Report
Mount Martha North Options Analysis
Department of Environment Land Water and Planning
26 June 2019

Document Status
Version

Doc type

Reviewed by

Approved by

Date issued

V01

Draft

EAL

EAL

13/02/2019

V02

Report

JGW

EAL

29 March 2019

V03

Final Report

JGW

EAL

08 April 2019

V04

Final Report

EAL

EAL

26 June 2019

Project Details
Project Name

Mount Martha North Options Analysis

Client

Department of Environment Land Water and Planning

Client Project Manager

Cassandra Philippou

Water Technology Project Manager

Elise Lawry

Water Technology Project Director

Andrew McCowan

Authors

Elise Lawry, Parvin Zavarei

Document Number

6053-01_R01v04c.docx

COPYRIGHT
Water Technology Pty Ltd has produced this document in accordance with instructions from Department of Environment
Land Water and Planning for their use only. The concepts and information contained in this document are the copyright of
Water Technology Pty Ltd. Use or copying of this document in whole or in part without written permission of Water
Technology Pty Ltd constitutes an infringement of copyright.
Water Technology Pty Ltd does not warrant this document is definitive nor free from error and does not accept liability for
any loss caused, or arising from, reliance upon the information provided herein.
15 Business Park Drive

6053-01_R01v04c.docx

Notting Hill VIC 3168
Telephone

(03) 8526 0800

Fax

(03) 9558 9365

ACN

093 377 283

ABN

60 093 377 283

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 1

26 June 2019

Cassandra Philippou
Program Office (Coastal Projects)
Department of Environment Land Water and Planning
Private Bag 15, Ferntree Gully Delivery Centre, Victoria 3156
Via email cass.philippou@delwp.vic.gov.au
Dear Cass,

Mount Martha North Options Analysis
Please find herein details of the multi-criteria analysis of options for beach and cliff protection at Mount Martha
North Beach, and subsequent numerical modelling and analysis of the preferred options.
The multi-criteria analysis indicated that the most favourable options to assess in greater detail were that of a
short headland groyne or a small offshore breakwater. These options scored well in the MCA as their impact
would be limited to the area of concern at Mount Martha North Beach, they were socially and visually more
acceptable, and their cost could fall within the budget available. The alternative options of a large offshore
breakwater or a series of long groynes along the whole of Mount Martha Beach were less favourable due to
concerns about meeting directions established in the Victorian Coastal Strategy, the expanded footprint of
impact across the Mount Martha Beach as a whole, the very high cost and the larger impact on beach users
these options would have
However, modelling of the small groyne and offshore headland indicated that due to the limited size, they could
not adequately protect the target area at Mount Martha North Beach, and they would likely lead to erosion and
nourishment requirements at the adjacent shoreline and Hawker Beach, which would then require future
management.
In summary, the potential solutions for maintenance of a beach at Mount Martha North are limited. The beach
experiences significant change between summer and winter, with a summer beach nearly always reestablishing despite significant winter erosion. Beach management (i.e. physical transport of sand from south
to north) could be carried out during winter if a winter beach was deemed a requirement of the area. Material
from the south however is fine grained and would likely be rapidly returned to the south. Nourishment of the
beach with imported coarse material may reduce the period of time re-nourishment is required, however the
existing coastal processes have demonstrated that even the coarse material presently on the beach is subject
to erosion (and deposition as it has been sampled from the beach) during more extreme winters. The existing
private beach boxes will need to be assessed for structural integrity and ability to withstand wave and tidal
inundation during winter when no beach is present.
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Water Technology thanks the Department for the opportunity to be involved in the project and welcomes any
further feedback.

Yours sincerely
Elise Lawry
Group Manager – Coast and Environment | Principal Engineer
Elise.Lawry@watertech.com.au
WATER TECHNOLOGY PTY LTD
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GLOSSARY AND DEFINITIONS
AHD

Australian Height Datum. 0m AHD approximately corresponds to mean sea level

AEP

Annual Exceedance Probability: The measure of the likelihood (expressed as a
probability) of an event equalling or exceeding a given magnitude in any given year

Astronomical tide

Water level variations due to the combined effects of the Earth’s rotation, the
Moon’s orbit around the Earth and the Earth’s orbit around the Sun.

Breakwater

A structure constructed which extends offshore from the coast and provides
protection to the coast from the incoming wave. Can be connected to the shore or
constructed offshore.

Cross-shore
Sediment Transport

Sediment transport which occurs on and off the beach face and in the active profile.
Cross-shore transport is typically used to review rapid change which occurs
following a storm event, the response to sea level rise and beach nourishment.

Exceedance
probability

The probability of an extreme event occurring at least once during a prescribed
period of assessment is given by the exceedance probability. The probability of a 1
in 100 year event (1% AEP) occurring during the first 25 years is 22%, during the
first 50 years the probability is 39% and over a 100 year asset life the probability is
63%.

Fluvial

Geological term to describe sediments which are derived from a river environment.

Groyne

A structure which extends from the shoreline into the water. Designed to trap sand
which is transported along the shore.

Gross sediment
transport

The absolute value of sediment transport. The transport to the left plus transport to
the right when facing the sea. A beach may have a net sediment transport rate of
zero (i.e. be stable over time) but have a high gross transport rate resulting in large
counter-balanced movements.

HAT

Highest Astronomical Tide: the highest water level that can occur due to the effects
of the astronomical tide in isolation from meteorological effects.

Holocene

Geological epoch beginning approximately 12,000 years ago. It is characterised by
warming of the climate following the last glacial period and rapid increase in global
sea levels to approximately present day levels.

Longshore
Sediment Transport

Sediment transport which occurs parallel with the beach. Longshore sediment
transport occurs at different rates across the beach profile with rates depending on
the sea bed elevation, bed material and depth of water and wave conditions.
Longshore transport is calculated typically as a volumetric rate (m 3) over time (a
year) across the width of the profile.

MHHW

Mean Higher High Water: the mean of the higher of the two daily high waters over a
long period of time. When only one high water occurs on a day this is taken as the
higher high water.

MHWS

Mean High Water Springs: the height of MHWS is the average height of the highest
two successive high waters during the spring tides. Used when semi-diurnal tides
are present.

MSL

Mean Sea Level: the long-term average level of the sea surface.

Nearshore wave
zone

The area inshore where wave energy can re-suspend material from the bed and
transport it in suspension
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The sum of the sediment transport rate. The transport to the left minus the transport
to the right (or vice versa).
The beach face will attempt to realign to an angle where the net transport
approaches zero. A high net transport rate indicates the beach material will shift
frequently.

Pleistocene

Geological epoch from 2.5 million to 12,000 years before present that spans the
earth's recent period of repeated glaciations and large fluctuations in global sea
levels.

Quaternary

Geological period beginning approximately 2.6 million years ago and continuing
today.

Sedimentation

The build-up of sediment

Sediment transport
potential

The rate at which offshore wave conditions can shift sand either to the left or right of
a beach profile, or offshore and onshore across a beach profile.
The potential sediment transport rate is independent of the actual amount of sand
on the beach and assumes there is an endless supply of sand to be transported left
or right of the profile.

Sediment transport

The actual sediment transported along the coast. This is limited by the available
sediment compared with the sediment transport potential

Significant wave
height

The average of the highest one third of all waves.

Storm surge

The meteorological component of the coastal water level variations associated with
atmospheric pressure fluctuations and wind setup.

Storm tide

Coastal water level produced by the combination of astronomical and
meteorological (storm surge) ocean water level forcing.

Swash Zone

The part of the beach extending from a shallow depth to the limit of maximum
inundation.
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Net Sediment
Transport
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EXECUTIVE SUMMARY
Mount Martha North Beach (MMNB) has been experiencing significant coastal recession with notable recent
erosion occurring during 2016 and 2017 storm events. This has led to cliff instability, reduction in beach width
and structural damage to the beach boxes, the foundations of which began to be exposed most recently in the
early 2000s. A number of issues have arisen which include public safety risks due to cliff and beach box
instability, a loss of beach amenity for recreational users caused by the reduction of beach width, and potential
economic risks associated with cliff instability and road assets at the cliff crest.
This report details works completed by Water Technology to assess potential management options at Mount
Martha North Beach. The objective of the project was to investigate four long term coastal erosion
management options with respect to their ability to:
◼

Protect the foreshore, cliffs, and public assets from waves and erosion, and

◼

Restore or renourish the beach on a long term basis.

It is of note that this study is to identify if any of the proposed coastal protection options are feasible.
Background – Coastal Processes and Sediment Transport at Mount Martha North Beach
The sediment transport at Mount Martha is driven by locally generated wind-wave conditions (i.e. not long
period swell waves from distant storms). Currents in the area are low and driven by wind conditions rather than
tidal fluctuations. Wave dominated sediment transport results in cross-shore transport as waves shift
sediments across the shore profile; and longshore transport occurs when waves approach the shore on an
oblique angle and direct sand along the shoreline.

