosion >280m Loss of building
(C) Recreational
Onbeach activities Erosion >15m Loss of amenity
Coastal 4WD Access Points Erosion >20m Reduced accessibility
Informal Launching Sites Erosion >20m Reducedhccessibility
Binningup Beach Ramp Erosion >15m Loss of accessibility
(D) Rural
Agricultural Land | Inundaton | >0.3m | Salt water flooding once/decade
(E) Heritage
Aboriginal Heritage Dune Mobility Not
Erosion Identified
European Heritage Dune Mobility Not
Erosion Identified
(F) Environmental
Sedgelands Erosion >10m Marine incursion to sedgelands
Inundation Unknown | Saline intrusion
Dune Vegetation Dune Mobility Any Reduced dune vegetation
Erosion >20m Reduced dune vegetation
Coastal Woodlands Dune Mobility >40m Reduced woodland area
Erosion >70m Reduced woodland area
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Interaction of coastal hazards with assets notionally provides a basis fasssissment using a
consequencesikelihoodmatrix. This is a widely applied approach for assigning risk levels, with
examples presented in the WAPC CHRMAP guidéliAgsreliminary assessent was developed
from the valuation andhazard scenariod &ble2-4), with heritage assets excluded due to the
O2YYdzyAileQa t2¢ @Qlfdd GA2y®

Application of the consequencdikelihood matrix through the CHRMAP framework is primarily to
provide a basis for pridisation of management and adaptation efforfEhe relative value of this
approach is diluted by several factdios the Shire of Harvey coast

1 Communitybased valuation gave strong values for the majority of assets, making it
indiscriminate on a consequeelikelihood basis;

9 All assets require management, and are ultimately likely to have a need for adaptation in the
future. It is always appropriate to ensure that resources used for management are
commensurate with the value of each asset;

1 There are few tade-offs between assets which are likely to occur due to management,
meaning adaptation paths should be assessed discretely for each asset (and its
corresponding governance) rather than a combined assessment. This practicality is further
developed in situtions where episodic factors contribute to coastal impacts (for example,
funding is almost certain to be committed to a low value asset that has been damaged by a
storm compared to a high value asset that is exposed to possibility of hazard that is higher
than desired)and

1 Coastal hazards of erosion and inundation are both expected to progressively amplify over
time, and there are large elements of uncertainty in their forecast. Consequently, a CHRMAP
that provides triggers to management actions along llagard continuum effectively offsets
the importance of establishing hazard likelihood.

The community expressed strong interest in continuing the use of existing management techniques,
which are considered to be practical and effective for the immediadanihg horizon (<20 years).
Lower interest was placed on longerm planning horizons for which alternate techniques may be
necessary.

Maximising the effective use of existing management frameworks (Sejtiand developing
adaptation pathways for individual assets (Sectpare key factors influencing the structure of this
CHRMAP and its supporting analyses.

Despite limited use of the consequenlieelinood matrix for prioritising resources the Shire of

Hawey coast, the approach yields information about potential changes to management pressure.

Figure2-2 shows the relative impact to each asset for the three hazardaiesn able2-1). In each

OFasSs GKS WwO2yadNrAyd G2 11aasSiQ NBLNBaSyida GKS ¢
the hazard may restrict use, regUNE Y I Ay G Syl yOS 2NJ ySSR NBLX I OSYSy
are not directly comparable on a resource basis.
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Table2-4: Impact to Assets for Hazard Scenarios

Hazard Erosion Inundation Landform Mobility
Hazard Scenari¢ Existing | Moderate High Existing | Moderate High Existing Moderate High

Coastal Asset or Amenity
Residential

Binningup Town Site C M H C G C L L L

Binningup Road Access C C G C L M C G G

Myalup Town Site q L M G C G L M H
Australind Foreshore C C G M H H C G G

Other Residential Areas C C C C q C L M H
Industrial

Harvey Diversion Drain L M C G C C L H

Desalinisation Plant q G C G G q G L L
Recreational

Onbeach activities H H H C C C C G G

Coastal 4WD Access Point H H H C G C M M H

Informal Launching Sites H H H C G C C G G

Binningup Seawall M H H C G C C G G
Rural

Agricultural Land C C C C M H C C C
Environmental

Sedgelands M H H L M H M M M

Dune Vegetation G L M G C M H H

CoastaWoodlands G C G C G C L L M

Impacts to assetdncluding constraint to their useye described as Low (L), Medium (M) or High (H), based on three forecast scenarios (existing, moderate
or high) and the associatéhazards of erosion, inundation or landform mobility.

A
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The consequenckkelihood matrices (which are also implicitly consequeticesline matrices) all

show a tendency for increased constraint to the asset with increased severity of the scenario. The
mostcommon pattern is for Lowonstraint with a Lowscenario, Mediuntonstraint with a Medium

scenario and Higleonstraint with a Higtscenaria Consequentlymatriceshave been colour coded

to indicate deviation from this behavioulssets for which a higtonstraint to the asset may result

from a small scenario of coastal change are those which are (perceptibly) most sensitive to change,

which is strongly reflected iboncerns expressed by the residefus different aspects of

recreational beach use, inclindy onbeach activities, 4WD access and informal launching. Other

FaaSta adaOSLIIAGES G2 IANBFISNI Ky wO2YY2yQ O2yé
Binningup Seawall, the sedgelands north of Myalup and general stability of dune vegetat
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Colour-coding refers to the relative constraint to the asset, compared with the Scenario
i.e. moderate rating is given where a low Scenario causes low constraint, or a high scenario causes high cc
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Figure2-2: HazardConsequence Matrices by Asset
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3 MANAGEMENT FRAMEWORK
Coastal managers for the Harvey coast include:
9 The Shire of Harvey;
1 The Department of Parks and Wildlife (via the Lescheredfional Park);
1 Private landowners; and
i State Government (through unallocated Crown land, the desalination plant and Harvey
Diversion Drain).

Decisioamaking is different for each coastal managdowever, the four key managemefaictors

involved in decisin-making are usually governance, ownership, financial capacity and community

(plus stakeholder) attitude@-igure3-1). In many cases, it @sothe interactions bewveen these

FIrOG2NR GKFG dzZf GAYIFGSt@& RSGSNNYAYS RSOA&AAZ2YyaAasT SAl
governance controlling land owner responsibilities), or by creating a {odide

Disconnection between the four main factors garovide a barrier taeffective coastal management
particularly if management responsibilities (determined by governance) are not supported by a
corresponding financial capacity. This has importance on the Harvey coast due to the diversity of
land ownership boundaries and ti#ficulties of implementing a simple management approach.
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Figure3-1: Some Factors Involved in Coastal Management Decisitaking

The management framework for the Shire of Harvey has been described thsooghof the key
management factors and their interactions:
1 Coastal Management Approach

9 Existing Tenure

9 Existing Infrastructure

T Community Attitudesand
i Financial Considerations
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3.1 Coastal Management Approach

Until recently, the approach for all coastahnmagers along the Harvey coast has been similar, with a
focus upon low cost and low infrastructutierogressivecoastalerosion and instability of theuhe

systems were considered in the practices of each of the coastal managers, with setbacks established
to infrastructure; careful road and building placement; and implementation of revegetation works.
These practices were largely related to avoiding direct costs caused by coastal hazards, which
corresponds to th@rimarycoastal management strategy recomnuad by the State Coastal

Planning PolicgPP 2.6.

The overall strategy of coastal hazard avoidance excludes Binningup Seawall. This facility was
developed as a coastal hode in response to a perceived need for improved beach access aid marin
safety.Additional functions for recreational, social and services (stormwater management) have
been incorporated into the facility design.

3.2 Existing Tenure

Large portions of the coastal dunes are held in private ownership or State Government stewardship
(Section 5.2 oHarvey CHRMAP Summary of Key Is®msument 248)0-08), which constrains

Shire management of these areas. Apart from Binningup and Myalup townsites, the majority of the
coastal areas are privately owned to high water mark, or comprisgsasé Conservation Park with
management being undertaken by DPaW. The Greater Bunbury Region Scheme does not provide for
future reservation and acquisition of significant coastal foreshore reserves within the Shire. This is
particularly apparent north ofyalup where, for the purposes of coastal management, the GBRS
reserves are inadequate and affect only land comprising mainly UCL. Where existing lots extend to
high water mark the GBRS reserve is particularly thin, covering beaches only.

The lack of GBRreserves limits the ability of the Shire to seek management orders for coastal areas
and effectively manage these areas via the region scheme provisions. Alternative mechanisms will
need to be found.

The privately owned land proposed for Regional Opgeac8 in the GBRS has the option to be

acquired by the State Government. Should this occur, the land will be vested in the Crown and the
details of the vesting in relation to its management will be clarified at that stage. Typically, coastal
foreshore aras under existing Region Schemes are managed by the relevant Local Government,
with management funded through State Government grants. Unfortunately, the GBRS does not
propose Regional Open Space reserves over many coastal dune areas, and thus an ibpfartun
future acquisition and management of these areas may have been lost. The GBRS does, however,
propose the inclusion of all beach areas within a Regional Open Space reserve.

When subdivision abutting the coast is proposed, a portion of the colastdlis allocated as
foreshore reserve and can be ceded to the Crown free of cost if included as a condition of
subdivision approval. This is likely to occur as part of any future subdivision proposals along the
[KANBQa O2radlt INBIAZ ®ZpSHEN2z2R LKNBASYES { KANE
Strategy is only promoting future development of land south of Binningup which is subject to
Structure Plan provisions in the local planning scheme. As part of finalising the Structure Plan for
this aea, foreshore reserves of appropriate widths should be investigated and ideally incorporated
Document No. 24®0-09 Rev0
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into either regional or local reserves. Localised Foreshore Management Plans are generally prepared
in these circumstances and this practice should continue.

Souh of Buffalo Road, the Department for Parks and Wildlife implement management plans for
Leschenault Peninsula and Yalgorup National PafxPaW is continuing to implement the 1998
management plan for ongoing managememnid rehabilitation of this areaThe Department are also
continuing to implement the Yalgorup National Park Management Plan for areas affected by that
Plan, including Lake Preston. The Shire should semkpfmort the work being undertaken by DPaW
and consider assisting in specific mgament proposals where there would be a shared gain, such
as the cossharing arrangement to upgrade and bituminise the Buffalo Beach access road.

3.3 Existing Infrastructure
Comparison of the threat posed by coastal dynamics to existing infrastructure ¢deassts A, B or C
in Table 48 of Harvey CHRMAP Summary of Key I3suegests that:

1 Dune mobility provides a potential hazardttee majority ofcoastal assets over the next 100
years;

9 Erosion hazartbr the next 100 years is maindoidedfor the exising infrastructureLocal
exceptions occur at Binningup, Myalup and Harvey Diversiasmrecognised that the major
reason for avoidance outside the town sites relategh® difficulties of constructing
adjacent to potentially mobile and stedppograpty dunesand

1 Coastalnundationis likely to affecexisting agricultural practices and access to Binningup
town site within the next 100 years.

Appropriate management strategies to deal with these threats (per infrastructure unit) have been
considered irthe context of the preferred adaptation hierarchy.

Dune Mobility

It is considered unfeasible to wholly avoid the threat of dune mobility. The relative uncertainty
associated with dune mobility and the comparative success of dune management locally at
Binnngup and Myalup suggest thAtcommodatiorthrough dune management may be practical in
some situations.

The cost of dune stabilisation varies from $25,000 to $500,000 for a single blowout, requiring
repeated works over the time, with increasing recurrecean eroding coast. This provides a strong
financial incentive for low intensity development to be located well landward of mobile dune areas.

Coastal Erosion

Two major pieces of infrastructure that are subject to erosion threat are the Harvey Divension
and the Binningup Seawall. Each of these facilities has a purpose that is directly related to their
position relative the shore (being drainage to the ocean and beach access respectively). This
characteristic suggests that a management strategy cbfenodation may be appropriate for
these facilities, although there may be constraints to the practicality of this strategy at Binningup
Seawall (SectioB).

Although other recreational assets are subject to coastal erosion, they represent relatively low cost
facilities, with a short service lif€ar parkat Myalup and Buffalo Rd are presently setback behind a
narrow dune buffer, supporting a managent strategy of Retreat.
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There is a limited amount of fixed residential infrastructure within Binningup that is subject to
erosion hazard, as result of development when State policy definition of the coastal zone was less
stringent. The town site layoytotentially supports limited Retreatvith only a small portion of land
adjacent to the town that is not in private ownership or kying.Only a small number of sites may

be made available for land swap, requiring an increased proportion of lantbdokyif a Retreat
strategy is usedyeconingincreasingly convoluted and costly (per me¢tr@sior) as retreat

progresses landwardoastal limestone in this vicinity tentatively suggests that the existing buffer
may be adequate to Avoid coastal erosion thre#his requires physical assessment to determine.

Myalup Caravan Park is potentially subject to coastal erosion within the next 100 years. The existing
caravan park use represents an appropriately low cost infrastructure investment, which may be
removedor relocated.

Coastal Inundation

Coastal inundation threats to agricultural land and Binningup road aceesmt beWvoidedQas the

coastal lowland is continuous between Leschenault Estuary and Lake Prgstdiixed spatial
nature of the agricultural  yR | f a2 YSkya GKFd F GNXzS adaNr aGsS3ae
that becomes untenable due to coastal flooding will not be replaced. Consequently, management

d0NI GS3IASa (G2 0S O2y&aARSNBR INB WI O002YY2RIGAZ2YQ

3.4 Community Attitudes

The community displays a strong sense of value and interest in the coast, with a willingness of
community members to participate in dune restoration and monitoril@gmmunity representatives
indicated desires to retain or improve existing levels of bead®ss and to maintain the ecological
values of the Harvey coast.

The strong interest in improved beach access is further displayed by community support when the
beach ramps at Binningup Seawall were proposed. This facility directly addressed thdidiffaful
beach access, improving the speed and reliability of 4WD access to the beach for small boat
launching.

3.5 Financial Considerations
The scale of and options for future adaptation requires careful consideration of financial viability.
TheShire of Harvg, including thecoastal communities of Binningup and Myaluyas a small
population to support any form of significant adaptation infrastructure or ongoing coastal
managementCosts for coastal management are presently incurred by:

9 Maintenance of Binningp Seawall and launching ramp;

1 Maintenance of Myalugar parkand beach access;

9 Dune restoration; and

9 Beach access tracks.

Staff resources for the Shire of Harvey are also presently limited.
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4 RECOMMENDHBELANNINGAPPROACH

Asdiscussd inthe Harvey CHRMARuUmMmary of Key Issu@@ocument 2480-08), there are several
challenges to effective coastal management which may need to be addressed through modification
of the planning framework. This section outlines gssiblepathway towards improved coastal
management. However, it is suggested that a substantially greater degree of planning assessment
and dialogue with the State Government is required to develop a fully functional approach. Further
refinement of the planning approach is recommended over the fmxtyears (Sectiof.2).

It is recommended that a twdevel approach to planning, policy and tenure be adopted by the Shire.
These provisions will complement tlegistingPrecinct Policy Area Statemelfits 7 and 10) as
outlined inLocal Planning Scheme No. 1

1. Regional Planning: Regional Open Space
The Regional Open Space Reservation of the Greater Bunbury Region Scheme needs to be
more extensive along the Haay coast, recognising its regional significance and the
implications that actions outside the Shire can have on this section of coast. The actual extent
of reservation needs to be agreed between the Shire, affected landowners and the Western
Australian Rinning Commission, however it is recommended that as a minimum the mobile
dune is reserved.

2. Local Planning: Local Planning Scheme

The Shire has significant ability to influence land use planning at a localtlev8hires Local
Planning Scheme may casider the following mechanisms to provide the appropriate planning
response:

1 CoastaManagementZone®to cover all lots with frontage to the coast;

1 CoastamanagementSpecial Control Area within Binningup and Myalup to a line 150m
landward of the existig coast; and

1 Specific requirement for Structure Plans prepared in accordance with Scheme
Provisions to consider coastal processes.

The recommended extent of planning instrumsrreoutlined for the whole Shire coasF{gure
4-1), in the vicinity of Binningug={gure4-2) and in the vicinity of Myalug={gure4-3).

