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Executive summary

The South West Development Commission (SWDC) is the proponent of the Koombana Bay Marine Structures
(KBMS) proposal, which is located in Bunbury, Western Australia, ~150 km south of Perth. The Western Australian
Environmental Protection Authority (EPA) determined that the KBMS proposal is to be assessed as a Strategic
proposal at the Public Environment Review level (SPER). The EPA approved the Environmental Scoping
Document (ESD) for the KBMS SPER on 26 June 2015. This report addresses the ESD requirements for the key
environmental factor (KEF) of Coastal Processes along with the KBMS Coastal Processes Management Plan
(CPMP) (GHD 2023a), the Marine Environmental Quality (MEQ) Modelling technical study (GHD 2023b) and the
Transforming Bunbury’s Waterfront (TBW) Coastal Hazard Risk Management and Adaptation Plan (CHRMAP)
(GHD 2019a).

This report assesses the cumulative impacts to coastal processes for two of the three future proposals of the
KBMS strategic proposal:

— Koombana Bay Sailing Club (KBSC).
—  Casuarina Boat Harbour (CBH).

The finger jetty associated with the redevelopment of the Dolphin Discovery Centre (DDC) will be a piled structure
and will not have a material impact on coastal processes. Any unforeseen impacts to coastal processes by the
DDC finger jetty (or the other two future proposals) will be managed via the CPMP.

The impact assessment methodology utilised a combination of available information, numerical modelling,
industry-standard equations and professional judgement. The future proposals will be located in southern
Koombana Bay, which is characterised by a small tidal range, a low wave energy climate and low currents. A
comparative assessment between the baseline condition and the KBMS proposal was used to predict whether
impacts to coastal processes and seagrass wrack dynamics will occur.

Generally, relatively small changes to coastal processes and seagrass wrack dynamics are predicted from
implementation of the KBMS proposal except for:

—  Circulation patterns along western Koombana Beach are predicted to shift offshore to the north by the KBSC
marina breakwaters, but not cause material changes to longshore sand transport along Koombana Beach.

— The KBSC marina is predicted to disrupt the existing circulation pattern between the new structures and the
existing Jetty Road Causeway with a concomitant decrease in the longshore sediment transport along
Marlston Waterfront-Ski Beach and the KBSC beach.

—  Channelling and reflection of swell waves between the proposed KBSC marina and existing Jetty Road
Causeway may increase wave heights and sediment transport between Marlston Waterfront-Ski Beach and
KBSC marina.

— The KBSC marina breakwaters will reduce sand supply to the beach therein, with likely sand quality
deterioration that may potentially require renourishment.

— Reduced flushing of CBH and Leschenault Inlet is predicted with implementation of the KBMS proposal,
which may lead to water quality degradation (GHD 2023b). Any potential water quality degradation in CBH,
KBSC marina and Leschenault Inlet will be monitored and managed as per the Marine Environmental Quality
Management Plan (GHD 2023c).

— The proposed CBH Northern Breakwater is predicted to reduce currents along the southern extent of the
Outer Harbour, though material increases to sedimentation are not predicted.

Changes in coastal process due to the KBMS proposal that are likely to require active management include:

— Sedimentation and potential beach realignment of Ski Beach.
—  Sedimentation in CBH, KBSC marina and the embayment between CBH and KBSC marina.
— Potential scour and/or deposition in proximity to proposed structures.
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In short, impacts to coastal process are predicted to be constrained to southwestern Koombana Bay in the
immediate locale of KBMS proposal with no/minor impacts predicted for eastern Koombana Bay (e.g. Koombana
Beach).

The CPMP (GHD 2023a) provides monitoring and management actions to identify and to address potential coastal
processes impacts from the implementation of the KBMS proposal.

This report is subject to, and must be read in conjunction with, the limitations set out in Section 1.5 and the
assumptions and qualifications contained throughout this report.
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1. Introduction

1.1 Proposal

The South West Development Commission (SWDC) is the proponent for the Koombana Bay Marine Structures
(KBMS) proposal. In March 2015 the SWDC referred the KBMS proposal to the Western Australia Environmental
Protection Authority (EPA), which determined the KBMS proposal to be assessed at the level of “Strategic
Proposal” (Public Environment Review or SPER). The EPA approved an Environmental Scoping Document (ESD)
for the KBMS SPER (Assessment Number 2049) on 26 June 2015.

The KBMS proposal (or the strategic proposal) is located within the City of Bunbury, about 174 kilometres (km)
south of Perth, Western Australia. The marine structures subject to the KBMS strategic proposal are situated
within Koombana Bay which neighbours the Bunbury Central Business District and the Marlston North residential
and waterfront developments. Figure 1 illustrates the indicative KBMS proposal.

The KBMS strategic proposal aims to construct and operate the following marine structures within Koombana Bay:

1. Casuarina Boat Harbour.
2.  Koombana Bay Sailing Club (KBSC) marina.
3. Dolphin Discovery Centre (DDC) finger jetty.

Collectively, the three (3) individual marine structures (Casuarina Boat Harbour, KBSC marina and the DDC finger
jetty) are referred to as the KBMS strategic proposal. Individually, and because they will be constructed over
different timescales, the three (3) individual marine structures are referred to as “future proposals”. This is
consistent with the EPA’s assessment process and terminology under the Environmental Protection Ac, 1986.

1.1.1 General description of KBMS strategic proposal

A general description of the KBMS strategic proposal is provided in Table 1.

Table 1 General strategic proposal description

Strategic proposal title Koombana Bay Marine Structures

Strategic proponent South West Development Commission
name

Short description The strategic proposal is to develop areas in Koombana Bay for small craft marine infrastructure (Figure 1).
The proposed marine infrastructure includes jetties, boat ramps and boat pens.

The identified future proposals under the strategic proposal are for the construction and operation of:
— Casuarina Boat Harbour

— Koombana Bay Sailing Club Marina

— Dolphin Discovery Centre Finger Jetty

The construction of future proposals will be undertaken in stages. The marine infrastructure is located
adjacent to, or in close proximity to existing infrastructure in Koombana Bay, Bunbury.

1.1.2 Identified future proposal description and elements

A description and elements of the KBMS future proposals are provided in Table 2.
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Table 2 Identified future proposal description and elements

Casuarina boat harbour

This future proposal includes a dredging and dredge spoil disposal, piling activities, land reclamation and construction of a breakwater and
revetment walls. The marine infrastructure includes the construction and operation of floating jetties, boat ramps and boat pens.

Proposal element Maximum Extent, Capacity or Range
Description

Physical elements

Development Envelope Figure 1 Up to 40 ha

(Indicative) Casuarina Boat Harbour Figure 1 Up to 32 ha within CBH disturbance footprint

(CBH) disturbance footprint

Breakwater Figure 1 Up to 3.5 ha within CBH disturbance footprint

Reclamation Figure 1 Up to 3.5 ha within CBH disturbance footprint

Marine infrastructure Within CBH ]!:Ioating jetties, boat ramps and boat pens within CBH disturbance
ootprint.

Koombana Bay Sailing Club marina

This future proposal includes a dredging component, a piling component, land reclamation (including onshore dredge spoil disposal) and
construction of breakwaters. The marine infrastructure includes the construction and operation of floating jetties, boat ramps and boat pens.

Proposal element Maximum Extent, Capacity or Range
Description

Physical elements

Development Envelope Figure 1 Up to 16 ha

(Indicative) Koombana Bay Sailing Club Figure 1 Up to 10 ha within KBSC disturbance footprint

(KBSC) marina disturbance footprint

Breakwaters Figure 1 Up to 2.5 ha within KBSC disturbance footprint

Reclamation Figure 1 Up to 2 ha within KBSC disturbance footprint

Marine infrastructure Within KBSC Floating jetties, boat ramps and boat pens within KBSC disturbance
ootprint

Dolphin Discovery Centre finger jetty
This future proposal includes a finger jetty, a piling component and a temporary onshore construction laydown area.

Proposal element Maximum Extent, Capacity or Range
Description

Physical elements
Development Envelope Figure 1 Upto 0.5 ha

(Indicative) Dolphin Discovery Centre Figure 1 Up to 0.15 ha within DDC disturbance footprint
(DDC) jetty disturbance footprint

Marine infrastructure Figure 1 Jetty up to 110 metres long
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Figure 1
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Development envelope, indicative disturbance footprint and marine elements
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1.2 Purpose of this report

Four (4) key environmental factors (KEFs) were identified in the ESD, namely:

1. Marine Environmental Quality (MEQ) with the EPA objective ‘to maintain the quality of water, sediment and
biota so that the environmental values (both ecological and social) are protected’.

2. Benthic Habitats with the EPA objective ‘to protect benthic communities and habitats so that biological
diversity and ecology integrity are maintained’.

3. Marine Fauna with the EPA objective ‘to protect marine fauna so that biological diversity and ecological
integrity are maintained’.

4. Coastal Processes (this report) with the EPA objective ‘to maintain the geophysical processes that shape
coastal morphology so that the environmental values of the coast are protected’.

The ESD sets out the information that the EPA will require to allow evaluation of the impacts of the strategic
proposal on the basis of these KEFs.

This report has been prepared to address the coastal processes KEF of the ESD. A Coastal Processes
Management Plan (CPMP) (GHD 2023a) has been prepared to address the monitoring and management
requirements of the ESD. The Transforming Bunbury’s Waterfront (TBW) Coastal Hazard Risk Management and
Adaptation Plan (CHRMAP) (GHD 2019a, Appendix A), which includes the implementation of the KBMS proposal,
addresses potential long-term impacts to coastal processes (including climate change).

Table 1.3 provides the ESD items for the coastal processes KEF and whether they are addressed in this report,
CPMP (2023a), CHRMAP (GHD 2019a, Appendix A), the MEQ Impact Assessment (GHD 2023b) and/or the
Marine Environmental Quality Management Plan (MEQMP) (GHD 2023c).
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Table 1.3

1

la

1b

lc

1d

le

1f

ESD 2049 requirements for KEF 4 (coastal processes)

ESD 2049 KEF CP Item Manner Addressed
Description

Characterise the environment by describing the current coastal processes in the proximity of each of the future
proposals. This is to include, but not be limited to:

Modelling the local current and wave
climate

Conducting a detailed analysis of
existing long-shore sediment
movements to estimate erosional
and depositional patterns including
for cross-shore processes

Determining beach profiles

Determining the tidal flows and
exchanges between Koombana Bay
and the Leschenault Inlet

Determining coastal vulnerability and
the potential impacts as a result of
climate change, including through
using multiple tide gauge records in
the Bunbury Region to determine
local sea level rise.

The characterisation is to consider all
temporal scales, including seasonal
and inter-annual, and the spatial
scale must be adequate to address
all coastal processes and patterns
likely to be affected as a result of the
proposal. The characterisation
should spatially define the limit of
where impacts are expected to
occur.

Development of hydrodynamic model.

Calibration and validation of hydrodynamic model.
Development of wave model.

Calibration of wave model.

Development of a sand transport model.
Assessing longshore sediment transport.
Development and calibration of a beach storm response model.

Characterisation of beach profiles.

Tidal flows and tidal exchange are addressed in this study and implications on
flushing in the MEQ Impact Assessment (GHD 2023b).

Vulnerability to coastal assets/values and potential impacts are documented in
the CHRMAP (GHD 2019a, Appendix A).

The assessment has considered both an ambient year and selected storm

events. The seasonality of coastal processes is considered through simulation of

an entire year. Review and discussion of long-term information is provided to
address inter-annual time scales.

The study area and modelling domains are sufficiently large to encompass
coastal processes and patterns that affect the SPER area and that are

potentially impacted by the KBMS proposal. The spatial resolution of the models
is sufficiently fine to identify the spatial limits of potential impacts/effects from the

two primary KBMS future proposals, namely CBH and KBSC marina. The

resolution of the DDC finger jetty future proposal is very small with very limited (if

any) direct and indirect impacts as it will be a piled structure, and will be
monitored and managed (if and as needed) via the CPMP (GHD 2023a).
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3.7 (Longshore sediment transport)
3.9 (Beach storm response modelling)

2.5.2 (Beach morphology and profiles)
4.6 (Beach erosion from storm events)

4.2 (Volumetric exchange)
MEQ Impact Assessment (GHD 2023b)

CHRMAP (GHD 2019a, Appendix A)
4.6 (Beach erosion from storm events)
4.7 (Coastal processes allowances)
5.2 (Impact on coastal vulnerability)

1.3 Overview of assessed structures)
3.2 (Model domains)

3.3.1 (Metocean)

4 (Results)



ESD 2049 K.EF. CP Item Manner Addressed
Description

2

3a

3b

3c

3d

Identify elements of each of the
future proposals which may
potentially affect coastal processes,
including both direct and indirect
impacts and for both construction
and operation.

The potential direct and indirect operational impacts from elements of the future
proposals are identified.

Predict the residual impacts from the proposal, both direct and indirect, after outlining any avoidance and mitigation
options that will be applied. Impact predictions are to:

Be provided at a sufficient scale to
allow all impacts resulting from each
of the future proposals to both up
and down coast processes as well as
onshore-offshore processes to be
assessed.

Be informed by monitoring previously
undertaken at local harbours, ports
and marinas.

Determine changes to local current
and wave climate, long-shore
sediment movements and the
erosional and deposition patterns
(including to cross-shore processes),
and beach profiles resulting from
each of the future proposals,
including within Leschenault Inlet.

Consider and assess the cumulative
effects of each of the future

As noted above for ESD No 1f, the spatial and temporal resolution of the
assessment encompasses all scales needed to capture coastal processes and
potential impacts of the KBSC marina and CBH future proposals.

Metocean and bathymetric data, previous relevant local and regional
studies/assessments and other anecdotal evidence have been used to inform
model calibration (and validation), scenario inputs, interpretation of simulation
outputs and assessment of potential impacts.

The effect of the proposed Casuarina Harbour Northern Breakwater on the
currents, waves, longshore transport, erosion/deposition patterns and beach
profiles of Koombana Beach is minimal (i.e. decoupled). Similarly, the effect of
the proposed KBSC marina breakwaters on the currents, waves, longshore
transport, erosion/deposition patterns and beach profiles of the southern Outer
Harbour is minimal. Hence, the predicted changes (to currents, waves, long-
shore sediment transport, erosion/deposition patterns, beach profiles) were
evaluated for the KBSC marina and CBH future proposals on a cumulative basis
(as per ESD No 1f and Section 1.3, the DDC finger jetty future proposal is not
evaluated).

The primary indirect impact is the flushing of Leschenault Inlet from the
alteration of the circulation patterns of southwestern Koombana Bay by the
proposed KBSC marina breakwaters as detailed in GHD (2023b). GHD (2023b)
also provides detailed flushing analyses of pre- and post-construction of the
CBH embayment, and post-construction of the KBSC marina embayment.

As noted for ESD No 1f and 3c, and in Section 1.3, the DDC finger jetty future
proposal is not evaluated as it has been defined as a piled structure with minimal
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Table 1.4 (Summary of potential direct
and indirect impacts to coastal
processes)

4 (Results)
5 (Assessment of impacts)

3.2 (Model domains)
3.3.1 (Metocean)
4 (Results)

2.2.5 (Extreme water levels)

2.2.6 (Sea level rise)

2.3 (Wind climate)

2.4 (Wave climate)

2.5 (Morphology and sediment transport)
3.1 (Bathymetry)

3.3 (Model inputs)

4.1 (Hydrodynamics)

4.2 (Volumetric exchange)

4.3 (Waves)

4.4 (Sand transport)

4.5 (Longshore sediment transport)
4.6 (Beach erosion from storm events)

Potential impacts are discussed in
Section 5 including the following:

5.1.1 (Flushing and water quality)
5.1.4 (Local scour near structures)

5.1.5 (Sedimentation of navigational
areas)

MEQ Impact Assessment (GHD 2023b)

5.1.1 (Flushing and water quality)
Impact Assessment (GHD 2023b)



. ESD 2049 KEF CP Item
No A
Description

3e

3f

39

proposals both singularly and in
combination to the effects of
adjacent approved proposals and
proposals currently being assessed
by the EPA. These other proposals
include stormwater drains, other
marinas and the Southern Ports
Authority Inner Harbour Structure
Plan proposal.

Be for both the short and long-term
(100-year planning horizon); be
provided for best, most likely and
worst case scenarios; and consider
the likely impacts of climate change.

Examine the need (if any) for coastal
structures to mitigate the impacts of
wave shadows that would be caused
by each of the future proposals.

Address the frequency, volume and
potential environmental impacts of
wrack and maintenance dredging
within and adjacent to each of the
future proposals.

Manner Addressed

(if any) anticipated impacts to coastal processes, which will be monitored and
managed via the CPMP (GHD 2023a). As noted in ESD No 3c, the potential
impacts from the proposed new structures for the CBH and KBSC marina future
proposals are largely decoupled in terms of effects on currents, waves,
longshore transport, erosion/deposition patterns and beach profiles, and have
been assessed here in combination and not singularly.

The stormwater drain proposal and additional marinas referred to in the ESD
could not be identified and hence were not evaluated for cumulative effects.

The Inner Harbour Structure Plan proposal has been discontinued.

GHD (2023b) carried out a detailed flushing analyses with the existing Inner
Harbour and the discontinued Inner Harbour Structure Plan proposal, and found
no material effect on the flushing of Koombana Bay’s other water bodies
including Leschenault Inlet, CBH and the proposed KBSC marina. Therefore in
the event of a future Inner Harbour Structure Plan proposal, it will not likely have
a material cumulative effect in combination with the KBMS proposal.

Short-term scenarios were defined on the basis of extreme water levels, ambient
wave climate and extreme wave climate.

Long-term scenarios were defined on the basis of short-term scenarios with the
addition of the predicted sea level rise at the end of the 100-year planning
horizon, which is addressed in the CHRMAP (GHD 2019a, Appendix A) for
short- and long-term planning horizon and the likely impacts (and management)
of climate change.

Impact assessment was carried out under typical (ambient) and extreme
scenarios that represent the ‘most likely’ and ‘worst case’ conditions for
hydrodynamic and wave climates. A ‘best case’ scenario (i.e. very low winds and
waves) was not evaluated.

Evaluation of the potential changes to coastal processes including the
shadowing impacts of the proposed structures indicates no new coastal
structures are needed to mitigate potential impacts from the KBMS proposal.
Localised potential impacts from the proposed structures (within the close
vicinity of a structure) are to be considered and addressed by the designers of
the structures. Further, the CPMP (GHD 2023a) provides monitoring and
management to identify and manage impacts such as wave shadowing.

An in-house seagrass wrack model was developed on the basis of published
scientific literature that utilised hydrodynamic simulation output to predict
potential changes in the baseline condition of seagrass wrack distribution within
the waters and on the shorelines of southern Koombana Bay from the KBMS
proposal. Potential environmental impacts from the KBMS proposal on seagrass
wrack are identified (if any).
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2.2.5 (Extreme water levels)

2.2.6 (Sea level rise)

2.3 (Wind climate)

2.4.3 (Ambient wave climate)

2.4.5 (Extreme wave conditions)
3.3.1 (Metocean)

3.3 (Model inputs)

4 (Results)

5 (Assessment of impacts)
CHRMAP (GHD 2019a, Appendix A)

4.3 (Waves)
5 (Assessment of impacts)
CPMP (GHD 2023a)

3.6 (Sand transport model)

3.10 (Seagrass wrack transport)
4.4 (Sand transport)

4.8 (Seagrass wrack)

5.1.5 (Sedimentation of navigational
areas)



No ESD 2049 K_EF_ CP Item Manner Addressed Report Section, Supportln_g Technical
Description Study and/or Supporting Plan

The sand transport model was used to assess the differences in sedimentation 5.1.6 (Seagrass wrack)
between the baseline condition and KBMS proposal. Potential effects on
maintenance dredging needs from the KBMS proposal are identified (if any).

3h Address the requirements of State Planning allowance for coastal processes are provided in the CHRMAP (GHD CHRMAP (GHD 2019a, Appendix A)
Planning Policy 2.6, particularly with 2019a, Appendix A) with a summary in this report. 3.8 (Allowances for coastal processes)

regard to setback and coastal risk
9 4.7 (Coastal processes allowances)

management.
5.2 (Impact on coastal vulnerability)

4 Identify management and mitigation measures for each of the future proposals to demonstrate that the EPA’s objectives 5.3 (Summary of potential impacts and
for coastal processes can be met and to ensure residual impacts are not greater than predicted. This is to include the recommendations for monitoring and
identification of areas of land and sea within the harbour/marina boundary to allow for management works and buffer management actions)
areas to manage sand and/or wrack accumulations. Management and mitigation measures are to have regard for CPMP (GHD 2023a)

existing coastal management plans, including the Bunbury Coastal Protection, Part A — Koombana Bay Coastal Erosion

and Design Report (Seashore Engineering 2013). CHRMAP (GHD 2019a, Appendix A)

5 Outline the agency responsible for the management of coastal processes including the roles and responsibilities for CPMP (GHD 2023a)
wrack management and maintenance dredging.

6 Include a Coastal Processes The CPMP (GHD 2023a) outlines the post-construction operational monitoring CPMP (GHD 2023a)
Management Plan, which details the | and management of coastal processes and seagrass wrack. Management of
monitoring and management that will | coastal processes during construction are to be managed by the construction
apply during and after construction to | contractor.
demonstrate and ensure that
residual impacts to coastal
processes are not greater than
predicted.
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1.3 Overview of assessed structures

This coastal processes impact assessment, the CPMP (GHD 2023a) and the CHRMAP (GHD 2019a, Appendix A)
consider structures (elements) of the KBMS proposal that may have an impact on the coastal processes and
morphology within Koombana Bay. These key structural elements of the KBMS proposal are illustrated in

Figure 1.2.