6053-01_R01v04c.docx

The Mount Martha coastline is subject to seasonal sediment transport processes. In summer the sediment is
transported in a northerly direction along the beach, driven by south and south westerly winds which generate
small waves that push sediment along the beach face. The sediment transport direction is reversed in winter,
with the predominantly stronger northerly through to westerly winds generating bigger waves which break in
the offshore bar system. As a result, the sediment is shifted south in winter, predominantly in the offshore bar
system. Sediment is removed from the beach face and transported to the offshore bar during these more
energetic winter storms. A schematic of this transport regime is shown below (Water Technology, 2017).

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 5

Analysis of beach width at the study area (i.e. Mount Martha North Beach, MMNB) using historical aerial
imagery established a significant change in present day beach width compared to the earlier images of the
1950s through 2000s. However, it should be noted that in the past the beach width varied over 15m between
images, which were analysed at intervals of 10+ years. It cannot be established with certainty that the beach
remained wide between these images, or that there was linear change. The beach in the images analysed
remained greater than around 15m wide. More recent imagery assessed between 2005 and 2015 also showed
up to 15m variation in beach width, however beach width was not greater than 20m. Generally, winter beach
width was noted as less than summer beach width.
Background – Drivers of Beach Width Change at Mount Martha North Beach
A previous study by Water Technology (2017) reviewed a long period record of wind speed and direction to
establish if there had been any notable change in storm frequency and intensity which has resulted in more
significant erosion since the early 2000s. The review found that there was a trend of increasing wind strength
since the 1970s, and notably, that the 1990s had been a significantly calmer decade compared with the 1980s
and 2000s. This could have led to an increase in beach width at MMNB and a perception that conditions had
changed more significantly in the 2000s.

6053-01_R01v04c.docx

Sea level rise within Port Phillip Bay has also been reviewed by Water Technology (2018), analysing measured
data from the Williamstown gauge. Assessment of 40 years of data at Williamstown indicated an increasing
frequency of high water levels, a result of both the gradual sea level rise experienced in the bay, and potentially
an increase in storm intensity which has resulted in higher storm surges. Higher water levels during storm
events results in greater erosion of beach and cliff material due to greater period of inundation and higher wave
energy.
A large amount of community concern still exists regarding the Port of Melbourne Channel Deepening Project
(CDP) which was completed in 2008. The more significant erosion at MMNB began prior to this project, and,
combined with the hydrodynamic principles of Port Phillip Bay and the impacts of the CPD, lead to the
conclusion that the CDP is not responsible for the erosion at MMNB.
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Background - Community Perspective
The community members who responded to the Social Survey were predominantly a locally derived base with
50% permanently living within 5km of MMNB or owners of a holiday house similarly located; 49% of
respondents had access to or owned a beach box at MMNB. Most respondents are between the ages of 35
and 75, with a relatively high proportion of users over the age of 70 (12%).
The majority of respondents were regular beach users; over 70% regularly visiting MMNB at least weekly and
primarily walking, swimming, playing with children or just enjoying nature. When MMNB was closed, more than
half the respondents changed their behaviour, with the clear majority simply visiting MMSB instead. However,
this was reported to lead to higher car usage, often in multiple cars to ferry small children, and increased traffic
and parking limitations at MMSB on peak days.
A high proportion of respondents wanted the beach width at MMNB to be maintained regardless of cost or
visual intrusion. In hindsight, a photomontage depicting the level of visual intrusion required by some of the
previously proposed options may have changed the response to this question. The majority of respondents
welcomed options such as groynes and breakwater, and also supported ongoing beach nourishment as
conditions required at MMNB.
Comments often noted the historical and cultural value of the beach boxes to respondents. This is in contrast
to a cultural heritage report produced for the Mornington Peninsula Shire Council (MPSC) which rated the
beach boxes at MMNB as below the threshold for cultural significance on a Shire wide perspective. Given that
close to 50% of the survey respondents own or have access to a beach box this perception is not unexpected
and the majority of survey respondents (70%) did not want to see the beach boxes removed even if they
impacted on the beach width available for walking and other recreational activities.
Background – Erosion Management Options
Erosion management options were reviewed to protect the toe of the cliff and restore and maintain a beach at
MMNB. The Victorian Coastal Strategy (VCS), DELWP regulatory requirements and Engineers Australia
provide guidance on the approach to coastal erosion and adaptation strategies for the future impacts of climate
change. Broadly, the underlying first approach is to consider the option of retreating and allowing the coast to
adapt naturally to the changing coastal conditions.

6053-01_R01v04c.docx

However, provision for adaptation and protection are considered in the VCS where “structures and facilities
providing significant net community benefit and to those whose functionality depends on them being near the
water”. This is considered the basis behind protecting the toe of the cliff which supports road and services
infrastructure landward. With respect to private property, the VCS states that “structures to protect private
property are not to be located on coastal Crown land unless private land is not physically capable of supporting
the structure and the use of the Crown land demonstrates a significant public benefit”, and DELWP policy
states that “public benefit” should be defined as relevant to each individual case based on understanding of
public values and the site in question. In conjunction with this DELWP also state that “significant” public benefit
must be demonstrated and that the “benefit should be in the least, to the broader local community”. Thus,
protection of the beach boxes themselves (as private property) may not be seen as a priority for the
management options. However, their integrity may be maintained as a result of maintaining a stable beach at
MMNB.
Cliff toe erosion management has and continues to be undertaken at MMNB by the installation of rock or
geotextile protection along the cliff. Beach erosion management options fall into two categories – soft or hard
engineering. Soft engineering works are associated with ongoing management options such as beach
nourishment or sand movement, or accommodation of changes and retreat of the accepted coastline position.
Hard engineering includes any built structures such as groynes, seawalls, offshore breakwaters and artificial
headlands.
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Coastal Protection at Mount Martha North
Through the previous works, hard engineering options were identified as having technical potential and
community support at Mount Martha North. Five options were selected by DELWP to asses in this study:
◼

Small offshore reef;

◼

Large offshore reef;

◼

Small rock groyne at eroded headland between Hawker Beach and MMNB;

◼

Multiple large rock groynes;

◼

Cliff toe revetment.

A Multi-Criteria Analysis (MCA) was used to assess the options, comparing each proposed management path
across 6 categories as noted below. The weighting across the categories was even, with the exception of the
Technical feasibility, which was rated higher. The focus of this study is to assess the technical feasibility of
coastal protection options, and thus if the option was not likely to stand up technically, it was not desirable to
review any further.
◼

Environmental Values –
◼

◼

Legislation –
◼

◼

6053-01_R01v04c.docx

The impact of the beach protection on the neighbouring beaches of Hawker Beach, Craigie Beach,
Mount Martha South Beach. Construction of hard coastal engineering works will have an impact on
the surrounding area. The significance and acceptability of this flow on effect should be considered
in conjunction with the impact on the target area.

Economics –
◼

◼

The sense of community, connectedness of the public to the beach, as well as personal and
community health and the wellbeing of beach goers and the wider community. The social values have
been driven by the responses to the recent beach user survey, conducted online over the JanuaryFebruary 2019 period.

Neighbouring / Secondary Impacts –
◼

◼

To ensure that protection options provided are consistent with planning and legislative requirements
of the Commonwealth, State and Local governments. A good understanding of the legislation
controlling activities in the coastal zone is required.

Social Values –
◼

◼

The ecological quality, biological diversity and terrestrial condition of the local coastal environment in
Mount Martha North Beach are addressed within this criterion. The maintenance of these values can
be achieved through management or avoidance of detrimental environmental impacts.

This category addresses the direct and indirect financial implications of the proposed protection
options.

Technical Feasibility –
◼

The technical aspects of the proposed option and the likelihood of success are assessed within this
category. The specific assessment criteria of the Technical Feasibility category included:
◼

the effectiveness of the option to prevent future erosion,

◼

the design life,

◼

the complexity of construction and
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◼

the potential for the option to protect beach nourishment completed in conjunction with hard
engineering works.

The results of the multi-criteria analysis were reviewed with DELWP and the highest scoring options were the
construction of a revetment only to protect the cliff, construction of a small rock groyne at the eroded headland
and construction of a small offshore reef adjacent to the beach boxes. The latter two options were selected to
analyse in further detail to establish their potential to decrease the erosion and improve beach amenity at
MMNB.
Numerical Modelling
The previous study by Water Technology established numerical models to simulate hydrodynamics and wave
forces at Mount Martha. This model was utilised to assess the impact of the small headland groyne and two
locations of the small offshore breakwater under typical hydrodynamic and wave conditions. Assessment of
performance under typical rather than extreme storm conditions is considered to provide a more indicative
reflection of the impact over a longer period compared with storm conditions which can occur with many
combinations of frequency, intensity and duration. The length of the structures considered the available
construction budget ($1 million), and the need for construction works and beach nourishment within this
budget.
The numerical modelling indicated that during summer conditions, when a net northward transport of sand
occurs along the shoreline, the management options worked effectively, and sand accumulated south of the
groyne and in the lee of both offshore breakwaters. However, on the lee (northern) side of the groyne, and on
the northern shoreline adjacent to the breakwaters, erosion of the shoreline was observed as this section of
coast was starved of incoming sediment. This was expected and is the typical response to these hard
engineering structures. Nourishment of the beach at the same time as construction of the hard engineering
structures would reduce the initial impact of this erosion, but not prevent the ongoing issue.
Following the more energetic winter months, the modelling replicated the expected processes with the larger
waves removing material from the beach face and distributing material in the offshore bar which was then
worked south towards Mount Martha South Beach. The material accumulated at the beach face in summer
was removed.
The relative impact of the management options compared with “Do Nothing” indicated limited success in
protecting beach amenity, and in some areas, indicated that the existing erosion may be accelerated by the
change in conditions on the coastline.
Combining the options with beach nourishment may delay erosion, however, would require ongoing works,
especially following any storm events. The nourished beach would be better protected from storm events
(similar to those which resulted in the loss of sediment from the previous nourishment) in limited locations only.
Summary