®The actual name of the zone will be determined by the Shire following discussion with the Department of
Document No. 24®0-09 Rev0
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Unallocated Crown Land
Proposed Coastal Protection Zone
Proposed Coastal Protection SCA

Planning Response - Binningup

Figure4-2: ProposedPlanning Response for Binningup
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Figure4-3: Proposed Planning Response for Myalup
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4.1 Implementation Considerations

Options are provided as an example of how the planning system could respond within the Shire,
however further consideration will be required prior to them being determined as an appropriate
mechanism.

Greater Bunbury Region Scheme

The suggested extent of the eventual GBRS should encompass as a minimum the mobile dunes,
although ultimately could berought landward to reflect other environmental or cadastral features.
The actual extent will be determined following further investigation and discussion.

Coastal Management Zone

The Coastal Management Zone should cover all existing lots fronting the coast, and in addition any
lots likely to be subject to coastal processes. The inclusion of the zone highlights the importance of
managing the privatelg 6 Y SR | NB | & 2sffine in ErSappfofriatdlia@rier. (D bst

cases the zone would replace the curr@gneral Farmingone, which does not appropriately

address matters of coastal management and protection.

Suggested objectives of thEoastal Managemente include:

1 Toprovide for development that is compatible with, and that \pileserve, the coastal
environs;
To prevent development that may be susceptible to future deifrom coastal processes;
To Imit subdivision of coastal land;
To ensure that relevant notificatits areplaced on Certificates of Title; and
To promote coastal management works.

=A =4 =4 =

A range of additional provisions may relate to the zone that specifically relate to coastal
managemen{Table4-1).
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Table4-1: Provisions and Explanation for the Coastal Management Zone

Additional Provision%

Explanatory Comment
(not to be included in scheme)

PlanningApproval

Notwithstanding any other requirement of the
Scheme for any lot within the Coastg
Protection Zone, planning approval is require
for all development including a Sindt®use.

The regulations can permit single houses
some zones without the need for plaimg
approval. This provision requires Plannirn
Approval for all development,

On approving any Development in the zone,
Local Government shall require the placemer
of a notification on the Certificate of Title
pertaining to the potentialmpacts ofCoastal
Processes.

This clause provides the Shire the opportuni
to review implications of coastal processes af
to place a notification on the relevant
Certificate of Title in accordanosith Clause
5.5(ii) of SPP2.6.

Variation to Development Standards

The Local Government may permit variations
to the building setback, where it is satisfied
that themodification:

Provides flexibility for the Shire to work with
landowners to deliver improved desigr
outcomes on individual lots.

1 Is consistent with the objectives for the
Zone;

1 Preserves areas of remnant vegetation,
coastal dunes and other areas of
environmentakignificance;

9 Provides sufficient area for the
development of any low fuel zone and/or
hazard separation area on that;

9 Is required due to the topography or shay
of the lot;and

1 Will have no adverse impact on the
amenity of existing residences on
adjoininglots.

Fencing

The Local Government will encourage fencing
of dunes and other sensitive areas for the
purposes of improving @&stal/environmental
management.

This clause provides an opportunity for th
Shire to support landowners in managin
coastal or environmental features of thei
properties. It may also assist in the applicatiq
of grant funding for orground works.

Keepingof Animals

The keeping of livestock, animals or any rura
pursuit activity is not permitted within the

zone.

This is to ensure environmental features an
coastal dunes are protected.

Damara WA Pty Ltd 2

®Note: the wording of these provisions is for example only. Further consideration will need to beagiven

SPSyldz f ¢62NRAYy3I G2 SyadaNB O2yaraisSyode gA0GK GKS { KANE
requirements.
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4.2 SpeciaControl Area

A Special Control Area is proposed within the existing townsites of Binningup and Myalup. The
Special Control Area will apply to relevant residential/commercial/infrastructure reserves in existing
urban areas of Myalup and Binningtignd will identify aditional provisions related to coastal
processegTabled-2).

Table4-2: Recommended Provisions for Townsite Speciahttal Areas

Name of Purpose Additional provisions
area

1.  The Local Government wiéfuse applications for
residential land use or development of any other
incompatible uses which would, in the opinion of
the Local Government, suffer adverse impacts fro
identified coastal processes using best available
information at the time and takingnto account the

To protect developmen expected life of the development being proposed.

within the townsites of 2-  The Local Government will not recommend to the

Binningup and Myalup Western Australian Planning Commission the
Coastal further subdivision of residential zoned land within
Protection from coastal processes .

associated with coastal the Special Control Area.

recession over a 100 [3.  Where development iapproved within the Special

year timeframe. Control Area, a notification shall be placed on the

title in accordance with Clause 5.5 (ii) of SPP2.6.
4.  The Local Government will require a detailed
assessment of coastal processes, appropriate des
and management measures be incorporated into
any Structure Plan prepared for land affected by t
Special Control Area.
Note: These mechanisms and provisions require further analysis and assessment under the current
Planning framework relevant to the locality to interpret thgplications on existing statutory

planning controls

“1t should be noted that the suggested extent of the SCA currently aligns with the recession line shown on
Figure 52. This line malge modified following more detailed geotechnical investigations on the Binningup
coast. The extent of the SCA should be reviewed in line with this information as it becomes available.
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5 COASTAL HAZARD DEONSMAKING

This section presents a basis for coastal hazard deaisaking typically applied to plannifig
Information relevant to the Shire of Harvey is presented for the hazardsosfon(Section5.1),
inundation(Sections.2) and mobility of coastal landform(&ections.3).

Threats posed bgoastalhazards vary over time and are influenced by weather conditions, the shore
conditions, the assets (infrastructure or environmental) or amenity which may be affected and
human interventions. A key characteristic of coastal hdgaelevant to decisiomaking is that they
typically combine episodic and progressive behaviéigure5-1). Environmental risk management
frameworks' provide a suitable basis for decisioraking to accommodate hazards changing over
time. Practical management methods can either be to adopt aewasive initial position or to use

an adaptive management approach, where monitotirdpsto identify the most appropriate suite

of management actions. As demonstrated for the Peaturaliste coast’, the approach used is
strongly influenced by the peeived assets at risk and the resulting ease or difficulty of obtaining
funding to provide ongoing monitoring to support adaptive management.

CoastalParameter
(e.g. Shoreline Position or Water Level)

Signal

Episodic
Behaviour

Progressive
______ Behaviour

Time

Figure5-1: Combination of Episodic and Progressive Behaviour

The State Coastal Planning Policy SPPragbmmends the application of development setbacks
and minimum ground or floor levels to provide a cenative initial coastal management position,
but acknowledges that a number of existing sites and facilities are presently exposed to coastal
hazards or may be threatened at a later date. SPP 2.6 recommends that a risk management
framework be applied toltese sites, incorporating coastal monitoring as part of adaptive
management through a CHRMAP

Risk managemenapplicationto decisionmaking typcally considersconsequencef ahazard

impactng on an asset, combined with thikelihoodof that impact The consequence and likelihood
for impactson assetss the overall risk associated with the hazard. This framework may be used for
efficient identification of appropriate hazard mitigation and manageneffart.

Changing conditions over time are typically identified by monitoring of progressive behavithur, w

SLIAAa2RA0O 0SKIFI@A2dzNI O2YAARSNBR | WNIYR2YQ OF NAI of

associated with either episodic or progressive behaviour incorporated in the assessment of risk to

achieve a conservative outcome (e.g. episodic hazardakiated towards the upper limit of

O2yFARSYOS Sy @St 213543 2NJ LINE I NBE &SMS LK HGTGISNES 250 SI
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5.1 Coastal Erosion Monitoring and Decisidiaking
Characteristics of historic coastal change along the Shire of Harvstyicoade:
1 Substantial seasonal variation in beach width;
1 Moderate to large erosion during severe storm events;
9 Local influence of rock platforms and beach rock when they are uncovered,;
9 Local retention or erosion adjacent to crestsore rock and reef feares due to reversals of
alongshore transport (compartmentalised behaviour);
9 Focused erosion during severe storm events (north of Binningup) being subsequently
distributed alongshore over a number of years (transferred recession);
9 Initial recession at Lekenault Estuary entrance (The Cut) following excavation, followed by
substantial local shoreline variability on the adjacent coast; and
1 Overall net coastal recession, occurring progressively over millennia.
In order to adequately interpret coastal changkstinguishing between the causes and pathways of
change is likely to be required.

The approach towards coastal erosion monitoring for the Shire of Harvey is outlined in the PNP
Coastal Monitoring Action Pldh which distinguishes between monitoring for acute erosion hazard
and monitoring for erosion trend (recessioiVonitoring for acute erosion hazard is targeted toward
identifying the likelilmod associated with severe acute erosion (typically stdriven), and is

therefore most relevant when assets are located near to the shore. For the Shire of Harvey, historic
acute erosion has typically been less than 20m, but decadal phases of sevaespnagerosion

and dune mobility have occurrgdeeHarvey CHRMAP Coastal Hazard Assessientiment 246

00-07). The Shire of Harvey coast has been planned with consideration of both rapid and progressive
erosion. As a consequence, very few assets dsgestito an acute erosion hazard, except Binningup
Seawall (Sectio.8) and the amenity of the beach and foredune area itself (Sec6dhand6.7).
Monitoring for acute erosion hazard (i.e. likelihood) is not proposed for the Harvey coast, although it
remains necessary to monitor coastal change with suitable frequency to distinguéstun

response from more progressive changes.

In contrast to the relative insensitivity to acute erosion, an understanding of the overall coastal trend
has ramifications for coastal planning and adaptation. The most widespread and immediate issue is
related to the potential for dune mobilisation following coastal retreat. Potential future recession,
particularly due to projected sea level rise, has the capacity to affect discrete assets, including
existing residential dwellings (Sectiohd and6.3) and the Harvey Diversion Drain (Secto$).

The 18year monitoring program recommended within the CMAP involves:
Monthly photographic monitoring for indicator sites;
Annual or twice yearly measurement of beach widths (Siggire5-2);
Obligue aerial imagery annually or twice yearly (captured by PNP);
Capture of vertical aerial imagery every 5 to 10 years with photogrammetric interpretation
of vegetaton line and shoreline (captured by Landgate);

1 Annual dune monitoring.
This monitoring framework is intended to allow identification of relatively high frequency change
such as storm response and seasonal beach change, but is mainly qualfegires-3).

l Document No. 24®0-09 Rev0

!@ A\ Erscte DocumentLast Updated27/09/2016
landin r— Page25

=A =4 =4 =4




Shire of Harve Damara WA Pty Ltd
Coastal Hazard Risk Management and AdapiePlan

] 7Northﬁk

Central

South

. Sediment Cell
Boundary Point

. Beach Width
Monitoring Site

=

Figure5-2: Beach Width Monitoring Sites and Sediment Cell Boundaries
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Quantitative analysis is provided by widely spaced beach width monitoring, which is intended to
support a regional monitoring perspective, acapture of vertical aerial imageryhese
measurements are spatially discredad may require interpretation of oblique aerial imagery to
guide whether there is an overall loss of sedimentmarelyredistribution along the coast. A
preliminary basis fomiterpretation using a hierarchical sediment cells framework is outlined in the
Vlamingh sediment cells repot

Temporal Coverage Data Quality
° . . ® Quantitative m
Vertical Aerial Imagery Full Coverage ®
° ° ° ° m Qualitative
Oblique Aerial Imagery Full Coverage®
° ° ° ° ° ° ® Quantitative m
Beach Widths m Part Coverage
0000000000000000000000000000000000000 @ Qualitative
Site Photographs Time ® Part Coverage
NB: Relative Timing is not to scale | Quantitative |
Coverage

Figure5-3: Schematic of CMAP Monitoring Data Coverage

Vertical aerial imagery provides theaim quantified basis for evaluating coastal trend and therefore
making decisionsdHowever, vegetation lines (derived from aerial imagery) are a proxy for coastal
position, as considerable beach change can occur without affecting the vegetationus& the
potentially high amplitude of shottierm variations, it is also necessary to ygwtographic

monitoring to providea high frequency indicator of change, identifying whether a phase of storm
erosion and recovery has contributed to the perceived tréfidure5-4).

Coastal
Position

Points of Coastal
Measurement

Measured Acutdresponse #Z;
Actual AcuteResponse £Z,

Trend Estimates
Biased by Recover)é
2

4

Recovery
Time

Time

Figure5-4: Trend Aliasing due to Sampling Rates and Acute Erosion
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5.2 Dune Mobility Monitoring andDecisionrMaking
Dune mobility has historically been a substantial coastal management issue for the Shire of Harvey,
the Department of Parks and Wildlife and local laovahers. It is anticipated that the management
effort required will increase substantiglin the future, particularly if progressive recession due to
sea level rise causes widespread loss of existing narrow foredunes and form erosion scarps that
destabilise existing dune faces up to 100m in width. A typical sequence of development is:

1. Eroson event undermines foredune vegetation, forming a scarp;

2. Exposed foredune blown out by wind or water, creating sand sheet to landward,;

3. Sand sheet mobility smothers adjacent dune vegetation and undercuts laterally;

4. Blowout and sand sheet advance landward.

Techniques for the management of mobile coastal dunes are well estabfi§heith intervention at

an early stage of dune mobility being significantly less expensive than stabilisation at a later date,
largely due to the physical area requiring stabilisatiin many cases, dune instability is enhanced by
uncontrolled 4WD access (Sectier).

Early intervention involves construction of a vegetated or brushed durfiley which provides a

wind barrier and prevents the movement of foredune sand into a sand sheet. When a buffer is
present, the management requirements may generally be indicated by the width of existing buffer,
which is therefore the main parameter to Ineonitored. On an eroding coast, management actions
associated with dune stabilisation typically follow a sequence indicatédduye5-5. A new buffer
should be esiblished landward using earthworks, brushing and planting when the management
effort is considered to be excessive. Appropriate buffer width is determined by the height of the
scarp to seaward, as it should typically be five to six times the scarp height.
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Figure5-5: Dune Buffer Management Sequence for an Eroding Coast

Monitoring is typically used to characterise the increase in area and the horizontal movement of the
sand sheet for mobile dunes that are not stabilised early. Two approaches used are:
9 Vertical aerial imagery to measure change in sand sheet area;
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there is a short distaze for sand sheet movement to affect amenity gsats, as outlined in
the CMAP.

Approaches towards the management of advanced dune mobility (i.e. active sand sheets) typically
vary according to the density and perceived value of the assets potentiaitedt Approaches
include:

91 Locating (or relocating) assets to reduce the likelihood of being affected by sand drift;

1 Monitoring the advance rate of the sand sheet compared with the projected time of use for

the asset;

1 Providing assets with structural chataristics that reduce sensitivity to drift; or

9 Stabilising the sand sheet (for high value assets).
These approaches broadly parallel the adaptation hierarchy suggested in SPP 2.6 for the
management of coastal erosion and inutida hazards.

5.3 Coastal Inundtion Monitoring and DecisioAViaking

The key parameter for monitoring of coastal inundation hazard is coastal water level. However, as
with coastal erosion, there is a high level of uncertainty regarding process attribution which may
need to be evaluated wdn making coastal management decisions in regards to inundation risk.

Coastal inundation is developed through a wide range of water level processes, with at least 20

processes identified from scientific research in the PeXaturaliste regiort’. The micretidal

nature of the region determines that many of these processes have comparable amplitude.

Therefore a different set of processes may be influential for any particular inundation management

issue, depending on recurrence, timing or interaction of psses. Some of the inundation issues

faced by the Shire of Harvey include:

Movement of the wetted foreshore fringe, affecting amenity and actessorarily;

Foreshore change in response to water levels, particularly beach adjustments;

Stability of drain@nd channels subject to occasional, intermittent or regular coastal flows;

Change to hydrodynamic stresses affecting foreshore infrastructure, including throughflow

and overtoppingand

1 Flood damage caused by water that reaches assets (typicatgtructure or environmental
assets) that are not water tolerant.