Engineered structures can influence coastal processes through interruption of currents, waves and sediment
transport that can change the morphology of the seabed, beach and/or coast. Dredging of channels and basins
can also affect coastal equilibrium.

The proposed Casuarina Harbour North Breakwater and KBSC marina breakwaters and associated dredging are
typical of coastal infrastructure that can potentially impact coastal processes. The proposed finger jetty for the
DDC will be a piled structure that is not anticipated to have any material impact on coastal processes. Therefore,
this study evaluates the much larger proposed CBH and KBSC marina structures. Any potential impact of the
proposed piled DDC finger jetty will be monitored and managed via the CPMP (2023a).

Potential changes to coastal processes within Koombana Bay from these structures include those associated with
hydrodynamics (tides and currents), waves, sediment transport and coastal geomorphology (beach profiles and
sedimentary landforms). These changes may potentially influence existing coastal management practices, which
therefore may have to be updated. The potential direct and indirect impacts to coastal processes are summarised
in Table 1.4.

Direct and indirect impacts during construction of the future proposals are not evaluated here. The assessment of
operational impacts to coastal processes of the completed structures will be greater than those that occur during
the gradual extension of the proposed KBSC breakwaters from the Koombana Bay groyne and Leschenault Inlet
entrance groynes, and the proposed Casuarina Harbour Northern Breakwater. Hence, the identification of
elements of the proposal that may affect coastal processes in Table 1.4 are applicable during the construction
period.

This report focuses on the potential cumulative operational impacts of the entire SPER proposal. The greatest
potential impacts are associated with the proposed KBSC marina breakwater structures and to a lesser degree the
proposed Casuarina Harbor Northern Breakwater. In this report, reference to the KBMS proposal refers to both the
CBH redevelopment and KBSC marina collectively.

1.3.1 Representative impact assessment on original KBSC marina
design

The original KBSC marina design was modified (decreased in size) to improve the predicted future flushing of
Leschenault Inlet (and thereby reduce potential marine environmental quality impacts). The coastal processes
impact assessment was completed prior to the revised KBSC marina design (refer to Figure 1.2 for original and
revised KBSC marina designs). The offshore extent of the revised Koombana Bay Eastern Breakwater is similar
to the original design. On the basis of professional judgement, the smaller revised KBSC marina design is
expected to yield similar potential impacts to coastal processes as the original design. Hence, this coastal
processes impact assessment is considered representative, and the predicted impacts for the original design are
valid for the revised design.

Table 1.4 Summary of potential direct and indirect impacts to coastal processes
. Potential Observed Section Assessed in this Report,
Proposal Impact From Directly Impacted . ; .
Change & Indirect Supporting Technical Report
Element Elements Coastal Processes :
Impacts and/or Supporting Plan
KBSC Change to Changes to tidal flow | Flushing and water Section 4.2 (Volumetric
marina and circulation patterns | and flushing of the quality impacts exchange)
CBH (e.g. current Leschenault Inlet Section 5.1.1 (Flushing and
breakwaters | speed, residual water quality)
currents)
MEQ Impact Assessment (GHD
2023b)
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Proposal

Element

Impact From
Elements

Directly Impacted
Coastal Processes

Potential Observed
Change & Indirect
Impacts

Section Assessed in this Report,
Supporting Technical Report
and/or Supporting Plan

Creation of
semi-
enclosed
water bodies
within KBSC
marina and
CBH

Interruption to
longshore currents

Changes to wave
climate pattern
(ambient and
storm)

Protection
provided by the
breakwater
structures

Reflection of
waves off
structures

Reduced wave
activity within new
enclosed water
bodies (wave
shadowing)

Change to
circulation patterns
(e.g. current
speed, residual
currents)

Reduced volume
exchange with
Koombana Bay

Changes to bed
shear stresses

Interruption to
longshore sediment
transport

Interruption to
seagrass wrack
transport trajectories
and deposition sites

Changes to bed
shear stresses

Changes to beach
erosion and
accumulation
processes

Reduction of wave
energy in lee of
structures

Increased wave
energy in structure
vicinity

Reduction in energy
of marine
environment

Changes to bed
shear stresses

Water quality
impacts

Changes to sediment
and seagrass wrack
transport patterns

Accretion upstream of
structures and loss of
pathway and erosion
downstream

Accumulation of
seagrass against
structures

Changes to sediment
and wrack transport
patterns

Changes to beach
profiles

Reduced wave-induced
currents and cross-shore
erosion leading to sand
accretion and
sedimentation in lee of
structures

Scour of structure toe
and potential flanking
erosion at shoreline
structure interface

Increased sedimentation
potential

Changes to sediment
and seagrass wrack
transport patterns

Reduced water clarity

Section 4.4 (Sand transport)
Section 4.8 (Seagrass wrack)

Section 5.1.2 (Sediment
transport)

Section 5.1.6 (Seagrass wrack)
4.5 (Longshore sediment
transport)

Section 5.1.2 (Sediment
transport)

Section 4.8 (Seagrass wrack)
Section 5.1.6 (Seagrass wrack)

Section 4.4 (Sand transport)
Section 4.8 (Seagrass wrack)

Section 5.1.2 (Sediment
transport)

Section 5.1.6 (Seagrass wrack)

Section 4.4 (Sand transport)

Section 4.5 (Longshore
sediment transport)

Section 4.6 (Beach erosion from
storm events)

Section 4.3 (Waves)

Section 4.4 (Sand transport)

Section 5.1.2 (Sediment
transport)

Not evaluated, to be considered
during detailed design of
structures

Section 4.3 (Waves)
Section 4.4 (Sand transport)

Section 5.1.2 (Sediment
transport)

Section 4.1 (Hydrodynamics)
Section 4.4 (Sand transport)
Section 4.8 (Seagrass wrack)

Section 5.1.2 (Sediment
transport)

Section 5.1.6 (Seagrass wrack)
Section 5.1.1 (Flushing and
water quality)

MEQ Impact Assessment (GHD
2023b)
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Figure 1.2 Existing and KBMS proposal coastal infrastructure

1.4 Modelling approach

An integrated modelling framework was the primary approach to evaluate the potential impacts to coastal
processes from the KBMS proposal relative to the baseline condition as illustrated in Figure 1.3. Some of these
models (i.e. hydrodynamic, wave) have undergone verification with measurements to enable a level of quantitative
assessment of the magnitude of potential changes. Other models (e.g. sediment, seagrass wrack) are not verified
(due to lack of measurements/observations), and therefore only reliably provide qualitative comparative
assessments of the potential impacts of the KBMS proposal relative to the baseline condition.

Wataer levels at Waves at boundaries, Seabed sediment
INFUTS boundaries and Surface winds characteristics
Surface winds (Ambient and
\ 4 v \ 4 ¢
Numerical Numerical Wave Numerical Sand GHD Particle
TOOLS Hydrodynamic Model Transport Model, tracking add-on tool
hodzl Beach Response
Madel, Empirical
Equations
\ 4 \ 4 ¢ ¢
Water levels, Current Mearshore waves Seabed sediment Particle tracking
OUTPUTS speeds and directions transport and from offshore to
shoreline morpholegy mearshare
\ 4 ¢ \ 4 \ 4
Changes to Changes to wave Changes to accretion Movemeant and
ANALYSIS circulation patterns patterns and impact and erosion patterns distribution of
on coastal structures before and after 2aaqrass wiack
post development development pra- and post-
development
Figure 1.3 Modelling framework

A technical overview of the potential impacts, processes modelled and scenarios in this coastal processes
assessment is provided in Table 1.5. Further details on this assessment methodology are described in Section 3.

Table 1.5

Technical overview of the modelling studies

Potential Impacts to Coastal Processes from Coastal Processes Modelled Scenarios
KBMS Proposal

Residual impacts to wave climate due to the
KBMS proposal

Residual impacts to circulation patterns due to the
KBMS proposal

Sedimentation from changes to waves and
currents due to the KBMS proposal

Forcing: ambient year, storm
events

Cases: baseline, proposal

Wave diffraction, refraction and
dissipation

Forcing: ambient year, storm
events

Cases: baseline, proposal

Hydrodynamic processes from tidal,
wind and wave forcing

Forcing: ambient year, storm
events

Cases: baseline, proposal

Sand transport patterns and bed level
changes in Koombana Bay (inner shelf
processes)
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Potential Impacts to Coastal Processes from Coastal Processes Modelled Scenarios
KBMS Proposal

Interruption of longshore sediment transport by Longshore sediment transport within Forcing: Ambient year
new structures with accretion against structures surf zone Cases: baseline, proposal
and potential erosion in the lee

Changes in beach profile responses to storm Cross-shore sediment transport, beach | Forcing: storm events
events profile evolution within surf zone Cases: baseline, proposal
Shoreline allowances for developments Cross-shore sediment transport Forcing: storm events

Cases: baseline, proposal
Residual impacts of proposed structures to Particle tracking Forcing: selected periods in
seagrass wrack deposition ambient year

Cases: baseline, final

1.5 Assumptions

This report has been prepared to meet the ESD requirements for the KEF of coastal processes. The primary
approach for the impact assessment from implementation of the KBMS proposal was largely through a
comparative analysis of the simulated changes in coastal processes and seagrass wrack dynamics relative to the
baseline condition. Technical assumptions and uncertainties of this coastal processes impact assessment include:

—  Sand transport and seagrass wrack models were not verified due to a lack of field measurements (e.g. spatial
distribution of seagrass wrack deposition volumes). Qualitative assessment of the seagrass wrack model was
based primarily on anecdotal evidence (Section 2.6.2). Qualitative assessment of the longshore sediment
transport for the baseline condition was based on a comparison with Seashore Engineering (2013) estimates
with an alternative method.

—  Sand transport modelling was carried out in a decoupled mode with inputs from hydrodynamic and wave
model simulations. Hence, there was no simulated feedback between bed level changes, variations to
hydrodynamics and variations in sediment transport. This approach reduced the computational time of model
runs, in particular for the full year ambient scenarios. As predicted bed level changes were relatively small for
all modelling scenarios, the lack of feedback between bed levels and hydrodynamics did not have a material
effect on the predicted impacts to sand transport.

— The in-house seagrass wrack transport model simulates the mechanisms as described in Oldham et al (2010)
(e.g. settling, near seabed transport, resuspension and random motion in the water column). The model does
not consider seagrass wrack generation during storms, degradation on beaches or remobilisation from the
beach. Refer to Section 3.10 for further details on the seagrass wrack model.

—  Sediment transport within the surf zone and the scour near the proposed structures were not simulated due to
the requirement for very fine spatial resolution (e.g. interaction of structures and currents, three dimensional
sub-grid flow field).

— Coastal processes impact assessment was primarily through a comparative analysis of simulated changes in
coastal processes between the KBMS proposal and the baseline condition. A comparative analysis approach
was adopted because:

e  Generally, there was insufficient information/data to verify all of the models and quantitative approaches
used to address coastal processes. However, industry-standard models and approaches, and their
application, were utilised to identify if the KBMS proposal is predicted to cause changes (impacts)
relative to the baseline condition.

e The method allowed to forecast whether or not relative impacts occur in terms of a specific coastal
process at a particular location from implementation of the KBMS proposal. For example, predicted
impacts were primarily limited to southwestern Koombana Bay in proximity of (or within) the proposed
structures, whereas no/minimal impacts were predicted in southeastern Koombana Bay (e.g. Koombana
Beach).

— Uncertainty in terms of the magnitude of impacts is partly ameliorated due to the low energy coastal
processes setting of southwestern Koombana Bay with relatively modest sediment movement and seagrass
wrack accumulation relative to proximal higher energy open ocean coastal settings. This relatively low energy
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setting of the KBMS proposal extends the timescales to monitor changes, to implement management actions
and to continually improve the CPMP (2023a) relative to open ocean coastal settings.

— Some of the ESD requirements with respect to coastal processes (and seagrass wrack) management and
water quality impacts are addressed in further detail in the CPMP (GHD 2023a), TBW CHRMAP (GHD 2019a,
Appendix A), the MEQ Impact Assessment (GHD 2023b) and the MEQMP (GHD 2023c).

1.6 Limitations

This report: has been prepared by GHD for South West Development Commission and may only be used and
relied on by South West Development Commission for the purpose agreed between GHD and South West
Development Commission as set out in section 1.2 of this report.

GHD otherwise disclaims responsibility to any person other than South West Development Commission arising in
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed
in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered and
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this
report to account for events or changes occurring subsequent to the date that the report was prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD
described in this report. GHD disclaims liability arising from any of the assumptions being incorrect.
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2. Data review

This section provides an overview of available data and previous studies of the coastal processes of Koombana
Bay.

2.1  Study location and metocean measurement sites

The KBMS proposal is located in Koombana Bay, Bunbury, Western Australia (WA), approximately 150 km south
of Perth. Koombana Bay has a highly modified coastline with numerous engineered structures that have been
constructed since the late 19" century (Figure 2.1). The Leschenault Estuary was divided into two water bodies in
1951 with:

—  The Leschenault Inlet connected to Koombana Bay via the ‘the Plug’ to the west of the Inner Harbour.

—  The Leschenault Estuary connected to Koombana Bay via ‘the Cut’ to the east of the Inner Harbour.

The Southern Ports Authority (SPA) has deployed acoustic wave and current profilers (AWAC) on the seabed at
~10 m from two of the shipping channel markers (Beacon 3 and Beacon 10) (Figure 2.2). Additionally,
anemometers are deployed on these beacons. SPA has a tide gauge in the Inner Harbour (site BNV1, Figure 2.2).

Short-term (~ 1 month) AWAC deployments have also been made by the Department of Transport (DoT) at
locations near Casuarina Harbour (sites AWAC1 and AWAC2, Figure 2.2).
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Figure 2.1 Extract from DoT Chart 776 Bunbury and Leschenault Estuary (1998)
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Figure 2.2 Koombana Bay metocean measurement sites

2.2 Water levels
2.2.1 Vertical datum

Chart Datum (CD) at Bunbury is 3.880 m below benchmark A103, 3.8669 m below tidal BM 2001 and 0.64 m
below Australian Height Datum (AHD).

Lowest Astronomical Tide (LAT) is 0.06 m above CD and 0.58 m below AHD.
The vertical datum for DHI's C-Map bathymetry database is CD.

2.2.2 Tidal planes

Tidal planes (Table 2.1) are from the 2018 Australian National Tide Tables (AHP 11).

Table 2.1 Tidal planes

S 530 72 770 T T R
Chart Datum (CD) 0.65
Australian Height Datum (AHD) 0.6 0.4 0.3 0.0 -0.2 -0.3 -0.6

2.2.3 Tidal levels

Spatially variable tidal levels were obtained from DHI's global tidal model at a 0.125° resolution.
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2.2.4  Subtidal water level variability

Subtidal water level variability along the WA coast is driven by various oceanographic mechanisms (e.g. seasonal
heat variability, Leeuwin Current, Kelvin waves, winds, La Nifia effects). Seasonal water level changes are
normally in the range of £0.2 m, but may exceed 0.3 m during extreme La Nifia events (e.g. during the 2011
marine heat wave). Subtidal water level information was sourced from HYCOM?, a data-assimilative ocean model
by the U.S Global Ocean Data Assimilation Experiment (GODAE). Data is available at a global grid resolution of
0.08°.

2.2.5 Extreme water levels

A summary of extreme water levels future from water level recordings from the Bunbury tide gauge is summarised
in Table 2.2 (Damara 2011). These extreme water levels were not used for modelling and are provided for
reference only.

Table 2.2 Bunbury extreme water levels (Damara 2011)
Water Level (m AHD) 0.94 1.25 1.32 1.44 1.49

Extreme water level analysis of 23 years of DoT data and 48 years of the former Public Works Department data
(total of 71 years) by MRA (2015) and as shown in Figure 2.3 is considered applicable to water within the Inner
Harbour due to the location of the tide gauge. The 500-year ARI water level was estimated as 1.97 m AHD, but did
not include wave setup or wave run-up (MRA 2015). Other ARI values (5, 10, 50 and 100-year) are presented in
Table 2.3, which are rounded to the nearest 10 cm as the analysis is unlikely to have greater accuracy.
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Figure 2.3 Extreme value analysis of water level data at Bunbury (MRA 2015)

Table 2.3 ARl extreme water levels at Bunbury (MRA 2015)

-——--_

Water Level (m AHD) | 1.0

1 HYbrid Coordinate Ocean model, www.hycom.org.
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The preliminary extreme water levels for Bunbury by Seashore Engineering (2018) that are shown in Table 2.4
include wave setup so are not directly comparable to the values in Table 2.2 and Table 2.3, which do not include
wave setup.

Table 2.4 Preliminary extreme water levels at Bunbury (Seashore 2018)
100-year ARl water level (HSD?) 500-year ARI water level (S4)
2.2 (2.3)* m AHD 2.9 m AHD

* Figures in parentheses are a parametric estimate of the 100-year water level for tropical storm conditions, although they are considered
unlikely to be coincident with severe erosion (Seashore 2018).

2.2.6 Sealevelrise

The ESD requires evaluation of the likely influence of sea level rise (SLR) on the extent and magnitude of residual
future (100 years from present day) impacts from the KBMS proposal. With reference to Bicknell (2010), the
recommended SLR for 2110 is 0.9 m with the addition of 0.01 m/year beyond 2110, which has been adopted in
this assessment to evaluate future scenarios. This corresponds with upper estimates in the Intergovernmental
Panel on Climate Change (IPCC) Fifth Assessment Report (AR5) (2013). The IPCC has developed four (4)
representative concentration pathway (RCP) scenarios that demonstrate different population size, economic
activity, lifestyle, energy use, land use patterns, technology and climate policy pathways trajectories and their
possible resulting emissions. The sea level rise scenarios are referred to as RCP2.6, RCP4.5, RCP6.0 and
RCP8.5 with the number being indicative of the W/m? reached by the pathway in 2100 (Figure 2.4).

Global mean sea level rise
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Figure 2.4 Global mean sea level predictions from IPCC AR5* (2013)

* “Projections of global mean sea level rise over the 21 century relative to 1986 — 2005”

For the sea level rise assessment for the CHRMAP (GHD 2019a, Appendix A), the values from IPCC (2013) AR5
were applied as these are the most recent industry-accepted predictions and provide different levels of likelihood

to support the risk based assessment component of the CHRMAP. The relevant IPCC (2013) values are provided
in Table 2.5 with 2010 DoT recommended values for comparison.

2 Horizontal shoreline datum.
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Table 2.5

Sea level rise scenarios (m) referenced from 2010 water levels

DoT 2010 (4AR A1F1)
RCP 2.6 (AR5)
RCP 6.0 (AR5)
RCP 8.5 (AR5)

2.3
2.3.1

0.03
0.03
0.03
0.03

Wind climate
Wind data

0.09
0.08
0.08
0.08

0.41
0.33
0.35
0.46

1.00
0.67
0.85
1.19

The second version of the NCEP Climate Forecast System Model (CFSv2) and local wind measurements from the
SPA anemometers at Beacon 3 and Beacon 10 (Figure 2.2) served as model inputs (Section 3.3.1).

CFSv2 is an operational climate model that includes nearly all up-to-date forecasting and data assimilating
techniques. Hourly simulation data was used at a spatial resolution of ~0.2 degrees (~15 km). CFSv2 has
sufficient temporal and spatial resolution to simulate land-sea effects and the oscillation of wind direction in the
coastal zone through thermal convection.

Figure 2.5 compares CFSv2 (10 m height, 1 hour duration) and Beacon 3 winds. CFSv2 compares well with the
local winds in terms of wind speeds and directions, albeit ~30% higher speeds than the local measurements. The
differences may be attributed to:

— Beacon 3 wind measurements were not recorded at 10 m height (e.g. wind speed at 2 m above the water
surface is ~20% less than at 10 m).

—  The local nearshore wind field was influenced by land that may have not been adequately resolved by CFSv2.
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Figure 2.5 Comparison of CFSv2 and Beacon 3 wind speeds and directions
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2.3.2 Wind climate characterisation

The land-sea breeze cycle is a dominant local feature of the wind climate, typically with easterly winds in the
morning and southerly to westerly winds in the afternoon. The annual wind roses from long-term measurements at
two locations in Bunbury, and two additional sites at Busselton and Cape Naturaliste indicate (not shown):

—  All four sites have similar morning (0900) wind roses with predominately easterlies to south-easterlies.

— However, there is considerable variability in the afternoon (1500) wind roses with predominately westerlies at
the existing Bunbury station, south-westerlies to north-westerlies at the old Bunbury site, south-westerlies at
Cape Naturaliste and a much larger range of wind directions from northerlies to westerlies to southerlies at
Busselton (presumably because of land effects at this location).

Monthly wind roses (Figure 2.6) at Beacon 3 illustrate the typical spring-summer (October-March) patterns with
predominately south-easterly to south-westerly winds. In contrast, winter months (July- September) were
predominately westerly with periods of elevated winds corresponding to storm fronts. The April-May period is
typically when seasonal minima in wind speeds occur.
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Figure 2.6 Monthly wind roses of Beacon 3 data (2005-2013)®

3 Wind rose direction convention is the direction the wind is ‘from’.
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2.4 Wave climate

2.4.1 General overview

The wave climate of the south WA coastline from Bunbury to Perth is dominated by deep-water waves that are
generated by large-scale weather systems over the Indian and Southern oceans. Seasonal variability in the wave
climate is largely driven by the following four (4) mechanisms:

—  West to southwest offshore swells from the southern Indian Ocean during winter (Lemm et al 1999).