6053-01_R01v04c.docx

Whilst MMNB is highly valued by the nearby residents and beach box owners and users, it is a beach which
has long been subject to seasonal and annual variation in beach width and quality. As sea levels rise, sediment
sources change and wave conditions increase the volume of sediment movement along the coast, the future
of a winter beach at MMNB is less certain.
Management options assessed here are considered to have limited effectiveness in maintaining a beach along
the whole of MMNB through winter, and without an ongoing commitment to regular beach nourishment, it is
likely the amenity of the beach in winter will continue to decrease.
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Public safety will need to be considered in the future with respect to the beach boxes and the risk of damage
during winters where a diminished beach provides a reduction in protection from wave energy. Regular
inspections should be undertaken to ensure safe conditions.
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1

INTRODUCTION

Mount Martha North Beach (MMNB) has been experiencing significant coastal recession with notable recent
erosion occurring during 2016 and 2017 storm events. This has led to cliff instability, reduction in beach width
and structural damage to the beach boxes, the foundations of which began to be exposed most recently in the
early 2000s. A number of issues have arisen which include public safety risks due to cliff and beach box
instability, a loss of beach amenity for recreational users caused by the reduction of beach width, and potential
economic risks associated with cliff instability and road assets at the cliff crest.
In order to address these issues, the Victorian State Government Department of Environment, Land, Water
and Planning (DELWP) has commissioned multiple studies since the early 2000’s to investigate coastal
processes driving the recession and assess potential erosion management options for MMNB.
In 2018 DELWP commissioned Water Technology to complete a Multi-Criteria Analysis of the most feasible
mitigation options detailed within the Water Technology report, “J4909 R01v03 Mount Martha Coastal Process
Investigation and Future Management Recommendations”. The study area of MMNB is presented below within
Figure 1-1 which shows clearly the cliff erosion behind the beach boxes.

FIGURE 1-1 STUDY AREA

6053-01_R01v04c.docx

1.1

Scope of Works

A detailed scope of works for this study is provided below. Assessment of coastal protection options can cover
a number of levels from conceptual through to detailed design. It is of note that this study is to identify if any
of the proposed coastal protection options are feasible.
The defined objective of the project was to investigate four long term coastal erosion management options to:
◼

Protect the foreshore, cliffs, and public assets from waves and erosion, and

◼

Restore or renourish the beach
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Particulars of the scope include:
A Multi-Criteria Analysis (MCA) of four recommended options to meet the project objectives;

◼

Consider the option of “Do no further works” within the MCA;

◼

Undertake a Social Survey to establish the values which the beach community considers important at
Mount Martha North Beach;

◼

Undertake detailed coastal modelling to review the feasibility of up to two selected options

◼

Provide a report to DELWP detailing the results of the MCA and detailed numerical modelling.

6053-01_R01v04c.docx

◼
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2

BACKGROUND

A summary of sediment transport processes in general, and at Mount Martha are described below. Information
and data have been derived from general references and the most recent report detailing the coastal recession
issues at MMNB and potential mitigation options, the 2017 Water Technology report, “J4909 R01v03 Mount
Martha Coastal Process Investigation and Future Management Recommendations”. This report provides a
comprehensive analysis and review of coastal processes occurring at MMNB as well as potential management
options for MMNB.

2.1

Sediment Transport

The sediment transport at MMNB is driven by locally generated wind-wave conditions (i.e. not long period swell
waves from distant storms). Currents in the area are low and driven by wind conditions rather than tidal
fluctuations. Wave dominated sediment transport results in cross-shore transport as waves shift sediments
across the shore profile; and longshore transport occurs when waves approach the shore on an oblique angle
and direct sand along the shoreline. These two processes result in the net longshore sediment transport
present at MMNB and are presented schematically in Figure 2-1 and Figure 2-2.
Cross-shore transport can be considered as both destructive - large storm waves rapidly pull material from the
beach face into the nearshore zone, often causing erosion at the back of the beach or dune and a steep beach
face; and constructive - calmer conditions and smaller waves work to slowly shift material back onshore to
form a gently sloping beach face.
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FIGURE 2-1 SEDIMENT TRANSPORT PROCESSES – LONGSHORE PROCESSES
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FIGURE 2-2 SEDIMENT TRANSPORT PROCESSES –CROSS-SHORE PROCESSES

2.2

Coastal Processes

The Mount Martha coastline is subject to seasonal sediment transport processes. In summer the sediment is
transported in a northerly direction along the beach, driven by south and south westerly winds which generate
small waves that push sediment along the beach face (see Figure 2-3). The sediment transport direction is
reversed in winter, with the predominantly stronger northerly through to westerly winds generating bigger
waves which break in the offshore bar system. As a result, the sediment is shifted south in winter,
predominantly in the offshore bar system (see Figure 2-4). Sediment is removed from the beach face and
transported to the offshore bar during these more energetic winter storms.
A large portion of the southerly moving sediment is captured by Balcombe Point in the south with a small
portion migrating further offshore and around the headland. The sand captured by Balcombe Point and
remaining on Mount Martha South Beach (MMSB) is then transported back along the Mount Martha Beach
during the summer sediment transport cycle to MMNB, with the reverse occurring in winter. A visual summary
of these sediment transport processes is presented below in Figure 2-5.
Longshore sediment transport modelling undertaken by Water Technology (2017) indicates that winter storms
move on average 5,000 – 10,000m3 of sediment within the offshore bar system in a southerly direction which
is then worked back onto the beach after winter. During summer approximately 2,000-3,500m3 of this sand is
then shifted northwards along the swash zone. The resultant overall sediment budget results in a build-up of
sand at MMSB which eventually leaks around Balcombe Point towards Safety Beach. Studies have indicated
material is provided to this sediment cell as periodic “slugs” of sediment rather than a regular supply.
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The net southerly transport historically may have been balanced by the sediment supply from the north which
could have been sufficient to mitigate the net loss to the south. However, the reduced supply from the north –
construction of seawalls at Craigie Beach indicate the beach here was depleted of sand (thus a seawall was
constructed to protect the cliff) – may be a contributing factor to the erosion at MMNB. A similar theory could
be formed at Craigie Beach as to why seawalls were required at the beach, and further the construction of
seawalls on beaches to the north.
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FIGURE 2-3 NET SUMMER SEDIMENT AT FOUR BEACH PROFILE LOCATIONS (WATER TECHNOLOGY 2017)

FIGURE 2-4 NET WINTER SEDIMENT TRANSPORT AT FOUR BEACH PROFILE LOCATIONS (WATER
TECHNOLOGY 2017)
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FIGURE 2-5 SEDIMENT TRANSPORT SUMMARY (WATER TECHNOLOGY 2017)

The beach widths at MMNB have been assessed utilising historic aerial imagery (Water Technology, 2017).
Though this technique is not sufficiently accurate to draw direct conclusions due to image quality and the
difficulty of delineating the high water mark it does provide a valuable insight into general shoreline change
trends. Figure 2-6 shows the estimated beach width for the available imagery.

6053-01_R01v04c.docx

The shoreline mapping undertaken to produce Figure 2-6 is also included in Figure 2-7 to Figure 2-10. It is
noted that in 2010 beach renourishment was completed in which 11,346m3 of sand was relocated from MMSB
to MMNB. Between 2012 and 2015 the majority of this relocated sand washed away.
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FIGURE 2-6 APPROXIMATE BEACH WIDTH AT MOUNT MARTHA NORTH (WATER TECHNOLOGY 2017)

FIGURE 2-7 MOUNT MARTHA NORTH AERIAL IMAGERY: 1957 – 1974 (WATER TECHNOLOGY, 2017)
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FIGURE 2-8 MOUNT MARTHA NORTH AERIAL IMAGERY: 1985 – 2005 (WATER TECHNOLOGY, 2017)

FIGURE 2-9 MOUNT MARTHA NORTH AERIAL IMAGERY: 2007 – 2011 (WATER TECHNOLOGY, 2017)
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FIGURE 2-10 MOUNT MARTHA NORTH AERIAL IMAGERY: 2013 – 2016 (WATER TECHNOLOGY, 2017)

2.3

Climate Change

The previous assessment by Water Technology reviewed the local Port Phillip Bay wind and water level climate
to assess any longer-term changes.