= =4 -4 =

Each of these issues requires consideration of a different range of water levels, which may be loosely
classified as ambient, high or extreme. These classifications can be describee telthe set of
processes most likely to contribute to water level recurrerfeig|re5-6). Significantly, because of
the small tides along the Harvey coast, theeeffof mean sea level change is projected to cause
substantial shifts in the relative recurrence of water levels at or above existing thresholds. Assets
affected by present day extreme levels (i.e. subject to flooding only during extreme storms) will be
stbject to ambient conditions (i.e. inundation on a dayday basis) with a sea level rise of
approximately 0.5m, projected to occur by 208®¢tion2.1). Even small changes may substantially
affect flood recurrence, with a 0.1m sea level rise approximately doubling the occurrence of flooding
at thresholds around +1.2mCD.
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Figure5-6: Water Level Clasgtation Scheme

The nature of coastal flood events commonly creates a wide range dbtesiant to riskaverse
behaviour in relation to coastal management. A key factor is that flood perception is largely
determined by damaging events. As small floodrgsean often occur with zero or limited impact,
often only extreme events are recognised. However, there is potential to have extended periods
between critical events or clusters of critical events, which is only partly dependent on the
underlying preconiions of mean sea level or tidal phase. A key result of this mainly episodic
behaviour is that observations of extreme or high flooding (>+1.6m CD) are not good predictors of
risk. Instead, observation of lemoderate level flood events (+1.2 to +1.6m @&X)onsidered to
provide a better measure of progressive change to inundation risk and therefore is a better
parameter to be monitored and used for decisioraking.

A difficulty with identifying a particular threshold for decisimaking is that the occuence in any

year may vary significantly due to either storminess or kaenual variability (tides or MSL). This
produces wide levels of uncertainty when using annual threshold exceedance to infer a present level
of risk Figure5-7a). Interpretation can be improved by the use of a wider observation period, say

>5+ years, over which exceedance is averagegli(e5-7b).
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Figure5-7: Using Threshold Exceedance to Monitor Change in Risk
Using a longer data set (>5+ years) to describe behaviour improves confidence.

In addition to thedifficulty of inferring risk levels from observations due to the episodic nature of
ocean surges, establishing the likelihood of threat to the lowlands north of the Leschenault Estuary
from coastal inundation requires an understanding of overland propagatf surge events. This is
presently poorly informed compared to knowledge about other water level phenonfeigare5-8).

KNOWLEDGE SCALE PROCESSES
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Figure5-8: KnowledgeBase for Inundation Processes
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Evaluation of coastal inundation likelihood requires knowledge of:
1. Y. I O1ANRdzyRQ 20Sty ¢l GSNJtS@Sta 6G6ARSa FyR
2. Meteorological conditions producing storm surge; and
3. Capacity for an@eanic flood event to propagate through Leschenault Estuary and overland
to Binningup.

The components of tide and mean sea level are effectively measured by the Bunbury Port tide gauge.
This exhibits characteristics similar to the Fremantle record, wih tiater level events mainly

restricted to May through July due to tide and seasonal mean sea level processeanimiet

variability is mainly introduced by the EFRliLa Niia phase, further influenced by yeto-year

storminess and the 18-gear lunamodal cyclé”.

With interpretation, the Bunbury gauge record also provides a history of storm surge events that
supports identification of the meteorological conditions producing severe storm stitges
Parameterisation of the storm characteristics can therefore be usazbstimate surge likelihood. It is
notable that the likelihood of flooding due to tropical cycleineluced surge has not yet been
established, although a modelling scenario based upon impact of Tropical Cyclone Alby has been
used to consider Bunbury floaisk .

Although the tide gauge record is viable to develop an understanding of inundation factors (1) and
(2) listed above, decisiemakingfor Binningup may also require an understanding of factor (3). A
preliminary estimate can be established througlmrerical modelling, and undertaking a flood study
is recommendedSection7.1). However, to correctly validate the model requires observations. It is
therefore considered appropriate to implement a monitoring program that supports both model
validation and adaptive desion-making. The recommended approach follows the PNP Coastal
Monitoring Action Plart’, using a combination of flood frequency analysis anddflsapping'’.

Recommended sites to undertake flood frequency analysis include:

1 Australind shore, landward of the scientific observation causeway;
The small wetland north of Crimp Crescent;
Buffalo Road;
Wetlands on the western side beschenaulEstuary (bbong Harris Track);
Springhill Roadand
Binningup Road.

= =4 =4 -4 A

Flood mapping should be undertaken for events which exceed +1.8m CD on the Bunbury tide gauge.
The limit of flooding should be determined, generally by survey of levels and positions of flood
debrisor water marking. Consideration should be given to storm surge events which are
simultaneous with heavy rainfall, where a distinction between runoff flooding and coastal

inundation may be obscured.
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6 ASSE-BASEMRDAPTATIORSSESSMENT

Pathways for adaptatn have been evaluatefbr each identified asset. This scale has been selected
to directly relate to existing decisiemaking processes, with divisions accordingéeernancelt is
recognised that ownership divisions affect decisiaking at the assetcale, and prompt an

increased tendency for hazard protection or tolerance. However, for the purpose of developing
adaptation pathways, ownership divisions have been identified as barriers to implementation, rather
than unchanging characteristics.

For eaclasset, the adaptation assessment is presented as three parts:
1. Current and Projected Coastal Management Issues
2. Adaptation Hierarchy
3. Coastal Monitoring and Management Triggers

These parts are described below.

Current and Projected Coastal Management Issues

A synopsis of presefttay coastal management issues is provided, outlining the proximity of assets

to the coast and the present means of managing coastal hazards. The extent of coastal change under
which presemtday management is likely to become impraatits identified, which is given an

estimated time frame through comparison with the hazard scenario projections (S&ctipn

Projected coastal management issues imdicatedby consideringhe expectedmpactsat different
levels of coastal changednsideringerosion, sea level rise or dune mobility).

Adaptation Hierarchy

The assets are considered in terms of fieferredadaptation hierarchylescribecby WAPC
(Figure6-1). The practicality of how each of the four adaptation strategies could be applied is
described Timeframes and approximate costs included where relevant.

~
Avoid locating infrastructure or

permitting a use in a vulnerable
area

Recognise the risk and plan a
managed retreat of assets over
their lifetime

accommodate via management,
design or other processes

ACCOMMODATE

Implement coastal protection
works

[ \
J
~
[Recognise the risk and
J
[ R

Figure6-1: WAPC Preferred Adaptation Hierarchy
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The community has identified a preferred coastal strategy of hazard avoidance, which is consistent
with the WAPC hierarchy. Consequently, the hierarchy has been ugedviole the order of an
adaptation sequence. The precedence of retreat to accommaodation has been swapped for situations
where dune mobility is the main hazard, due to the relative costs and effectiveness of the two
strategies. The adaptation sequence iseggnted as changing over time, relative to the key hazard
parameter and subsequently linked to estimated time frames using the hazard scenario projections
(Section2.1).

Management actions involved in the adaptation sequence have been rated according to the

resources (financial and staff time) likely to be required for implementafi@ible6-1). This allows
ARSYUGAFAOLIGARZ2Y 2F Wy2 NBINBGAQ YIFylF3ISYSyid I OlGAzy
to implementation of adaptation pathways that may be caused by inadequate reso{8eetons).

Resource requirement levels have been assigned subjectively.

Table6-1: Resource Requirement Levels for Management Actions

Level | ResourceRequirement PossibleDetermination
Negligibleeffect on resources No cost associated
1 Requires reallocation of existing Equivalent budget line item exists
resources

2 Requires extension to existing resource| Positive cosbenefit for LGA only

3 Requires supplementary external Positive cosbenefit including community
resources values

Unlikely to obtain adequate resources | Negative cosbenefit

Relies on State capital expenditure.

The financial and social imperatives to maintain existing assets (particularly infrastructure) have
been considered wheavaluatingadaptation sequence

Coastal Monitoring and Management Triggers

The monitoring framework required to make decisions abohewto implement actions (i.e.
management triggers) is presented for each asset. Where practical, this has been linked to the
methodsand level of detail outlined in the regional Coastal Monitoring Action Blarhe preferred
approach towards monitoring is to use simple, foast observations as a supplement to existing
instrumentation (e.g. Bunbury Port tide gauge) and monitoring programs (&F.oBlique aerial
monitoring program and Landgate vertical aerial imagery capture).
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6.1 Binningup Town Site
6.1.1 Current and Projected Coastal Management Issues

Binningup Town Site has a length of approximately 1.7km along the coast which has presently been
developed Figure620 ® ¢ KS YI 22NAiGe 2F (GKS 26y Qa T OAtAGAS
with a minimum buffer of 60m to residences, giving a nominal time frame &i04fears before

erosion directly &kcts buildingsTable6-2). The only major facility closer than 60m to the coast is

the Binningup Seawall and access roads. Approximately 750m length of the tovasigntial lots)

is located within 170m of the coast, and therefore may potentially be exposed to erosion hazard

over a 100 year time frame.

The entire length of the town site is potentially exposed to dune mobility (from the west). However,
with moderatkly active management through brushing and dune fencing, newly formed blowouts
and sand sheets from an eroding dune can typically be kept within 30m of the coast. Consequently,
dune mobility within the town site affecting roads or buildings is expecteattaur with a recession
distance of approximately 30m from the present coastal position, commencing within a nominal
time frame of 1630 years.

Allan Rd possibly
affected by 2060

West Coast Dr possibly
affected by 2050

Binningup Seawall
possibly affected
now

*| Recession Lines used
for illustration
1H Y 20m (now)
Valentine Rd possibl SRS 50m (2045)

affected by 2090 Wit g 4 150m (2105)

o -
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Table6-2: Recession Impacts on Binningup Town Site

Time Frameg Estimated # Threatened Loty  Active Dune
Recession Management
2016 0-20m 0 Om
2025 10-30m 0 Om
2045 30-50m 0 250m
2065 60-80m 2 500m
2085 90-110m 9 1000m
2115 150-170m 50 1300m

*The time frame of recession may be strongly influenced by the presence of underlying rock,
which has not yet been located and characterised.
Order of magnitude costs per lot are $400,09®%1,000,000 and $25%$100/m/year for active dune
management

6.1.2 Adaptation Hierarchy

Consideration of the WAPC preferred adaptation hierarchy at Binningup town site:

Avoid ¢ ensure town facilities (roads and buildings) are outside the influence of both erosion
and dune mobility. This does not occur for the existing layout.

Retreatc relocate town facilities to reduce the exposure to erosion. The comparative cost of
active dine management compared to relocation of either roads or buildings is low and
therefore it is considered practical for dune management to occur in preference to retreat.
¢CKS GAlLoAfAGE 2F NBIONBIG Aa tAYAGERthae GKS
could be used for land swaps, and therefore only considered viable when a few lots may be
threatened, which is expected prior to 2065 (~60m recessiBubsequently, bupack or

purchase of privately held land would be required to support retegad is therefore likely

to be substantially more expensive.

Accommodateg involves physical or financial mechanisms to tolerate erosion without
preventing it (e.g. buildings with stilt foundations, or covering financial costs through
insurance). Accomnaation is generally an impractical response for buildings, particularly
when experiencing progressive recession, but is more likely to be effective for dune mobility.

Protect¢ construction of coastal works to protect the town site may be viable usingre&h
seawall approach or a groyne field*. Due to the wave climate and variation of seabed depth,
the structures need to be robust, and therefore only rock structures have been considered.
Groynes may be used to take advantage of the alongshore sedimepitysapd have a

lower relative cost, with two groynes having an order of magnitude cost qf$&nillion.

They should be implemented with a minimum remaining buffer of 30m, to support
preservation of a dune, and therefore any installation after 2065 (~Gfrassion) would

also require dune replenishment and planting, increasing in magnitude with further general
recession. A seawall the length of the town site has an order of magnitude cqst $5
$20million, with the cost strongly influenced by the depth taerlying rock.
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* For bothtypes of coastal protection, the effect of hardening the coast will cause downdrift

recession to the north side of the works. An approximate influence is landward an equal distance to
the distance retained seaward (by the strue) and a length of approximately three times the

retained length. Consequently, if groynes were built after 60m of recession had occurred, and
extended 20m offshore, then they would initially cause around 5 hectares local recession. As general
recessiorincreases, this local impact would also increase, with 20 hectares local erosion by 2090
(~120m general recession). Key problems with the local erosion caused by coastal protection include
compensation requirements to any affected landowner, and the gredifficulty of providing

continuous beach access, particularly for vehicles.

The variation of erosion hazard management approach with different levels and the approximate
timeline is suggested biable6-3. The relatively small impacts associated with recession up to
around 2025 suggest that the preferred management option of avoiding erosion hazard is practical
up to that point. Between 2025mal 2065 (approximately) it is estimated that sand drift associated
with dune mobility will be required active dune management through brushing and drift fencing. By
around 2065 (~60m recession) the threat to a small number of lots may be addressed eséngath
available capacity for land swaps within Binningup. Beyond 2085 (~90m recession) there is limited
capacity for retreat and the risk to up to 50 lots provides a strong financial argument for the use of
protective works.

Table6-3: Anticipated Timeline of Changing Hazard Management Approach at Binningup
This timeline has been estimated without considering the presence of underlying rock features

Recessiorn Time Erosion Landform Management Action Resources
Frame | Hazard Mobility
20m* 2016 | Avoided Avoided Monitoring 1
30m 2025 | Avoided Avoided Monitoring 1
40m 2045 | Avoided | Accommodate | Active dune management 2
60m 2065 Retreat Accommodate | Active dune management 2
90m 2085 Protect Protect Coastal protectionvorks 3
150m 2115 Protect Protect Coastal protection works 3

The significance of the potential erosion hazard is acknowledged to be possibly overstated, due to
the presence of intermittently exposed beach rock along parts of the Binningup shorelinewoEhe
frequently visible section of rock occurs towards the northern end of the town Bitgi(e6-3). The
potential implications of underlying rock for progressieeession are substantial for decision

making with respect to the shift from hazard avoidance to coastal protection. Considerably improved
certainty for coastal planning may be provided through a geophysical investigation that extends at
least the length oBinningup town site, preferably up to 5km to the north. The investigation should
capture the level, extent and continuity of the underlying rock features.
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Figure6-3: Exposed Beach Rock at Northern EndBatningup Town Site

6.1.3 Coastal Monitoring and Management Triggers

Key parameters that may be used to support decisitaking are the available buffer width (for

dune mobility management) and the recession distance (for erosion management). It is
recommendedo establish a minimum of five laAshsed benchmarks along Binningup coast against
which to measure distances to the coast. These provide a basis for monitoring triggers and
associated management actionkaple6-4). General recession distance should be established using
the average of the five distances, with consideration of whether observed erosion is likely to be
shortterm or sustained recessidih Simple monitoring techniques (bm accuracy) are applicable,
such as measuring tape distance from fixed bemarks, or vegetation line measurement off
controlled aerial imagery.

Table6-4: Management Triggers and Actions for Binningup Town Site

Dune Width Monitoring Management Action
> 30m Annual Stabilise dunes only if high mobility identified
<30m Quarterly | Actively stabilise dunes withrushing and drift fencing

Recession Distance
(to 2015 position) | Monitoring Management Action

<40m Annual Monitoring only
40m Annual Negotiate for relocation of lots closest to the coast
60m Annual Review protective works &lentify implementation trigger
90m Annual Implementation of protective works is considered
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6.2 Binningup Road Access
6.2.1 Current and Projected Coastal Management Issues

Access to Binningup from Forrest Highway is constrained to a single road, which crosses a broad area
of lowland that extends beteen Leschenault Estuary and Lake Preston. The lowland is subject to
occasional runoff flooding, with drainage channels from Binningup Desalination Plant through to
Leschenault Estuary. Prior to European settlement, the lowlands provided hydraulic conrfeatn

the Indian Ocean through to Lake Preston at a level of around +1.5m AHD, which represents a very
extreme flood event, estimated as more than 50€ar ARI. Structures have been built across the
lowland, with road culverts (at Buffalo RepringhilRd and Binningup Rd) and flow barriers

constructed toward the north end of the lowlands by Harvey Diversion Drain and Taranto Road
(Figure6-4).

5 ‘ASedgeIands
; ' Inundation through overtopping

. | and breaching

Lake Presion

s

' B Blowout Basins
+ | Relatively isolated basins,
‘ typically require largéoredune
 erosion before inundation is
| possible

| +4.5m AHD

i. |+2.0m AHD
; +4.0m AHD
C Deflated Blowouts
Extended eastvest deflations
' that provide pathway to estuary.