—  South to southwest offshore swells from the southern Indian Ocean during summer (Lemm et al 1999).

—  Seas generated by the local sea breeze pattern with short periods (<8 sec) from the west to southwest
predominantly from October to April.

— Infrequent tropical/ex-tropical cyclones (e.g. Alby in 1978 and Bianca in 2011).

2.4.2 Wave data

Waves, water levels and currents have been measured at sites within and in the proximal nearshore coastal
waters adjacent to Koombana Bay by SPA and DoT (Figure 2.2) with a summary of deployments in Table 2.6.

NOAA Wave Watch 3 (WW3) global wave model output was used to characterise the regional wave climate and to
fill gaps/errors in the Beacon 3 and Beacon 10 measurements.

Table 2.6 Summary of DoT and SPA wave measurements

Cape Naturaliste Wave Directional from 28/04/2004 to 31/12/2015
Rider Buoy 11/02/2010 onwards

DoT Casuarina harbour AWAC Directional 29/06/2015 to 07/08/2015
01

DoT Casuarina harbour AWAC Directional 29/06/2015 to 12/05/2016
02

SPA Beacon 3 Directional 30/3/2004 to 25/10/2016

SPA Beacon 10 Non-directional 31/08/2009 20/10/2016

2.4.3 Ambient wave climate
Monthly wave roses from measurements at Beacon 3 Figure 2.7) and Beacon 10 (Figure 2.8) show that:

—  Waves were predominately from the west with larger waves (Hs>1.0 m) in winter at Beacon 3.

— Waves within Koombana Bay were predominately from the north, which indicates they are refracted and
diffracted into the bay on the basis of the Beacon 3 measurements.
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Figure 2.8 Monthly wave roses at Beacon 10 (August 2009 to November 2013)
2.4.4 Inter-annual variability of ambient wave climate

Long-term records of wave measurements along the WA coast indicate large variations in mean significant wave
height (Pattiaratchi et al 2011). In this study selection of an ambient year was on the basis of its
representativeness of typical seasonal variability of the wave climate and average long-term conditions.

To consider the effects of inter-annual variability, the monthly averaged significant wave height, mean direction
and total integrated wave power were compared between the long-term WW3 model output (Figure 2.9, version 1
1996-2010 and version 2 2005-2016) and the Beacon 3 measurements (Figure 2.10, 2004-2016). The year 2014
was selected as the representative ambient year as Beacon 3 measurements matched reasonably well with the
range of monthly mean wave power and significant wave height from WW3 output across years. The selected
ambient year 2014 had a slightly greater northerly component by ~15° relative to other years, with likely higher
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impacts on the north facing Koombana Bay. The temporal pattern of the 2014 monthly wave roses is also
characteristic of the entire WW3 hindcast data (not shown).

Comparison of wave directions from different years indicated a shift between the two WW3 versions (i.e. pre- and
post-2010) (Figure 2.9). A similar shift was also evident between the pre-and post- 2008 measurements at Beacon
3. The reasons for these shifts were not considered further in this investigation.

Slgn'llcnm wave bo‘lght (Monthly AVG)

Hs(m)

Dec Feb Apr Jun Aug Oct Dec

Figure 2.9 Monthly-averages of WW3 significant wave height, peak wave direction and integrated wave power at a proximal
location to Bunbury (115°E, 33°S) between 1997-2016 for version 1 (red, 1997-2009) and version 2 (blue, 2010-2016)
output
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Figure 2.10 Monthly-averages of Beacon 3 significant wave height and peak wave direction from 2004-2016 (red 2004-2007, blue
2008-2016)

2.4.5 Extreme wave conditions

Previous analysis of Bunbury AWAC data (14 years of Beacon 3 data and 3.5 years of Beacon 10 data) is
reproduced in Table 2.7 (Damara 2011 in Seashore Engineering 2013), which indicates up to a 45% wave height
reduction between Beacon 3 and Beacon 10 due to wave refraction and diffraction.

Table 2.7 Extreme wave heights from SPA AWACs (Damara 2011 in Seashore 2013)
1yr 2yr Syr 10yr | 20yr | S50yr 100yr

Beacon 3 (1996-2009)’ 2.72m | 3.03m | 3.14m | 3.20m | 3.26m | 3.33m | 3.37m
Beacon 10 inferred from Beacon 3' | 1.22m | 1.36m | 1.41m | 1.44m | 1.47m | 1.50m | 1.52m
Beacon 10 (log~llnear)’ 0.89m | 1.05m | 1.19m | 1.28m | 1.37m | 1.50m | 1.59m

' Wave heights extrapolated beyond 30 years average recurrence interval (ARI) should be considered
approximate, given limitations provided by a 14 yeor wave data set.

* Wave heights extrapolated beyond 10 years average recurrence interval (ARI) should be considered
approximate, given limitations provided by a 3.5 year wave data set.

2.45.1 Design storm (1996) for coastal erosion assessment

The previous revision of SPP2.6 (WAPC 2006) recommended that shoreline impacts from storms be evaluated on
the basis of three (3) successive runs of July 1996 storms. Since then, this recommended storm sequence has
been widely referenced in WA as the severe storm event to assess storm-induced shoreline impacts. The 1996
design storm data as reported in SPP2.6 (WAPC 2006) was based on Rottnest Island wave buoy measurements.
In this assessment, a validated regional wave model was used to simulate the July 1996 storm period in the study
area.
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2.4.5.2 Design storm with northerly waves (2007)

To evaluate impacts of an extreme event with northerly wave energy (i.e. less sheltering of southern Koombana
Bay by Casuarina Point), the 2007 5™ event was selected from the ten (10) storms (Figure 2.11) in llich (2009) as
an additional design storm because:

— It was the fifth strongest storm in terms of total wave energy and third strongest storm in terms of erosion.

— Itwas comprised of greater northerly components than the other llich (2009) storms, particularly during the
first 2 days (see Figure 2.11). Two other llich (2009) storms had northerly components for a shorter duration
and similar significant wave height (i.e. 2005 6" event with Hs of ~5-6 m for <0.5 days and 2005 10" event
with Hs of ~4 m for <0.5 days) than the 2007 5" event (>2 days with Hs of 4-5 m), which justifies its selection.
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Figure 2.11 WW3 (115 °E, 33°S) wave data of past storms (llich 2009)

2.5 Morphology and sediment transport

2.5.1 General overview

The southern Koombana Bay foreshore is a highly modified coastline with the presence of numerous engineered
structures. Figure 1.2 illustrates the existing and proposed KBMS coastal infrastructure within the assessment
area. Early coastal works focused on port development, whereas recent structures have primarily addressed
coastal erosion issues. Damara (2011) prepared a preliminary detailed design of the Busaco Point Revetment
extending for ~ 230 m along the foreshore. Seashore Engineering (2013) undertook an assessment of coastal

4 5% strongest storm event in llich (2009).
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management options for Koombana Beach including a detailed evaluation of two renourishment options (with and
without structures), and ultimately recommended renourishment without structures.

2.5.2 Beach morphology and profiles

The most recent available investigation of the morphology of Koombana Beach (Seashore Engineering 2013)
describes the evolution of beach formation over two monitoring periods (i.e. 1991-2009, 2009-2012) and the
mechanisms contributing to sediment accretion and erosion along the western and eastern limits, respectively
(Figure 2.12 , Figure 2.13). Seashore Engineering (2013) provided multiple options to manage Koombana Beach
where the preferred option was sand renourishment and construction of the Point Busaco rock revetment. The
complete proposed solution has not been completely implemented to date though the revetment was constructed
in 2015.
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Figure 2.12 Western Koombana Beach profile evolution from 1991 to 2012 (Seashore Engineering 2013)
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Figure 2.13 Eastern Koombana Beach profile evolution during 1991 to 2012 (Seashore Engineering 2013)

2.5.3 Sediment transport dynamics

2531 Casuarina/BP Beach

Observations on the basis of aerial imagery, a summer topographic survey and local site knowledge indicate that
sediment transport at Casuarina Beach is predominantly northwards during summer and southwards during winter
with net sediment transport to the north in a typical year. Observed seasonal changes in beach morphology
include summer sand accretion to the south of the groyne with winter erosion from this area.

2.5.3.2 Outer Harbour Breakwater and the Quter Harbour

Longshore sediment transport from Casuarina Beach that bypasses to the north of the spur groyne moves along
the Outer Harbour Breakwater and enters Koombana Bay as it moves beyond the breakwater. This transport
pathway is the main source of sediment supply to the Outer Harbour and requires the SPA to undertake
maintenance dredging of the berth pockets and the navigation channels (pers. comm. SPA). Cessation of dredging
of the Outer Harbour berths would likely result in southerly sediment transport into Koombana Bay towards
Casuarina Harbour (pers. comm. SPA).

2.5.3.3 Koombana Beach

On the basis of Koombana Beach surveys between March 1991 to May 2009, Seashore Engineering (2013)
identified the following four (4) primary processes:
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—  Erosion from the eastern beach in the form of an erosion scarp in response to storms that coincide with

elevated water levels.

—  Erosion offshore at the centre of the beach.

— Accumulation of material at the western end of the beach along the Koombana Bay Groyne.

— Accumulation offshore of Point Busaco, likely from vessel-bank interaction along the navigation channel.

Through evaluation of beach survey profiles, Seashore Engineering (2013) estimated the volume changes from
sediment transport (Table 2.8), which represent the balance of longshore sediment transport between beach
profiles over the assessment period. Hence, these estimates are indicative transport rate estimates, and may be
different to the net yearly longshore sand transport rate or the estimated transport potentials for the area.

Information on sediment transport rates at Marlston Waterfront, Koombana Bay Sailing Club (KBSC) and
Casuarina Harbour are limited. Further, these areas are isolated by either groynes or breakwaters, and thereby
form individual sediment transport cells.

Table 2.8 Koombana Beach volume changes and sediment transport estimates (Seashore Engineering 2013)
: h :
Area Profiles Est. Volume Changes Est. Transport Rates
1991-2009 | 2009-2012 1991-2009 | 2009-2012

i I th 30, . -6,000m’ . .
Accretion along the 17 +30,000m 000m +1,650m/yr | -1,500m?/yr
western beach
Deepening offshore the 49 -16,000m’ N/A 900m*/yr N/A
centre of the beach

i | h -7,500m’ -4,000m*

Erosion along the 914 m m 400m*yr | -1,000m*yr
eastern foreshore
AcFretlon offshore the 12-14 +5,000m N/A +300m’/yr N/A
Point Busaco Groyne

Notes:

(1) Volume estimates are coarse, based on changes along 14 beach monitoring profiles.

{2) The December 2012 survey only covered beach elevations above approximately 1m CD, so

part of the volume change may be caused cross-shore movement from 28/11/2012 storm.

2534

Koombana Bay Sailing Club Beach

Longshore sediment transport and the shape of the beach at the KBSC are controlled by the presence of the
Koombana Bay Groyne (constructed between 1971 and 1972) to the east and the Leschenault Inlet Entrance
Channel Groyne (constructed between 1973 and 1974) to the west. Since 1974 (as shown on the available
historical images in Figure 2.14) the beach has retained a reasonably stable form, which indicates a balance of
sediment transport processes within this cell.

The KBSC Beach is also constrained along the upper beach by a low level architectural block retaining wall.
Discussions with members of KBSC indicate that the beach is prone to overtopping during storm events and
modest cross-shore erosion, but that overtopping is the most significant issue requiring management.

2.5.35

Marlston Waterfront (Ski) Beach

Longshore sediment transport and the shape of the Marlston Waterfront (Ski) Beach are controlled by the
presence of the Marlston Waterfront Seawall (constructed by 2001) and rock revetment to the west and the
Leschenault Inlet Entrance Channel Groyne (constructed between 1983-1974) to the east. Since the Marlston Hill
development (including seawalls to waterfront buildings) was completed in 2001, the beach has remained stable in
shape that indicates a balance in longshore sediment transport processes (as shown on the available historical

images in Figure 2.14).
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Figure 2.14 Historical aerial imagery of KBSC and Marlston Waterfront beaches
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2.5.4 Particle size distribution

Seashore Engineering (2013) identified a gradient in sediment grain sizes from finer to coarser from east to west
Koombana Beach (Figure 2.15). The eastern beach has historically been characterised with coarser particles and
rubble from dredge spoil placement on the foreshore during the 1970s (Seashore Engineering 2013). The results
indicate an average Dso of ~0.25 mm across central and eastern Koombana Beach and ~0.18 mm at the western
end of the Koombana Beach.
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Figure 2.15 Particle size distribution along Koombana Beach (Seashore Engineering 2013)

BMT JFA (2012) took four sediment samples from Ski Beach for PSD analysis to assist in a coastal stability and
setback review for the Koombana North development. The results of the four samples were consistent with D50
values between 0.35 and 0.4 mm as shown in Table 2.9.

Table 2.9 Particle size distribution along Ski Beach (BMT JFA 2012)

Percentage of Sample Finer than Sieve Size

100 94 67 17 1

WELS12S-02522 1

WELS12S-02523 100 96 76 28 2 1
WELS12S-02524 100 97 68 16 1 0
WELS12S-02525 100 89 56 12 1 1

2.6  Seagrass wrack

2.6.1 Overview of relevant processes

Seagrass wrack is the accumulation of detached macrophytes and seagrass in the surf zone and on beaches
(Kirman & Kendrick 1997) and is primarily comprised of seagrasses and macroalge in south-western Australia
(Hansen 1984). Seagrass wrack accumulation has impacted the amenity of a number of Western Australia
marinas and boat harbours (e.g. Port Geographe, Two Rocks) and beaches (e.g. Cottesloe). The most
comprehensive study of the dynamics of seagrass wrack was in Geographe Bay to inform Port Geographe
management (Oldham et al 2010), which characterised the seasonal dynamics as follows:

—  Seagrass wrack is generated in offshore seagrass meadows from shedding (leaves and stems) that
accumulate in the meadows and unvegetated zones until autumn as the material is denser than seawater.
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—  The first winter storms distribute seagrass wrack through the water column and transport it towards shore
where:

e  Some of the wrack becomes buoyant and accumulates at the surface of the water column.
e  Some of the wrack remains dense and remains near the seabed.
e  Generally, seagrass wrack is deposited on beaches during storm events with high water levels.

—  The wrack may be repeatedly washed (and moved) onto and from the beaches depending on local metocean
conditions. Seagrass wrack deposits high on the beach may become incorporated into the beach sand,
compacted and difficult to be remobilised into the water during subsequent storm events. As seagrass wrack
dries on beaches, it becomes more buoyant.

— The next storm event can remobilise the seagrass wrack from the beach to the nearshore waters where it
may be transported from the beach.

The volumes and duration of seagrass wrack on beaches varies with local metocean conditions. Further, the
presence of coastal structures can accumulate wrack and interrupt remobilisation from beaches, lead to large
accumulated volumes such as:

— Port Geographe breakwaters are efficient seagrass wrack traps on the western side (Oldham et al 2010).
— Presence of the Two Rock Marina and the nearshore rock/reef lead to accumulation of seagrass wrack on the
southern side (MRA 2000).

These processes are likely to be similar for the Bunbury coastal waters given its proximity to Geographe Bay and
the presence of seagrass meadows with the same seagrass species (Posidonia sinuosa and Amphilbolis
Antarctica).

2.6.2 Existing seagrass wrack information

Available seagrass wrack information and knowledge of accumulation issues in the Koombana Bay region are
limited, but includes:

— Accumulation of seagrass wrack along Back Beach between the City of Bunbury Surf Live Saving Club and
Wyalup Rocky Point has been noted in the local newspaper (Phil Coulthard, South Western Times, 18
September 2017, article: Marine Matters: Let’s focus on the good seaweed does), however this is along the
open ocean shoreline, not within the bay. Aerial imagery suggesst modest volumes of accumulation along the
northern portion of Back Beach (Figure 2.16).

— Aerial imagery indicates moderately low volumes of seagrass wrack accumulation along the southern
breakwater of the Cut (Figure 2.16).

— Aerial imagery indicates very limited seagrass wrack along the beaches of southern Koombana Bay.

—  The Southern Ports Authority (SPA) Bunbury Port Development Long Term Monitoring and Management Plan
(LTMMP) (SPA 2017) states the following:

e Inrecenttimes, the shipping channel has been cleared of accumulated wrack prior to dredging using a
net trawling method.

e  The Shipping Channel and Outer Harbour berth areas often accumulate considerable quantities of drift
algae and seagrass wrack which decomposes and adds organic content and fine silt to the sediments.

¢ A management measure to reduce dredging requirements is wrack removal from the Shipping Channel
annually to slow sand entrapment and build up.
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3. Assessment methodology

The potential impacts of the KBMS proposal on coastal processes were evaluated with the following numerical
models:

—  DHI Mike 21/3 FM (flexible mesh) HD (hydrodynamic) model.

—  DHI Mike 21 FM/SW (spectral wave) wave model.

—  DHI Mike 21 FM/ST (sand transport) model.

— Anin-house particle tracking model for seagrass wrack.

— SBEACH (Storm induced BEAch CHange) for storm induced beach erosion.

Local and global datasets served as model inputs. The hydrodynamic and wave models were verified with recent

measurements of water levels, currents and waves at several locations within or proximal to Koombana Bay. Refer
to Table 1.5 for a schematic overview of the modelling assessment framework.

3.1 Bathymetry

The existing bathymetry was compiled from the following sources:

— DHI's MIKE C-Map database of nautical chart information.

— Nautical chart AUS 115 (30 January 1998) that includes the Inner and Outer harbours, shipping channel,
Koombana Bay and the adjacent waters of the Indian Ocean.

— May 2005 Department of Planning and Infrastructure (DPI) soundings of the Leschenault Estuary including
tidal portions of the Preston and Collie rivers, and the Leschenault Inlet.

—  October 2013 hydrographic survey of the Cut.
— May 2014 and February 2016 DoT multi-beam surveys of Koombana Bay.

—  April-May 2009 Fugro LIiDAR (Light Detection And Ranging) survey between Two Rocks and Cape
Naturaliste.

— Assumed operational dredging depth of the shipping channel and Inner Harbour of -12.2 m CD.

The bathymetry of the KBMS proposal was based on the designs for CBH (DoT 2017) and KBSC marina (MP
Rogers 2016), noting a revised KBSC marina design (MP Rogers 2019) was provided after completion of the
technical elements of this assessment were completed. The model bathymetry datum was MSL with the addition
of 0.66 m to any data referenced to CD.

3.2 Model domains

Two model domains were utilised in the assessment, namely:

— Aregional orthogonal curvilinear grid (Grid A) to simulate the regional wave climate.

— Alocal unstructured triangular grid (Grid B) to simulate the local wave climate, hydrodynamics, sediment
transport, seagrass wrack and morphology.

The regional model (Grid A, Figure 3.1) served to define the inputs (i.e. transfer the offshore wave climate) at the
boundaries of the local model (Grid B). Grid A extends to deep water (>100 m) and utilises WW3 offshore wave
boundary conditions and CFSv2 wind forcing.

The spatial scale of the local grid for the hydrodynamics simulations (Grid B, Figure 3.1) was refined to 15 m in
proximity to structures (e.g. breakwaters) and in the shallow nearshore waters to simulate potential impacts of the
proposed KBMS proposal relative to the baseline condition. As the wave model does not resolve spatial scales
less than the wave length, Grid B simulations for wave modelling had larger minimum grid sizes (i.e. ~50 m), which
did not compromise wave modelling accuracy, but greatly reduced computational demands. A detailed view of
Grid B for both the hydrodynamic and wave simulations is illustrated in Figure 3.2.
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In addition to the local Grid B of the baseline condition, a Grid B of the KBMS proposal was also evaluated with the
naming convention as per Table 3.1.

Table 3.1

Bathymetry ID Description

Development sub domains

REG_BASE Regional model domain — Grid A
LOC-BASE Baseline condition model domain — Grid B Local
LOC-FINAL

KBMS proposal model domain with CBH and KBSC marina breakwaters, and CBH dredging.
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3.3 Model inputs
3.3.1 Metocean

Meteorological and oceanographic (metocean) model inputs include:

—  For the regional Grid A wave model:
e CFSv2 wind data at a spatial resolution 0.2° and temporal resolution of 1 hour.

e  Water levels at the boundaries as a combination of astronomical tides from DHI’s global tidal model and
HYCOM non-tidal (subtidal) water levels.

e WW3 wave boundary conditions.
—  The local Grid B wave model utilised inputs from:
e Local wind data from Beacon 3 and Beacon 10 for the hydrodynamic model.

e  The ambient 2014 wave climate inputs (Section 2.4.3) at the boundary conditions were those simulated
by the regional Grid A wave model.

e  The extreme wave conditions for the DoT-recommended July 1996 and study specific northerly 2007
events (Section 2.4.5) were those simulated by the regional Grid A wave model.
To reiterate, ESD 2049 stipulates the following assessment of the KBMS proposal:

— Are informed by monitoring previously undertaken at local harbours, ports and marinas.

— Provide description of the coastal processes acting in this area including the current, wave climate, long-shore
sediment movements and the erosion and deposition patterns, and beach profile evolutions.

— Enable to determine the residual impacts of each proposed plan to current, wave climate, long-shore
sediment movements and the erosion and deposition patterns and beach profile evolutions.

—  Are for both the short and long-term (100 year planning horizon); be provided for both ambient and extreme
scenarios; and consider the likely impacts of future climate change i.e. SLR.

— Address the requirements of State Planning Policy 2.6, particularly with regard to setback and coastal risk
management.