2.3.1

Wind Climate

The winds at a number of BoM recording stations were analysed and a common trend was observed in both
annual and seasonal climates such that on a decadal rate, there was a general trend towards stronger wind
speeds with the exception of the 1990s when winds were notably calmer and less storm events occurred. A
subsequent reduction in sediment transport and erosion may have been observed in this decade and the
beach may have experienced accretion.
Wind directions appear to be relatively consistent, although an increasing proportion of winter winds from the
west-northwest is observed to occur since the 1980s. Winter winds from the south are notably weaker in the
1990s. Summer wind directions show less variation across the decades, again with a notable reduction in wind
speed during the 1990s.
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2.3.2

Sea Level Rise

Additional stress has also been placed on the system through sea level rise, where higher water levels cause
a landward shift in the beach face. The long-term (based on 20+ years of measured data from BoM) rate of
sea level rise across Victoria is in the order of 3.0mm/year. Over the past 20 years, this equates to 6cm of sea
level rise and 15cm over the past 50 years. A simplified translation of the impact of this sea level rise on the
beach at MMNB is to simply shift the beach face landward based on the beach slope between the high and
low tide mark. This approach does not consider the impact that deeper water can result in higher waves and
greater sediment transport at the beach face; any changes to storm frequency and intensity associated with
climate change; nor any beach or offshore bar profile adjustments. However, based on an average measured
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profile slope of 1 (vertical) : 15 (vertical), a 6cm rise would result in the beach width reducing by around 1m
over the past 20 years and more than 2m in the past 50 years. This landward shift is on top of any cyclical
storm or seasonal change or shift due to reduced sand supply, as noted by the more extreme reduction in
beach width presented in Figure 2-6.
A record of 40 years of data measured at the Williamstown tide gauge was analysed for the previous project
and again assessed on a decadal timestep. The analysis indicated that water levels exceeded the mean high
water level (0.4m AHD) for an increasing proportion of time across the dataset. Water levels exceeding 1.0m
AHD had not occurred in any notable events until the 2000s, illustrating the real impact of mean sea level rise
on conditions within Port Phillip Bay.
To further emphasise the impact of rising sea levels and storm events, Figure 2-11 is reproduced from earlier
works (Water Technology, 2017). The previous study assessed the impact of the 2016 winter storm with future
predicted water levels. The assessment is for indicative purposes and assumed the cliff at MMNB was sand
rather than stronger clay and earth material. However, as indicated, the same storm with sea level increases
of 0.2m, 0.4m and 0.8m (for planning horizons 2040, 2070 and 2100 respectively) resulted in significantly
greater cliff erosion and beach recession due to the higher sea levels.

FIGURE 2-11 STORM EROSION UNDER DIFFERENT SEA LEVELS (WATER TECHNOLOGY, 2017)

6053-01_R01v04c.docx

2.3.3

Storm Events

Whilst sea level rise drives greater erosion during storm events, and wind conditions may be as a whole
increasing in strength, the previous study found that there was no general pattern of increasing “storminess”.
Storminess was defined as a “severe weather event” where the recorded wind speed was greater than 15m/s
for a duration of greater than 6 hours. Severe wave conditions require a strong wind over a sustained period
to form.
The long-term wind record was used in a Port Philip Bay wave model and a long-term record of wave conditions
at MMNB established. The number of storm events across the dataset is presented in Figure 2-12 and
illustrates lower numbers of storm events during the 1990s and 2000s compared with the 1980s and 2010s.
However, the report also notes that the number of storms may not be as critical to beach erosion as the
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sequence of storms. The 2016 winter was characterised by two significant storms within 2 weeks. Similarly,
damage to the beach boxes which precipitated the first assessment of coastal processes at MMNB in 2000
were noted to be below the 1.25m threshold, however a “number of storms occurred within the second half of
July” caused the erosion rather than a single large storm.
This is a common occurrence at beaches where erosion and accretion occur, as a longer period between
storm events can allow a beach to self-repair, whilst a sequence of lower intensity but frequent storm events,
if combined with higher tides, will result in more significant erosion of the beach.

FIGURE 2-12 NUMBER OF STORM EVENTS WHERE OFFSHORE SIGNIFICANT WAVE HEIGHT > 1.25M

2.4

Port of Melbourne Channel Deepening

The Port of Melbourne (PoM) Channel Deepening Project (CDP), which dredged material in Port Phillip Heads
in 2008-2009, is not the driver of the more significant erosion at Mount Martha Beach North. Significant erosion
of MMNB has been observed since the early 2000s.

2.5

Community Perspective

Extensive consultation with the local community, Mornington Peninsula Beach Box Association and the wider
public has been carried out over the course of the assessment of conditions at Mount Martha North Beach. As
part of the current study, a Social Survey was undertaken to capture the level and type of beach use and
perspective of the issues and potential mitigation options proposed.
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A summary of survey outcomes and common feedback is provided below and in Table 2-1:
◼

There were 612 unique respondents from 502 households. The average age of respondents was 50, with
a median age also around 50. 75% of respondents were between 35 and 75 years of age. The majority of
respondents (75%) indicated they were either very local (i.e. 50% lived within 5km of MMNB) or owned a
holiday house within a short distance from MMNB (27%).

◼

71% of respondents had visited MMNB in the past week. This was consistent with the perceived visitation
over the previous summer;

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 24

◼

When MMNB was closed 62% of respondents reported a change in beach use patterns. The majority of
these changes (49%) went to MMSB instead, 32% went to an alternative beach, 12% continued to use
MMNB and 7% decided not to go to any beach at all. A greater number of respondents who identified as
“non-locals” decided not to go to any beach compared with locals who were more likely to just change the
beach they visited.

◼

The most common recreational activity during respondent’s previous visit to MMNB was swimming. This
was followed by relaxing and enjoying nature, playing with children, and walking and running with a dog.
Over half of the respondents reported that they often walk between the north and south beaches at Mount
Martha.

◼

Over 50% of respondents access MMNB via the beach steps and walked from their home.

◼

Over 50% of respondents felt maintaining a wide beach was important at MMNB, regardless of the cost
associated or the visual disturbance which could be caused to the area.

◼

Over 50% of respondents felt construction on the beach (groynes, breakwaters) was acceptable to protect
the beach; just under 50% felt beach nourishment was also an acceptable option when the beach was
eroded at MMNB.

◼

A high proportion of respondents, (70%) felt they did not want to see the removal of the beach boxes to
provide space for the public when the beach was narrow.

◼

Close to 50% (48%) of the respondents owned or had access to a beach box at MMNB.

TABLE 2-1

SOCIAL SURVEY FEEDBACK

Comments

Changing which beach to visit when MMNB was
closed resulted in a higher usage of cars instead of
walking. Parking issues were experienced with the
increased traffic to MMSB.

Whilst beach visitation is highest in summer,
coinciding with periods when MMNB is likely to
have the widest beach, foreshore car parking and
management is likely to continue to be an on-going
(and separate) issue for Council to manage.

Reduced capacity to walk with dogs on beach

The loss of MMNB occurs primarily during winter
when other beaches are under-populated. This
could be managed by Council by allowing access to
dogs at other sections of the beach during winter.

Reduced capacity to walk between the northern
and southern beaches at Mount Martha

Feasibility of an access track along the cliff toe
revetment has been considered by DELWP,
however the cliff erosion is also caused by run-off
from the top of the cliff and may cause hazards to a
path below. A walking track exists at the top of the
cliff and along the Esplanade connecting MMNB
and MMSB.
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Feedback

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 25

Feedback

Comments

Survey respondents highly value MMNB and the
existing boxes

Respondent put a very high value on their beach
and the “iconic”-ness of the beach. The iconic-ness
of the beach boxes has been assessed by Butler
(2004) which found the boxes at MMNB were below
the planning threshold of local (in this case local
refers to Shire wide) significance using Australia
Heritage Commission criteria. These were the only
beach boxes on the Peninsula not to reach this
threshold, and whilst this does not take away the
value owners and users of the boxes have on their
property, the findings do place the MMNB boxes
low in terms of heritage value on the Peninsula.

Many respondents provided anecdotal stories of
beach condition extending back many decades

Conflicting recollections were provided. Some
respondents noted erosion had occurred
previously, others considered erosion has only
occurred since the Channel Deepening Project in
the mid-2000s

Small wooden groynes at Hawker Beach and along
the Craigie Beach seawall were noted to have
previously provided a stable beach

Review of aerial imagery (as presented in
Figure 2-7 through Figure 2-10) has identified
groynes along Craigie Beach until potentially 1989
(the images are not clear). The location and
effectiveness of the groynes vary through time, with
a narrow beach and groynes observed in 1974, a
wide beach with different groynes noted in 1985
and a narrower beach and different groynes again
noted in 1989. The 1989 image represents the last
image groynes are noted on Craigie Beach.

A large number of people wanted action at any cost
to maintain the beach width at MMNB

Photomontages illustrating the visual impact of
large coastal structures may assist in providing
context to this question. Respondents may not have
understood how intrusive 300m groynes on a beach
actually are.

2.6

Erosion Management Options

Two main erosion issues were identified within the previous Water Technology report - the erosion of the cliff
face; and erosion of the beach face; both of which are detailed further in Sections 2.6.2 and 2.6.3 respectively.