*| Typically require largioredune
£\l | erosion before inundation is
possible

4 +2.0m AHD

)D Floodplain

Connection betweeheschenault
| Estuary and Lake Preston. Partly
blocked by structures, including

roads.

| +1.5m AHD

E Estuary Foreshore
owlying land on eastern side o 3 A

- LeschenaulEstuary is subject to ; ,A;, >
inundation. U -

Figure6-4: Harvey Coast Inundation Hazard Zones

| +1.5m AHD

Leschenault

The potential for coastal inundation is recognised as being extremely rare under posent
conditions, with less than 0.1% annual likelihood of reaching Binningup Road. Hpthever
likelihood of flooding increases significantly with sea level fisdle6-5). Using a monotonic
projection for sea level rise suggested for planning purpdsdé A &8 06S02YSa || WAAIYATA
annual exceedance probability) by around 2040. For a 0.3m SLR, there is approximately 50%
likelihood of being flooded per decade. By 2080, flooding is expected almost on a yearly basis.
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Table6-5: Change in Annual Flood Probability Due to Sea level Rise

Time Frame Sealevel Rise| RL+1.5mAHD| RL+2.0mAHD| RL +2.5m AHD
2016 Present 0.1% AEP < 0.01% AEP < 0.01% AEP
2035 +0.1m 0.4% AEP <0.01% AEP <0.01% AEP
2050 +0.2m 2%AEP <0.01% AEP <0.01% AEP
2060 +0.3m 8% AEP <0.01% AEP <0.01% AEP
2070 +0.4m 30% AEP <0.01% AEP <0.01% AEP
2080 +0.5m 80% AEP 0.1% AEP <0.01% AEP
2105 +0.8m 99% AEP 8% AEP <0.01% AEP

AEP is annual exceedance probability, which is approximéelywverse of average recurrence
interval, ARI.

The potential exposure of Binningup Road to flooding is illustrated by mapping of the +1.45m AHD
and +1.57m AHD contours completed as part of the PNP Coastal Hazard Magfpimgre6-5). The
mapping indicates the road level is approximately +1.5m AHD, with the lower contour not shown
north of the road because no direct hydraulic connection was identified (i.e. the culasrhat
included, which is below +1.0m AHD).

Inundation Contours
+ 1.45m AHD
+ 1.57m AHD

* Hydraulic
- sconnection over
»¢ - roadnotidentified

g

;. for +1.45m AHD

k

The effect of ocean water levels on Binningup Road and the causeway changes with sea level rise.
This prouiles a sequence of impacts (in order of sea level rise) that shift from episodic through to
seasonal, and from flows that affect only the channel and culvert, to those which may affect the
larger causeway structurd éble6-6). Although presented as a sequence, the inclusion of episodic
events means that these impacts may not directly follow that sequence, or match the projected time
frame.
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Under preseniday conditionsthe road culvert only acts to control runoff drainage. For a small sea
level increase (around +0.15m), the lowlands may be subject to occasional inundation during severe
surge events. For a moderate sea level increase (around +0.25m), the existingeciaanel will

be subject to seasonal tidal flows. In addition to instability of the channel (see Sé@)pfiow

restriction through the road culvert will ca@docally enhanced stress, potentially affecting the road
embankment stability. For larger sea level rise (around +0.4m), the potential frequency of flows over
the road is expected to require strengthening of the road embankment or possible flow congrol ov

a floodway, to prevent cutting through. By a sea level rise of around +0.6m, inundation is estimated
to be sufficiently frequent that the existing embankment should be rebuilt to a marine standard, and
raised to reduce the incidence of floods blockimgess.

Table6-6: Coastal Flooding Impacts on Binningup Road Access

Time Sea Level Impact Possible Response Resources
Frame Rise

2016 C c 8 [ o0 ]
2040 +0.15m | Upstream surge flo Oneway surge valve 2

2055 +0.25m | Tidal flows Increase culvert size 2

2070 +0.40m | Overflow damage | Armour embankment; floodway 3

2090 +0.6m | Reduced access Rebuild and raise embankment 3

Although inundation of the causeway can provide a substantial ¢bart barrier to accesshe

threat of floods cutting through the causeway is of greater significance, as it blocks access for a
longer period. The importance of maintaining access roads should also be considered for scenarios
of bushfires, floods or major accidents blocking adtoa

6.2.2 Adaptation Hierarchy

Consideration of the WAPC preferred adaptation hierarchy for the Binningup road access:

Avoid ¢ ensuring road access is outside the influence of coastal flood events, nominally
above +2.4m AHD-500 yr ARI flood event, plus 0.9m sea level.riBes does not occur for
the existing layout, and is considered impractical for Binningup. Options to wholly avoid
coastal inundation hazard include:

1 Providing a northward pathway through to Taranto Roashnecting to the higher
level roadway that has been built to support the desalination plaiis conflicts
with the intent of locating the plant on a separate access road

1 Raising one or more of the existing roadways (Binningup Rd, Springhill Rdatw Buf
Rd) to above the flood level. This is arguably accommodating the flood hazard rather
than true avoidance.

Retreatc progressively relocate road access to reduce the exposure to flooding impacts.

Due to the shape of the lowlands, this effectively cepends to the adaptation options

RSAONAROGSR F2NJ KFETIFNR WIH@2ARIyOSQ 0620So
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Accommodateg involves physical or financial mechanisms to tolerate flood impacts to the
road access without preventing flooding. Due to the relative rarity and short duration of
coadal flood events, inundation of the roadway is not a significant issue. However, damage
to the roadway caused by flooding would represent a more severe scenario.

Strengthening the roadway to withstand inundation, expanding the culvert, installing a
floodway and raising the road level are components of physical accommodation to coastal
inundation hazard.

Protect¢ a physical barrier to flooding across the lowlands (e.g. reinforcing a road as a
barrage or installing a flood control valve into culverts) magdiestructed at any location
south of Binningup Road. Obvious locations occur where there is an existing roadway, or a
natural narrowing of the lowlands. Using tlsimple physicatonsideration, fivdlood
barrageoptions(Table6-7) have been considered:

Table6-7: Comparison of Flood Barrage Options

Location Height | Dimensions Volume | Flood Area| Ratio (A:V)
Taranto Road * 4m AHD|  750x30m| 2x10m3 2 knt 0.09
Binningup Road 2m AHD| 960x15m| 4x10m3 4 knt 0.10
Springhill Road 1.5m AHD  980x15m| 5x10'm3 5 knt 0.10
Springhill South ** 1.0m AHD  605x15m| 4x10'm3 7 knt 0.20
Buffalo Road ** 1.5m AHD 1270x15m| 7x10'm3 11 knf 0.16

* This option does not provide protection to Binningup Road, and therefore would require
significant additional road works to provide a suitable pathway for town traffic.

** These options are located within the proposed Leschenault RegionafPatlggestig
the need for environmental linkages between the estuary and the lowlands, which would be
truncated by construction of a flood barrage.

A firstpass consideration of practicalities (traffic and environmental connectivity) suggests
that likely feasible lagtions for a flood barrage would be either Binningup Road or Springhill
Road.Springhill Road is considered the more practical, as it is already scheduled for
improvement, to provide an alternative town access pathwdygre detailed assessment
requires cosideration of town site access, barrage stability, runoff drainage, groundwater
levels, value of flooghrotected land and environmental connectivity. The implications of
structural failure should be evaluated carefully when determining design criteria.

Thee is an implication that existing access via Buffalo Road will dithabandoned at
some time in the future, or require raising to lift it above frequent flood levels.

¢CKS 2@0SNIftf adNIGS3Ie F2NIYIYFIIASYSYD2¥Y2RY dzX Rl @A 2
over time, although changing in its form of implementatidalfle6-6). A decision to move towards

a strategy of protection is likely to be based upoag thability of agricultural land that is subject to

occasional inundation.
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6.2.3 Coastal Monitoring and Management Triggers

Monitoring to support decisiomaking about Binningup Road access is related to the assessment of
coastal inundation hazard (SectibrB), with a recommended monitoring approach that follows
from the PNP Coastal Monitoring Action Plan. Monitoring involves:

9 Obtaining access to the Bunbury tide gaugtada
f Undertaking flood frequency analysis for a selected number of §itsd
1 Flood mapping for extreme water level events.

The tide gauge data provides a basis for identifying a range of water level processes, but it does not
describe propagation inlanihrough Leschenault Estuary or across the lowlands. Consequently, the
flood frequency analysis and flood mapping provide the supplementary information needed to make
properly informed decisions.

Criteria for management triggers can be related to the re@txceedance of different flood
thresholds. Followind@able6-6, different impacts have been related to sea level rise, although they
are governed by different levelnd recurrence of flooding. For example, the effect of upstream
surge flow is likely to be tolerated once a decade (approximately), whereas tidal flows through the
road culvert are only likely to require modifying the culvert when they occur more thaimeg

within a year. This enables their occurrence to be monitored as a guide to adaptation. The only
impact for which there is intolerance to a single exceedance is damage to the roadway due to
overflow, which requires proactive installation of flood pction.

Table6-8: Impacts, Responses and Management Triggers for Binningup Rd Access

Impact Possible Response Observational Sea Level| Resources
Trigger Rise
Trigger
Upstream Oneway surge valve Flooding +0.15m 2
surge flow 2x/decade
Tidal flows Increase culvert size Scour due to tidal] +0.25m 2
flow
Overflow Armour embankment; Use SLR trigger| +0.40m 3
damage floodway
Reduced Rebuild and raise embankmer|  Access closed +0.6m 3
access 2xlyear

4 Additional temporary installation of pressure gauges (3 gauges faoapnately 3 months) could also be
used to increase certainty of flood modelling for sites that are flooded via Leschenault Estuary.
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6.3 Myalup Town Site
6.3.1 Current and Projected Coastal Management Issues

Myalup town site has an alorgpast length of less than 300m, with a 50m wide footprint for ¢he
parkand beach accesFifure6-6). The town is built landward of high and deeply furrowed dunes,
with freehold residences located approximately 170m landward of the coast, and therefore outside
the projected area of coastal erosionZ@ad, although susceptible to dune mobility which may be
initiated by recession.

Myalup Caravan Park has buildings approximately 85m from the préelsgntoast. Although this
provides 5070 years before being directly affected by projected recessionsitkehas a much

shorter period of effective land use, with dune mobility likely to make it unsuitable for existing land
use between 2030 and 2050.

Myalup Carpark
within 20m
(present day threat)

Myalup Caravan Park
likely affected by dune 4
mobility 2030-2050
possibly affected by
erosion 2070

| Recession Lines use

20m (now)
— 50m (2045)
#— 150m (2105)

} %3 224 for illustration
¥

Figure6-6: Myalup Town Site

Myalup beactcar parkis within 20m of the existing coastline, in line with the adjacent foredune to
north and south. There is a very narrow strip of dune (5m) between the beach flat acdrtipark

Loss of this strip will cause high volumes of aloogst sand drift into thear pak, mainly from the

south. Although this material can be used to rebuild the small dune with brushing, the degree of
effort required and the frequency with which works are required will increase with general recession
of the coast. Rebuilding is consideredoe impractical for a recession distance of around 10m,

which gives an estimatesiaximumtime frame of 10 years before the car park needs relocation
landwards. Although sufficient space has been reserved adjacent to the beach access road to
supportcarparkrelocation, the practicality of havingaar parkat a higher elevation requires

consideration.
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Constraints to beach access at Myalup are discussed further in Sé@idrhe steep gradient from

the crest of the dune to the beach flat is likely to provide increasing difficulty with recession.
Reconfiguration of the access road by curving it to the north provides a possible means of managing
steepness of the aess.

Dune mobility is the main coastal hazard potentially affecting Myalup. This is suggested by a cross
section through the town siteHigure6-7). The seaward facaf the frontal dune extends more than
100m from the coast, and the residences are built mainly in an interdunal depression.

Residences
Caravan Park
25 %
Beach Access—s '

15
5
-5
-15

Figure6-7: Myalup Dune CrosSection

The existing structure implies that dune management is occasionally required for the town site, and
that it will be increasingly required in the future. There is presently a small vegetated foredune in
front of the primary dune face, which provides a snhalifer to erosion of approximately 25m. Loss

of this buffer is likely to cause activation of the dune face, with loss of vegetation, formation of sand
sheets and sand drift towards the town residences. Loss of the foredune is possible under-present
day canditions, but may take as long as 2040 to occur.

Myalup caravan park is highly sensitive to dune mobility due to its location on the dune face, which

is likely to require relocation or removal of caravan park facilities well before the site is directly

threatened by erosion. At present, the slope is approximately 1 in 3.5. With active dune
YIylFr3aSYSyiszs GKAa OFry 0S aG4SSLISYSR G2 INRdzyR m Ay
10 years. Terracing can be used to further steepen the dune facajilbgienerate sand drift issues

if followed by an accretive phase.

Table6-9: Recession and Dune Mobility Impacts on Myalup Town Site

Time Frame Estimated Affected Assets
Recession
2016 0-20m Car parkdamage
2025 10-30m Car parloss
2045 30-50m Sand drift at caravan park
2065 60-80m Recession threat to caravan park
2085 90-110m Caravan park loss, Sand drift may affect resideng
2115 150-170m Recession threat to residences
Order of magnitude costs ar$25- $100/m/year for active dune management.
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6.3.2 Adaptation Hierarchy

Consideration of the WAPC preferred adaptation hierarchy at Myalup town site:

Avoid ¢ ensure town facilities (roads and buildings) are outside the influence of both erosion
and dune mobilig. This does not occur for the existing layout, although it is acknowledged
that the majority of the town residences are outside erosion hazard, and have limited
exposure to dune mobility. For the residences, dune mobility can be intercepted to seaward
using active dune management (i.e. a form of Accommodation).

Retreatc relocate town facilities to reduce the exposure to hazard. Retreat of residential
buildings is not considered viable due to the high relative cost of relocating compared with
active dune nanagement, which is deemed likely to be effective.

There is some potential for progressive retreat within the caravan park footprint, provided
that the foredune area remains actively managed as a vegetated buffer toFgtire6-8).
However, because the caravan park is located on the front dune face, major failure of the
buffer is likely to activate drift ovahe majority of the caravan park areg#élustrated by the
existing blowout to the south of the parkhis requires a wide vegetated buffer to be
maintained (>30m) and limit®locaton offacilities within the park footprintThe existing
buffer is anticipated to be unviable by around 2040, requiring partiakeglon of facilities.
Even with buffer rebuilding and relocatiomlocation of the caravapark is likely to be
required between 2050 and 2065
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Figure6-8: Dune Buffer Management Sequence for an Erod®gast

The beacltar parkis presently exposed to dune mobility, which is being accommodated
through active dune management. Further recession will requirectivgparkio be

relocated landward, within approximately 10 years. Although suitable space laldgai

along the beach access road, the difference in elevation betweenahparkand beach flat

will require consideration. A reconfiguration of the roadway with a northward curve may be

appropriate.
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Accommodateg involves physical or financial mechanisto tolerate hazard without
preventing it (e.g. building design or offsetting management coBtdsting accommodation

to dune mobility is provided by the vegetation buffer that is maintained along the front of the
town through brushing, planting, femay and pedestrian control.

The threat of dune mobility to residences may be effectively managed through active dune
management as it can be readily intercepted seaward of the buildings but is anticipated to be
less effective for thear parkand caravan park due to their position on the dune face. Minor
improvement of tolerance to sand drift can be achieved through careful building design such
as wall angles, raised floors, porous foundations, window structure and earthworks. However,
building design does not mitigate the loss of amenity caused by drift around the residences,
which is the most common form of adverse impact.

Physical accommodation to erosion is not considered practical focahgarkor the caravan
park. The large verticalftitrences in ground level between existing and eroded states require
expensive engineering solutions (piling) that is not viable.

As noted previously, active dune management through brushing, fencing and dune rebuilding
provides physical accommodation toet hazard of dune mobility. However, the level of effort
required increases significantly under progressive recession. This is enhanced on a high dune
face, such as Myalup, as failure of the buffer may cause dune mobility across the majority of
the face. ©Gnsequently, use of a vegetated buffer to protect the caravan park from dune
mobility cannot continue indefinitely, even with partial buffer retreat.