The metocean scenarios address the ESD requirements with the inclusion of two calibration/validation periods
(summer and winter), the 2014 ambient year, the 2007 storm event (i.e. a large storm with greater northerly wave
energy of importance to this study), the DoT-recommended July 1996 extreme storm event and the sea level rise
scenarios as outlined in Table 3.2.

Table 3.2 Metocean scenarios

Sum-Now January — February 2016 Summer calibration period.

Win-Now July - August 2015 Winter calibration period.

EX-AB-Now 2014 (Ambient year) 2014 full year ambient condition

EX004-Now 25 July - 4 August 2007 2007 storm event with component of northerly swell

EX002-Now 3 repetitions of the July Extreme storm event to assess erosion as per SPP2.6° and DoT
1996 storm recommendations

EX-AB-Future* 2014 (Ambient year) 2014 full year ambient condition with sea level rise

EXO004-Future* 25 July - 4 August 2007 2007 storm event with component of northerly swell with sea level rise

EX002-Future* 3 repetitions of the July Extreme storm event to assess erosion as per SPP2.6 and DoT
1996 storm recommendations with sea level rise

5 State Planning Policy 2.6: State Coastal Planning Policy (WAPC 2006)
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* Sea level rise for 2117 is estimated as 0.97 m (refer to Section 0).

3.3.2 Characteristic sediment size

A median sediment particle diameter (Dso) of 0.25 mm was used for sediment transport modelling (Section 4.4) on
the basis of limited data (i.e. Koombana Beach data in Section 2.5.4).

For longshore sediment transport (Section 4.5), sensitivity analysis of Dsp at 0.125, 0.25 and 0.5 mm was applied
to evaluate impacts of sediment size on the estimates of longshore sediment transport.

For the assessment of storm induced cross-shore sediment transport (Section 4.6) Dso values of 0.18 mm and
0.25 mm were respectively applied for the western (KBSC Beach, western Koombana Beach) and eastern (i.e.
central and eastern Koombana Beach) and 0.3 mm for the Ski Beach. beaches.

3.4 Hydrodynamic model

DHI's MIKE Flexible Mesh (FM) 21/3 models were used to simulate the hydrodynamics. Mike 21/3 FM is based on
two-/three- dimensional incompressible Reynolds averaged Navier-Stokes equation subject to assumptions of
hydrostatic pressure. The model simulates the hydrodynamics due to wind forcing, Coriolis force, pressure
gradients and boundary flows. When evaluating coastal processes, wave driven flows are simulated through
incorporating the radiation stresses from wave model outputs. The 3D model was used in the assessment of water
quality in GHD (2023b). Given the shallow water depth of the focus area along southern Koombana Bay and the
predominantly negligible impact of thermal/salinity stratification for the majority of the time, two-dimensional (2D)
rather than three-dimensional (3D) hydrodynamics were simulated for the assessments of coastal processes
(currents and sediment transport). The hydrodynamic model was configured as follows:

—  Water levels along the boundary from the combined DHI tide and HYCOM water level data.

—  Wind forcing over the surface of the Local B Grid model domain was from Beacon 3 and Beacon 10
measurements as described previously (Section 3.3.1) with a drag coefficient of 0.00126 for winds >7 m s
and 0.00243 for >25 m s, and linearly interpolation for winds between these values.

— A constant bed resistance with a Manning roughness of 4 8 m*?/s over the model domain.

—  Wave-driven currents were simulated with radiation stresses at each time step from the MIKE 21 spectral
wave model.

—  Horizontal eddy viscosity was simulated with the Smagorinsky formulation.

—  Surface levels and velocity components were outputted over the entire model domain at a time step of 20
minutes.

— River inflows were not evaluated for the coastal processes assessment.

3.4.1 Scenarios

Hydrodynamic modelling scenarios included two calibration/validation periods, the 2014 ambient year and the two
storm events (1996, 2007) as outlined in Table 3.3.

Table 3.3 Hydrodynamic model scenarios
Scenario

Hyd_Cal LOC_BASE SUM-Now Summer calibration
Hyd Val LOC-BASE WIN-Now Winter validation
Hyd-BL-AB LOC- BASE EX-AB-Now Ambient 2014 baseline condition
Hyd-BL-002 LOC- BASE EX002-Now 1996 storm event baseline condition
Hyd-BL-004 LOC- BASE EX004-Now 2007 storm event baseline condition
Hyd-FI-AB LOC-FINAL EX-AB-Now Ambient 2014 KBMS proposal
Hyd-FI-002 LOC-FINAL EX002-Now 1996 storm event KBMS proposal
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Model Setup Bathymetry Hydrodynamic Objective
Scenario

Hyd-FI-004 LOC-FINAL EX004-Now 2007 storm event KBMS proposal

3.4.2 Model verification indices
Verification of the hydrodynamic model was evaluated with the following quantitative indices:

— Mean absolute error (MAE) is a quantitative measurement of the differences between the simulated and
measured data at a particular location. Specifically, it represents the average of the absolute differences
between the simulated predictions and the measured observations. As such, lower values of MAE represent
better model performance. Since this metric utilises the absolute difference, the value will always be positive.
Wilmott (1982) proposes this metric as an easily interpretable and more natural measure than the commonly
used root-mean-squared error, as it is less influenced by extreme values (i.e. outliers or ‘noise’ in the
measured data). The MAE is calculated with following equation where:

e P, = Predicted value at comparison time i;
e  0; = Observed value at comparison time i; and
e n =number of comparison measurements.

MAE = =1|P; — 04

— Index of agreement (IOA) (Wilmott, 1982) is a measure of the average differences between predicted and
observed values relative to the range of values in the observation dataset. It is bounded between the values
of 0 and 1, with values close to 0 describing models with large relative differences (i.e. poor calibration) and
values close to 1 describing models with small relative differences (i.e. good calibration). Willmot et al. (1985)
suggest that IOA values that are meaningfully greater than 0.5 represent good model calibrations, with values
approaching 1 representing excellent calibration. The IOA is calculated with the following equation, where
further to the definitions for MAE:

e 0 =The mean of the observations during the comparison period.
?=1(Pi B Oi)z

10A=1- = _
i=1(IP;— 0l + 0; — 0])?

MAE and IOA are not calculated for current directions, which are measured on a circular scale (where 0° and 360°
both represent north). MAE and IOA are to evaluate model performance for simulated data on linear scales. As
such, MAE and IOA values are calculated for the u (eastward) and v (northward) velocity components, which
provides a manner to assess current directions.

3.4.3 Model calibration and validation

The calibration and validation of the 3D hydrodynamic model was carried out for the MEQ Impact Assessment
(GHD 2023b) with water levels, east-west (u) and north-south (v) current component measurements at SPA’s
Beacon 3 and DoT’'s AWAC2 (near Casuarina Boat Harbour, see Figure 2.2) for both the summer calibration and
winter validation periods. Comparisons of measurements and simulated outputs at AWAC2 are shown in

Figure 3.3 (water level), Figure 3.4 (u) and Figure 3.5 (v) for the summer calibration period, and Figure 3.6 (water
level), Figure 3.7 (u) and Figure 3.8 (v) for the winter validation period. The quantitative indices of model
performance in Table 3.3 indicate excellent reproducibility of the water levels and acceptable reproducibility for
water currents where the magnitude and timing of current fluctuations are captured well, particularly given the low
currents in this protected and micro-tidal forced system. A comparison between the 2D and 3D simulations also
demonstrates reasonably good agreement (Figure 3.9).
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Table 3.4 Hydrodynamic calibration and validation quantitative indices where green and yellow denote good and acceptable

model reproducibility of measurements

Beacon 3 BNV
Season Parameter
I0A MAE I0A MAE I0A MAE
Summer (Calibration) Water Level 0.96 0.06 m - - 0.98 0.05m
U velocity 0.61 0.01 m/s 0.72 0.04 m/s - -
V velocity 0.67 0.04 m/s 0.56 0.03 m/s - -
Current speed 0.57 0.03 m/s 0.6 0.03 m/s - -
Winter (Validation) Water Level 0.95 0.08 m - - 0.98 0.05m
U velocity 0.56 0.02 m/s 0.75 0.04 m/s - -
V velocity 0.62 0.03 m/s 0.58 0.02 m/s - -
Current speed 0.6 0.02 m/s 0.6 0.03 m/s - -
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Figure 3.9 Comparison of 2D model results with those of the 3D model and observations at Beacon 3 (winter calibration period)

3.5 Wave model

Wave modelling was carried out with DHI's MIKE 21 Flexi Mesh SW, a spectral wind-wave model based on
unstructured mesh elements. The model simulates the growth, transformation and decay of wind-generated waves
and swells in offshore and coastal waters. The model runs a fully spectral formulation based on the wave action
conservation equation where the directional-frequency is resolved on either Cartesian or polar coordinates.

As discussed previously (Section 3.2), two model domains (Grid A regional and Grid B local) were utilised with the
regional model output providing the wave boundary conditions for the local wave model simulations. Beacon 3
winds were not suitable as inputs into the regional wave model because of:

— Alack of spatial coverage (i.e. single point measurement).
— Land influence that render the measurements unrepresentative of offshore conditions.

On the basis of previous experience, WW3 wave heights at the boundaries of the Grid A model domain were
adjusted to yield improved simulations that compare favourably with nearshore measurements (i.e. Beacon 3 and
Beacon 10).

The local Grid B wave model covers the same spatial area as the hydrodynamic model. The local Grid B wave
model utilised the same model configuration as the regional Grid A simulations, except the wave inputs at the
open boundaries were from the regional Grid A model. Radiation stresses and wave properties from the local Grid
B model served as inputs for the hydrodynamic, sediment transport and particle tracking models. The wave
models (i.e. regional Grid A and local Grid B) were configured as follows:
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—  Fully spectral wave formulation based on the wave action conservation equation as described in Komen et al.
(1994) and Young (1999).

— 360° spectral discretisation of waves into 30° bins.
— Water level and currents from hydrodynamic simulations.

— Open boundary inputs (i.e. significant wave height, wave direction and period) from WW3 for regional Grid A
model. Grid B local model wave boundary conditions from Grid A model output.

—  CFSv2 wind forcing at 10 m varying in time and space over the domain.

— Air/sea interaction was based on “coupled” formulation for regional model and “uncoupled” formulation for
local model.

—  Wave diffraction and white capping included in the simulation.
—  Wave breaking as per Ruessink et al. (2003) functional form.

Bottom friction with Nikuradse roughness of 0.1 m that is constant over model domain.

3.5.1 Scenarios

Wave modelling scenarios are summarised in Table 3.5.

Table 3.5 Wave model scenarios

Wav-sum-Cal REG-BASE Sum-Now Calibration of regional model in summer
LOC-BASE Sum-Now Calibration of local model in summer

Wav-win-Cal REG-BASE Win-Now Validation of regional model in winter
LOC-BASE Win-Now Validation of local model in winter

Wav-BL-AB REG-Base EX-AB-Now Regional model baseline condition of ambient 2014 year
LOC-Base EX-AB-Now Local model baseline condition of ambient 2014 year

Wav-BL-002 REG-Base EX002-Now Regional model baseline condition for 1996 extreme storm event
LOC-Base EX002-Now Local model baseline condition for 1996 extreme storm event

Wav-BL-004 REG-Base EX004-Now Regional model baseline condition for 2007 storm event
LOC-Base EX004-Now Local model baseline condition for 2007 storm event

Wav-FI-AB LOC-Final EX-AB-Now KBMS proposal ambient 2014 year

Wav-FI-002 LOC-Final EX002-Now KBMS proposal extreme 1996 storm event

Wav-FI-004 LOC-Final EX004-Now KBMS proposal extreme 2007 storm event

3.5.2 Calibration

The August 2015 calibration period had wave conditions associated with three consecutive storms (Figure 3.10).
The model reproduced the measured Beacon 3 peak wave periods and mean wave directions well. Due to
spectral discretisation binning, the wave model simulation does not reproduce the small high frequency wave
direction variations. Hence, the 10A is not suitable to evaluate such small variability.

The significant wave height measurements at the lower wave energy Beacon 10 site were reproduced well, but the
peak periods were reproduced less reliably than at Beacon 3 (Figure 3.11). Beacon 10 instrumentation does not
measure wave direction and therefore no comparison was possible. Wave directions at Beacon 10 are primarily
influenced by refraction and diffraction mechanisms, which are not sensitive to the model configuration. Hence, the
simulated wave directions at Beacon 10 are likely to be representative.

The quantitative indices of model performance over the calibration simulation indicate good agreement between
measured and simulated wave heights and periods, especially at Beacon 3 (Table 3.6). Decreased model
performance to simulate the measured wave periods at Beacon 10 can be attributed to:
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— Differences in analysis methods between the wave model (DHI software) and AWAC software to estimate
peak wave period from spectral data.

— Presence of locally generated short period waves that may not be simulated accurately with the wave model.

Overall, the wave model simulations indicate that the wave climate is reproduced well in the coastal waters in

proximity to Koombana Bay (Beacon 3) and within the bay itself (Beacon 10).
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Figure 3.10 Winter calibration of the wave model at Beacon 3

GHD | South West Development Commission | 6134786 | Coastal Processes Impact Assessment

43



Significant wave height

1

TN MIKE SW MODEL| "

g B -BEACON10 Obs J ' f\

o 0.4 { J

V) |

I A « [ " \ ,\ | ’ "'V\,‘ ( l |
( - A l A A W .
0.2 \.LJ'.M,_‘",. ’L‘_/" AN Y & o \__‘L‘*,' .M‘N‘”‘ “J' \ ‘ W M\l ‘,. v "\ s p \

0 L !

2015-08-04 2015-08-09 2015-08-14 2015-08-19 2013-08-24 2015-08-29
Peak Period

MIKE SW MOOEL

Em? 20 BEACON10 Obs

2 Wi !

) Vﬁw WMW“M'H‘ !' ;
il =L

2015-08-04 2015-08-09 2015-08-14 2015-08-19 2015-08-24 2015-08-29

Wave direction
400 Y

= ‘ MIKE SW MODEL |
5 300 1
6
£
9 200 f | . ‘
2015-08-04 2015-08-02 2015-08-14 2015-08-19 2015-08-24 2015-08-29
Figure 3.11 Winter calibration of the wave model at Beacon 10
Table 3.6 Wave model calibration indices
Model Index
Hs(m) 0.97 0.11 0.85 0.05
Tp(s) 0.81 1.9 0.55 4.9
PWD(°) 0.54 8 N/A N/A

3.6 Sand transport model

Sediment transport, erosion and accretion were simulated with the MIKE 21 sand transport (ST) model. MIKE ST
simulates transport of non-cohesive material (sand) of both bed load and suspended load, and accounts for
movement from both waves and currents outside the surf zone. Longshore sediment transport and cross-shore
storm response within the surf zone were evaluated with empirical equations and the Storm induced BEAch
CHange (SBEACH) model, respectively (Sections 3.7 and 3.9). The objective of the sand transport modelling is to
evaluate sediment erosion and accretion patterns within Koombana Bay and to identify any potential differences
between the baseline condition and the KBMS proposal. The model, as it has been setup in this assessment, is
not intended to quantify absolute accretion or erosion volumes, but rather relative differences between the
baseline condition and the KBMS proposal.

3.6.1 Scenarios

Sand transport model scenarios are summarised in Table 3.7.
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Table 3.7 Sand transport modelling scenarios

ST-BL-AB LOC-Base EX_AB-Now Baseline condition simulation of 2014 ambient year
ST-BL-002 LOC-Base EX002-Now Baseline condition simulation of 1996 extreme storm event
ST-BL-004 LOC-Base EX004-Now Baseline condition simulation of 2007 storm event
ST-FI-AB LOC-FINAL EX_AB-Now KBMS proposal of 2014 ambient year

ST-FI-002 LOC-FINAL EX002-Now KBMS proposal of 1996 extreme storm event

ST-FI-004 LOC-FINAL EX004-Now KBMS proposal of 2007 storm event

The sediment model was not verified with site specific measurements due to lack of suitable data. Evaluation of
model performance was based on a comparison of the overall sediment transport patterns across Koombana Bay
with previous descriptions (Seashore Engineering 2013) and anecdotal evidence of accretion patterns within the
shipping channel and SPA Berths 1 and 2 in the Outer Harbour.

3.7 Longshore sediment transport potential

To estimate the longshore sediment transport within the surf zone, an empirical approach was used. Kamphuis
(1991) proposed an empirical method to estimate the annual longshore sediment transport rates based on the
angle between incident wave direction and shore normal (a), the diameter of the mean sediment grain size (D), the
significant breaking wave height (Hsbr), the peak wave period (Tp) and the beach slope (m) as:

k
Q — 2.27H5br2Tp1.5m0.75D—0.25(Sin(za))O.G (?g)

Longshore sediment transport rates associated with different wave heights, wave periods and mean wave
directions were integrated with their corresponding occurrence probability. These estimates assume an unlimited
sand supply and relatively straight shoreline. Hence these estimates represent the longshore sediment transport
potential due to the assumption of unlimited sand supply. The longshore sediment transport rates were estimated
for an average Dso of 0.25 mm for the baseline condition and KBMS proposal cases as per the scenarios in

Table 3.8. Additional sensitivity tests were conducted with sediment grain sizes of 0.125, 0.25 and 0.5 mm. As the
Koombana Bay shoreline is not straight and does not have an unlimited sand supply, these estimates are
indicative.

Table 3.8 Longshore sand transport calculation scenarios
LT-BL-AB 0.25 Wav-BL-AB Baseline condition for 2014 ambient year
LT-FI-AB 0.25 Wav-FI-AB KBMS proposal for 2014 ambient year

3.8 Allowances for coastal processes

Schedule One of SPP2.6 (WAPC 2013) provides guidance to calculate the component of the coastal foreshore
reserve allowance for coastal processes. For sandy coasts, the erosion allowance should be measured from the
horizontal shoreline datum (HSD) and calculated as the sum of the following factors:

Allowance for erosion on sandy coasts = S1 + S2 + S3 + Allowance for Uncertainty + Allowance for
Landform Instability

The HSD is defined as the seaward shoreline contour representing the peak steady water level (PSWL) under the
defined storm condition.

3.8.1 S1 allowance for current risk of storm erosion

The S1 distance is estimated by approximation of the beach response to an extreme storm event with a numerical
cross-shore sediment transport model. SPP2.6 recommends that the storm event to model cross-shore storm
erosion should have 1 in 100 probability (1%) of being equalled or exceeded in any given year over the planning
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timeframe. In this assessment the S1 allowance was modelled with SBEACH for the 2007 and 1996 storm events
(Section 2.4.5). The 1996 and 2007 storms are representative of 100-year and approximately 3-year Annual
Recurrence Interval (ARI) erosion events along the southwest WA coast. Based on storm severity, the erosion
from the 1996 and 2007 storm events were defined as ‘rare’ and ‘almost certain’ erosion events (Table 3.11). As
per SPP2.6, three repeats of the 1996 storm were applied in SBEACH to simulate a 100-year ARI erosion event of
“rare” likelihood and one repeat of the 2007 storm event was used to simulate an “almost certain” erosion storm
event. The erosion distance for the S1 allowance was then taken as the total extent of the erosion behind the
HSD. Further details on the application of SBEACH to estimate the S1 allowance are provided in Section 3.9.

3.8.2 S2 allowance for historic shoreline movement trends

The S2 allowance reflects the trend of historic shoreline movements from a review of historical shoreline records. It
is normally calculated as 100 times the historic annual rate of erosion.

As per DoT guidelines, for shorelines with a long-term accretion rate of less than 0.2 m per year, this allowance
should be zero. For a shoreline with long term accretion rate exceeding 0.2 m per year, and if such accretion is
likely to continue at the same rate for at least the next 50 years, the allowance should be calculated as minus 50
times the historic longer term annual rate of accretion.

The S2 allowance was estimated though analysis of historical imagery as described in the CHRMAP (2019a). S2
allowances were not estimated at Ski Beach and KBSC Beach where there is no vegetation line (which is
generally referred to as a proxy to track coastline movement) due to the presence of coastal structures. For
Koombana Beach MRA (2015) historical shoreline change analyses dating back to 1965 found that erosion rates
of up to 0.5 m/year along central and eastern Koombana Beach and accretion on the western Koombana Beach
(though with minimal change to vegetation line).

The foreshore of Koombana Beach has been further modified since MRA (2015) as part of Stage 1 of the TBW
project, completed in early 2018. As a result of all the recent modifications to the coastline in this area (i.e. Point
Busaco revetment and beach renourishment in 2015, the 2017/2018 foreshore redevelopment [includes concrete
shoreline treatments, dune modification and replanting] and the buried rock revetment in front of the Dolphin
Discovery Centre), the vegetation line will not be a reliable proxy of shoreline changes for most of this beach in the
future. Future estimates of shoreline trends need to be based on alternative estimate methods of shoreline
movements such as volumetric analysis of repeated beach profiles or spatial surveys of the beach.