2.6.1

Coastal Management Guidelines
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When developing management strategies for the coastal zone in Victoria, the Victorian Coastal Strategy,
produced by the Victorian Coastal Council (VCC, 2014) needs to be taken into consideration. The Victorian
Coastal Strategy (VCC) sets policy for decision making along the Victorian coastline.
Policies related to development on the coastline in the VCC, dictate that as a general principal, works to reduce
the effect of coastal processes should be avoided. Additionally, the VCS states “natural coastal processes are
adopted as the preferred form of defence against possible impacts of a changing climate”.
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However, the VCS notes that provision for coastal infrastructure is provided where “structures and facilities
providing significant net community benefit and to those whose functionality depends on them being near the
water”.
With regards to private property the VCS states that “structures to protect private property are not to be located
on coastal Crown land unless private land is not physically capable of supporting the structure and the use of
the Crown land demonstrates a significant public benefit”.
DELWP states that “public benefit” should be defined as relevant to each individual case based on
understanding of public values and the site in question. In conjunction with this DELWP also state that
“significant” public benefit must be demonstrated and that the “benefit should be in the least, to the broader
local community”.
Engineers Australia (EA) recommends the International Panel for Climate Change (IPPC) guidelines for sea
level rise response strategies. These are in a hierarchical order of Retreat, Accommodate and Protect.
The retreat option emphasises the “abandonment of land and structures in highly vulnerable areas and
resettlement of inhabitants” (EA, 2017).
The accommodate option puts an “emphasis on conservation of ecosystems harmonised with the continued
occupancy and use of vulnerable areas and adaptive management responses, e.g. the modification of land
use, building codes” (EA, 2017).
The final option is to protect which is ultimately the final resort if the retreat and/or accommodate options are
not viable. Protect puts an “emphasis on defence of vulnerable areas, population centres, economic activities,
infrastructure and natural resources, e.g. seawalls, groynes and breakwaters” (EA, 2017).

2.6.2

Cliff Erosion Management Options

The cliff erosion at MMNB has been identified as critical as it protects road assets and poses a risk to public
safety due to the likelihood of collapse.
Following the Water Technology report in 2017, emergency works were carried out between August and
October in 2018 to secure the cliff and mitigate immediate safety concerns. These works involved the
construction of a seawall structure which aims to reduce cliff erosion and stabilise the toe of the cliff.
Formalising this seawall to ensure its specifications are such that it is able to withstand the waves produced
by a specified design storm and future sea level rise will halt the erosion and public safety issues into the
future. However, a number of negative issues are associated with this option including large capital costs and
detrimental impact to the amenity of the beach. A number of management options were investigated to mitigate
the cliff erosion in the previous report, and these include:
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TABLE 2-2

SUMMARY OF CLIFF EROSION MANAGEMENT OPTIONS

Management Option

Main Issues

Do Nothing

◼

Does not improve cliff stability nor increase in public safety

◼

Road way is protected in the short term however not in the long term.

◼

No direct costs, costs associated with asset loss.

◼

Does not improve cliff stability nor increase in public safety

◼

Road way is protected in the short term and is abandoned in the long term.

◼

Costs associated with abandoning road.

Controlled Retreat
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Management Option

Main Issues

Rock or geotextile seawall

◼

Improves cliff stability, increases public safety

◼

Road way is protected in the short and the long term.

◼

Large capital costs

2.6.3

Beach Erosion Management Options

The second erosion problem identified at MMNB is the erosion of the beach in front of the cliff.
Currently, there has been a reduction in public amenity as there is minimal beach available to be utilised for
recreational activities. There has also been a reduction in public safety, due to structural issues that the beach
erosion has caused to the private beach boxes located at MMNB.
As detailed in Section 2.2, in 2010 beach renourishment was carried out. However, between 2012 and 2015
the majority of this relocated sand was washed away.
The erosion management options developed can be categorised into “soft options” which are detailed within
Table 2-3 and “hard options” presented in Table 2-4. Soft options refer to engineering works and management
decisions that work with nature to protect the coast and do not aim to stop the natural processes which are
occurring. Some examples are: beach renourishment, planned retreat and dune or cliff stabilisation.
Hard options refer to engineering works that act to physically stop the coastal processes such as waves and
currents from inducing erosion. These options include seawalls, groynes and breakwaters which all fall within
the EA guidelines as protect options.
TABLE 2-3

Option

Main Issues

Do Nothing

◼

No increase in sand volume on the beach, hence no buffer provided for
during storm events.

◼

No improvement to beach amenity.

◼

No improvement in public safety, damage and instability of beach boxes will
continue.

◼

Summer beach only.

◼

No increase in sand volume on the beach, hence no buffer provided for
protection during storm events.

◼

No improvement to beach amenity.

◼

Public safety increased as beach boxes will be removed from beach.

◼

Increased public amenity as beach boxes removed.

Retreat
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SUMMARY OF BEACH EROSION SOFT MANAGEMENT OPTIONS
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Option

Main Issues

Beach Nourishment

◼

Increase in sand volume on beach, buffer provided for protection during
storm events.

◼

Improvement in public amenity.

◼

Public safety increased as beach box stability improved.

◼

Expensive and ongoing renourishment required, frequency of nourishment
is likely to increase as sea level rise continues.

◼

Nourishment can be removed during a single stormy season (as was seen
in the 2010 nourishment program at MMNB).

6053-01_R01v04c.docx

TABLE 2-4

SUMMARY OF BEACH EROSION HARD MANAGEMENT OPTIONS

Option

Main Issues

Construction of 25m
long groyne at the
northern end of Mount
Martha North Beach and
beach renourishment.

Potential increase in sand volume on beach, thus providing a buffer for the cliff
during storm events.
Improvement in public amenity if beach width increases.
Public safety increased as beach box stability improved with an increase in
beach width.
Medium level of construction.

Construction of Major
Offshore Breakwater
and beach
renourishment.

Increase in sand volume on beach, buffer provided for cliff during storm events.
Improvement in public amenity.
Public safety increased as beach box stability improved with an increase in
beach width.
Expensive to construct.

Establishment of New
Beach Compartments
using at least 2 long
(250 – 300m) groynes
and beach
renourishment.

Increase in sand volume on beach, buffer provided for cliff during storm events.
Improvement in public amenity
Public safety increased as beach box stability improved with an increase in
beach width.
Expensive to construct.

Adapt Buildings to
Accommodate for
Erosion

No increase in sand volume on beach, buffer not provided for cliff during storm
events.
No improvement in public amenity.
Public safety increased as beach box stability improved.
A geotechnical assessment will be required, the cost of which, plus any costs
of construction, will be covered by the beach box owners.

2.7

Coastal Management Works

The budget allocated by DELWP for the coastal management works at MMNB is between $700,000 and
$1,000,000 which is a limiting consideration when deciding on which option is optimal.
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3

COASTAL PROTECTION AT MOUNT MARTHA NORTH

A total of five coastal protection options from the 2017 Water Technology report have been adopted for further
investigation in this study and are detailed below.

3.1

Coastal Protection Options

The objective of proposed coastal protection options (see Table 3-1) at Mount Martha North Beach is to
prevent future recession of the coastline and re-establish the beach.
The coastal management options presented in Table 3-1 provide erosion protection for the cliff at MMNB.
Certain options also provide protection for the beach boxes and facilitate the widening of the beach. Allowing
coastal processes to continue uninterrupted seaward of the cliff will result in ongoing cliff recession increasing
slope instability, loss of amenity of the beach and continuing damage to the beach boxes. A detailed description
of the proposed options is provided in Sections 3.1.1 to 3.1.5.
TABLE 3-1

COASTAL PROTECTION OPTIONS

Option

Protection Function

Small offshore reef

Beach widening, cliff stabilisation & beach box protection.

Large offshore reef

Beach widening, cliff stabilisation & beach box protection.

Small rock groyne at eroded headland

Beach widening, cliff stabilisation & beach box protection.

Multiple rock groynes

Beach widening, cliff stabilisation & beach box protection.

Revetment Baseline Condition

Cliff stabilisation.

3.1.1

Small Offshore Reef

The proposed small offshore reef/breakwater (see Figure 3-1) suggested by CES in 2007 and then again by
Water Technology in 2017 is again proposed. This offshore reef aims to collect sediment over summer on its
southern side, with the aim being that the retention of sand on the beach will enhance the protection of MMNB.
A positive of this protection option is that it does not affect pedestrian access of the beach as it is located
offshore. If combined with beach nourishment at Hawker Beach to allow for a reduction in supply as sand
accumulates in the lee of the breakwater, the breakwater will have limited impact on the neighbouring beach
as the nourishment of Hawker Beach will be used to replace the sand trapped south of the groyne. The
nourished beach material will need to be significantly coarser than the existing material to slow the rate of
transport offshore from Hawker Beach.
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In theory, an offshore breakwater acts to both reduce incident wave energy in the nearshore during a storm
event whilst increasing sediment retention in its lee. Both these two factors act to protect the cliff toe from cliff
erosion and beach boxes from wave attack from the northwest. The increase in sediment retention additionally
increases the width of the beach leading to an increased amenity of the beach area.
In 2010 ASR assessed the feasibility of an offshore reef at Mount Martha. The analysis investigated the
positioning of the structure in between the offshore bar and the beach similar to that recommended by CES
(2007). The results of the analysis however did not find the offshore reef to be effective in reducing wave
energy during higher energy storm events. It was concluded that the offshore sand bar dissipated the vast
majority of wave energy prior to it reaching the reef, negating its impact.
In order to construct the reef, a temporary access path from the beach to the structure’s footprint will be
required in order for the rock to be placed offshore. Alternatively, if geotextile bags were used instead then the
construction could potentially be undertaken in situ with a small dredging unit.
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FIGURE 3-1 ESTIMATE OF OFFSHORE REEF LOCATION AND SALIENT FORMED LARGE OFFSHORE REEF
(WATER TECHNOLOGY 2017).