The existing level of dune management at ttae parkis understood to be moderate under
present conditiols. However, with a very small recession of the existing vegetation line, sand
drift is likely to occur through alongshore sand movement as part of foredune processes.
Typical costs for keepingcar parkclear are in the order of $1$50,000 per annum, wlit

costs strongly influenced by the frequency of clearing.

Protect( the location of residential buildings beyond the projected erosion hazard over the
100 year planning horizon suggests that protective works are not justified for Myalup.
Protective worksdr acar parkor caravan park are not justified on an economic basis and the
comparative ease of reconstructing these facilities further landward.

The variation of hazard management approach with recession distance and the approximate
timeline is summarise by Table6-10. Up until around 2065, dune management for ta parkand
caravan park is expected to provide appropriate mitigation for the residential buildings.
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Table6-10: Anticipated Timeline of Changing Hazard Management Approach at Myalup

Recession Time CarPark Resources| Caravan Park Res. | Residential Res.
Frame (Res.) Buildings
20m* 2016 Dune 1 Dune 1 (Secondary) q
Management Management
30m 2025 Relocate 3 Dune 1 (secondary) q
Management
40m 2045 G C Retreat 2 (Secondary)
60m 2065 G C Relocate 3 Static Dune
Buffer
90m 2085 G C C C Dune
Management
150m 2115 C C C C Dune 1
Management

6.3.3 CoastalMonitoring and Management Triggers

Myalup foreshore already uses active dune management to mitigate against the hazard of dune
mobility and has been carefully planned with lower cost (and shorter life) structures located in the
area susceptible to erosidmzard over the planning horizon. Management practices should change
if active managemens determined to be ineffectiver unviableand therefore the recommended
monitoring program is based on dune stability indicators.

Width of the vegetated buffeprovides a measurement basis for active dune managenieatilé

6-11), with the frequency of sand drifts (to landward) or dune reconstruction indicating the need for
landward relocation. Dune width should be determined as the minimum ebegre distance along

the length of Myalup town site, not including controlled pathwgahrough the vegetated buffer.
Simple monitoring techniques (-Bm accuracy) are applicable, such as measuring tape distance or
vegetation line measurement off controlled aerial imagery.

Table6-11: Management Triggers and Actions for Myalup Town Site

Dune Width Monitoring Management Action
>30m * Annual Stabilise dunes only if high mobility identified
<30m* Quarterly | Actively stabilise dunes with brushing and drift fencing
Sand Drifts
1-2 x / 10years Log Widen vegetation buffer
3+ /10 years Log Review management approacitonsider relocation
Dune Reconstruction
2-3 x /10 years Log Relocate buffer landward (retreat)
4+ /10 years Log Review management approacirelocate facilities

* Base width of 30m may be widened as a form of management
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6.4 Other Residential Areas
6.4.1 Current and Projected Coastal Management Issues

North of Myalup, much of the Harvey coast is privately owned, with residential or holiday dwellings
constructed sparsely alorand landward of the primary dune ridgeefer to theHarvey CHRMAP
Summary of Key Issyd3ocument 2480-08). These residences have been developed under a range
of landtitles, and include both individual freehold and strata lots. For parts of the claast,

ownership extends to high water mark.

The dune structure north of Myalup is predominantly high primary dunes, many of which have
smaller foredunes to landward, separated by low lying interdunal depresgiefes {0 theHarvey
CHRMAR oastal HazardssessmentDocument 24&80-07). The depressions are heavily used for
4AWD traffic, much of it illegal, due to relatively greater stability and compaction than on the beach
flat. This traffic increases the pressure on foredune mobility, primary dune véget@ectiort.11)

and the ephemeral marshes which occur in the depressions (Sexfi@h

The implications of foredune and primary dune mobility are widely recognised by local residents,
who have limited their exposure to dune mobility hazard through selection of building Bitpsé¢

6-9). Although there is no formal guide to site development to accommodate dune mobility, it is one
of the factors considered during the Shire building approvals process. It is understoodstoathi

dune mobility has been partly used as a guidigre6-9), but this may be obscured by the regrowth
which has occurred over the last 20 years, when the coast has remained comparatively stable. In
some instances where dune mobility affects stratassiresidents have used planting and brushing

to assist dune stability in their immediate vicinity.

Development control is not effectively provided by the State Coastal Planning Policy SPP 2.6. The
policy defines a coastal hazard zone based on erosiowatices, which requires in the order of
150-170m development setback from the coastal vegetation line. This is achieved for virtually all
residential dwellings outside the town sites (2 are within 150m). Although the policy requires
consideration of landfom mobility, it is not otherwise specified.

Existing coastal management responses include:
9 Building site selection, with regulation through the building approvals process;

9 Local brushing and planting by resident groups;

1 Fencing and signage to control vdhiaccess;

9 Using a loader to physically block 4WD tracks through the foredunes;

9 Brushing and planting on sections of dune that are subject to heavy 4WD pressure, mainly

adjacent to Myalup and Binningup; and
1 Communication with landowners to discourage ideanduse and 4WD traffic.

The effect of projected future coastal change is to cause coastal recession. This will initially cause
foredune loss and subsequently reactivate primary dune mobility along the Harvey coast. Although
sand sheet migration is spally variable, it can be expected to typically exceed the rate of recession.
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The differences in dune structure, position of buildings and sand sheet response mean that
projecting the timing and scale of impacts cannot be undertaken with confidence. teowmsy
considering projected sea level rise and anticipated recession, some outcomes can be forecast:

1 Loss and landward migration of the existing foredunes is expected to increase progressively.
Based on existing dune structure, the entirety of the foreelislikely to be lost with 50m
recession (projected to occur between 2045 and 2055);

1 Increased mobility of the primary dune face is expected to occur, with any coast not
protected by foredune likely to become active, producing sand sheets. This cantlye par
managed through construction of a vegetated dune buffer, although it is estimated to
require reestablishment for every 280m of recession;

1 Sand sheet movement will cause increasing pressure on existing buildings. As buildings have
largely been placethindward of the mobile sheets in the 1980s, there is likely to be some
tolerance to change provided by the subsequent regrowth of dune vegetation. A similar
level of sand mobility to that experienced in the 1980s is estimated to be caused by a 30m
reces$on, projected to occur between 2025 and 2045. Requirements to manage sand drift
for individual lots are expected to substantially increase over this period, and by 2065, it is
anticipated that drift management will require a greater effort than is prattat a single
strata lot level.
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3 Historic Dune ’ ~ *
Mobility 19

Existing
Buildings

Figure6-9: Properties and Historic Dune Mobility North of Myalup

6.4.2 Adaptation Hierarchy

Consideration of the WAPC preferred adaptation hierarchy applied to dune mobilitysidential
buildings outside the town sites of Binningup and Myalup involves:

Avoid ¢ ensure buildings are outside the influence of dune mobility, including the effects of
projected coastal change over a time frame of 100 years. Although buildings heemlie

been placed landward of historically active sand sheets, increased dune mobility caused by
coastal recession has the potential to affect almost half of the existing dwellings by 2115.

Retreatc relocate facilities as increasing pressure from durodbitity occurs. As the

comparative cost of active dune management is low compared to relocation of buildings, it is
therefore considered practical for dune management to occur in preference to retreat. The

viability of retreat is limited by the widthof & RdzyS o0F NNASNE +a | @F Af |l of
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reduces with coastal recession. Retreat is only considered viable when considered relative to
building life cycles.

Accommodatec involves physical or financial mechanisms to tolerate dune mobility without
wholly preventing it. In this instance, active dune management through earthworks, brushing
and planting may be used to build a buffer that limits the landward extent of dune
mobilisation. This requires progressive rebuilding and retreat of the bufferitnatien of
progressive recession (Sectibrd).

Protectc¢ construction of coastal works to stabilise the existing coastline, and therefore
reduce the capacity fodune mobility are considered wholly impractical for this section of
coast due to the low density of development and the likelihood of simply transferring erosion
stress further along the coast.

6.4.3 Coastal Monitoring and Management Triggers

Management tomitigate potential adverse impacts of dune mobility has four phases, related to the
relative area of mobility, moving landward from the foredune to the primary dune faabl€6-12).
Each of the phases should be measured using a different parankégenr¢6-10).

Table6-12: Management Triggers and Actions fBiune Mobility outside Townsites

Phase | Management | Management Monitoring | Trigger Action Resources
Focus Activities Parameter | for next
phase
1 Foredune Earthworks, brushing| Foredune Dune Phase 1 1
Management | planting, vehicle Area Width
(Accommodate) control, fencing, <10m
signage
2 Vegetation Earthworks, brushing|  Buffer Buffer Phase 2 1
Buffer planting, buffer Width Width
(Accommodate) rebuilding, relocation <15m
3 Scarped Buffer | Reprofiling brushing, Scarp Scarp Phase 3 2
(Accommodate) planting, drift Height Height
management >5m
4 Building Drift management, Drift Speed| <5 years| Relocate 3
Position building relocation forecast | Buildings
(Retreat)

The anticipated progressive nature of erosion along the Harvey coast means that the each of these
phases is likely to be experienced over time. However, each set of management actions (for the first
three phases) effectively defers more expensive and isiilhmanagement activities which are
subsequently required. The relative cost from phases 1 to 4 increases by at least an order of
magnitude, with an increasing proportion of the coast affected, greater frequency of recurrence and
a wider strip of coast ar which works must be undertaken.

Document No. 24®0-09 Ret
{ l?‘(?‘”gt? Document_ast Updated21/11/2016
B Page52

=

landinsi




Shire of Harve Damara WA Pty Ltd
Coastal Hazard Risk Management and AdaptePlan '

Phase 1 ForeduneManagement  Foredunerebuilding

Phase 2 Vegetated Buffer Buffer repair
Phase 3 Secondary Buffer Minor dune mobilit

Y Y Dune 9
Phase 4 Relocate Buildings Active sand sheets Mobility AN

Sand Sheet
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Foredune Width
Width

Sea Level Rise

Z <= Coastal Recession

Figure6-10; Schematic lllustrating Dune Management Phases
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6.5 Dune Vegetation
6.5.1 Current and Projected Coastal Management Issues

Instability of oastal dunes in the Shire of Wayhas been a primary coastal management issue for
all land managergesponses have varied according to the local dune structure, active pressures on
dune stability available resourceand governancéFigure6-11). Significant active dune

management has been undertaken by DPaW for the southern poofitime Harvey coast, as part of
rehabilitation following industrial waste disposal. Active management has also occurred near to
Binningup and Myalup town sites, in response to vehicle and pedestrian pressures, although this
section of coast has the modible dune structure. Elsewhere, management has been moderate,
with privately owned land north of Myalup largely developed landward of historically active sand
sheets. Increased dune stability since the 1980s has been strongly influenced by comparative
stability of the narrow foredune ridge.

North

High Instability
Low Pressure
Low Management

Golf Course

Low Instability
Low Pressure
High Management

» Private

Moderate Instability
Moderate Pressure
LowManagement

UCL

Moderate Instabili
High Pressure
Low Management

Central

Moderate Instability
Moderate Pressure
Low Management

DPaW North
Moderate Instabili
Moderate Pressure
High Management

Binningup

Low Instability
High Pressure
High Management

DPaW South

High Instability

Low Pressure
Moderate Managemen
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The type of dune instability varies along the coast, with a corresponding difference in appropriate
management toolsTable6-13). The relative effectiveness of management is demonstrated by the
differences in dune structure occurring in the unallocated crown laiel( and the more managed
coast to both north and south. The most common management tool is traffic management through
signage, fencing and earthworks

Management of dune blowouts and sand sheets is the most resource intensive (expensive and time
consumng) form of dune management. The most ceffective means of managing blowouts is for
them to be disrupted at their coastal limit (see Secttof), although they have also been largely
avoided through adequate setback.

Table6-13: Dune Instability, Key Processes and Typical Management Tools

Type of Instability KeyProcesss Location ManagementTools

Coastal erosion
Vehicle traffic

Foredune instability North of Binningup Traffic management

Dune rebuilding

Wind movement

Primary dune instability

North of Binningup &
South of golf course

Planting
Blowout management

Inter-dunaltracks

Vehicle traffic

North of Myalup &
UCL

Traffic management

Crosscoast tracks

Pedestrian & vehicle

Entire coast

Fencing

traffic Traffic management

Coastal change projected to occur includes widespread coastal erésipa.moderate recession
distance of 20m,Htis willincrease the need to manage foredune instability (north of Binningup) and
substantially increase the mobility of the primary duradsng the entire Harvey coa®y 2035, this

is estimated to require approximately three times the existing level of managernais increase

will probably not be progressive, but triggered by severe storm erosion.

A major challenge for effective dune management is the way in which existing land tenure has
influenced dune management. Existing foreshore reserves are limitednasome places nen
existent.For areas of low intensity development, this has resulted in management of dune instability
largely through building setbacks. Sporadic efforts by private landowners for traffic management or
vegetation planting have been csinained by either incomplete participation or a lack of sufficient
resources (e.g. privately owned coast is not eligible for government coastal management grants).

Identifying an approach towards improved dune management requires a more detailed review of
planning tools for the Shire of Harvey coast (see Se@ti®n The existing planning framework and
some of its constraints and degrees of freedom for this issue are discussedviey CHRMAP
Summary of Key Issu@3ocument 248)0-08). Importantly, more effective dune management may

be a subject of governance rathnan tenure Figure3-1). Community willingness to be involved in
dune management was identified in the project consultation phase, with constraints to the financial
and technical resources available to private landowrzetenowledged.
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6.5.2 Management Adaptation Monitoring and DecisiofTriggers

The adaptation hierarchy suggested for SPP 2.6 is not meaningful for dune management. However, it
is notable that the type andcale of dune management is expected to change substantially ovey time
which will require appropriate decisietniggers

Existing infrastructure and development is presently used as the major factor influencing dune
management activitiefor the town sitesand residential properties north of Myalypee Sectios

6.1, 6.3and6.4). However, the dunes themselves have significant environmental value, which
warrants an appropriate level of management. This is further enhanced tsighdicantly greater
costs of rehabilitating an advanced dune blowout compared with managing an incipient blowout.

Potential decisiofiriggers to increase the level of active dune management along a section of coast
may include:
9 Threat to infrastructure ¥ sand drift within a time frame of <10 yeatrs;
91 Increase of sand sheet area >15% sustained over 20 years; or
1 Sand sheet increase following stoinduced blowouts without recovery apparent within 5
years.

Where existing infrastructure is not a consideratiappropriate dune management is a
combination of the rate of coastal erosion and the rate of sand sheet developfeatextensive
nature of dune blowouts along the Harvey coast means that it is unlikely available resources for
dune management will ever mufficient for total stabilisationTherefore, a basis for prioritisation is
presented(Table6-14).

Table6-14: Basidor Dune Management Priority

Priority | Coastal Erosion Measure Time Scale| Management Resources

1 Stormerosion Area of sand | < 5 years | Manage head of 1

(typically 1620m) | sheet blowout
(>0.5ha)

2 <10m/decade Area of sand | 5-30 years | Manage head of 2
progressive erosior| sheet (>2ha) blowout

3 >1 m/decade Area of sand | < 5 years | Manage sand sheet 3
progressive msion | sheet (>2ha)

Manage storminduced blowouts first, then progressively growing sheets.
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6.6 On-Beach Activities
6.6.1 Current and Projected CoastManagement Issues

Onbeach activities including fishing, swimming, surfing, walking and driving are popular and highly
valued by the Harvey communitfhe relatively low density of general use enables a range of

activity to occur with limited conflict, dibugh a series of bollards have been installed at Myalup and
Binningup to reduce the interaction of vehicular and pedestrian beach traffic. The otherwise
continuous nature of beach access is one of the appealing features of the Harvey coast, identified as
precious to the Binningup and Myalup communitisthis regard, the beach itself is a social and
community asset, rather than the value being developed by infrastructure.

Occasional periods of heavy beach use occur, particularly during school holiddgsagmveekends
from spring through to autumn. This highlights potential conflicts associated with the mixture of
beach activities with a higher density of use, although it is also recognised thatteimarvisitors
typically lack the sense of custodiaisthat the community holds for the Harvey coast.