3.8.3 S3 allowance for erosion caused by future sea level rise

SPP2.6 recommends the allowance for erosion caused by future sea level rise on a sandy coast to be calculated
as 100 times the adopted sea level rise value over a 100-year timeframe. Further, SPP2.6 recommends adopting
a 100-year seal level rise value of 0.9 m, which results in a S3 allowance of 90 m over 100 years. The multiplier of
100 is based on the Bruun rule (Bruun 1962) on a mildly sloping shoreline. The S3 erosion allowance was
calculated as 100 times the adopted sea level rise value in this assessment. Though the S3 allowance is strongly
dependant on future sea level rise, it is also based on re-shaping of the beach profile under wave action on top of
a future higher sea level. Where a location is sufficiently sheltered that wave action is limited and the profile is not
going to reshape due to wave action, the S3 erosion allowance is not applicable, and the effect of future sea level
rise is reflected by the allowance for uncertanity. Hence, the S3 erosion allowance was not included for the KBSC
marina beach for the post-development scenario because of the near complete wave sheltering to be provided by
the KBSC breakwaters

For the three other assessment areas and the existing KBSC, the S3 erosion allowance was estimated with a
factor of 100 times the expected future sea level rise (Section 2.2.6) in line with SPP2.6 Schedule One. The sea
level rise values adopted for the different likelihood scenarios and future time frames are presented in Table 3.9.

Table 3.9 Sea level rise values (m) adopted for different likelihoods and time frames (relative to 2010) (GHD 2019b)

Likelihood 2030 2070 2120

Almost Certain 0.08 0.33 0.67
Possible 0.08 0.35 0.85
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Likelihood 2030 2070 2120
0.09 0.46 1.19

Rare

3.8.4 Allowance for uncertainty

Schedule one of SPP2.6 requires that an uncertainty allowance for erosion on a sandy coast of 0.2 m per year is
included, which is 20 m over a 100-year planning timeframe.

3.8.5 Allowance for landform instability and sediment cell system
dynamics

Consideration of landform instability, net longshore sediment transport, structures in the area (may affect
longshore transport) and offshore sand bars (may input sand to the system) should be considered on a sediment
cell scale. The Koombana Bay area is extensively modified by engineering structures and management measures
such as groynes, breakwaters and beach nourishment. No significant landform instability is anticipated in the short
term, so no additional allowance was incorporated. Based on current knowledge of the sediment dynamics,
geology and morphology of the assessment area, it is not anticipated that any significant landform instability will
occur in the medium term, and so an additional allowance was not incorporated. Any significant changes to
landform stability or sediment cell dynamics (e.qg. significant changes in longshore sediment transport rates,
sediment availability or coastal structures) should be reviewed as part of future revisions of the CHRMAP (2019a,
Appendix A).

3.9 Beach storm response modelling

The SBEACH model (Larson and Kraus 2002) was used to estimate the potential storm erosion allowance (S1)
across the three focus areas in this assessment (i.e. Koombana Beach, KBSC marina beach and Marlston
Waterfront/Ski Beach). SBEACH calculates cross-shore sand transport rates by comparing the incoming wave
energy flux to the stable energy flux to determine wave breaking in the surf zone. It is a widely applied modelling
tool to calculate beach dune erosion under storm wave action and to estimate shoreline retreat during storm
events (S1 allowance of SPP2.6). SBEACH is not suitable to simulate long-term beach evolution under an ambient
climate, or any equilibrium state of beach profiles. Given that the model predicts storm response, the shoreline
orientation and profile is to be reflective of pre-storm conditions. This limits the applicability of the model when
beach survey data is not fully correlated with the seasonal variations. Further, when significant changes to
shoreline alignment occur due to seasonal variations, the simulations may be representative of a theoretical
equilibrium state that are not attained in reality because of limited sediment supply from the beach or up-current.
Given these considerations, the simulations are used for comparative purposes only to determine if there is a
change in the theoretical equilibrium state under unlimited sediment supply.

The beach cross sections used for SBEACH modelling are shown in Figure 3.12. The SBEACH assessment has
utilised a recent topographic and nearshore bathymetry survey by the DoT in February 2018, which covers most of
the assessment area. Where necessary, gaps in this dataset were filled with a 2008 LiDAR dataset from the then
Department of Water.

The SBEACH model was setup as follows:

— Boundary conditions were extracted at -3 m CD contour at the offshore end of each profile in Figure 3.12.
When the selected SBEACH profiles were less than 400 m, they were extended to ~400 m from the shoreline
to allow resolution of a full wavelength and to span the entire surf zone. Given the sheltered environment and
concave shape of the bay, extending the cross sections any further would have led to overestimation of the
wave effects.

— Parameterisations such as the transport rate decay coefficient, the angle of avalanche and wave
randomisation were based on llich (2009) recommended values and previous experience.

—  SBEACH was setup with 1 m spatial discretisation and 10-minute time steps.

—  Three (3) sediment grain sizes were evaluated on the basis of the available data, namely 0.3 mm at profile 1
(Ski Beach), 0.25 mm at profiles 2 (KBSC marina beach) and 3 (western Koombana Beach), and 0.25 mm at
profiles 4 (central Koombana Beach) and 5 (eastern Koombana Beach) (Section 2.5.4).
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Figure 3.12 Profiles evaluated with SBEACH

3.9.1 Scenarios

Beach storm erosion scenarios that were evaluated in this assessment are summarised in Table 3.10. As per
SPP2.6, three (3) repetitions of the July 1996 100-year ARI storm event were simulated with SBEACH to predict
the impact from a “rare” likelihood of occurrence, and one repetition of the 2007 storm event was simulated to
assess an “almost certain” likelihood of occurrence.

Table 3.10 SBEACH storm erosion scenarios

SB-BL-002 LOC-Base EX002-Now Baseline condition 1996 extreme storm event
5 Profiles

SB-BL-004 LOC-Base EX004-Now Baseline condition 2007 extreme storm event
5 Profiles

SB-FI-002 LOC-Final EX002-Now KBMS proposal 1996 extreme storm event
5 Profiles

SB-FI-004 LOC-Final EX004-Now KBMS proposal 2007 extreme storm event
5 Profiles

The SBEACH parameterisation was based on previous experience and DoT typical values. The SBEACH model
was not calibrated for this assessment.

3.10 Seagrass wrack transport

Understanding of transport, deposition and decomposition of seagrass wrack has recently improved significantly
with Oldham et al (2010) finding that it can be treated as non-cohesive particles. In this assessment, seagrass
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wrack transport was simulated as floating particles released into offshore waters with a tailored particle tracking
model. Seagrass wrack undergoes density variations between freshly shed, decaying material in seawater and
weathered beach deposits. As such, the transport and buoyancy properties (e.g. settling velocity, resuspension
threshold, attenuation of particle transport rate relative to ambient currents) of seagrass wrack particles must be
set to emulate typical in situ patterns. As seagrass wrack in seawater is generally suspended at mid-water or near-
seabed depths, accumulation in the SPA shipping channel often occurs (i.e. shipping channel acts as a seagrass
wrack trap).

A tailored seagrass wrack transport model was developed on the basis of Oldham et al (2010) parameterisations
as follows:

—  Settling speeds as per Oldham (2010).

— Horizontal currents at the wrack depth (uz) as per a logarithmic velocity profile through the water column of
the 2D hydrodynamic simulation output.

— Incorporation of a random walk process for both horizontal and vertical motions.
—  Horizontal and vertical eddy diffusivities as per Oldham (2010).

—  Simulated bottom shear stresses (1) served as model inputs with resuspension threshold of 5x10° Pa
(Oldham 2010).

— Once seagrass wrack is deposited on the shoreline, it can no longer be remobilised, thereby yielding a
conservative estimate of initial wrack deposition. Deposition and remobilisation of seagrass wrack from
beaches is poorly understood and could not be reliably incorporated into the tailored model.

— An attenuation (reduction) factor of 0.3 for the transport of seagrass wrack relative to the ambient current
speed.

— An adjustment factor to represent seagrass wrack transport up a bed slope that r varies with slope angle. This
factor enable seagrass wrack entrapment in the shipping channel.

—  Model output time step of 20 minutes and an internal time step of 60 seconds for seagrass wrack transport.

—  Seagrass wrack was assumed to be present across a large area of the coastal waters adjacent to Koombana
Bay as per Figure 3.13. The particle deployment locations account for potential sources of seagrass wrack
(i.e. extensive offshore seagrass beds).

— Wave associated resuspension and stokes drift are not incorporated in the wrack model, though wave-driven
currents from radiation stresses are included.

—  This assessment does not (nor intended to) simulate the complete seagrass wrack life cycle (i.e. genesis,
decay, transport, deposition, remobilisation).

In short, the model incorporates the primary mechanisms that likely lead to the spatial and temporal evolution of
seagrass wrack within and the coastal waters adjacent to Koombana Bay after genesis (release) into the water
column above established offshore seagrass meadows (e.g. near bed transport, settling, resuspension). The
simulated seagrass wrack trapping in the shipping channel is a primary mechanism that drives the need for
frequent maintenance dredging by the SPA (i.e. seagrass wrack enhance sedimentation) (SPA 2017).

The combination of reasonably simulated transport patterns (via the hydrodynamic model), Oldham’s (2010)
parameterisation for seagrass wrack transport, and agreement with anecdotal observations of seagrass wrack in
the shipping channel for the basis of whether the proposed structures will have a material effect on seagrass
wrack distributions through a comparative assessment. Recognising the level of predicted uncertainty in seagrass
wrack dynamics, the CPMP (GHD 2023a) includes monitoring and management recommendations for potential
seagrass wrack impacts from the KBMS proposal.
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Figure 3.13 Initial condition of seagrass wrack particles in simulations

3.10.1 Scenarios

The seagrass wrack scenarios in Table 3.11 were simulated for winter conditions only, which correspond to the
genesis of seagrass wrack from storm events. Simulated metocean conditions include ambient conditions and a
storm event to characterise resultant spatial patterns of wrack distribution.

Table 3.11 Simulated seagrass wrack scenarios
WR-BL-AB LOC-Base Storm Baseline condition - energetic winter (July 2014)
Ambient Baseline condition - relatively calm winter (August 2014)
WR-FI-AB LOC-FINAL Storm KBMS proposal - energetic winter (July 2014)
Ambient KBMS proposal - relatively calm winter (August 2014)

3.10.2 Test case

Quantitative model calibration was not possible due to insufficient data. Rather, a test case was carried out by
initialising wrack particles over a small area to evaluate the model’'s behaviour in regards to the random walk
algorithm, resuspension parameterisations and current attenuation factor (Figure 3.14).

A cluster of wrack particles was initialised in the northern portion of Koombana Bay with simulated trajectories
spanning 25 July to 2 August 2007. Most of the seagrass wrack was transported to the north during a storm event
at the start of the simulation with less than 20% of the particles trapped in the shipping channel or stranded along
eastern bay beaches. These transport patterns are consistent with seagrass modelling in the nearby vicinity of
Busselton (Oldham et al 2010) and maintenance dredging needs for the shipping channel (Southern Ports
Authority 2017). The simulated seagrass wrack dispersion is seemingly reproduced well by the random walk
algorithm with the cluster of initialised particles transported over a wide area, where the spatial scale is consistent
with the diffusivity estimates for similar environments and time frames (Akira 1971).
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In short, the model is considered to be an effective comparative tool to evaluate changes in patterns of beach
deposition and shipping channel trapping in the vicinity of Koombana Bay from the KBMS proposal relative to the
baseline condition.
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Figure 3.14 Seagrass wrack transport algorithm test case

4, Results

4.1  Hydrodynamics

4.1.1 Tidal current impacts

Snapshots of typical ambient tidal flood and ebb currents in Figure 4.1 during calm conditions were characterised
by higher offshore speeds (~0.2 m/s) and lower speeds in Koombana Bay (~0.1 m/s) with the following key
characteristics:

—  Elevated boundary currents along the ocean side of Outer Harbour breakwater were driven by the prevailing
south Indian Ocean swell, which at times was in the opposite direction of the ebb flow.
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— High currents at the entrance of Leschenault Estuary (the Cut, >0.5 m/s) were driven by this semi-enclosed
water body’s large tidal prism.

— A weak clockwise gyre (<0.1 m/s) was observed during ebb tides with generally westerly transport across the
shipping channel.

—  Circulation patterns during flood tides had greater complexity, but generally had a northward boundary current
along the western margin of Koombana Bay along Casuarina Boat Harbour and the Outer Harbour.

There was a significant reduction in current speeds along the existing Jetty Road Causeway during ebb and flood
tides, and along the bay side of Outer Harbour Breakwater during ebb tides due to the proposed KBSC marina
breakwaters deflecting the boundary current along southern Koombana Bay to the north. GHD (2023b)
demonstrated that the effect of this northern deflection of the boundary current is decreased flushing of the portion
of Koombana Bay between the proposed Koombana Bay Western Breakwater and the Jetty Road Causeway with
a concomitant reduction in flushing of Leschenault Inlet. Increased currents are predicted along the western extent
of the proposed Casuarina Harbour Northern Breakwater and the KBSC marina and CBH entrances during flood
tides, and along the northeastern bay side of the proposed Koombana Bay Eastern Breakwater during ebb tides.
Minimal changes in currents are predicted for the nearshore waters of Koombana, KBSC marina, Ski and Jetty
Baths beaches.

The future sea level rise scenario predicts similar hydrodynamic impacts associated with the KBMS proposal as
the baseline condition (Figure 4.2).

4.1.2 Storm-driven current impacts

Maximum storm-induced current speeds (~0.5 m/s) are approximately 5 times greater than tidal currents (~0.1
m/s) in Koombana Bay (Figure 4.3). Both storm events (1996, 2007) generated a strong clockwise gyre throughout
much of the bay, though a smaller counter-clockwise gyre was generated in the southern portion of the bay along
Koombana Beach. Similar to the tidal currents (Section 4.1.1), a substantive decrease in the currents of the
southwestern bay is predicted because of the proposed KBSC marina structures with a considerable effect on the
size and strength of the counter-clockwise gyre in southern Koombana Bay.
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4.1.3 Impacts to time-averaged residual currents

Residual flow is a practical manner to characterise the rate and direction of sediment transport. It is used here to
describe the long-term patterns of sediment transport and quasi-equilibrium of morphological forms. The simulated
time-averaged residual flow of the characteristic ambient year (2014) and storm events (1996, 2007) for the
baseline condition and KBMS proposal (and their differences) scenarios in Figure 4.4 show that:

—  For both the baseline condition and KBMS proposal a clockwise gyre was simulated. This circulation pattern
weakened in close proximity to the proposed KBSC marina breakwaters relative to the baseline condition at
the western extent of Koombana Beach.

—  Clearly the mean residual current during storm events is substantially greater (~0.2 m/s) than those during
ambient conditions (~0.05 m/s).

— Differences in the residual currents between the KBMS proposal and the baseline simulations for the ambient
scenario were negligible.

— A ~0.1 m/s decrease in the simulated residual currents was predicted due to the proposed KBSC marina
structures relative to the baseline condition for the 1996 storm event scenario at ~100-500 m offshore of
western Koombana Beach, but no material differences were simulated in the nearshore boundary residual
currents.

Overall, the predicted impact of the KBMS proposal on time-averaged residual currents is primarily limited to
decreases in the southwestern region of Koombana Bay during storm events due to the proposed KBSC marina
breakwaters.

4.2  Volumetric exchange through the Plug

Simulated volumetric exchange between Koombana Bay and Leschenault Inlet through the Plug (Figure 4.5) was
characterised over the ambient year. The simulated volumetric fluxes (primarily tidally-induced) were nearly
equivalent for the simulations of the baseline condition and KBMS proposal (Figure 4.6), hence, the predicted
impacts of the KBMS proposal in regards to volume exchange through the Plug are minimal. However, GHD
(2023b) predicted a decrease in the e-folding flushing time of the inlet by ~1-2 days because of less effective
flushing of inlet waters through the Plug during ebb tides from the embayment between the existing Jetty Road
Causeway and the proposed Koombana Bay Western Breakwater (Figure 4.7).
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4.3  Waves
4.3.1 Ambient year

The simulated spatial distributions of the mean and 10% exceedance significant wave height (Hs) over the 2014
ambient year are summarised in Figure 4.8. The significant wave heights of western Koombana Bay were much
lower than the eastern portion due to sheltering of the wave energy from south and west by the existing Outer
Harbour breakwater. The wave climate of Koombana Bay is generally similar between the baseline condition and
KBMS proposal. Changes in the wave climate are predicted to primarily be limited to enclosed areas within the
proposed KBSC marina and the CBH redevelopment, and the embayment to the north of the Plug between the
KBSC marina and Jetty Road Causeway. Along the western half of Ski Beach there is a slight predicted increase
(<0.05 m) over the 2014 ambient year for the 10% exceedance significant wave heights with the proposed
structures. The KBSC marina is expected to channel wave energy toward Ski Beach. The level of change in wave
energy this area would be sensitive to the arrangement of the structures including design parameters such as their
slope, breakwater head arrangements and level of reflection.

4.3.2 Storm events

The simulated spatial distributions of the mean and 10™ percentile exceedance significant wave heights for the
1996 and 2007 storm events are summarised in Figure 4.9 and Figure 4.10, respectively. Though significant wave
heights are substantially greater (maximum of 3 m in northern Koombana Bay and 1 m along Koombana Beach)
than the ambient conditions, the spatial patterns are similar (Section 4.3.1) with a sheltering effect of the Outer
Harbour breakwater on wave energy. As with the ambient condition, the KBMS proposal is predicted to only cause
material changes to the wave climate within the semi-enclosed water bodies of the KBSC marina and CBH future
proposals. Similar to the 10% exceedance significant wave heights over the 2014 ambient year, the 1996 storm
event resulted in a small predicted increase in the mean significant wave heights (~0.1 m) along the western half
of Ski Beach, and similar increases along the entire beach for the 10% exceedance significant wave heights due to
the proposed structures. These increases were not predicted to the same degree for the 2014 storm event.

4.3.3 Wave shadowing

The proposed KBSC marina breakwaters and proposed Casuarina Harbour Northern Breakwater will generate
areas of wave shadows previously exposed to direct propagation of incoming waves. The shadowing effect
changes the wave-induced currents and hydrodynamics, and changes the wave eroding potential along the
protected beaches. GHD (2023b) evaluates and discusses the impacts of these shadowing effects on the
hydrodynamics and flushing of the KBSC marina and CHBD waters.

The KBSC marina proposal includes new developments within the harbour. The designer of the facilities is
expected to design the new structures based on the altered wave climate. The CBH and KBSC marina beaches
will be exposed to a more benign wave climate, however given that these beaches are already exposed to mild
wave conditions, any further impacts are anticipated to be negligible.

4.3.4 \Wave reflection and resonance

This assessment does not include the effects of wave reflection, which may be an important process in the
confined area between the proposed KBSC marina and the existing Marlston Waterfront revetment structure. The
MIKE SW wave model does not fully resolve wave reflection from structures or any form of wave resonances and
standing waves. Characterisation of wave reflection and resonance requires a phase-resolving wave model (such
as a Boussinesq model). As this assessment focuses on the characterisation of the overall holistic impacts of the
KBMS proposal on the wave climate, this level of detailed modelling was not part of this assessment. Further, in
such studies, the reflection coefficient is selected based on the type and porosity of structures, which was not
available at the time of this assessment. It is recommended that wave reflection and resonance effects that may
be caused by the KBMS proposal (particularly the proposed KBSC marina) be incorporated into the detailed
design phase to minimise potential local impacts around the proposed and existing structures. Further,
implementation of the CPMP (GHD 2023a) will identify local impacts and trigger appropriate management.
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Figure 4.8 Mean and 10% exceedance significant wave heights (Hs) during the 2014 ambient year wave condition (wave direction superimposed)
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4.4  Sand transport

Simulated sediment transport patterns from the combined effects of waves and currents are illustrated as the
accumulated total load (arrows) and bed level changes (colour) for the baseline condition, KBMS proposal and the
differences over the 2014 ambient year, and the 1996 and 2007 storm events in Figure 4.11, Figure 4.12 and
Figure 4.13, respectively. The main findings include:

Overall, small seabed level changes in Koombana Bay were simulated for all scenarios with some increased
sand accumulation in the shipping channel.

Sediment transport patterns are consistent with the simulated hydrodynamic clockwise gyre in Koombana Bay
(Sections 4.1.1 and 4.1.2), which leads to sediment trapping in the channel.

There is a relatively large cross-shore sediment transport pattern along the eastern extent of Koombana Bay
associated with larger incoming swells and waves than to the west, which is further considered in the
assessment of storm-induced beach erosion in Section 4.6.

Simulated differences in sediment transport patterns between the baseline condition and KBMS proposal
were generally small except within the semi-enclosed waters of KBSC marina and CBH. The simulations did
not include the iterative influence of bed morphological changes on hydraulics, so the accumulated erosion
and accretion levels are indicative.

The predicted impacts of the KBMS proposal on the overall sediment transport patterns of Koombana Bay
were limited to the western portion of the bay and within the semi-enclosed water bodies.

Localised scour adjacent to the existing and proposed breakwaters were not resolved by the sediment
transport model, so it is recommended that this be considered during detailed design of the proposed
structures.

The combination of the sediment transport modelling along with hydrodynamic modelling (Section 4.1), wave
modelling (Section 4.3), longshore sediment transport estimates (Section 4.5), storm-induced beach erosion
modelling (Section 4.6) and engineering judgment are used to further characterise potential sediment transport
impacts in Sections 5.1.2 and 5.1.3.
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Figure 4.11 Simulated bed level changes and one-year accumulated total sediment load for the 2014 ambient year
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4.5 Longshore sediment transport potential

The longshore sediment transport potential within surf zone was estimated along five (5) profiles for both the
baseline condition and KBMS proposal. The five (5) cross sections were selected along the southern shoreline of
Koombana Bay between the shipping channel and Jetty Road Causeway (Figure 4.14).