3.1.2

Major Offshore Reef

Another protection option suggested by Water technology in 2017 is a major offshore breakwater/reef. This
option creates a salient on the leeward (shore) side of the reef similar to the effect of Birdrock Reef Island. Like
the small reef option, the benefits of this option are that if there is no disruption to pedestrian access of the
beach, and, assuming the project is complimented by beach nourishment to replace the sediment it will trap,
it does not impede sediment transport in the nearshore to Hawker Beach.
This larger structure will be located offshore of the outer sand bar and will reduce incident wave energy in the
nearshore during a storm event which acts to reduce both cliff erosion of the cliff and wave attack on the beach
boxes. The salient forming in the lee of the structure will also widen the beach improving the amenity whilst
also dissipating incident wave energy, again further reducing wave attack on the cliff toe and beach boxes.
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An offshore reef of this scale would require a large volume of material and could potentially be difficult to
construct. Environmental considerations would also be required to assess the impact on the existing benthic
habitat, although construction of a reef would likely provide future (but potentially different) marine habitat once
constructed.
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FIGURE 3-2 ESTIMATE OF OFFSHORE REEF LOCATION AND SALIENT FORMED, BASED ON BIRDROCK REEF
ISLAND AND SALIENT (WATER TECHNOLOGY 2017).

3.1.3

Small Rock Groyne at Eroded Headland

As detailed in CES (2007) and again in Water Technology (2017) a groyne fixed at the headland immediately
north of MMNB would act to capture sediment on a large section of beach to the south. The impact north of
the structure however would be a reduction in sediment availability to the north leading to erosion of Hawker
Beach. The groyne would function through capturing sediment during the summer months where sediment
moves in a northerly direction. The construction of a groyne would need to be supplemented with beach
nourishment, either to Hawker Beach or on the lee of the groyne to prevent erosion of Hawker Beach.
Modelling undertaken by Water Technology in 2017 indicates that:
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“a short groyne could be a viable option for increasing the width of beach along sections of the Mount Martha
North beach. This is due to summer sediment transport being in a primarily northerly direction, and occurring
near the beach face, in the swash zone. In winter, sediment transport is further offshore, with larger waves
breaking on the offshore bars, driving sediment southward primarily in the offshore bar system. The groyne
would therefore act to capture the nearshore summer northerly sediment transport, whilst allowing the winter
southerly transport from further north to bypass the groyne into the Mount Martha beach area”. (Water
Technology 2017)
This option increases the volume of sediment on the beach face which acts as a buffer to storms that erode
the beach and undermine the cliff. The volume of sediment captured by the groyne would gradually increase
over time, potentially taking a number of summers to reach a level that provides sufficient protection to the cliff
toe. If beach renourishment is incorporated, it would provide more immediate protection for the groyne area.
The main issue with this option is the increased likelihood of erosion on the northern side of the groyne, with
the 130m of Hawker Beach between the headland and the seawall at risk. A summary of the sediment transport
regime after the construction of the groyne is presented below within Figure 3-3, with the potential changes to
sediment distributions shown in Figure 3-4. Whilst beach nourishment would provide temporary protection of
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the beach being nourished (i.e. MMNB or Hawker Beach), the coastal processes regime in winter where sand
is pulled from the beach and driven south in the offshore bar means that Hawker Beach would become
degraded due to the loss of supply from the south due to the groyne. A significantly coarse sediment grain size
used for nourishment would slow the winter erosion from Hawker Beach but would likely need topping up on
a semi-regular basis.
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FIGURE 3-3 SEDIMENT TRANSPORT SUMMARY WITH GROYNE (WATER TECHNOLOGY 2017).
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FIGURE 3-4 GROYNE SHOWING POSSIBLE ACCRETION AREA AND THE AREA THAT WILL BE MORE
EROSION PRONE (WATER TECHNOLOGY 2017).
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3.1.4

Multiple Rock Groynes

This option proposed by Water Technology in 2017 aims to establish new beach compartments along MMNB
essentially creating a closed sediment system. This would involve constructing two long groyne structures, as
depicted in Figure 3-5, in conjunction with large scale renourishment of the beach. The length of the groyne
structures will need to be in the order of 250-350m to extend offshore far enough to block the longshore
sediment transport in the offshore bars. The groyne angle and size, as well as the nourishment volume required
would need to be estimated from hydrodynamic and sediment transport modelling.
The impact on Hawker Beach may be an increase in sediment due to sand trapped on the northern side of
the groyne during the winter months of southerly sediment transport. However, as noted previously, the supply
from the north has been limited by the construction of seawalls along Craigie Beach.
The southern section of MMSB however is likely to be negatively impacted as the southern boundary at
Balcombe Point is not closed to the winter/southerly sediment transport and a net loss of sand will continue.
Sand will build up in the northern section of MMSB next to the central groyne creating an angled beach face,
wide in the northern section and narrow in the southern section.
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With the build-up of sediment on the southern side of the central groyne, Balcombe Creek’s intermittent
opening and closing cycle would be impacted. This could potentially lead to flood and water quality issues of
the water way. However, the groyne could be shifted to the northern side of Balcombe Creek to partially
mitigate this issue. The entrance to Balcombe Creek would be impacted and a change in the opening and
closing properties of the creek would be expected if a groyne were placed in the vicinity of the creek entrance,
as well as potentially more frequent and extreme flooding of the estuary due to higher tailwater levels.

FIGURE 3-5 SEDIMENT TRANSPORT WITH NEW BEACH COMPARTMENT (WATER TECHNOLOGY 2017)

3.1.5

Revetment – Baseline Condition (i.e. “Do Nothing”)

In October 2018 emergency works were completed by DELWP to protect the cliff at MMNB through placement
of rock armour along the cliff toe. In conjunction with this emergency work a detailed design for the seawall will

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 35

be completed in 2019. Upgrading the emergency seawall to meet the technical specifications outlined within
the detailed design will ensure the effectiveness of the structure into the future.
This option works by creating a physical barrier between the waves and the cliff which absorbs the wave
energy whilst also acting as a physical barrier to sediment, preventing it from being removed from the cliff toe.
This option would prevent further erosion of the cliff toe, however without combining with beach nourishment,
does not provide additional public amenity on the beach.
An additional impact of hard seawalls is the potential risk of erosion of the beach through increased wave
energy reflecting off the seawall during high water and wave energy events. Terminal scour is a potential
impact of coastal revetments where current and wave patterns are altered by the structure. The revetment at
MMNB has been designed to minimise terminal scour, with the southern end terminating at the outcrop of the
fault through the cliff where the downstream beach has an exposed rocky platform preventing further cliff toe
instability. At the northern end, the revetment is tied back into the existing cliff and is currently protected by the
sand which accumulates in this beach pocket.

3.2

Coastal Protection Options Analysis

The coastal protection options detailed above in Section 2.1 have been summarised in Table 3-2 to Table 3-6
in terms of the potential advantages and disadvantages. A comparison of the options is presented in Section
4, using a multi-criteria analysis to provide a quantitative assessment of the options and identify potentially
preferred option(s).
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TABLE 3-2

SMALL OFFSHORE REEF

Factor

Advantage / Disadvantage

Technical
Effectiveness in the
local coastal
environment

The small offshore reef landward of the offshore sand bar and net southerly
transport zone aims to reduce wave heights in the reef’s lee leading to
accumulation of sediment in this location, also blocking higher waves from
removing sand from the beach face during winter. This sediment will then act to
block sediment moving from the south to the north, leading to accumulation of
sediment on MMNB. As stated in Section 3.1, modelling undertaken by ASR
indicates that the effectiveness of this solution may be low, however only storm
events were considered by ASR rather than longer term coastal processes, and
the reef was limited in height to mean sea level, thus reducing the impact during
storm events.
In theory, this is a technically feasible option.

Visual Amenity

The visual impact of the small offshore reef would be considerably different to
anything at Mount Martha Beach and may not be acceptable given the departure
from the existing vistas.

Potential secondary
impacts (downstream
erosion, failure,
public safety)

The resultant adjustments in the sediment transport regime would cause changes
to the sediment distribution on both Hawker Beach (potential erosion) and MMNB
beach (accretion). Nourishment of Hawker Beach will be required if northward
bound sediment is trapped at MMNB during summer, but winter storms still
remove sand from Hawker Beach and it is transported south in the offshore bar
system.
Recreational activities such as swimming and kayaking would be impacted, with
the reef causing hazards to both activities, especially when only slightly
submerged. Pedestrian and maintenance vehicle access along the dry beach will
not be impacted.
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Factor

Advantage / Disadvantage

Costs

Costs of constructing the small offshore reef could be significant due to the
equipment required for construction within the nearshore zone. A general rule of
thumb for coastal protection works along the shoreline is in the order of $5,000
per linear metre, excluding design and approval costs. The material costs for rock
or geotextile sandbag material for an offshore breakwater would be expected to
be of a similar rate to that used onshore, however construction costs would be
greater. A preliminary cost estimate is being sourced by DELWP.