Seasonal variation in beach width occurs, with a narrow beach during winter and sections of

exposed beach rock. Combined with high scarps at the face of dunes, this may severely restrict the
continuity ofthe beach for vehicle access. In some instances, this results in increased 4WD use of the
dunes, cutting alternative access paths landward of the beach restriction. The seasonal timing of
beach width is in phase with visitor numbers, such that there isnadly a wide beach when there is

the seasonally greatest beach activity.

Projected change on the Harvey coast is for progressively increasing erosion. Although some beach
narrowing is expected, the seasonal variation of beach width will continue to prawidde beach

during summer months. However, the continuity of the beach along Harvey coast is anticipated to
reduce, with more sections of rock exposed along the beach, more frequently. The height of dune
scarps will also increase, particularly followiags of the existing foredunes.

Inspection of the coast to support development of this CHRMAP revealed the presence of rock or
lithified sediments at number of sites and highlighted that much of the rock is buried except
following storm erosion.

Projectedchanges to active beach use include:
91 Increased conflict between beach users due to narrowing of the beach and greater use due
to population increases;
1 Reduced continuity of vehicle access along the beach, leading to increased pressure on dune
management ad 4WD access points.

The effect of a sequence of rock features being exposed is illustrated schemaFizallg-12).
The response of 4WD users is to create a pattund a beaclpinch pointwhen it is exposed. For
multiple obstructions, this path gradually extends to being a track behind the foredune, with
consequent stress on dune mobility. At early stages, disturbance is less than would be created by
access fronthe roadway, but for a longer section of restricted beach access, thenlvased access
is likely to be less disturbing to dunes than an extended informal path.
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6.6.2 Coastal Monitoring and Management Triggers

The adaptation hierarchy included in SPP 2.6 is not relevant-tzeanh activities and therefore has
not been applied. However, an adaptive framework that uses monitoring to guiiggering of
management actions remains a useful and practical tool for effective beach management.

Monitoring and investigations may be used to:
1 Determine the extent and timing of beach width movements;
9 Evaluate the presence of rock features which reegsonally affect beach access; and
1 Characterise the intensity and location of-baeach activities, to determine where high
pressure for 4WD access is likely to occur.

When combined, these can provide a basis for identifying whebheath activities arekely to be
constrained. A classification of rock position relative to beach movemEigare6-13) provides a

simple indication of the likely pressure for altern@té/D pathways. On a receding coast, the

occurrence of rare or seasonal rock exposure provides an indication of sites that are likely to become
regular pinch points to beach access. Consequently, early identification of the presence of seasonally
buried rockmay support better planning and management of 4WD access paths.

(a) Measured Beach Widths | (b) Rare Rock Exposure

& >

>
< >

Beach widths
) Winter Widthg

~ Summer widths Allows futurepinc’hpointto be
identified

&
<

>

>

(c) Seasonal Rock Exposure | (d) Exposed Rock

<€ > «—>
i
> >

Pinchpointactive in winter, Pinchpointactive in summer,
with low use (mainly residents) with high use (visitors)

Figure6-13: Interpretation of Beach Widths Relative to Rock Features
Note that dune damage is not necessarily proportional to beach usethaswider beach in
summer allows more traffic to pass without needing to pass through the dunes.

Recommended monitoring involves:

1 Photographic monitoring (monthly to quarterly), to identify the presence and relative
exposure of rock features. This is paftgeneral monitoring for erosion (Sectiéri);

1 Twiceannual measurement of beach width to characterise summer and winter beach
widths. This is part of generalanitoring for erosion (Sectiob.1);

1 Informal inspection of beachse intensity and location, which may be conducted by ranger
or environmental staff. Provision afsimple preforma sheet to enable ease of logging use
may be developed. This should note date and time, length of coast visited, estimated beach
user numbers, location and a code for their main activities (ecdidhing, ; surfing, W¢
Walking).
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More advanced information could be obtained through:
1 A physical survey or oblique photographic run to be conducted after a severe storm;
9 Geophysical survey to identify the extent and depth of rock;
9 Higher frequency beach width measurements; or
1 Use of drone surveys.

Although the information obtained from monitoring may be quantified, its interpretation to guide
management triggers is largely qualitative. Two types of interpretation are outlined below.

Using Information to Manage Along Coast Axce

Comparison of the beach width measurements to the position of the rock allows the degree of
exposure to be classified as rarely exposed, seasonal or exposed most of the time. Combined with an
understanding of relative beach use, this may be used toegwitkether proactive management of
alongshore access is appropriaieable6-15).

Table6-15: Determining Access Requimeents based on Rock Exposure and Beach Use

Exposureof Rock Immediac Beach Use
Feature y Low Moderate High
Rarely Exposed Low Not Required Monitor Plan Ac<_:ess
Install Signs
Seasonal Moderate Monlto_r Plan Ac<_:ess InstallAccess*
Install Signs Install Signs
Mostly Exposed High Plan Acc_:ess Install Access* Install Access
Install Signs

* Prior to installation, it is appropriate to review available beach measurements and photographs to
determine whether the exposure is a result of shtatm conditions(e.g. low summer widths due to
an extreme or late season storm), and the beach is likely to experience significant recovery.

Determination of an appropriate form of alongshore access should be undertaken on-byecase
basis. This is a ndrivial exerdse, which requires a strong understanding for the whole of Harvey
coast of the level of use, the position of rock features likely to restrict access, the sensitivity of the
adjacent dune systems and the constraints provided by land ownership. It shoattkbewledged

that on a progressively eroding coast with buried rock features, alongshore access is anticipated to
become discontinuous within 280 years.

An indicative set of access management actions based on obstruction length and beach use are
outlined (Table6-16).
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Table6-16: Access Management Actions based on Obstruction Length and Beach Use

Obstruction Beach Use
Length Low Moderate High
(Sggﬁ]) Not Required Warning Signs Accesstg\;gili adjacer
g(c;%%?:r?) Warning Signs Accesstcc))\;gili adjacer] Access in foredune*
(>IZSC())r(])?n) Warning Signs Indicator Barrier New access to road

Using Information to Identify Beach Use Conflicts

The monitoring information provides opportunity for improved understanding of potential beach
use conflicts. This information should be reviewed in combination with the beach width information
to assess:

Tools for management of beach use conflicts may include:
i Signage;
91 Designated or markedff areas, with the swimming areas at Binningup and Myalup being an
example of permanent barriers;
1 Increased ranger presence; or
1 Alternative access pathways.

Table6-17: Resources Required for Identified Beach Access Management Tools

Management Tool Resources
Signage 1
Designated or markedff areas, with the swimming areas at Binningup ang 1
Myalup being an example permanent barriers

Increased ranger presence 2
Alternative access pathways 2
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6.7 Coastal 4WD Access Points
6.7.1 Current and Projected Coastal Management Issues

The movement of 4WD vehicles between the beach and the dunes freqyeothdes the Shire of
Harvey and other coastal managers with management challenges. The strong community interest in
beach use is balanced against the instability of the foredune and dune vegetation. Access difficulties
are caused by the high relief of tlheastal dunes and the large seasonal variation in beach levels.

Existing 4WD access to the beach is provided through a network of formal access points, informal
tracks and improvised 4WD paths. The relative distribution of these access ways is striotdyg af

by the overall management and the local topography, with a high density of informal and improvised
tracks occurring between Springhill and Buffalo roads. A low density of informal and improvised
tracks occurs along the Leschenault Peninsula coasaged by DPaW and in the vicinity of

Binningup and Myalup towsites.

Formal access points at Myalup, Binningup and south of Buffalo Road are suitable for 4WDs,
potentially with small trailerable vessels. The small number of sites was developed in order to
minimise the exposure to erosion and foredune mobility, with positioning to match population

density and coastal management by either the Shire or DPaW. The cost of formalised access back to
the road network is high due to the width of the dune field.

Chdlenges presently experienced with the existing network of 4WD beach access include:

1 Destabilisation of dune vegetation, increasing the potential for dune blowouts;

1 Rapid expansion of informal and improvised paths when they are uncontrolled, with recent
expansion in the vicinity of Taranto Road following road improvement as part of the
Southern Seawater Plant development;

1 Seasonally occurring scarps causing dsfip that are unsafe for 4WD use, and therefore
prompt further improvised paths;

f ! NBlFa 0F aWyRIDEF dzaSR 068 KSI @& GSKAisniner dza Sz LI
beach building phase. This can provide a safety issue for 4WD use, but most commonly
causes an increased number of improvised paths;

91 Slow delivery of vehicles to the beach, particlyldhose with trailerable vessels, leading to
conflict between beach users. This also causes increased pressure on informal and
improvised paths.

One approach to locally addressing these challenges was undertaken at Binningup through
construction of Binmgup Seawall (Sectid8).

Projections of population growth and progressive coastal recession are anticipated to increase the
challenges presently faced, leadittgga demand for additional access. This demand will be
exacerbated by restrictions to alongshore access caused by exposed rock or dune scarping (Section
6.7). Exising formal access points will require sequential rebuilding, to avoid smothering by sand
drift and erosion hazard (Secti@l and6.3). The capacity to construct new access points is likely to
be limited by land ownership and instability of the coastal dunes.
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6.7.2 Adaptation Hierarchy

Consideration of the WAPC preferred adapiathierarchy for beach access:

Avoid ¢ as beach access involves connection to the landform which is changing (the beach),
avoiding erosion and landform mobility is not possible.

Retreatc progressively relocate beach access points to reduce the exposdmmobility
and erosion. This also requires consideration of the change in relative elevation as facilities are
moved landward.

Accommodateg involves physical or financial mechanisms to tolerate progressive erosion or
dune mobility without preventinghe hazard.

Protect¢ a physical barrier to dune mobility or erosidrhis presents a challenge on the
Harvey coast, as protection of beach access effectively implies beach stabilisation. For a
progressively eroding coast, stabilisation of a section waitigfer erosion pressure downdrift
and therefore any form of protection will reduce access to the downdrift coast (to the north).

The existing strategy for beach access can largely be considered retreat, with limited
accommodation to dune mobility at thefmal beach access sites through foredune management.
Binningup Seawall is an exception to this general strategy, although it does not specifically act to
protect access (Sectidh8).

Some improvement to the existing challenges of boggy sand andadfeffirom access paths can be
managed through deployment of sheterm facilities such as a geosynthetic mat as an access ramp.
At a number of informapaths, these issues may be reduced through better path orientation to

reduce windblown sand drift (facing NW), although this may need to consider the practicalities of
getting from the beach to the path and view lines to ensure beach user safety. Diegaite

reduction of some of the problems associated with beach access, these management actions do not
substantially improve the capacity to withstand coastal recession or dune mobility, and the overall
strategy to changing conditions remains retreat.

A change to the beach access strategy may be possible if the beach structure changes substantially
due to the exposure of rock features that are presently buried. Where substantial rock features
emerge, these may act as fixed pointenfi which beach access may be achieved. Given the
prevailing conditions, access should generally be from the northern end of a beach compartment. A
stronger understanding of where buried rock features exist is required to plan for these access
points, whid may be identified either through observation following a severe storm event, or

through geophysical assessmdsée Sectiof7.4).
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6.8 Binningup Seawall
6.8.1 Current andProjected Coastal Management Issues

Binningup SeawalF{gure6-14) was built to replace a previous formal beach access point, which was
similar to the present layout at Myalufigure6-6). A key objective was to provide a facility that
substantially improved the delivery of 4WD vehicles with trailerable vessels to the bdhsbason
access was specifically targeted to support surf lifesaving and marine safetyiopsratfacility
including three ramps (one for pedestrian access) was initially construcgaDif with the land

between the two southern ramps raised and held by a limestone retaining wall. The walling was
extended to the northern ramp in 2011, withvang wall on the northern side.

Binningup Seawall presently retains a landscaped recreational pesk,@arkand a building, which
housesBinningupWater Sports Association and Surf Lifesaving.@tdsmwaterdrainage from the

car park wasncorporated within the wallingA crushed limestone vehicle access was constructed to
the south of the facility to help separate vehicles and pedestrians.
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| Figure6-14: Binningup Seawall and Adjacent Fatods
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The existing facility is affected by variation in beach widiikh large variation bottseasonallyand

from year to yearKigure6-15). Storm waves occasionalleach the wall when the beach is narrow
(usually in winter), but typically there is a beach flat of300n width which prevents direct wave
loading on the wallBeach access from the ramps is limited when the beach narrows, particularly to
the north, with the active beach face sometimes being directly adjacent to the dune scarp.

15-20m Beachy
Recovery |

Figure6-15: Beach Width Variability at Binningup Seawall

Dune erosion has been observed both to the north and south of thetfacil

On the southern sidejune erosion occurred during a northwesterly storm in September 2013,
exposing the landward end of the limestone w&ibure6-16). The wall has subsequently been
extended landward, with limited recovery of the original dune positlaume rebuilding idikely
affected by thdocation of the southern access path, whidocks drift along the dune face.

Erosion on the northern side is characteristic of downdrift erosieith the facility interrupting sand
movement by bottwinds and waves$xposure of the seawall to wave action only during severe
storms means there is onpartial interruption of wavelriven sand transport.

Design and specification of the wall has not been assessed. Howeventadacking limestone
block walls that have not been specifically designed for waves typically can withstand up to 0.4m
height wavesThis capacity, and the orientation of th@mps suggest that the facility can tolerate a
limited amount of coastal recession (approximately 15m) before requiring adaptation.
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Figure6;i6: Ekpoyre of Sawall Southern End Following September 2013 Storm

Projected coastal erosion is expected to significantly affect the amenity and structural integrity of
the Binningup Seawall faciliths the coast recedes, the facility will increasingly project out fitwen
line of the dunes, with increased marine exposarel wave loadingEventually, it will act as a short
groyne, retaining sand primarily on its southern side.

The effect of increased marine exposwvil be to significantly amplify downdrift and flamig
erosion,which will furtherconstrainbeachaccess to the nortiVith sufficient exposure, wave
reflection from the vertical wall will also cause deependfighe beachn front of the facility,
increasing stress on the ramps, foundations and wallmghe order of 1m deepening may occur
during a single storm.

Projected effects of recession are to reduce beach access to the north and increase the rate at which
damage occurs to the wall éble6-18). A recession distance of 30m, which may occur as early as

HNHpY gAff STFSOGAGStE YIS GKS FTIFLOAfAGE ReatFdz(
integrity. The likelihood bconditions capable of damaging the walls increases with recession.

Table6-18: Recession Impacts on Binningup Seawall

Recession | Time Frame| AccesgN) Walling Damaging Storm
Om 2016 ~90% / year | (Progressivelune loss) ~5% /yr
10m <2025 ~70% / year | North end flanked ~15% / yr
20m <2035 ~30% / year | Foundation exposed ~50% / yr
30m 20252045 | ~10% / year| Wall failure likely ~90% / yr

* Equivalent access to a sand ramp
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6.8.2 Consideration othe FacilityQ Brimary Objective

The primary objective of the facility is to provide effective access of vehicles and trailerable vessels
to the beach for the majority of the yeaFhis objective is met by two concrete ramps, which are
separate by approximately 80m, inding retaining walls running roughly parallel to the beach and a
pedestrian access ramp. The ramps have been built on the western side of the facility, curving
towards the north toreduce winddriven sand drift accumulation.

The facility provides good vathe access under present day conditions, but is sensitive to erosion,
exacerbated byhe effects of the facility on the coadtandward movement of the beach will cause

the facility walls to act like a groyne, with greater retention expected on the soathide and

downdrift erosion on the northern side. This causes pressure on effective use of the facility, as the
FANBGO WLIAYOK LRAYGQ 2T yI NMeEhdraffic Sorthiyacds aldng the 2 OO dzNJ |
beach constrainedAccess to the SLSC ramiill also be restricted by moderate erosidrhe rate of

erosion will be accelerated if wave action reaches the walling with any frequ8aogl. retention on

the southern side of the facility means that the crushed limestone southern access pattyisolikel

have increased usever time

6.8.3 Adaptation Hierarchy
Consideration of the WAPC preferred adaptation hierarchy for the BinniSgagvall facility

Avoid¢ this is not achievable for the existing facility, as it is presently exposed to marine
conditions.As the primary role of the facility is to provide beach access, alternate facilities will
also be subject to coastal hazards.