Sbeach Model profiles
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Figure 4.14 Location of cross-shore profiles for longshore sediment transport assessment

Time series of significant wave heights were extracted from the 2014 ambient year model runs of the baseline
condition and KBMS proposal at the -3.0 m CD contour for each cross-shore profile. The extracted wave
parameters were statistically analysed and summarised as scatter tables of wave height (Hs) versus wave period
(Te) versus wave direction. An example is provided for profile 3 (western Koombana Beach) for Hs versus Te in
Table 4.1. The total longshore sand transport potential was estimated through integration across the various
simulated wave height, period and direction probabilities. Over 99% of significant wave heights ranged between 0
m and 0.5 m at profile 3. The simulated percentage of larger waves between 0.5 m and 1 m at profile 3 marginally
reduced from 0.87% for the baseline condition to 0.77% for the KBMS proposal. Simulated significant wave
heights greater than 1 m over the 2014 ambient year at western Koombana Beach were predicted to be very rare
(~0.01%) for the baseline condition and negligible for the KBMS proposal.

Table 4.1 Probability of significant wave heights at cross-shore profile 3 (western Koombana Beach)

Baseline Condition
Hs (m) <2 2-6 6-10 10-14 14-18 18-22 Total
0-0.5 0.59% 0.31% 3.93% 62.12% 31.05% 1.12% 99.12%
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0.5-1 0.00% 0.02% 0.60% 0.06% 0.19% 0.00% 0.87%
1-1.5 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.01%
Total 0.59% 0.32% 4.54% 62.18% 31.25% 1.12% 100.00%
Proposal

Hs (m) <2 2-6 6-10 10-14 14-18 18-22 Total
0-0.5 0.58% 0.31% 4.03% 61.99% 31.19% 1.12% 99.23%
0.5-1 0.00% 0.02% 0.53% 0.05% 0.17% 0.00% 0.77%
1-1.5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Total 0.58% 0.33% 4.56% 62.04% 31.37% 1.12% 100.00%

The longshore sediment transport potential was estimated with statistical wave parameters over a representative
year with a fixed shoreline profile and beach orientation. Clearly these assumptions are a simplification of actual
shoreline dynamics that adjust to waves with concomitant diminishing of transport over seasonal time scales,
especially in constrained environments such as the beaches of southern Koombana Bay. Therefore, comparison
of the estimates of longshore sediment transport potential between the baseline condition and proposal serves as
a proxy (index) of whether a material change is likely to occur. Simulated longshore sediment transport potentials
are expected to be substantially greater than actual transport estimates such as those by Seashore Engineering
(2013) for Koombana Beach.

A comparison of the estimates of the longshore sediment transport potential of the five (5) cross-shore profiles
(Figure 4.15) for the baseline condition and proposal cases indicate the following:

—  The proposed KBSC marina is predicted to markedly reduce the westward supply of sediment from western
Koombana Beach where:

—  The easterly longshore sediment transport potential along KBSC marina beach (profile 2) is predicted to
decrease from ~2,500-4,000 m3/year to ~0 mé/year as it is effectively enclosed by the new marina.

—  The easterly longshore sediment transport potential along Ski Beach (profile 1) is predicted to decrease from
~4,000-5,500 m3/year to ~500 m3/year.

—  Further, the proposed KBSC marina breakwaters are likely to reduce western sediment transport potential
along Koombana Beach due to the marginally reduced and slightly more shore normal wave energy.

—  The westerly longshore sediment transport along western Koombana Beach (profile 3) is predicted to reduce
marginally from ~2,500-3,500 m3/year to 2,000-3,000 m3/year due to the KBMS proposal. These longshore
sediment transport potential estimates of western Koombana Beach are approximately a factor of 2 greater
than the volume-based estimates of actual longshore sediment transport of 1,650 m3/year from 1991-2009 on
the basis of accretion at the existing western Koombana groyne by Seashore Engineering (2013) (Section
2.5.3). Given the assumptions of the estimates of longshore sediment transport potential (e.g. unlimited sand
supply), these estimates are reasonably similar.

—  The existing westerly longshore sediment transport estimates along central and eastern Koombana Beach
(profiles 4 and 5) are predicted to marginally increase.

— Jetty Baths beach was not evaluated as it is located in an extremely low wave energy environment within a
protected harbour (wave height <0.1 m most of time) with negligible sand mobility. The addition of the
Casuarina Harbour Northern Breakwater will further reduce the existing low wave climate.

In short, the wave climate, circulation and sediment transport within the semi-enclosed waters of the CBH and
KBSC marina developments, and the embayment between these two water bodies, will be altered, primarily in
response to the physical barrier that will be created by the proposed new KBSC marina breakwaters, and these
alterations are to be considered by the designers of these facilities.
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Figure 4.15 Longshore sediment transport potential at the five (5) cross-shore profiles (BL=baseline condition, FI=KBMS

proposal)

4.6 Beach erosion from storm events

The predicted evolution of beach profiles during storm events was carried out with the SBEACH model along the
same five (5) cross-shore profiles as the longshore sediment transport assessment (Figure 3.12). The key findings
from the SBEACH assessment include:

Recession of HSD was in the range of 10 to 35 m for the extreme July 1996 storm event. The eroded
sediment was deposited at -2 m AHD typically 100 m from the shoreline.

Beach erosion did not materially change for the KBMS proposal for any of the profiles except at profile 2
(KBSC marina beach) where the proposed KBSC marina breakwaters will substantially decrease the wave
energy with no predicted change to the beach profile in the proposed semi-enclosed water body.

The structures of the KBMS proposal may result in greater shore-normal, but less energetic wave conditions,
at profile 1 (Ski Beach). Estimates indicate a slight reduction in erosion at this site for the KBMS proposal, but
given the coarseness of the assessment, it is not considered a significant change.

Generally, greater erosion has been observed along the eastern than western Koombana Beach (Seashore
Engineering 2013), whereas the opposite pattern was predicted here. However, this is likely due to the
alongshore component that is not simulated by SBEACH. Further, the steep foreshore at profile 5 indicates
that the beach has been subject to storm erosion (or at least prior to the DoT [2018] survey). Therefore, the
lower estimates of beach erosion at profile 5 (eastern Koombana Beach) relative to profiles 3 (western
Koombana Beach) and 4 (central Koombana Beach) likely do not represent the absolute erosion magnitude
of a post-storm profile when the beach is replenished (naturally or following nourishment) to its normal
summer profile shape.

As stated before, results of SBEACH are theoretical estimates of a final balanced state of the beach when there is
unlimited supply of sediment and beach orientation is not significantly changed throughout the storm. Given the
relatively small size of the bays in Koombana Bay and limited supply of sediment, the results are appropriate for
comparative purposes only.
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Figure 4.16 Simulated SBEACH changes to beach profile 1 at Ski Beach (BL=baseline condition, FI=KBMS proposal, WL=water
level)
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Figure 4.17 As Figure 4.16 for profile 2 (KBSC marina beach)6

5 Note there was no change in the KBMS proposal profile due to sheltering by the KBSC.
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Beach erosion during 1996 Storm at profile3 (D50=0.18mm)
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Figure 4.18 As Figure 4.16 for profile 3 (western Koombana Beach)

Beach erosion during 1996 Storm at profiled (D50=0.25mm)
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Figure 4.19 As Figure 4.16 for profile 4 (middle Koombana Beach)
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Beach erosion during 1996 Storm at profile5 (D50=0.25mm)
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Figure 4.20 As Figure 4.16 for profile 5 (eastern Koombana Beach)

4.7  Coastal processes allowances

This section provides an overview of the coastal processes allowances (Appendix E of CHRMAP [GHD 2019a,
Appendix A]) that informed the erosion and inundation hazard mapping presented in the CHRMAP (GHD 2019a,
Appendix A).

4.7.1 Coastal types

All of the assessment area was treated as sandy coast in accordance with SPP2.6.

4.7.2 Horizontal shoreline datum

The elevation of the HSD was determined from the SBEACH modelling in accordance with SPP2.6, DoT
guidelines and conventional methods adopted in WA to inform coastal hazard studies. The elevation of the HSD
for each of the SBEACH profiles for the post-development layout is presented in Figure 4.2. HSD elevations for the
current layout are provided only for profiles 1 and 2. The location of these HSD values on the CHRMAP (2019a)
digital elevation map was used as the starting point for the erosion allowances in the erosion hazard mapping
(Section 5.2). The HSD levels across the KBMS proposal area range from 0 to 1.2 m AHD for the post-
development layout.

Table 4.2 Horizontal Shoreline Datum elevations across assessment area
1 0.8 0.8
2 0.8 0
3 - 0.8
4 - 1.2
5 - 0.8
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4.7.3 Allowance for Erosion

4.7.3.1 Allowance for storm erosion (S1)

The S1 erosion allowances from the SBEACH modelling for different erosion likelihood scenarios are summarised
in Table 4.3. S1 allowances are provided for all five profiles for the KBMS proposal while allowances under the
baseline condition are provided for profiles 1 and 2 for comparison. Plots of SBEACH simulation results are
provided in Section 4.6.

Table 4.3 S1 erosion allowances

Erosion Profile S1 Baseline Condition (m) S1 Proposal (m)

0 0 0 0 0 0

Profile 1

Profile 2 11 18 24 0 0 0
Profile 3 - - - 14 24 33
Profile 4 - - - 0 9 17
Profile 5 - - - 0 3 5

4.7.3.2 Allowance for long-term shoreline response to sediment supply (S2)

The S2 erosion allowances are presented in Table 4.4, which indicate that western and central/eastern Koombana
Beach have a historical long-term trends of accretion and erosion, respectively.

Table 4.4 S2 erosion allowances

Area S2 Erosion S2 Allowance S2 Allowance S2 Allowance to
Rate (m/year) to 2030 (M) to 2070 (m) 2120 (m)
Western Koombana Beach

Eastern & Central Koombana Beach 0.5 6 26 51

4.7.3.3 Allowance for gradual change in shoreline caused by sea level rise (S3)

The S3 erosion allowances are presented in Table 4.5.

Table 4.5 S3 erosion allowances for different likelihoods

Likelihood S3 Allowance to 2030 (m) S3 Allowance to 2070 (m) S3 Allowance to 2120 (m)

Almost Certain
Possible 8 35 85
Rare 9 46 119

* Note that S3 was not applied to the CBH or KBSC marina areas as described in section 3.8.3).

4.7.3.4  Allowance for uncertainty

In line with SPP2.6, a 0.2 m/year allowance for uncertainty was used for each scenario yielding 3 m, 11 m and 21
m for years 2030, 2070 and 2120, respectively.

4.7.3.5 Total erosion allowances

The total erosion allowances on the five (5) profiles over the four planning timeframes are summarised in

Table 4.6. As often the case for the total erosion allowance on sandy coasts, the S1 allowance generally
dominates over the near-term, but the S3 allowance generally dominates over the long-term. In short, the S1
allowance for storm erosion is an acute event-based hazard, while the S3 allowance for sea level rise erosion is a
chronic hazard that is expected to materialise slowly and steadily over the 100-year planning timeframe. The
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erosion allowances along the coastline of the assessment area are up to 60 m from the horizontal shoreline datum
today, up to 72 m in 2030, up to 117 m in 2070 and up to 208 m in 2120 and vary significantly across the
assessment area as shown in the tables.

Table 4.6 Total erosion allowances for KBMS proposal layout (current layout in parentheses) for different profiles and
planning timeframes

Profile

Possible
Possible
Possible
Possible

1 00 0@ |00 |11(11) | 11(11)  12(12) | 44(44) | 46 (46) | 57 (57) | 88(88) | 106 (106) | 140 (140)
2 11(0) | 18(0) |24(0) |22(3) | 29(3) | 36(4) | 55(11) |64(11)  81(11) | 99(21) | 124(21) | 164 (21)
3 14 24 33 25 35 45 58 70 90 102 130 173

4 0 9 17 17 26 35 70 81 100 139 166 208

5 0 3 5 17 20 23 70 75 88 139 160 196

4.7.4  Allowance for storm surge inundation (S4)

The S4 inundation allowances for the five (5) profiles for the different likelihoods at each of the planning
timeframes are presented in Table 4.7 and Table 4.8. The only component of the S4 inundation levels that varies
across these profiles is wave setup, which correlates to the degree of wave exposure. The increase in inundation
hazard with predicted sea level rise into the future is clearly evident.

Table 4.7 S4 inundation levels for Koombana Beach and Ski Beach areas (m AHD)

Likelihood 2018 (Present Day) 2030 2070 2120

Almost Certain

Possible 1.8 1.9 2.2 2.7
Rare 2.6 2.7 3.1 3.8
Table 4.8 S4 inundation levels for Casuarina Harbour/Jetty Baths and KBSC areas (m AHD)

Likelihood 2018 (Present Day) 2030 2070 2120

Almost Certain
Possible 1.3 1.4 1.7 2.2
Rare 2.0 2.1 2.5 3.2

4.8  Seagrass wrack

Simulated seagrass wrack transport and deposition in Koombana Bay and the proximal coastal waters during
relatively energetic (1-31 July 2014) and calm (1-31 August 2014) winter periods are illustrated in Figure 4.21 and
Figure 4.22, respectively, with the following findings for both the baseline condition and KBMS proposal:

— No seagrass wrack deposition was simulated onto Koombana Beach.

—  Simulated seagrass wrack was trapped in the shipping channel and then transported back offshore via the
channel.

—  During the energetic winter period, the majority of wrack was transported offshore. Some wrack remained in
the eastern region of Koombana Bay or in the shipping channel.

—  During the calm winter period, a larger portion of wrack remained within Koombana Bay. After 10 days,
seagrass wrack was simulated to gradually move offshore.
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— Differences in seagrass wrack distribution between the baseline condition and KBMS proposal were minimal
after 1 month of simulated ambient conditions.

—  Similar to sand transport (Section 4.4), the simulated accumulation of seagrass wrack in the shipping channel
results from settling upon transport by the bay’s circulation gyre (Section 4.1). This is supported by the need
to remove seagrass wrack from the shipping channel with trawlers and nets prior to SPA maintenance
dredging (Southern Ports Authority 2017).

— A modest degree of simulated seagrass wrack accumulation near the groyne of the “Cut” is supported by
observations and aerial imagery (Figure 2.16).

—  Simulated seagrass wrack accumulation on Back Beach along the open ocean shoreline is supported by
observations (Section 2.6.2) and aerial imagery (Figure 2.16).

In short, the model predictions are in reasonable agreement with the anecdotal observations of seagrass wrack
distributions in Koombana Bay and adjacent coastal waters. Further, the comparative assessment between the
two cases predicts that the KBMS proposal will not have a material effect on seagrass wrack accumulation along
the shorelines of southern Koombana Bay.

Two potential mechanisms not incorporated into the model that could impact the predictions of wrack deposition
onto beaches, namely:

—  The effect of stokes drift (residual wave induced flow) can potentially transport wrack onshore, especially
during storms. However, this mechanism is unlikely to be modified by the KBMS proposal relative to the
baseline condition.

—  Mixing and trapping of wrack in sand could result in a wrack-sand mixture that remains stationary.
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5. Assessment of impacts

5.1 Coastal process impacts

Based on past investigations (Section 2) and this assessment (Section 4), conceptual models of the main patterns
of circulation, sediment transport and seagrass wrack transport are provided in Figure 5.1 and Figure 5.2 for the
baseline condition and proposal, respectively. The predicted potential impacts of the proposal on the coastal
processes within the Koombana Bay are described in the following sub-sections. To reiterate, the longshore
sediment transport is the estimated potential (upper limit). As the beaches are constrained and the shoreline
orientation changes in response to seasonal variations and storms, actual volumetric change of sand will likely
less than the estimates shown.

c..ﬂmbw
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[

Northing (o

are Ires ire are
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Figure 5.1 Patterns of circulation, sand transport and seagrass wrack transport for the baseline condition
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5.1.1 Flushing and water quality

Flushing and water quality is evaluated for the KEF marine environmental quality through numerical modelling by
GHD (2023b). Three cases were evaluated, namely:

— Baseline condition.

— Intermediate case where the Jetty Road Causeway Spur Breakwater at the end of the Jetty Road Causeway
is retained, all breakwaters have been constructed, KBSC marina has undergone dredging and reclamation,
but CBH has not undergone dredging.

— Ultimate case with the removal of the spur and dredging of CBH has been completed.

Three-dimensional (3D) hydrodynamic simulations each of the three cases were run over one (1) year from 1 June
2015-31 May 2016. Twenty-two (22) flushing simulations were then carried out over a duration of 30 days with
intervals between model run start dates of 13-21 days. A frequency analysis of the e-folding flushing times was
then carried out for each of the three (3) semi-enclosed water bodies (Inlet, CBH, KBSC marina) for each of the
three (3) cases. Time series and percentiles of e-folding flushing times are provided in Figure 5.3 and Figure 5.4,
respectively, which show that:

—  The median flushing time of the Leschenault Inlet is predicted to increase from 7.8 days to 9.3 days due to the
KBMS proposal. This was due to the decrease in flushing of the embayment between Jetty Road Causeway
and the proposed Koombana Bay Western Breakwater.

—  The median flushing time of the existing CBH of 2.2 days will increase to ~5.8 days and ~4.8 days for the
intermediate and ultimate cases, respectively. Clearly the increase is associated with the proposed Casuarina
Harbour Northern Breakwater.

—  The KBSC marina median flushing time is predicted to be 5 days.

The MEQMP (GHD 2023c) provides a monitoring regime to identify the development of any water quality issues
and associated management measures, which is also included in the CPMP (GHD 2023a) to address the ESD
requirements for the KEF coastal processes.
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Time series of simulated e-fold flushing times of the three (3) semi-enclosed waterbodies of southern Koombana
Bay across the three (3) cases (GHD 2023b)

Percentiles of simulated e-folding flushing times of the three (3) semi-enclosed waterbodies of southern Koombana
Bay across the three (3) cases (GHD 2023b)

Sediment transport

Southern Koombana Bay is a low energy environment with small tidal fluctuations, a low energy wave climate, and
resultant low sand mobility. The KBMS proposal does not materially influence the wave climate of the eastern and
northern portions of the bay. The primary processes governing the sediment transport regime within the bay are
sand deposition in the shipping channel and the westward longshore sediment transport along Koombana Beach.
The proposed KBSC marina breakwaters will cause the cessation of sand transport along the portion of the beach
immediately west of the existing Koombana Bay groyne. The proposed KBSC marina breakwaters will interrupt the
circulation patterns of the southwest portion of the bay by forming a physical barrier to the existing secondary gyre
in this region. The magnitude of these impacts are not predicted to be substantive.
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The wave climate, circulation and sediment transport within the semi-enclosed waters of the CBH and KBSC
marina developments, and the embayment between them, will be altered, primarily in response to the physical
barrier created by the proposed KBSC marina breakwaters, and these alterations are to be considered by the
designers of these facilities.

With respect to longshore transport along the beaches:

— The comparative assessment of the potential rate of longshore sediment transport along the majority of
Koombana Beach predicts no or small changes. To the west of the proposed Koombana Bay Western
Breakwater, reduced longshore sediment transport is predicted due to reduce obliquity of incident waves.
However, there is a degree of predictive uncertainty. The potential operational risks associated with this
predictive uncertainty for sediment transport (as with other coastal processes elements) will be mitigated
through monitoring and management outlined in the CPMP (GHD 2023a).

—  The proposed Koombana Bay Eastern Breakwater will be an extension of the existing Koombana Bay Groyne
and almost perpendicular to western Koombana Beach. The extension will not therefore increase or
contribute to the shadowing of higher energetic waves originating from the north or diffracting around the tip of
the Outer Harbour Breakwater before arrival at the beach. The new breakwater provides some shadowing of
locally generated waves that develop within the bay under northwest or westerly wind conditions. The
proposed extended structure is not predicted to substantially change the existing patterns of accretion
(western beach) and erosion (eastern beach), or substantially change the magnitude of the longshore
sediment transport potential along Koombana Beach. The anticipated relatively modest changes (with
associated predictive uncertainty) will be mitigated through monitoring and management outlined in the CPMP
(GHD 2023a).

—  Beach stability within the semi-enclosed waters of CBH and KBSC marina was not evaluated, but it is likely to
be influenced by operational conditions within these semi-enclosed water bodies. Given the reduced
exposure to the open sea and lack of new sediment supply, the quality and volume of sand may degrade over
time in these semi-enclosed water body beaches. It is recommended that the design of these facilities
consider potential operational impacts, and the CPMP (GHD 2023a) outlines monitoring and management
requirements to maintain beach quality.

— Arrelatively large reduction in the erosion rate of Ski Beach is predicted due to the presence of the proposed
KBSC marina through the comparative assessment of the baseline condition and KBMS proposal. Further,
the proposed Koombana Bay Western Breakwater is likely to channel waves and redirect them from the
northeast to from a north-northeast direction, which may cause a small adjustment to Ski Beach and re-
adjustment of sediment in an easterly direction (toward the Plug). The anticipated relatively modest changes
(with associated predictive uncertainty) will be mitigated through monitoring and management outlined in the
CPMP (GHD 2023a).

5.1.3 Beach storm response

The wave climate to the east of the proposed Koombana Bay Eastern Breakwater will remain largely unchanged
by the KBMS proposal with no expected substantive change in beach profile response to storm events. Beaches
to the west of the proposed KBSC marina are likely to be impacted by these structures, but these impacts are
predicted to be of low or marginal magnitude.

Other mechanisms not evaluated in this assessment (i.e. wave reflection, standing waves) may contribute to
concentrated wave energy near structures and potentially lead to increased wave heights and erosion at specific
points, which may affect Ski Beach. The anticipated relatively modest changes (with associated predictive
uncertainty) will be mitigated through monitoring and management outlined in the CPMP (GHD 2023a).