Design life

The offshore reef at MMNB could be designed for less than 25 years using
geotextile sandbags, or for a 25 – 50-year design life using rock.

Potential for
adaptation

A small reef constructed at MMNB could be adapted in the future to accommodate
changes in oceanographic conditions due to climate change. Constructing an
offshore reef from geotextile bags provides opportunity to test the solution and
abort (by cutting open the bags and releasing the sand) with less effort than
removing rocks if undesirable effects occur.
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TABLE 3-3

MAJOR OFFSHORE REEF

Factor

Advantage / Disadvantage

Technical
Effectiveness in the
local coastal
environment

The major offshore reef aims to reduce wave heights in its lee leading to
accumulation of sediment in this location, reducing the southerly winter transport
and loss of material from MMNB. To enable a reef wide enough to reduce the
wave energy across the at-risk section of MMNB, a large structure is required.
The sediment accumulated in its lee will act to widen the beach along the at-risk
section.
In theory this is a technically feasible option.

Visual Amenity

The visual impact of the large offshore reef would be considerably different to
anything at Mount Martha Beach and may not be acceptable given the departure
from the existing vistas.

Potential secondary
impacts (downstream
erosion, failure,
public safety)

The salient formed behind the breakwater will act as a physical barrier to
longshore sediment transport within the foreshore zone. As a result, it is expected
that a build-up of sediment will occur on the southern side of the salient and
erosion may occur on its northern side. Nourishment of Hawker Beach will be
required if northward bound sediment is trapped at MMNB during summer, but
winter storms still remove sand from Hawker Beach and transport it south in the
offshore bar system.
Recreational activities such as swimming and kayaking would be impacted, with
the reef causing hazards to both activities, especially when only slightly
submerged. Pedestrian and maintenance vehicle access along the dry beach will
not be impacted.

Costs

Costs of constructing the large offshore reef could be significant due to the
equipment required for construction within the nearshore zone and amount of
material required. The cost of rock or geotextile sandbag material would be
expected to be of a similar rate to that used onshore (i.e. around $5,000/m),
however construction costs would be significantly greater.

Design life

The offshore reef at MMNB could be designed for less than 25 years using
geotextile sandbags, or for a 25 – 50-year design life using rock.
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Factor

Advantage / Disadvantage

Potential for
adaptation

A large reef constructed at MMNB could be adapted in the future to accommodate
changes in oceanographic conditions due to climate change.
As with the smaller inshore reef, constructing an offshore reef from geotextile
bags provides opportunity to test the solution and abort (by cutting open the bags
and releasing the sand) with less effort than removing rocks if undesirable effects
occur.
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TABLE 3-4

SMALL ROCK GROYNE

Factor

Advantage / Disadvantage

Technical
Effectiveness in the
local coastal
environment

A small rock groyne at the headland between MMNB and Hawker Beach would
act to trap northerly moving sediment on MMNB. As a result, the beach will widen
across the at-risk section of MMNB over time. Including beach renourishment with
this option would provide a more immediate result.
This option is technically feasible to provide additional beach width and protection
of the cliff toe at MMNB.

Visual Amenity

The visual impact of the groyne would be considerably different to anything at
MMNB and may not be acceptable given the departure from the existing vistas.

Potential secondary
impacts (downstream
erosion, failure,
public safety)

The groyne is likely to result in erosion on its northern side in the vicinity of
Hawker Beach. Changes in southerly sediment transport may also result in
changes to the sediment regime of MMSB.
Potentially regular (as much as annual) nourishment of Hawker Beach will be
required if northward bound sediment is trapped at MMNB during summer,
restricting supply to Hawker Beach where winter storms still remove sand which
cannot return the following summer due to the groyne. Beach management
strategies could be implemented to simply transfer material which accumulates on
the southern side of the groyne to the northern side, with less regular, or on
demand, beach nourishment with imported material.
Recreational activities such as swimming and kayaking would be impacted, with
the groyne causing hazards to both activities. However, it may provide positive
benefits for recreational fishing. Pedestrian and maintenance vehicle access along
the dry beach may also be impacted upon.
Aboriginal middens are located within the headland between Hawker and MMN
Beaches. The groyne will provide additional protection to the southern side of the
headland; however, the northern side may become susceptible to erosion and the
middens on this side of the headland will be vulnerable without sand
management.

Costs

Costs of rock or geotextile material to produce a groyne would be similar to the
$5,000/m linear rate of a seawall. However, the construction challenges posed by
the groyne extending into the ocean would be likely to increase the linear metre
rate for construction works.

Design life

A groyne at MMNB could be designed for less than 25 years using geotextile
sandbags, or for a 25 – 50-year design life using rock.

Potential for
adaptation

A groyne constructed at MMNB could be adapted in the future to accommodate
changes in oceanographic conditions due to climate change.
As above, constructing a groyne from geotextile bags provides opportunity to test
the solution and abort (by cutting open the bags and releasing the sand) with less
effort than removing rocks if undesirable affects occur.
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TABLE 3-5

MULTIPLE ROCK GROYNES

Factor

Advantage / Disadvantage

Technical
Effectiveness in the
local coastal
environment

The shallow beach profile at MMNB means that in order to completely block the
sediment transport along the beach, the length of the groynes would need to be
considerably long (in the order of 250-300m each). Shorter groynes could be used
however they would still allow for sediment transport between groyne
compartments and require regular beach nourishment or would need to be
constructed very close together to protect the at-risk area.
This option is technically feasible, however with greater risk of failure than the
other options due to the increased disruption of the sediment transport regime.
Highly detailed studies would be required to assess the length and spacing of
groynes along the beach.

Visual Amenity

The visual impact of the groynes would be considerably different to anything at
MMNB and may not be acceptable given the departure from the existing vistas.

Potential secondary
impacts (downstream
erosion, failure,
public safety)

The groynes would disturb the existing sediment regime resulting in impacts on
adjacent beaches such as Hawker Beach and MMSB in a far more significant
manner than the other options.
Recreational activities such as kayaking and swimming would be impacted by the
structures. Pedestrian access and maintenance vehicle access along the dry
beach may also be impacted upon. A reduction in sand along the southern section
of the MMSB is predicted.

Costs

The material costs of the multiple long groynes would be similar to the linear rate
of a seawall (roughly $5,000 per linear metre), however the combined length of
the proposed groynes is in excess of 500m. As such, the construction challenges
posed by the groyne extending quite far offshore would increase the total
construction costs.

Design life

Groynes at MMNB could be designed for less than 25 years using geotextile
sandbags, or for a 25 – 50-year design life using rock.

Potential for
adaptation

Groynes constructed at MMNB could be adapted in the future to accommodate
changes in oceanographic conditions due to climate change.
As above, constructing a groyne from geotextile bags provides opportunity to test
the solution and abort (by cutting open the bags and releasing the sand) with less
effort than removing rocks if undesirable affects occur, however this would add
significant amounts of sand to the system.

TABLE 3-6

REVETMENT (BASELINE – CONDITION)
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Revetment
Technical
Effectiveness in the
local coastal
environment

A seawall or revetment at MMNB would be successful at preventing further
coastal recession. Toe scour could be reduced by using a semi-permeable, or
rough revetment treatment such as rock. Reducing the toe scour, and hence
reducing the setdown in the beach level will also reduce (but not eliminate) the
terminal scour at the new end of the revetment.
This option is technically feasible to provide protection to the toe of the cliff at
MMNB, however will not assist (and may exacerbate) the issues of beach width
and public amenity.
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Revetment
The visual impact of the revetment would be considerable as it is the only such
structure along Mount Martha Beach. However, the coastline is already modified
with the seawall at Craigie Beach and the existing toe protection at MMNB.
Discussion could be had as to the visual and public amenity of a coastal path and
seawall such as at Craigie Beach (however this does not include a
recommendation for a vertical seawall, rather a coastal path for the instance of
loss of beach in the area).

Potential secondary
impacts (downstream
erosion, failure,
public safety)

Terminal scour at the end of the revetment will still occur and will need to be
managed. Climbing across the revetment may also be a public safety issue and
access across the revetment should be managed. The public safety risks may
vary with revetment type, for example there is no risk of loose rocks on a concrete
or geotextile seawall, however there is a risk of slippery surface on sloping
concrete walls or geotextile sand bags due to marine growth.

Costs

The cost of a rock revetment will be in the order of roughly $5,000 per linear
metre.

Design life

A revetment at MMNB should be designed for a life of 50 years. This is achievable
when considering using armour rock, however, as noted the geotextile sandbag
design life may be lower and require more maintenance to achieve a similar
design life.