Retreatc progressivelyelocate the facility (landwards) to continue to maintain similar levels
of amenity and riskwithout other forms of modification, the facility would need to be
relocated for every 20m of recession to continue to provide better access than a sand ramp.
On average, this nams replacement every 20 years, with an approximate cost <X 8@lion

for the walling,ramps and building. There is limited opportunity for material recovery.

It is noted thatthe cost of replacement is substantially determined by the distance between
the two ramps. Although the ~80m of limestone retaining walls provides a high amenity
recreational facility, the playground, BBQ facilities and car park are not dependent on
proximity to the coast. A smaller alomgast footprintmayreduce the cost of repeated
replacement.

Accommodateg involves physical or financial mechanisms to tolestereline change
impactto the facility without preventingerosion This effectively requires consideration of an
alternative facility, such as sand ramps supported by temporary structures (e.g. underlying
geogrid)

Protect¢ armouring the existindacility by constructing a marine standard revetment in front
of it is possibleHowever, deepening in front of the revetment and downdrift erosion would
mean that the facility no longer provides beach access, which is its primary purpose.

Protecting the existingatility (without significant layout changes) has not been considered

further.
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An alternative facility that is designed to remdixed in placeas the coast recedegquires
consideration of how the coastal plan formlighange This requires construction of new

public ramps. By 2035, a marine grade revetment would need to be installed, with the
pedestrian ramp and SLSC ramp closed due to a lack of adequate beach width. Prediction of
an appropriate alignment for the northern exision of the facility would be strongly

influenced by the relative presence of rock along Binningup foreshore, which should be
evaluated using a geotechnical investigation (Seclidh
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Figure6-17: Concept for Fixed Facilitgased on Existing Layout
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6.8.4 Management PathwaysDecision Points and Coastal Monitoring

Management of Binimgup Seawall involves several tradiés and may be undertaken through
several adaptation pathway3 éble6-19). Community valuation of both the facility and accelsmg
the beach will come into direct conflict with approximately2@m of erosion. If the facility is
subsequently armoured, then the downdrift erosion will approximately halve the time before road
or building relocation is required along West Coast Drive

Comparison of the alternative pathways suggests that there is no clearly preferable figgtion
management of the facilityThe option with the lowest cost (removal) provides low amenity, whilst
protection of the existing facility comes at a high cost and providedkzsshamenitythan using
retreat of either a similar or reduced facilitifor each of options (2), (3) and,(@pproximately half

the cost is likely to be incurred by around 2035, when the wall is expected to require replacement
and the existing layout will provide limited access along the beach.

Table6-19: Alternate Pathways for Management of Binningup Seawall

Pathway Infrastructure | Access to Access Along| Recreational | Residential
Cost by 2065 | Beach Beach

(1) | Remove $0.25m Low Good No Park No Effect
Facility

(2) | Retreat every| $4.0m Good Moderate Park Limited
~20 years Maintained | effect

(3) | Small facility | $3.05m Good Moderate No Park Limited Effect
with retreat

(4) | Armoured $3.85m + Moderate Low Park 2-4 Houses
facility house impacts Maintained | downdrift

| | Negative [ | Neutral | | Positive

Costs presented ipresentday dollar value (no inflation or discount rate presented)

Three decisio#triggers for management may be considerdédsed upon identified community
values
1. When the facility causes downdrift erosion sufficient to destabilise the dunes immethately
the north This decisioftrigger has already been reached, with a steep scarp present on the
foredune north of the facility. Although dune damage was noted by some residents,
community valuation of Binningup Seawall remains positive oyerall
2. When acces® the beach provided by the facility is insufficidatosion will cause the facility
to provide reduced benefits to beach access, with no access benefits likely after 20m of
erosion, likely to occur between 2016 and 2045
3. When the facility is at unaeptable structural riskerosion will cause increased exposure of
the facility to marine loading. The capacity of the facility to withstand any exposure has not
been identifiedand requires investigation (Secti@m), although it is considered likely to
require removal or structural improvement between 2016 and 2045, depending on storm

events and the erosion sequence.
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The second and third decisidrnggers arerelevant to all of the optionsAlthough they are estimated

to be reached around 2025 and 2035 respectively, the capacity for acute erosion means that both
could be reached with a single severe storm (in the presi@y). Establishing a preferred option

early (say between 2017 and 2020) potentially reduces the time between dedisgyger and
implementation. However, all options could remain viable until implementation, suggesting that
review of initial decisiommaking is likely to occur after the decisitigger is reached.

Monitoring of coastal erosion effects relevant to Binningup Seawall can be integrated within the
coastal monitoring program outlined in the PNP Coastal Monitoring Action($darSectioid.1).
However, additional interpretation should be developed regarding how beach movements affect
access along the beach, and the corresponding level of community satisfaction. This may be
incorporated through gristing community forums.

Structural monitoring of the seawall is recommended on annual a8gring or followingsevere

storms that cause waves to reachthe wallitgK A & Yl & @(GeLIAOrftfte 068 O2yRdzOi
approval staff, with maritimengineering inspection required less frequently (approximately once

every 510 years). The basis and frequency of structural monitoring should be reviewed following an

initial structural investigation (Sectioh4).

Table6-20: Resources Required for Management of Binningup Seawall

ManagementActivities Timing Resources
Structuralinvestigation 20162017 2

Design opreferred option 20172020 2
Coastal monitoring & assessment of access 2017-2035* 1
Structural monitoring (Shire staff) 2017-2035* 1
Structural assessment (maritime engineer) 2017-2035* 2
Improved beach access 2017-2025* 2

Review of initial preferredption 2017-2035* 2
Implementation of preferred option 20172045 [

* Timing will largely be determined by future storminess and the corresponding acute coastal
erosion. The range of times presented spans between the influence of a severe storm28ay)in
through to the effect of progressive erosion, without severe storms.
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6.9 Desalination Plant

6.9.1 Current and Projected Coastal Management Issues

CKS 2 GSNIJ/2N1LR2NFGA2yQa 5SaltAylridAzy ttlyd Aa 2L
constructed to supplement other forms of potable water supply to Perth, Bunbury and parts of the
southwest region. The plant takes in seawater from the oceanaetdra portion of freshwater and

releases brine to the ocean. Two alternative intake points are used, all@aningake point updrift

of the discharge to be used. The intake and discharge pipes were tunnelled from the landward side

of the coastal dune usg a pipe jacking approach, and therefore avoiding dune disturbance.

The tunnelled intake requires a level of cover to ensure stability of the pipeline. Since construction,
bed scour has occurred on several occasioslsited to seasonal croshore sedimat movement

This has been managed through the placemendrefige spoil from Bunbury Port. This management
actionforms a turbid plume due to suspended sediment and causes local bed smothering due to
seabed sediment transporBoth of these impacts are neidered likely to be tolerable for small
guantities of coarse sediment, but will have increased impadiigrersediment mass or finer
sediment. Managememnf sediment quality, including any potential for contaminated material, may
be undertaken througlpre-dredge sampling and analysis.

Increased pressure regarding management of pipeline stability is projected to occur. Coastal erosion,
which is exacerbated by sea level rise, includes both landward and downward movement of the
seabed profile. Maintaining suitable weight of cover over the pipelines will either require sand
placement at an increasing rate or the installation of more robust pipeline ballast, which may include
rock or concrete.

The landbased facilities of the desalination plant are loachtandward of the main coastal dune,
approximately 380m from the coast. These facilities are considered to be outside the range of the
influence of erosion over a planning horizon of 100 ye&csess to the sites above 4.0m AHD

(refer to theHarvey CHRRIPCoastal Hazard Assessmedbcument 2480-07)and therefore
considered to effectively avoid coastal flooding.

Substantially increased 4WD tracks have developed since surfacing of Taranto Road to support the
desalination plant. This is an area of loalus for dune vegetation management (Sectfoh).

6.9.2 Adaptation Hierarchy

The landbased facilities of the desalination plant are considered to be outside therahthe
influence of erosiormnd coastal floodingver a planning horizon of 100 yeafhis represents use of
W @2ARQ A0GNIGS3e F2NI O2Fadlrt KFETIFINR YIylF3aSySyis

Consideration of future adaptation for the intake and outfall pipe$ is strongly influenced by the

GrtdS 2F GKS RSa&LtAylIGA2Y LXFyd G2 GKS {dFGSQa L
costs associated with adaptation actioffable6-21). The existing management strategy represents

a low cost approach towards an issue which has (to date) been largely episodic.
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Table6-21: Adaptaion Hierarchy Applied to Desalination Plant Pipelines

Strategy Management Action Comment

Avoid Install new pipelines with depth to account fong-
term coastal profile change, or determine alternative
intake and outfall arrangements

Retreat Replace pipelines when depth of cover is no longer
adequate. Install new pipelines with depth to accoun
for moderateterm coastal change

Accommodate | Placesediment as required to maintain adequate cov( Low expense

Install pipeline anchoring system to reduce sensitivity Moderate expense
bed scour

Protect Install protective covering system which provides Moderate expense
ballast and limits depth of bed scour

6.9.3 Coastal Monitoring and Management Triggers

The key parameter influencing the need for management of the desalination plant intake and outfall
pipelines is the elevation of the seabed. The most likely adverse impact of existing management
actions (sand dumping) is smothering of bentlica onthe seabed As both management trigger

and impact are related to the seabed, it is practical to use a monitoring approach which can combine
the two. Typical @proaches may include the use of high resolution rrfadam survey, or a

combination of singldbeam suvey over the pipelines combined by with benthic video sunizye

to the seasonal nature of croshore sediment movement, monitoring on an annual basis is
considered to be practical.

Definition of management triggers deserves a detailed eatada by theWater Corporation.
However, considering the expected shift in behaviour with progressive erdsiggers are likely to
change from measuring the area of seabed smothering to the effective depth of dalde§-22).

Table6-22: Desalination Plant Pipeline Management Sequence for Progressive Erosion

Situation | Measure | Strategy | Possible control
Bed scour occurs on artcasional basis (<2 times in 5 years)
Existing situation Area of seabed Dump dredge spoil on| Modify particle size
smothering an asneeded basis and volume of dumped
material
Bed scour occurs on a regular basis (2+ times in 5 years)
Adequate cover Area of seabed Dump dredge spoil on| Modify particle size
maintained smothering an asneeded basis and volume of dumped
continuously material
Partial cover Depth of Cover Use pipeline anchoring Anchoring system
maintained system variesto suit available
continuously cover
Adequate cover Depth of Cover Install protective Protection designed to
maintained covering system minimise seabed
continuously disturbance
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6.10 Harvey Diversion Drain
6.10.1 Current and Projected Coastal Management Issues

Harvey Diversion Drais managed by the Water Corporationwias constructed as part of flood
mitigation works for the agricultural land between Harvey townsite and Harvey Estzahalso as

a potential source of irrigatiarMore than 20km of open chael provides an alternative westerly
flow path for the Harvey River waters, with the majority excavated through the original terrain.
Where it crosses the lowlands near Myalup, the channebigained between levees. At the coast, a
low level limestone tining wall was constructed to limit the mobility of the mouth cutting into the
adjacent primary dunes.

The Diversion presently interacts with the coast when floodwaters flow through to the ocean or
ocean waters flow into the channel. Both of these int¢i@es are partially buffered by the presence
of the beach, which limits the capacity of flood waters to move in either direction until the flood is
above the beach level. Subsequently, channel cutting through the beach may Bigrure6-18),
locally affecting beach and foredune stabilit§inor breaching through the beach typically occurs
most winters, but the entrance commonly closes over rapidly due to coastaltsargport. Cutting

of a large channel (allowing it to stay open) bagn rarehistorically and its likelihood has been
further reduced by construction of Harvey Dam.

Figure6-18: Harvey Diversion Drain @an Entrance Plan Form

The influx of marine water to the Diversion during ocean flooding events has not been identified as
causing management issues.
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Figure6-19: Harvey Diversion Drain Ocean Entraroblique View

Expected consequences of projected sea level rise include coastal erosion and a higher beach level.
These provide a sequence of management issues which change over time:
1 Inthe shortterm, narrowing of the beach will increase the potential foeaching
Interrupted access along the beach is likely to become more frequent. This phases is likely
to be active between 2015 and 2045
1 Increased coastal flooding effects are likely to occur if the channel is open for longer periods;
1 Further erosion ¥ likely destabilisehe minor training walby 20252045 increasing
mobility of the channel mouth;
1 Channel mobility and coastal erosion will destabiliee dunes adjacent to the channel
entrance, increasingeoliana Y R RNA TG | y R |LYThi¥ piz3edsilieB @ bel KS OK |
active by approximately 2038065
9 The combination of higher beach levels and increased sand drift will raise the level of runoff
flooding needed to cut through to the ocean and therefore increase terrestrial runoff flood
leves; and
9 Structural adequacy of the levees on the approach to Myalup may be affbgtaaher
flood levels.

Smply put, there is a balance between managing sand transport (marireaolian) which may
block the channel against increased runoff flood effect

Management of the Harvey Diversion Drain by the Water Corporation and management of the
adjacent dunes by the Shirequireintegration. Ongoing liaison should be undertaken to ensure
that the coastal management approach adopted by the Water Corparagiconsistent with that of
the Shire (See Sectighl).
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6.10.2 Adaptation Hierarchy

Consideration of the WAPC preferred adaptation hierarchyrfanagement othe Harvey Diversion
Drain

Avoid¢ the role of the Harvey Diversion Drain requires connection to the Ocean and therefore
avoiding coastal processes is impractical. Avoidance could potentially be achieved if it is
determined that the Diversin no longer provides necessary flood mitigation or irrigation
functions.

Retreatc progressively relocatg the Diversion mouth training wall landward as coastal
erosion occurs

Accommodateg involvesmanagement of sand drift either through reconfiguration of the

dunes or occasiona&xcavationfiredging of the Diversion entranc€he viability of using
excavation reduces as the speed of sand drift increases, which is related to the height of dune
cut byerosion.

Protectc largetraining walls to provide atable ocean exifor the Harvey Diversion Drain are
consideredmpractical Under ambient conditions, the walls would act as a groyne, causing
downdrift erosion to affect Myalup

Reduced runoff floodingsk from the Diversion (due to Harvey Dam) determines that there is less
imperative to keep the ocean entrance clear than when it was first built. Consequently, a more
dynamic entrance managetirougha strategy ohccommodation is considered to be theost
effective management strategy.

Table6-23: Anticipated Timeline for Changing Management Approach at Harvey Diversion Drain

Recession/ | Time Strategy Actions Resources
SLR Frame

20m* 2016 Avoid

30m 2025 Accommodate | Tolerate reduced beach access

35m 2035 Accommodate | Review role ofraining wall 2
40m* 2045 Avoid/ Retreat | Remove the training wall 3
40m 2045 Accommodate | Manage dune vegetation 3
60m 2065 Accommodate | Excavation of channel entrance 2
90m 2085 Accommodate | Reconfigure dunes near entrance 3
+0.5m SLR | 2070 Not determined | Review runoff flood risks 2
+0.9m SLR | 2115 Not determined | Manage runoff flood risks 3
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6.10.3 Coastal Monitoring and Management Triggers

Dune management (Secti@b5) and vehicle control (Sectidh6) are required in the vicinity of

Harvey Diversion Drain, with additional management pressure brought about when the channel cuts
through the beach. Regular beach inspection is requirddeatify constraint to vehicle access,

which may be most practicéirough a community representative. When the beach is cut through,
sigrs should benstalledtemporarilyat Myalup and Taranto Road.

Management of the dunes should generally follow the same methods as other parts of the Harvey
coast (Sectiol.5), supported by annual visual/photographic monitoring argearly vertical aerial
imagery. However, additional dune dynamics due to the channel cutting through the beaxtb or

the dunes needs to biglentified.

The beach width indicates the degree of threat to the existing training wall and provides a basis for
projection of dune mobility and sand drift ratddonitoring of coastal erosion relevant to Harvey
Diversion Draircan be integrated within the coastal monitoring program outlined in the PNP Coastal
Monitoring Action Plan (see Sectiért).