5.1.4 Local scour near structures

Local effects such as scour and accretion adjacent to structures were not considered in this assessment. It is
recommended that potential local scour and accretion impacts are considered in the detailed design of proposed
structures.
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5.1.5 Sedimentation of navigational areas

Sedimentation will slightly increase on the western side of the bay, in particular at the entrances to the semi-
enclosed KBSC marina and CBH water bodies (Section 4.4). However, low deposition rates are likely because of
low sediment transport rates in these water bodies. Nonetheless, these deposition rates have the potential to form
sills over time that may cause navigational issues and water quality deterioration through increased flushing times.
The anticipated relatively modest changes (with associated predictive uncertainty) with low sedimentation volumes
that require infrequent (if any) maintenance dredging adjacent to the proposal. Maintenance dredging needs will
be identified through monitoring outlined in the CPMP (GHD 2023a).

5.1.6 Seagrass wrack

There are no predicted material changes to seagrass wrack transport and deposition patterns within Koombana
Bay from the KBMS proposal relative to the baseline condition. Minimal seagrass wrack deposition is predicted to
occur to the west of the shipping channel for either the baseline condition or KBMS proposal. Hence a low
frequency and volume of seagrass wrack accumulation is predicted adjacent to the proposal, which will be
confirmed through CPMP (GHD 2023a) monitoring. The shipping channel acts as a natural sink (or filter) that
prevents the westerly transport of seagrass wrack to Koombana Beach. The entrapment of wrack in the shipping
channel as well as wrack deposition in the north-eastern portion of the bay (e.g. near the “Cut”) is predicted to not
be affected by the KBMS proposal. In the unlikely event that seagrass wrack accumulates on western Koombana
Beach to the east of the existing groyne or proposed Koombana Bay Eastern Breakwater, it is unlikely natural
remobilisation processes will occur due to the low energy wave climate. Nonetheless, given the predictive
uncertainty of seagrass wrack dynamics, this operational risk will be mitigated through monitoring and
management (e.g. wrack removal) outlined in the CPMP (GHD 2023a).

5.2 Impact on coastal vulnerability

Spatial mapping of the erosion and inundation hazard areas as a visual representation of the results in Section 4.7
is presented in Appendix D of the CHRMAP (GHD 2019a, Appendix A). As stated in the coastal hazard
assessment of Appendix E of the CHRMAP (GHD 2019b, Appendix A), there were several areas where
professional judgement was required in the preparation of the hazard mapping due to the unusual and irregular
coastline such as:

— The inundation mapping around the Casuarina Boat Harbour was problematic because of the thin strip of land
with water bodies on both sides that resulted in the erosion and inundation hazard areas overlapping in some
areas. Where hazard areas overlapped professional judgement was used to illustrate appropriate hazards
and likelihoods.

—  Western Koombana Beach had higher inundation levels relative to the KBSC marina beach, which went over
and around the groyne structure. Hence, the higher inundation level estimates of western Koombana Beach
were applied to the KBSC area in the inundation hazard maps.

Generally, the presence or absence of overland flow paths was factored into the likelihoods of the inundation
hazard mapping. This resulted in various areas which the initial bathtub modelling showed as higher inundation
likelihood being reduced to lower likelihood where the inundated area was not connected back to the ocean via an
area of the same, or higher, likelihood.

Most of the survey data used to derive the maps were from February 2018, which is representative of mid to late
summer beach width and profile conditions.

Vulnerability to coastal assets and values is documented in the CHRMAP (GHD 2019a, Appendix A). Assessment
of these risks indicates that coastal hazards from erosion and inundation will remain similar to the baseline
condition. The beach that will be enclosed by the KBSC marina proposal will have reduced risk of erosion because
of sheltering by the proposed breakwater structures. Inundation risks and recommended management actions (to
respond to the vulnerability of assets and values) are identified in the CHRMAP (GHD 2019a, Appendix A).
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5.3

Summary of potential impacts and

recommendations for monitoring and management

actions
5.3.1

Storm-induced and ambient currents

A summary of potential impacts, their location, and recommended monitoring and/or management actions related
to storm-induced and ambient currents is provided in Table 5.1.

Table 5.1

induced currents

Location

North of Outer Harbour
Breakwater

Outer Harbour

CBH entrance

Along Jetty Road Causeway

CBH

Jetty Baths beach

Between Marlston Waterfront
and KBSC marina

Ski Beach

KBSC marina

Leschenault Inlet

Koombana Beach (West)

No predicted impact

Currents reduced at the southwest end of the berths,
potentially leading to increased sedimentation.

Increased currents near entrance could lead to less
deposition however could have some negative impact on
navigation. Velocities during normal conditions are generally
very small.

Slight reduction in currents near the tip of the existing
causeway

Reduced currents inside the harbour within the semi-
enclosed water body.

Small predicted reduction of longshore currents.

Significant change to current patterns especially during storm
conditions. The cessation of the gyre due to the KBSC
marina breakwaters relative to the baseline condition could
potentially lead to increased debris deposition on the Ski
Beach.

No significant change to currents near the beach as it is
protected between the inlet breakwater and Marlston
Waterfront.

Significant reduction to the currents within the semi-enclosed
water body.

The impacts of the KBMS proposed structures to volume
exchanges across the Inlet entry are negligible. The water
quality is predicted to be affected due to the loss of the
circulation gyre by the KBSC marina breakwaters.

Reduced currents and change of current direction. The
current along the new breakwater could induce some erosion
at the beach. As shown by the changes to the residual
currents, the westerly direction of baseline condition will be

Potential impacts, locations and monitoring/management actions relating to potential changes in storm and tide

Monitor for potential
sedimentation

Dredge if and when
required

Detailed design to
consider and potentially
mitigate impacts

Refer to GHD (2023b) for
predicted impacts and
GHD (2023c) for
recommended
monitoring and
management

Monitor deposition of
debris and sea wrack

Refer to GHD (2023Db) for
predicted impacts and
GHD (2023c) for
recommended
monitoring and
management

Refer to GHD (2023b) for
predicted impacts and
GHD (2023c) for
recommended
monitoring and
management

Monitor shoreline
changes.
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Koombana Beach (Middle)

Koombana Beach (East)

significantly reduced after development of the proposed
KBSC marina breakwaters.

No material predicted changes.

No material predicted changes.

5.3.2 Wave climate

A summary of potential impacts, their location and recommended monitoring and/or management actions related
to wave climate changes is provided in Table 5.2.

Table 5.2

North of Outer Harbour
Breakwater

Outer Harbour

Near Harbour Entrance

Along Jetty Road Causeway

CBH Harbour
Jetty Baths Beach

Between Marlston Waterfront

Ski Beach

KBSC marina beach

Leschenault Inlet
Koombana Beach (West)
Koombana Beach (Middle)

Koombana Beach (East)

As Table 5.1 relating to potential changes in wave climate

No predicted changes.

Minor predicted changes from reflection of new CBH
breakwater.

No predicted changes.

No predicted change, expect the potential reflection to be
investigated by the designers.

Significant predicted reduction in wave heights.

Potential reduction of existing very low energy wave climate
as the result of wave shadowing impacts.

Potential increased wave action from channelling and
reflection of longer period swells between the KBSC marina
and CBH breakwaters with potential resonance and wave
height amplification.

Predicted reduction in wave heights from KBSC marina
sheltering (wave shadowing), however resonance and
reflection (not evaluated in this assessment) may increase
wave climate at times.

Predicted substantial reduction in wave climate with no
change to beach profile due to complete breakwater
sheltering. Sand removal by other mechanisms (e.g. wind)
can potentially result in a reduction in sand volume.

No predicted impact.
No predicted significant change to wave heights.
No predicted impact.

No predicted impact.

Detailed design to
consider and potentially
mitigate impacts

Detailed design to
consider and potentially
mitigate impacts

Detailed design to
consider and potentially
mitigate impacts

Detailed design to
consider and potentially
mitigate impacts

Monitor beach sand
volume

Renourishment
management if required

5.3.3 Morphology

A summary of potential impacts, their location and recommended monitoring and/or management actions related
to morphological changes is provided in Table 5.3.

Table 5.3

North of Outer Harbour No predicted change. -
Breakwater

As Table 5.1 relating to potential morphological changes
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Outer Harbour

CBH Harbour Entrance

Along Casuarina Harbour
Northern Breakwater

CBH
Jetty Baths Beach

Between Marlston Water front

and new KBSC Marina

Ski Beach

KBSC Marina Beach

Leschenault Inlet

Koombana Beach (West)

Koombana Beach (Middle)
Koombana Beach (East)

Boat Ramp on Koombana
Beach

Small predicted increase in sedimentation to the north of the
new CBH breakwater and to the southwest corner of the
QOuter Harbour berths.

Erosion at the entrance could be expected, however the
erosion should stabilise with increased depth. This may
impact the design of the breakwater structures and is to be
considered by the design.

No predicted change. Local scour may occur.

No predicted substantive impacts.
No predicted substantive impacts.

No predicted substantial impacts, though increased wave
reflection (and wave heights or water levels) near the
structures may cause localised scour.

Potentially larger wave heights action due to channelling and
reflection of longer period swells between the KBSC marina
and CBH breakwaters with potential resonance and wave
height amplification that may increase sediment movement
with adjusted beach layout in response to altered wave
climate.

The current sediment buffer to the west of the beach could
be reduced in time.

No predicted substantive impact to the beach in the short
term. Prone to sedimentation in this quiescent environment
when sufficient suspended loads occur (e.g. large riverine
floods). The beach material will lose its connectivity with
existing sand transport dynamics in which in long-term may
lead to separation of sediment sizes due to winds thereby
potentially requiring re-nourishment in long term. Quality of
the beach sand could also deteriorate over time given that
the sand will be no longer naturally recycled.

No predicted impact.

While reflection of wave energy off the Koombana Bay
Eastern Breakwater may cause some erosion adjacent to the
structure, the sheltering from the new structure may result in
increased accretion in the same area. The net result is
uncertain.

Potential for shoreline receding in medium to long-term and
loss of current beach buffer.

No predicted impact.
No predicted impact.

While the current KBMS does not include any new
impermeable structure along Koombana Beach, it is
understood that a boat ramp along the beach may be
considered as part of the future updates to KMBS. A boat
ramp, if constructed, could interrupt the longshore sediment
transport and cause accretion and erosion to its east and
west respectively.

5.3.4 Seagrass Wrack

A summary of potential impacts, their location and recommended monitoring and/or management actions related
to seagrass dynamics is provided in Table 5.3.

Monitor bed changes

Dredge if and when
required

Detailed design to
consider and potentially
mitigate erosion impacts

Detailed design to
consider and potentially
mitigate local scour
impacts

Detailed design to
consider and potentially
mitigate local scour
impacts

Monitor the beach for
changes to shoreline

Detailed design to
consider and potentially
mitigate wave-induced
impacts

Monitor the beach.

Re-nourishment or
replenishment of the
beach if and when
required.

Monitor for erosion.

Re-nourishment or
replenishment of the
beach if and when
required.

Consider the impacts in
the design of the boat
ramp.
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Table 5.4 As Table 5.1 relating to potential seagrass wrack dynamics changes

Southern Koombana Bay | No predicted change to seagrass wrack accumulation on Monitor the beach

beaches beaches, which is currently very modest Removal if and when required
KBSC marina No predicted change to in-water seagrass wrack Monitor water bodies
CBH accumulation, which is currently very modest Removal of accumulated

wrack from/near seabed if and
when required

Entrances to CBH and No predicted change to in-water seagrass wrack Monitor bed levels

KBSC marina accumulation, which is currently very modest, with no Removal of accumulated
concomitant changes to sedimentation, bed depth and wrack from/near seabed if and
navigability when required

Koombana Bay, KBSC No predicted change to in-water and shoreline seagrass Monitor water quality and

marina, CBH and wrack accumulation, which is currently very modest, with sediment quality

Leschenault Inlet no concomitant changes to water quality and sediment
quality
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Appendices






Appendix A

Coastal Hazard Risk Management and
Adaption Plan — Transforming Bunbury’s
Waterfront’

7 The CHRMAP mistakenly refers to the Dolphin Discovery Centre as having responsibility for the Point Basaco rock revetment, but the City of
Bunbury has confirmed that they have responsibility.
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Figure 1-1 CHA area with the five assessment areas demarcated by yellow
lines and names

1.4 Scope

The scope of this CHA includes:

e Undertaking both literature and desktop reviews of information relevant to the assessment
area (e.g. inundation water levels, storm wave conditions, and historic shoreline data).

e Defining coastal erosion scenarios of almost certain, possible and rare likelihood for four
different planning timeframes (i.e. present day [2018], 2030, 2070 and 2120).

e  Estimating coastal erosion allowances for each of the five assessment areas (Figure 1-1)
based on the methodology in State Planning Policy 2.6: State Coastal Planning Policy
(SPP2.6).

e Defining coastal inundation scenarios of almost certain, possible and rare likelihood for the
same four planning timeframes (i.e. present day [2018], 2030, 2070 and 2120).

e Estimating coastal inundation allowances for each of the five assessment areas on the
basis of SPP2.6 methodology.

* Preparing hazard maps of both erosion and inundation hazards across the five assessment
areas for the four planning timeframes.

e  Preparing this technical report to document the CHA methodology and results.

1.5 Assumptions

This CHA has been carried out for the current ultimate configuration of Stages 2 and 3 of the
TBW Project, unless otherwise stated. If any key components of the TBW Project are not
implemented, then these CHA outcomes may be materially affected. Additionally, this CHA
assumes continued maintenance of large (e.g. main Casuarina Breakwater) and relatively small
(e.g. Marlston Waterfront seawalls) existing coastal protection assets.

GHD | Report for South West Development Commission - Transforming Bunbury's Waterfront - Koombana Bay
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Introduction

1.1 Purpose of this Report

This document is to be read in conjunction and the Transforming Bunbury's Waterfront (TBW) —
Koombana Bay Coastal Hazard Risk Management and Adaptation Plan (CHRMAP) and is not a
standalone report. The purpose of this appendix is to present an assessment of the adaptation
options identified in the CHRMAP and develop a coastal adaptation plan for the TBW project
area over the immediate and short-term planning timeframes (to 2030). The adaptation options
have been assessed against their respective benefits and impacts to social, environmental and
economical values and services.

1.2 Adaptation Options Assessment Overview

The original scope identified a need to undertake a Multi-Criteria Analysis (MCA) of alternative
adaptation options for the different coastal management units. However, as the project has
progressed and based on the intolerable risks identified in the immediate and short-term
planning timeframes (refer Appendix F and Appendix G) and the existing protection structures
present in the TBW project area, it was decided that it was not necessary to undertake an MCA
of alternative adaptation options at this point in time. This is mainly due to the fact that only one
asset was assessed as currently being at intolerable risk and only four additional assets (three
of which are the beach itself) were assessed as being at intolerable risk over the short-term (by
2030).

In line with GHD’s Adaptation Principles (Appendix A), this means that significant coastal hazard
decision-making is not required in the immediate to short term for all but one of the coastal
management units. This recognises that the detailed assessment of options is based on the
relative importance of different social, environmental, economic, and feasibility values that may
evolve in future. In line with the trigger-based adaptation pathway, options should be assessed
on the relative importance of values at the time of the trigger. This requires detailed adaptation
option assessment at that time. The CHRMAP for the TBW project area will be revised and
updated prior to 2030. In this way, the hazards, risks and optimum adaptation options and
pathways for the post-2030 planning timeframe will be investigated and determined on the basis
of up-to-date measurements and predictions of coastal hazards, processes and sea level rise as
well as up-to-date CHRMAP methodology and coastal engineering technology at that time.

MCA criteria and weighting for each of the ten coastal management units were decided for this
project in the Project Control Group (PCG) meeting held in Bunbury on 26 September 2018,
when the expectation was that an MCA of alternative adaptation options would be undertaken
as part of the next stage of the project. However, during brainstorming and initial consideration
of alternative adaptation options for the intolerable risks that were assessed over the immediate
and short-term planning timeframes (to 2030), it became clear that, there was either critical
information missing or one adaptation option was clearly the most feasible option for that
coastal management unit over this timeframe. This meant that formal assessment using an
MCA would add no further value and so was not undertaken in this project at this time. The
analysis undertaken and explanation of the adaptation options assessment for each coastal
management unit is provided in section 2.5.
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1.3 Scope and limitations

This report: has been prepared by GHD for South West Development Commission and may only be used
and relied on by South West Development Commission for the purpose agreed between GHD and the
South West Development Commission as set out in section 1.1 of this report.

GHD otherwise disclaims responsibility to any person other than South West Development Commission
arising in connection with this report. GHD also excludes implied warranties and conditions, to the extent
legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically
detailed in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered
and information reviewed at the date of preparation of the report. GHD has no responsibility or obligation
to update this report to account for events or changes occurring subsequent to the date that the report was
prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by
GHD described in this report. GHD disclaims liability arising from any of the assumptions being incorrect.

GHD has prepared this report on the basis of information provided by South West Development
Commission and others who provided information to GHD (including Government authorities)], which GHD
has not independently verified or checked beyond the agreed scope of work. GHD does not accept liability
in connection with such unverified information, including errors and omissions in the report which were
caused by errors or omissions in that information.

Where estimates of potential costs are provided with an indicated level of confidence, notwithstanding the
conservatism of the level of confidence selected as the planning level, there remains a chance that the
cost will be greater than the planning estimate, and any funding would not be adequate. The confidence
level considered to be most appropriate for planning purposes will vary depending on the conservatism of
the user and the nature of the project. The user should therefore select appropriate confidence levels to
suit their particular risk profile.
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Adaptation Options Assessment

2.1 Overview

An adaptation options assessment was undertaken to assist in identifying the preferred
foreshore stabilisation option or options for each coastal management unit (see Figure 2-1).

2.2 Adaptation Context and Assumptions

The objective of this report is to determine the most feasible immediate actions and short term
planning adaptation options for the TBW project area when considering social, economic,
environmental, and infrastructure impacts as a result of erosion and inundation over the 100-
year planning timeframe.

The adaptation pathways approach includes a transition from immediate actions to short-,
medium-, and long-term planning measures including long-term retreat which can be used to
compare to the option of retreating now versus a combination of interim protection and
accommodation with deferred managed retreat.

Therefore, in essence, an MCA process is undertaken to identify the best of the options
between the other adaptation measures and retreating at the time of the trigger.

Interim protection measures are based on the assumption that they will provide a certain design
life, after which the risk will need to be re-evaluated and viable adaptation options assessed
when the risk becomes intolerable again. Depending on the trigger, additional interim protection
may be viable or managed retreat may be the only viable option.

2.3 Coastal Adaptation Pathway

The coastal adaptation options were identified and developed depending on the timeframe of
intolerable risk as identified in Table 2-1 in line with the hierarchy of adaptation solutions and
GHD’s principles to coastal adaptation (refer to Appendix A of the CHRMAP). For Coastal
Management Units where a Trigger 3 or 3A has been or will be reached for the immediate or
short-term, an adaptation options assessment was undertaken (Appendix H).
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Table 2-1 Summary of coastal hazard risk tolerance levels and trigger points

Management Unit

Immediate

Term (2018

Short Term
(2018 to 2030

Medium Term
(2030 to 2070

Long Term
(2070 to 2120

1. Casuarina/BP

Beach

2. Casuarina

Breakwater, Casuarina
Harbour and Jetty
Road Causeway
(excluding Jetty Baths

Beach)

3. Jetty Baths Beach

4. Marlston Waterfront

5. Ski Beach

6. Koombana Bay

Sailing Club

7. Western Koombana

Beach

8. Dolphin Discovery

Centre

9. Section of

Koombana Beach

between rock
revetments

10. Port Area on
Eastern Koombana

Beach
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risk)
Intolerable
(Erosion)
Trigger 3

Trigger 3
(Protection
Implemented)

Tolerable
Trigger 1

Trigger 3
(Protection
Implemented)

Trigger 3
(Protection
Implemented)

Tolerable
Trigger 1

Tolerable
Trigger 2

Trigger 3
(Protection
Implemented)

Tolerable
Trigger 2

Trigger 3
(Protection
Implemented)

risk)
Intolerable
(Erosion)
Trigger 3A

Trigger 3
(Protection
Implemented)

Tolerable
Trigger 2

Trigger 3
(Protection
Implemented)

Intolerable
(Erosion)

Trigger 3A

Tolerable
Trigger 1

Intolerable
(Erosion)

Trigger 3

Trigger 3
(Protection
Implemented)

Intolerable
(Erosion)

Trigger 3

Trigger 3
(Protection
Implemented)

risk)
Intolerable
(Erosion)
Trigger 3A

Intolerable
(Erosion &
Inundation)

Trigger 3 or
3A

Intolerable
(Erosion)

Trigger 3

Intolerable
(Inundation)

Trigger 3A

Intolerable
(Erosion &
Inundation)
Trigger 3A or
4

Intolerable
(Erosion)
Trigger 3

Intolerable
(Erosion)
Trigger 3 or
3A

Intolerable
(Erosion &
Inundation)

Trigger 3A

Intolerable
(Erosion)
Trigger 3 or
3A
Intolerable
(Erosion &
Inundation)
Trigger 3A

risk)
Intolerable
(Erosion)

Trigger 3A or
4

Intolerable
(Erosion &
Inundation)
Trigger 3A or
4

Intolerable
(Erosion &
Inundation)
Trigger 3A or
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(Inundation)

Trigger 3A or
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(Erosion &
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(Erosion &
Inundation)
Trigger 3 or
3A

Intolerable
(Erosion &
Inundation)
Trigger 3A or
4

Intolerable
(Erosion &
Inundation)
Trigger 3A or
4

Intolerable
(Erosion)
Trigger 3A or
4

Intolerable
(Erosion &
Inundation)

Trigger 3A or
4



2.4 Managed vs Unmanaged Retreat

Retreat can be achieved through either managed retreat or unmanaged retreat.