Management of the Diversion entranoglatesto the quantity and rate of sand drift entering the
channel.Monitoring of channel closure should be a visual assessment of the how much the channel
has closed over due to sand drift, measured approximately in line with the front face of the dune.

Table6-24: Monitoring and Management Triggers Relevant to Harvey Diversion Drain

Phase | Management Monitoring Trigger Action Resources
Focus Parameter
1 Vehicle Access Beach Width Width Close beach 1
<10m access
2 Structural Structural >20m wall Remove training 2
stability condition damage wall
3 Dune stability Dune condition | Bare scarp >12| Reshape dune 3
months
4 Flood risk Channel area >50% closed | Excavate channg 2
mitigation
5 Flood risk Infill rate Excavate 3x/yeal Reconfigure 3
mitigation entrance
5 Beach stability Dune condition | Channel causes Reconfigure 3
scarp entrance
6 Beach stability Dune condition Reconfigure New training 3
2x/10 years wall
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6.11 The Cut

6.11.1 Current and Projected Coastal Management Issues

A rock training wall asbuilt as part of flood mitigation works for Bunburythe 1950swhich

included diversion of Preston River and truncation of Leschenault Estuary. The ocean entrance was
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entrance subsequently occurred, which affected navigability, including development of difieod
delta inside the estuary entranééand an ebktide sill outside theraining wallsA second training

wall was built in the 1970€oastal movement in the vicinity of the Cut became enhanced, with a net

erosive trendoroadlyrelated to the floodtide delta developmentrapid initial coastal erosiowas
coincident with deltaaccretion, with bothapparently slowing over time

In winter 2012, the trainingvalls breached at a structural transition (from trapezoidal to revetment
structure), causing beach sand to spill into the Cut and fasubstantiamoundwithin the channel.
Emergency repairs were @dinated by tle Department of Transport in 201@oncerns raised
regarding the breacincludedrestrictionsto navigationand estuarine water qualityglthough it is

noted that theonly identified objective bthe Cut was to manage floodwater drainage. The entrance
bathymetry is acknowledged to change significantly following storm eve&igare6-20).
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Figure6-20: Note Regarding Bathymetry at The Cut
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The Cut and training walls are State government assets, originally built by the Public Works
Department. However, managemergsponsibilities for the Cut are unclear, with the Departments

of Transport and Water having State responsibilities for coastal and flood management respectively.
The adjacent land is managed by DPaW. Flood management benefits are provided to the Southern

Ports Authority, City of Bunbury and the Shires of Harvey and Dardanup. The Leschenault Catchment
Council provides communid strategic, educational and on grounds projects to suppatural
resource management within the catchments and LeschenatueBs
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Future changeprojected to occuit the Cutare related to the overall pattern of progressive
erosion, plus additional changes caused by sea leveR@ential impacts include:
1 Further coastal retreat will put increasing pressure on the struciatebrity of the training
walls with exposure of the revetment sectipn
1 The ebkhtide silland floodtide delta will rise in response to increased sea level, capturing
sand from the coast and causing locally enhanced ero§lapture rates will vary with
storminessand tidal modulation, with a lorterm average of 20,0007yr estimated to
balance a 0.9m sea level rise over 100 yeahis is estimated to contribute 27m to the
average erosion distance between Bunbury Power Station groyne and Buffalo Road, which is
alocal addition to the regional coastal response to sea level rise and regional progressive

erosion

1 Increased tidal prism is likely to cause higher flows for the narrow section between the Cut
training walls deepening the scour hoknd increasing channatobility. At the wider and
shallower end of the channdidal flows are estimated toreducemarginally(Figure6-21);

1 The relative efficiency of tidal exchange through the Cut is anticipated to reduce, as the
estimated 30% tidal prism increase by 2115 is less thar3b@0o increase to average depth
over leschenault Estuary
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Figure6-21: Change to Tidal Prism & Flows at the Cut from a Simple Flux Model

6.11.2 Adaptation Hierarchy
Consideration of the WAPC preferred adaptation hierarchy folGtraining walls

Avoid ¢ the role of the Cut requires connection to the Ocean and therefore avoiding coastal
processes is impractical. Removal of the training walls (as an infrastructure asset) would
enhance coastal instability and significantly reduce vessel s&fetyradation of water quality
within Leschenault Estuary is considered likely. Removal of the training walls has not been
considered a plausible option.

Retreatc the training walls may be modified to match progressive erosion, with the seaward
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shoreline at each retreat phase. Reducing the offshore lengtteiy li& reduce the ebltide
sill volume, with a small reduction of the local erosion rate.

Accommodatec modification of the training walls may include redesign, with the objective of
reducing the tendency for sill and delta formation, thereby reducing the locally enhanced
erosion This could involve widening of the gap between the training walls. The potential to
adversely affect the efficiency of tidal exchange or change navigability of the entrance make
this a relatively high risk option for moderate benefit.

Protect¢ continuing with the existing position of the training walls will require progressively
reinforcing and deepening of the structure, with landward extension of the trapezoidal-cross
section.Holdingto the existing positioras thecoasterodesdoes not povide any identified
benefit.

The extended structural life of rock structures and the high ehpibst of the training walls
determinethat decisiontriggers for adaptation are likely to widely spacedThe degraded state of
the training walls and the identified need for repaifsuggests that there may presently be an
opportunity to consider adatation. The estimated cost of repairing the existing structure is $20m.

The overall strategy for managementTie Cut training wall deserves a more detailed evaluation.
However, the existing seabed structure and damage to the walls suggests that catisitef
structural accommodation is warranted.

6.11.3 Coastal Monitoring andecisionTriggers

A preliminary understanding of beach movements in the vicinity of the Cut may be gained through
vertical aerial imagery. Lorigrm assessment of net erosion may figpported by widely spaced
imagery, such as collected by Landgate. Evaluation of beach dynamics necessary to support retreat
or accommodation strategies requires higher frequency sampling, which may be available through
Nearmap or dronébased surveys.

Monitoring required to assess the performance of the Cut should be undertaken to capture the
landward and seaward movements of theach position on either side of the training walls,
including the position and depth of the beach toe adjacent to the walls.itdong to depth

requires boatassisted surveys, which are outside the scope of the Coastal Monitoring Action Plan,
and therefore require additional resources.

Decisiontriggers occur when the existing structure is deemed inadequate, through structural
damage, when it is no longer effective for flood mitigation, or when the entrance, including sill and
delta landforms, is impeding water exchange. A potential management trigger is when there is less
than 40m distance from the beach to the landward end oftiia@ezoidal crossection, as this
NEBLINBASYda (KS LRAGSYGAFf SNB aUndeytheRresert sityaths, 6 KA OK
GKAAd O2yRAGAZ2Y A& FtNBFRe WINRIIASNBRQD® LY F2NXNI GA
appears likelyhat improvement could be made by widening, and possibly shortening the length of
the training wallsA detailed assessment is recommended within the time frame of 20PD.
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6.12 Sedgelands
6.12.1 Current and Projected Coastal Management Issues

Sdgelands occurringpwards the north of the Harvey coast are an unusual habitat, which provide
fresh to brackish water to native dune fauna, particularly birdlife. Sedges occur-gifayv
depressions between the foredune and primary dune which become seasonal wetlandglra
combination of rainfall runoff and groundwater. The basins in which the sedgelandsasecur
typically long and linear, with a gentle bare sand slope on the eastern side forming the base of the
main primary dune ridge.

Figure6-22. Oblique Aerial View of 700m Long Interdunal Basin

Threats to the existing sedgelands are developed through vehicle traffic, storm erosion of the
foredune and change to the groundwater regime (see Section 5.3 in Harvey Gt8eitaary of

Key IssuedDocument 248)0-08). Traffic is occasionally managed by residents and the Shire by
earthworks or fencing to block vehicles from entering the sedgelands through the foredunes.
However, these efforts are interrupted by a combinatmfrcoastal erosion and opportunistic track
making by 4WDs. On the landward side of seelgeland, the nearly flat and smooth natural surface
encourages increased and higher speed 4WD traffic, which is discouraged by private fencing on a
limited number of poperties.

The viability of the sedgeland habitats is anticipated to be strongly challenged by sea level rise and
associated erosion. These processes are expected to cause loss of the existing foredunes by 2035 to
2055, which will result in smothering di¢ sedge communitie§.he potential sensitivity of the
sedgelands to these and other issues (traffic and groundwater) determines that a deeper
understanding of these habitats needs to be developed to identify an appropriate course of
managemen{see Sectin 7.4).

6.12.2 Sedgeland Management

Although the sedge habitat is expected to be destroyed by projected coastal change, their
environmental valuenay warrants management to defer damage from other sosiraechange,
particularly 4WD trafficFactors to be evaluated may include:

9 Historic patterns of sedgeland degradation, based upon aerial photographs;

1 The potential capacity to manage each basin separately;

1 The role of adjacent tenure and associated traffianagement.
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Management actions may include:
1 Installing signs or fencing to manage traffic away from sedges;
1 Controlling 4WD access points across foredunes; and
1 Rehabilitation of protective foredune areas following storm erosion.

The apparent importance of how 4WDs are managed landward of the sedges (by private property
owners) upon traffidevelssuggestsa possible basis for improved sedgeland management.
Identification of properties which may affect traffic within each particdedgeland basin may
provide a basis for small community groups, and in turn support betterdimated management.
Challenges foeffective sedgeland basin management are otherwise similar to those of dune
vegetation management (see Sectiél), with inadequate foreshore reserves to provide direct
management through the Shire.

Monitoring of the foredune crossectional area may be used to indte the need for reinforcement.
A crosssection of approximately 50frabove high water mark represents a foredune that is unlikely
to collapse under severe storm attack (although it may be eroded). A-seasi®n of less than 10m
above high water markepresents a foredune that is potentially threatened by moderate storm
attack, indicating the need for reinforcement prior to the next winter storm season.
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7  SUMMARY OF OVERAMANAGEMENT

7.1 Regional Management Context

The Shire of Harvey coast includes modetatlarge coastal development setbacks and has a lower
exposure of infrastructure to erosion and inundation than much of the P&taturaliste coast.
However, dune mobility is extremely high, with the potential for extensive sand drift problems along
the length of the coast if moderate erosion occurs. This sensitivity should be acknowledged in
regional coastal management, such as the PeMaturaliste Partnership forum, along with
implementationand any further refinementf the Greater BunburydjionalSchemeand Local

Planning Strategy

There is aneed toinclude the following broad coastal management objectives in Shire policy and
practices:
1 Maximise the retention of coastal sedimentsrticularly m the beach and in the
foredunes and
1 Minimise activies capable of disturbing coastal dune vegetation.

Applied to coastal management, thesbjectives support the existing coastal managemerdatsgy
to avoid coastal hazardthey alsgprovide aconsiderationfor planning, infrastructure development
and bulding approvals within the coastal dun@$e practice of residential development being
preferentiallyfocused within the coastal town sites at Binningup and Myalup is an example of
minimising dune disturbance.

Effective coastal management also requirkes significance of these objectives is conveyed to
decisionmakersexternal to the Shirevhose actions may influence the Harvey co#sthis respect,
the Shire should:
1 Lobbythe Southern Ports Authoritfor effective bypassingf Bunbury Porthat will
positively contribute to sediment supply on the Harvey cdastavoid offshore disposalr
extractive us This objective was identified in port dredging pl&hs
1 Ensure that the objectives are recognised and acknowledged within development approvals
processesparticularly for extractive or industrial workse. within the Shire, OEPA, WAPC,
DRD and DMP); and
1 Ensure that decisiemaking for existing infrastructure along the Harvey coast (Desalination
Plant, Harvey Diversion Drain and The Cut trainialisyconsiderdarger areaand longer
term implications for adjacent and regional land. In particular, works which reduce existing
coastal buffers should be considered in the context of bringing forward (in time) the forecast
coastal adaptation process.

The latter consideration also applies to infrastructure managed by the Shire, particularly the
Binningup Seawall (SectiérB).

Coastal management within the Shirekbarvey may have implications for the letegym supply of
coastal ediment to the north, which is anticipated to reduce with projected sea level rise. Balancing
out regional impacts requires continuation of regional assessments and dialogue between local
coastal managers, which has been achieved effectively through the fRexmaliste Partnership.
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7.2 Policy and Tenure Revision

The existing land tenure provides potential barriers to implementation of effective coastal
management within the existing policy frameworkcémbinationof policy and tenure revisions
requiredto streamlinegovernance of the coastal margin, supportmgnagement and longeerm
adaptation A preliminarydiscusgon of optionsis containedn Harvey CHRMAP Summary of Key
IssuesDocument 248)0-08. At this stage, selection of a practical and functional pathway requires
considerable further evaluation ardiscussion between the Shire and WAPC.

It is recommended that the Shire set aside funds and staff resources to deal with policy and tenure
revision for the 20172018 budget, with ongoing resources likely to be needed with progressive
coastal change.

7.3 Commnunity Education

Community feedback indicated that private land owners were interested in obtaining knowledge of
appropriate dune management practices. It is recognised that significant technical and practical
knowledge is held by DPaW, The Department afifihg and natural resource management

agencies. Distillation of this knowledge into a practical set of dune management and stabilisation
guidelines suitable for local landowners (e.g. fact sheets) to use may support improved practices by
private residents

The potential benefit of a simple set of guidelines for dune management extends beyond the Shire
of Harvey, with a number of rural councils from the South, Southwest andwd#d coasts facing
similar issuedt is recommended that the Shire seek theatwement of PNP, WALGA, NRM groups,
DPaW and the Department of Planning in the funding and development of a set of guidelines, with
potential financial support through the CoastWest grants program.

7.4 Investigations

Technicalrivestigationsaare recommended whin the assetbased adaptation assessments. These
actions address existing uncertainties and htheecapacity to improve the efficacy of adaptive
management decisions, improving the effort to reward ratio for conducted works. Recommended
investigationsare listed inTable7-1.

Table7-1: Recommended Investigations

Investigation Organisation Uncertainty Addressed | TimeFrame

Geophysical Shire of Harvey Coastal erosion responsg 20172020

Inundation Modelling | State Government | Overland flood 20202030
propagation

Seawall Assessment | Shire of Harvey Marine capacity of walling 20162017

Sedgelands DPawW Effective lifetime 20172020
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A brief description oéach investigatioffiollows, with reference to the relevant assetised
adaptation sectios:

9 Geophysical or geotechnical investigatisrappropriateto determine the presence of
coastal rock along the Binningup foreshoféis should inform the management of townsite
development (SectioB.1), beach access (Sectigh$and6.7) and Binningup Seawall
(Section6.8). Available evidence of seasonally expodeNXB SiFugeT1) siiggests that the
investigation should be undertakerofn Buffalo Road to Taranto Road.

Figure7-1: Exposed rocky coast, north of Binningupebruary 2015

9 Inundation modelling is required to clarify how extreme ocean flooding could propagate
through Leschenault Estuary and up through the drainage network to impact on the
lowlands between the estuary and Lake Preston. An understanding of bowlfig and
damping may be affected by sea level rise should also be developed through the modelling.

1 The capacity of the Binningup Seawall to withstand exposure to marine conditions has not
been identified Limited available information and inspectionddgmage suggests that the
structure maybe inadequate to withstand direct wave exposure. An understanding of the
walling capacity should be developed to set a trigger for removal or armouring of the
existing facility (Sectio8.8).

1 Areview of existing information relevant to the coastal sedgelands, to evaluate their
potential sensitivity to sea level rise and identify appropriate further studies. This
information isrequired todevelopa forecast lifetime for the sedgeland® support
decisionmaking regarding appropriate management (Secdtp).

7.5 Monitoring

Required monitoring to support the Harvey CHRMAP is madmhprised of the erosion and

inundation monitoring outlinedn the PNP Coastal Monitoring Action P(@able7-2). Application of

the coastal erosion monitoring to decisiomaking is described in Sectibri, and application of the
inundation monitoring is described irr&ion5.3. The monitoring program includes high expense
items of aerial photography and tide gauge instrumentation that are collected by State Government
agencies.

Table7-2: Monitoring ProgramOutlined by PNP CMAP
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