Managed retreat is defined as strategic investment into property acquisition, expansion of the
foreshore reserve (for erosion hazard areas), and relocation of public infrastructure to maintain
the existing public values of the foreshore/area at risk.

Unmanaged retreat involves no government intervention or expenditure in coastal adaptation; it
is the “do nothing” option. There is no legal responsibility for government to protect private
property from natural hazards or provide compensation where land is lost to erosion. If private
property becomes uninhabitable or presents a public risk as a result of erosion, government can
intervene and enforce eviction. This unmanaged retreat therefore involves the progressive loss
of the public foreshore reserve before private property is abandoned due to safety. This shifts
the cost (losses) onto coastal property owners and would result in the loss of social and
environmental values associated with the coastal foreshore reserve.

As described in Section 2.5, only adaptation options that retain the values that triggered
intolerable risk were considered in the evaluation process. Adaptation options that were clearly
inconsistent with values of importance were not progressed and were discounted through a fatal
flaw assessment. Unmanaged retreat does not retain the defined values of the TBW project
area and so was not considered as a viable adaptation option.

2.5 Option Identification and Fatal Flaw Assessment

2.5.1 Unit 1: Casuarina/BP Beach

The adaptation options for Casuarina/BP Beach that were considered for this management unit
are summarised in Table 2-2. This section of the coastline (refer Figure 2-1) is highly modified
and unusual in that the beach on the western side has formed against the trunk of Casuarina
Breakwater and is backed by the water on the inside of Casuarina Harbour with the dune and
Casuarina Drive in between. At its narrowest point, and depending on the seasonal beach
morphology, the total width of land between the two water bodies is ~120 metres under calm
metocean conditions. Casuarina Drive is the only land access onto Casuarina Breakwater,
which includes the outer harbour and the planned TBW Stage 3A and 3B development areas.
As this CHRMAP has assumed that Casuarina Breakwater, including the Casuarina Breakwater
Spur Groyne, will be maintained/upgraded over the 100-year planning timeframe and the
ultimate layout of the TBW project will be constructed, long-term protection of Casuarina Drive is
required to maintain land access to the breakwater and the infrastructure and planned TBW
developments located on it. Accordingly, both managed and unmanaged retreat are not
considered feasible in this management unit as neither would maintain this land access long-
term. Offshore breakwaters are not considered feasible as they will not provide sufficient
protection to Casuarina Drive over the 100-year planning timeframe compared to other
protection options based on the extent of the predicted erosion hazards over the long-term.

As described in the CHA (Appendix E), there is evidence from historical aerial photos and
granite rocks currently visible amongst the dunes at the back of the beach that there is a rock
revetment/breakwater currently buried underneath the dunes which forms part of Casuarina
Breakwater. However, the spatial extent, rock armour size, toe and crest elevations, condition
and therefore protective functionality of this structure is uncertain due to the structure being
potentially over 100 years old and currently being almost entirely buried. An
investigation/condition assessment of this structure is urgently required to:

1. Revise the predicted risk from erosion in this management unit (the CHA and CVRA in this
CHRMAP conservatively assumed that there was no protection structure in this area due
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the uncertainty which contributed to the erosion risk being assessed as currently
intolerable); and

2. Adequately determine the optimum protection option as the cost to maintain/upgrade an
existing structure may be significantly lower than that of implementing new protection
options.

As soon as possible after this investigation/condition assessment has been undertaken, a
decision on the optimum adaptation option to protect Casuarina Drive needs to be made as part
of the TBW project planning and engineering process. The selected protection option should be
implemented as soon as possible to reduce the currently intolerable erosion risk to Casuarina
Drive down to tolerable or acceptable and for it to remain so over the long-term. The protection
options which should be compared in the options assessment are:

1. Maintenance/upgrade of the existing revetment/breakwater.
2. Construction of a new revetment along the edge of Casuarina Drive.

3. Construction of a new revetment/breakwater which is offset from Casuarina Drive to allow
for the land in between to be reclaimed. This would be more costly than the previous option
but would result in additional land being created which could be developed for community
or social benefit e.g. playground, BBQ area etc. Part of the reclamation could be achieved
through harnessing the natural net northerly transport of sediment along this beach.

4. Construction of groyne(s) and undertaking of periodic sand nourishment to maintain an
adequate buffer west of Casuarina Drive.

One key consideration in this protection options assessment is whether or not a usable beach is
to be retained in this management unit. All three options which involve protection via a
revetment/breakwater will likely lead to the eventual loss of the beach in front of the structure
over time from erosion. The groyne(s) and nourishment option would facilitate maintaining a
beach for community use, however this option would likely require periodic renourishment to
maintain an adequate buffer for protection of Casuarina Drive which would have an associated
cost and requirement for sourcing of sufficient volume and type of sand.

The downside to the groyne and nourishment option is that it does not necessarily provide the
same level of protection as the revetment options as there will always be the risk that the sand
buffer in between groyne(s) may be eroded during an extreme event to the point that Casuarina
Drive is damaged, e.qg. if the sand buffer has been naturally eroded over time and has not been
adequately maintained through renourishment at a time when an extreme event occurs.
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Table 2-2 Casuarina/BP Beach trigger and adaptation options

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 3 (Erosion) Intolerable erosion risk to
Casuarina Drive during rare
likelihood event.

Short term (2018 to 2030) Trigger 3A (Erosion) Intolerable erosion risk to
Casuarina Drive during
possible likelihood event.
Beach at intolerable risk from
erosion.

Adaptation Options to be assessed after investigation of existing structure

Interim protection - maintain/upgrade existing revetment/breakwater
Interim protection - new revetment
Interim protection — new breakwater and land reclamation behind

Interim protection — groynes and sand nourishment

2.5.2 Unit 2: Casuarina Breakwater, Casuarina Harbour and Jetty Road
Causeway (excluding Jetty Baths Beach)

This CHRMAP assumed that Casuarina Breakwater, including the Casuarina Breakwater Spur
Groyne, will remain in place over the 100-year planning timeframe and be maintained/upgraded
as required to continue to provide sheltering to Koombana Bay and specifically the infrastructure
and land area on the inside of the breakwater. The TBW project plans (Stages 3A and 3B)
include development on the land area on the inside of the breakwater as well as construction of
a new northern breakwater to further shelter Casuarina Harbour. The CHA component of this
CHRMAP did not assess erosion hazards along the coastline of this management unit due to
the current rock protection structures and the assumption this protection will continue. The CHA
did assess inundation hazards for this management unit and found the risk from inundation
intolerable by 2070 for the Outer Harbour and the TBW Stage 3B development. In addition, the
CHA found the risk from inundation intolerable by 2120 for the TBW Stage 3A development. As
discussed in the CHA, the inundation hazard was assessed based on the current topography.

As the TBW Stage 3A and 3B developments are central to the TBW project and these
development areas are currently protected by rock revetment, the recommended adaptation
pathway is to maintain/upgrade the rock revetment protection as part of the TBW development
and also raise the land in the development area (finished floor levels) so that the inundation risk
becomes tolerable or acceptable over the 100-year planning timeframe.

2.5.3 Unit 3: Jetty Baths Beach

The intolerable risk in this management unit is triggered by the threat of erosion of the
playground at the south eastern end of the beach but only over the medium term (beyond
2030). The erosion hazard allowance in this area consists solely of the uncertainty allowance of
0.2 m/year (refer CHA in Appendix E). Combined with the fact that the playground is a low-value
and relocatable asset, it is not considered feasible to invest in significant protection in this area.
Therefore the recommended adaptation pathway is monitoring followed by managed retreat
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iffwhen the playground is affected by erosion, though this is not expected until after 2030. The
trigger levels and adaptation options is presented in Table 2-3

Table 2-3 Trigger and adaptation option for Jetty Baths Beach

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 1 (Tolerable) No Erosion risk. Inundation
risks acceptable or tolerable.

Short term (2030) Trigger 2 (Tolerable) Erosion risks acceptable.
Inundation risks acceptable
or tolerable.

Adaptation Option to 2030

Monitor (undertake managed retreat if/when playground is affected by erosion, but this is not
expected until after 2030).

2.5.4 Unit 4: Mariston Waterfront

This CHRMAP assumes that the Marlston Waterfront Seawall will remain in place over the 100-
year planning timeframe and be maintained/upgraded as required to continue to provide
protection to the highly modified and developed shoreline in this management unit. The CHA
component of this CHRMAP did not assess erosion hazards along the coastline of this
management unit due to the current protection structure and the assumption detailed above.
The CHA did assess inundation hazards for this management unit and found the risk from
inundation intolerable by 2070.

On this basis, the recommended adaptation pathway is to maintain and upgrade the revetment
protection so that the erosion risk remains tolerable or below and the inundation risk is reduced
to either tolerable or acceptable over the medium term (to 2070).

2.5.5 Unit 5: Ski Beach

The recommended adaptation options for Ski Beach are summarised in Table 2-4. Ski Beach is
a sheltered pocket beach with the Marlston Waterfront Seawall to the northwest and the western
Leschenault Inlet Entrance Groyne to the east. Due to these factors, the application of the
standard methodology from SPP2.6 for estimating the erosion allowance on a sandy coast to
Ski Beach (as was done in the CHA (Appendix E)) is likely to be conservative. This is
particularly true over the medium to long term given the CHRMAP assumes that both the
adjacent coastal structures are maintained/upgraded, as required, over the 100-year planning
timeframe.

Over the short term (to 2030) the only intolerable risk is to the beach itself and therefore the only
feasible adaptation option over this timeframe is to monitor the beach and undertake sand
nourishment iffwhen the amenity of the beach is significantly reduced by erosion.
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Table 2-4 Ski Beach trigger and adaptation options

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 3 (Protection Seawall protection (most of
Implemented) beach) and nourishment
implemented as part of
Koombana North
development.

Short term (2030) Trigger 3A (Erosion) Beach at intolerable risk from
erosion by 2030. Beach is
narrow and constrained by
development behind.

Adaptation Option to 2030

Interim protection — Monitoring and nourishment as required to maintain beach amenity.

2.5.6 Unit 6: Koombana Bay Sailing Club (KBSC)

Significant redevelopment of the KBSC is planned as part of the TBW project. This includes the
construction of two new breakwaters which will create a marina which covers the whole of this
management unit as well as significant reclamation of land out from the current shoreline. Due
to the sheltering provided by the new breakwaters, the erosion hazard inside the marina
consists only of the uncertainty allowance (0.2 m/year). The CHA and CVRA assessed the
erosion hazard and risk based on the current shoreline and building locations in this coastal
management unit and found the risk from erosion would become intolerable by 2070. However,
both the position of the shoreline and the infrastructure layout will change with the development.
It is therefore recommended that both the erosion and inundation hazards and risks in this
management unit over the design life of the new development be designed and allowed for as
part of the planning and engineering design of the KBSC development.

2.5.7 Unit 7: Western Koombana Beach

The adaptation options for western Koombana Beach that were assessed are summarised in
Table 2-5. There were no assets in this management unit which were assessed as being at
immediate intolerable risk from erosion, however, there are two assets in this management unit
which are at intolerable risk from erosion by 2030, namely, the beach and the Koombana
foreshore active parks and recreation area which includes the landscaping, kiosk, amphitheatre
and playground. As shown in the erosion hazard maps (Appendix D), the intolerable risks are
triggered in the eastern portion of this management unit due to the narrower width of the beach
in this area. The length of the coast over which the intolerable risk by 2030 applies is
approximately 250 m. Given that this is a highly valued beach to the community and one of the
assets at risk from erosion is the beach itself, the only feasible adaptation pathway for this
management unit to 2030 is to monitor the beach and undertake sand nourishment if/when
either the beach amenity is significantly reduced by erosion or the foreshore infrastructure
becomes at intolerable risk from erosion (within the S1 distance of the HSD).
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Table 2-5 Western Koombana Beach trigger and adaptation options

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 2 (Tolerable) Erosion only affects beach
and risk is tolerable.

Short term (2030) Trigger 3A (Erosion) Significant area of beach and
small area of Koombana
foreshore at intolerable risk
from erosion.

Adaptation Option to 2030

Interim protection — Monitoring and nourishment (when either the beach amenity is
significantly reduced by erosion or the foreshore infrastructure becomes at intolerable risk
from erosion (within the S1 distance of the HSD)).

2.5.8 Unit 8: Dolphin Discovery Centre

The adaptation options that were assessed for the section of Koombana Beach in front of the
Dolphin Discovery Centre are summarised in Table 2-6. This section of Koombana Beach had a
rock revetment constructed in front of it in 2017/2018 which has a 50-year design life and is
buried under the dune. The revetment protects the land and infrastructure behind it, but not the
beach in front of it and the beach was assessed as being at intolerable risk from erosion over
the short-term (by 2030). However, as it is the beach itself which is at intolerable risk, the only
feasible option is to monitor the beach and undertake sand nourishment if the amenity of the
beach in front of the revetment becomes significantly reduced by erosion.

Table 2-6 Dolphin Discovery Centre trigger and adaptation options

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 3 (Protection Buried revetment protects
Implemented) land and infrastructure
behind however beach in
front is currently at intolerable
risk from erosion.

Short term (2030) Trigger 3 (Protection As above
Implemented)

Adaptation Option to 2030

Interim protection — Maintain rock revetment and undertake sand nourishment as required to
maintain beach amenity.

2.5.9 Unit 9: Section of Koombana Beach between existing rock
revetments

The adaptation options that were assessed for the section of Koombana Beach in between the
Dolphin Discovery Centre Buried Revetment and the Point Busaco Revetment are summarised
in Table 2-7. This section of Koombana Beach is located in between two rock revetments which
will influence how erosion occurs on this section of the beach. The CVRA assessed the risk
from erosion to be tolerable today but will become intolerable by 2030. However, as it is the
beach itself which is at intolerable risk by 2030, the only feasible option in the short term is to
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monitor the beach and undertake sand nourishment if the amenity of the beach in between the
revetments becomes significantly reduced by erosion.

Table 2-7 Trigger and adaptation options for section of Koombana Beach in
between existing rock revetments

Planning Timeframe Trigger Level Justification

Immediate (2018) Trigger 2 (Tolerable) Buried revetment protects
land and infrastructure
behind however beach in
front is currently at intolerable
risk from erosion.

Short term (2030) Trigger 3A (Erosion) As above

Adaptation Option to 2030

Interim protection — Monitoring and nourishment when either the beach amenity is
significantly reduced by erosion.

2.5.10 Unit 10: Port Area on Eastern Koombana Beach

The adaptation options that were assessed for the Port area on eastern Koombana Beach are
summarised in Table 2-8. This section of Koombana Beach is protected by the Point Busaco
Revetment which was constructed in 2015 with a 25-year design life (~2040) which causes the
erosion risk to remain tolerable for the life of the revetment. Sand nourishment has been
undertaken by the Southern Ports Authority (SPA) in front of the revetment on at least two
occasions since construction. The potential for this revetment to cause erosion further west
along Koombana Beach was recognised during the design and planning of the revetment and in
the environmental conditions applied to the revetment. The sand nourishment which has been
undertaken has been accompanied by a monitoring program which has monitored the
redistribution of the nourishment sand in a westerly direction. The only feasible option for this
section of coast over the short term is to maintain the revetment and monitor the beach and
undertake sand nourishment as required to comply with the environmental approval conditions
and the relevant existing agreements between the City of Bunbury and SPA. On this basis an
MCA of alternative adaptation options is not required for the short term (to 2030).
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Table 2-8 Trigger and adaptation options for port area on eastern Koombana

Beach
Planning Timeframe Trigger Level
Immediate (2018) Trigger 3 (Protection Point Busaco Revetment
Implemented) provides protection from

erosion until at least the end
of its design life (~2040). The
beach in front of the
revetment only exists due to
sand nourishment
undertaken by SPA.

Short term (2030) Trigger 3 (Protection As above

Implemented)

Adaptation Option to 2030

Interim protection — Maintain rock revetment and undertake sand nourishment as required to
comply with environmental approval conditions and relevant existing agreements between
the City of Bunbury and SPA.
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Summary of Recommended Immediate
and Short-Term Adaptations Options

The recommended immediate and short-term adaptation actions for each coastal management

unit are summarised in Table 3-1

Table 3-1 Recommended immediate and short-term adaptation options

Action

Commencement
DE(]

Coastal Management Unit 1: Casuarina/BP Beach

Undertake investigation/condition
assessment of
revetment/breakwater structure at
the back of the beach

Undertake options assessment to
decide optimum protection option
for Casuarina Drive and implement
chosen option

Undertake regular monitoring of
the beach

Immediately

As soon as
possible after
investigation /
condition
assessment above
is completed

Ongoing

Lead
Stakeholder

Department of
Transport

Department of
Transport

City of Bunbury

Supporting
Stakeholders

LandCorp
City of Bunbury

Southern Ports
Authority

LandCorp
City of Bunbury

Southern Ports
Authority

Southern Ports
Authority

Department of
Transport

Coastal Management Unit 2: Casuarina Breakwater, Casuarina Harbour and Jetty Road
Causeway (excluding Jetty Baths Beach)

Determine the feasibility of
including freehold/leasehold
apartments in the mixed use
development as part of Stage 3B
business planning — including
funding and maintenance of
coastal protection infrastructure

Immediately

Coastal Management Unit 3: Jetty Baths Beach

Undertake occasional monitoring
of the beach

Ongoing

Coastal Management Unit 4: Marlston Waterfront

Monitor the condition of the
revetment/seawall structure and
undertake required maintenance.

Ongoing

LandCorp

City of Bunbury

City of Bunbury

City of Bunbury

Dept. Planning,
Lands and
Heritage

Department of
Transport

Department of
Transport
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Action Commencement Lead Supporting

DE(E] Stakeholder Stakeholders

Coastal Management Unit 5: Ski Beach

Undertake regular monitoring of Ongoing City of Bunbury
the beach and undertake sand
nourishment if/when required

Coastal Management Unit 6: Koombana Bay Sailing Club (KBSC)

Transfer management Immediately Department of KBSC
responsibility for existing groyne Transport
(and proposed breakwater)

Coastal Management Unit 7: West Koombana Beach

Monitor the beach and undertake Ongoing City of Bunbury SPA
sand nourishment if/when
required.

Coastal Management Unit 8: Dolphin Discovery Centre

Monitor the beach and undertake Ongoing City of Bunbury DDC
sand nourishment if the amenity of
the beach in front of the revetment
becomes significantly reduced by
erosion.

SPA

Coastal Management Unit 9: Section of Koombana Beach between rock revetments

Monitor the beach and undertake Ongoing City of Bunbury SPA

sand nourishment if required DDC

Coastal Management Unit 10: Port Area on Eastern Koombana Beach

Maintain the revetment/adjoining Ongoing SPA City of Bunbury
beach and undertake sand DDC

nourishment as required to comply
with environmental approval
conditions and/or existing
agreements with City of Bunbury
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Public Submissions - draft CHRMAP February 2019

Do you have any comments on the proposed
adaptation pathways and short-term action plan for
the Koombana Bay TBW area?

Do you think the
values identified are
accurate (refer to
Section 3)?

Public Submission Comments

GHD Response

| support the adaptation pathways and short-term
action plan

Yes

Generally yes, but |
have comments (see
below)

I'd love to see more detailed concept plans for the proposed mixed use /
commercial development zone. | think it is a tremendous opportunity to
increase the number of local eateries, enhance waterfront dining with ocean
and bay views and solidify Bunbury's growing reputation for quality local
restaurants. | think this section, along with the amenity / pedestrian +
vehicle transport links / parking etc. to support it should be at the forefront
of any redevelopment in the area. As commercial expansion was one of the
key elements missing from Koombana, I'm hoping that this would be a
priority for this stage of works. Imagine if you will, a dining precinct; rooftop
bars, pizza places, fish and chips, a few boutique shops along a boardwalk
overlooking a marina to the east and the Indian Ocean to the west. It's
something I've dreamed of in Bunbury since | was a little kid, to have it
happen would be a dream come true - and | know I'm not the only one.

This level of detail is not required in the CHRMAP and will occur as the TBW
project planning continues and more detailed design is undertaken. Support
for commerical/mixed use development is noted and passed on to relevant
stakeholders for consideration. No modifications to the CHRMAP required.

| support the adaptation pathways and short-term
action plan

Yes

Support acknowledged.

| generally support the adaptation pathways and short-
term action plan, but have some comments (see below)

Generally yes, but |
have comments (see
below)

Plans are a generalisation of intent; the outcome don’t always reflect the
graphics shown hence my concern.

During consultation period | have been led to believe the communities
concerns will be noted and where possible those issues will be addressed.
What guarantees do the residence have that their concerns will be satisfied
?
Our greatest concerns are the excessive tree and scrub planting that the
drawings predict, our concerns re the trees have been consistently voiced
and have been promised less trees and those that are planted are
strategically placed. Please ensure this commitment is kept.

The CHRMAP is a strategic plan to guide coastal management and adaptation
into the future. It is intended to respond to current community values and
plan/identify future decision making trigger points. Figure 1-1 has some trees
etc. shown. The intent of this figure is to provide an overview of the proposed
TBW development and is a standard graphic used when discussing this project.
The CHRMAP does not commit the project to any particular landscaping. The
landscaping will be planned and designed as the project progresses. Concerns
raised will be passed on to relevant stakeholders for consideration. No
modifications to the CHRMAP required.
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