Potential for
adaptation

A revetment can be designed to allow for adaptation through an increase in
height, or armour rock or geotextile sandbag replacement. Maintenance of the
revetment following storm damage will both extend the design life and allow for
ongoing adaptation if required.
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Visual Amenity
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4

MULTI-CRITERIA ANALYSIS

4.1

Coastal Management Options -Comparisons

A Multi-Criteria Analysis (MCA) is a decision-making approach which has been used to assess the options
described above. The MCA framework is based around 6 categories: environmental, legislative, social, flowon impacts, technical and cost, whereby each proposed coastal management option described in Section 3
has been assessed against the framework.
In addition to the financial or technical benefits, the MCA approach includes additional criteria and weightings
which have been based on stakeholder concerns and preferences so that the balance between the various
categories is representative of these preferences.
The categories and assessment criteria for coastal protection at Mount Martha North Beach are presented in
Table 4-1. The weightings assigned consider the feasibility and technical design of each option; as well as
issues identified as important within the stakeholder analysis undertaken. The categories and assessment
criteria for each of the options are presented below:
Environmental Values
The ecological quality, biological diversity and terrestrial condition of the local coastal environment in Mount
Martha North Beach are addressed within this criterion. The maintenance of these values can be achieved
through management or avoidance of detrimental environmental impacts.
◼

Conservation of the coastal processes regime – to what degree does the proposed option allow for the
existing natural longshore and cross-shore sediment processes to continue.

◼

Conservation of marine values – does the option pose any impact on the marine environment, e.g.
changes to the sediment transport regime may result in rocky reefs and associated habitats being buried
by sand.

◼

Conservation of terrestrial values – is the cliff environment impacted by the proposed option, e.g. a rock
wall may encroach on the cliff resulting in a loss of vegetation cover.

Legislation
To ensure that protection options provided are consistent with planning and legislative requirements of the
Commonwealth, State and Local governments a good understanding of the legislation controlling activities in
the coastal zone is required.
◼

Victorian Coastal Strategy Compliance– will the proposed option rate well within the framework of the
VCS.

◼

Legislation and policy compliance – will the action result in impacts contrary to the legislation and policy
of DELWP, Council or other government bodies, e.g. DELWP have a regulatory responsibility with respect
to impacts on Aboriginal cultural heritage.

◼

Impact of private assets on public land and the management of associated conflicts.
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Social Values
Social values encompass an extremely broad range of topics but in the context of MMN Beach it includes; the
sense of community, connectedness of the public to the beach, as well as personal and community health and
the wellbeing of beach goers and the wider community. The social values have been driven by the responses
to the recent beach user survey, conducted online over the January-February 2019 period.
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◼

Conservation of recreational activities – to what degree does the option impact individual and community
recreational activities such as; walking/running, sunbathing, kids beach play and water-based recreation
(swimming, kayaking and fishing).

◼

Conservation of cultural heritage – conservation of cultural heritage values. e.g. protection of aboriginal
middens within the cliff face, protection of the beach boxes.

◼

Visual amenity – conservation of the existing vistas found at MMN Beach from both the beach and then
from the top of the cliff looking down to the beach.

◼

Beach character – conservation of the community perception and feel of their beach e.g. space for
recreation.

Neighbouring / Secondary Impacts
The impact of the beach protection on the neighbouring beaches of Hawker Bach, Craigie Beach, Mount
Martha South Beach. Construction of hard coastal engineering works will have an impact on the surrounding
area. The significance and acceptability of this flow on affect should be considered in conjunction with the
impact on the target area.
◼

Coastal processes – includes supply of existing sediment load and allowance of existing coastal
processes.

◼

Conservation of recreational activities (beach) – considers the impact of the works on how the beach is
currently used and enjoyed by the community.

◼

Conservation of heritage – important in this case as there are significant aboriginal cultural heritage assets
in the cliffs at Hawker Beach, which DELWP has a legal obligation to “not do harm” with other actions.

◼

Economic impacts (erosion, beach nourishment) – the implication of the action for future costs to maintain
the value of the neighbouring beaches, for instance nourishment of Hawker Beach to prevent erosion and
sand management operations along Mount Martha Beach are considered here.

Economic
This category addresses the direct and indirect financial implications of the proposed protection options.
◼

Capital costs - including design, construction material and plant, necessary approvals and work required
to gain said approvals.

◼

Ongoing costs - including maintenance works’ frequency and complexity.

◼

Secondary costs - implications for council rates and tourism.

Technical
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The technical aspects of the proposed option and the likelihood of success are assessed within this category.
◼

Effectiveness – will the option prevent further erosion of the coastline (both the beach and the cliff toe).

◼

Design Life – how long will the option provide sufficient coastal protection, and how long the option would
assist any beach nourishment in remaining on the coast.

◼

Constructability – how complex and difficult is the construction association with the proposed option. Will
special contractors, equipment or materials be required. Are environmental or social values impacted
during construction.
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TABLE 4-1

ASSESSMENT CRITERIA AND WEIGHTINGS

Category
Environmental

Social

Neighbouring /
Secondary
impacts
Legislation /
Policy

Economic

Technical

Category
Weight
1

1

1

1

1

2

Assessment Criteria

Criteria
Weighting

Conservation of the coastal processes regime

0.4

Conservation of marine values

0.3

Conservation of terrestrial values

0.3

Conservation of recreational activities (beach)

0.15

Conservation of recreational activities (water)

0.1

Conservation of cultural heritage (beach boxes)

0.1

Conservation of cultural heritage (aboriginal middens)

0.15

Visual amenity

0.2

Beach character

0.3

Coastal Processes

0.4

Conservation of recreational activities (beach)

0.1

Conservation of cultural heritage

0.25

Economic impacts (erosion, beach nourishment etc)

0.25

Victorian Coastal Strategy Compliance

0.5

Legislative compliance

0.5

Capital costs

0.4

Ongoing maintenance costs

0.4

Secondary costs

0.2

Effectiveness of preventing beach erosion

0.35

Effectiveness of preventing cliff toe erosion

0.35

Design life of structure

0.1

Design life of beach nourishment

0.1

Constructability

0.1
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A scoring system has been developed in order to compare and rate the various options. The score for each
category is assigned to each of the assessment criteria using a numerical scale as follows:

Department of Environment Land Water and Planning | 26 June 2019
Mount Martha North Options Analysis

Page 43

TABLE 4-2

MULTI-CRITERIA ASSESMENT FRAMEWORK

Score

Meaning

+2

Highly acceptable

+1

Acceptable

0

Modest / neutral

-1

Poor

-2

Exceptionally poor

The higher the cumulative score the more appropriate or desirable is the proposed options outcome. An overall
weighted score for each option is produced by multiplying the individual scores by their assigned criteria
weighting; and then adding them all together for that option.

4.1.1

Multi Criteria Analysis Results

The preferred protection option based on the MCA was the baseline case of the rock revetment. This option
was determined to be the most optimal solution that is most likely to achieve the objectives of the project in
terms of preventing further coastal erosion, whilst resulting in acceptable environmental and social values at a
reasonable economic cost. The revetment scored less well with the project objective of assessing feasibility of
maintaining a significant width of beach at MMNB.
The small groyne at the headland was the second highest scoring option assessed, the small offshore reef
also scored relatively well. The main detrimental issue with these protection options was the legislative
challenges associated with the introduction of structures that will disrupt the coastal processes in the area, the
impact on the coastal processes and marine environment values, and the secondary impact to Hawker Beach,
i.e. erosion of this beach is likely.

6053-01_R01v04c.docx

The large offshore reef and the multiple rock groynes protection options resulted in unsatisfactory (negative)
results in the options analysis. Both options scored poorly due to the large construction footprint and costs as
well as the large disturbance to the existing coastal processes of Mount Martha Beach.
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FIGURE 4-1 MULTI-CRITERIA ANALYSIS RESULTS
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5

RECOMMENDATIONS

As determined using the MCA detailed in Section 4, the option to continue with the cliff revetment preventing
further toe erosion is the most favourable option to meet the objective of protecting the infrastructure behind
the beach. To meet the objective of providing a usable beach for a greater period of time, the small headland
groyne and small offshore reef were also acceptable.
The processes driving sediment transport at Mount Martha have been discussed in Section 2.2, and a brief
summary of the options assessed provided in Section 3.1. Additional detail on the processes, impacts and
costs of the small headland groyne and the small offshore breakwater are presented below. These two options
have been selected for further investigation to assess the feasibility of protecting the beach and maintaining a
suitable beach width along the revetment at Mount Martha North Beach.

5.1

Small Headland Groyne

The purpose of a small groyne is to intercept sediment transport such that sediments accumulate on its
upstream section. The consequential impact of the accumulation of sediment on one side of the groyne is the
resulting scour on the downstream side, as shown in Figure 5-1. The sediment transport processes are only
interrupted offshore as far as the groyne extends. If sediment transport consistently drives sediment into the
groyne, eventually the beach will widen, and the sediment will begin to bypass the groyne and feed material
to the downstream side.
A groyne does not impact onshore-offshore transport and material will continue to be removed during a storm
event and replaced during calmer periods.
At MMNB, the positioning of the groyne at the headland is likely to result in accumulation of sand during
summer at the northern end of MMNB, resulting in a reduction of sand at the southern end of Hawker Beach.
During winter, it is expected that material will be driven offshore during storm events as per the current regime
and transported southward in the offshore bar system. Additional erosion at the southern end of Hawker Beach
is likely due to the under-nourished beach over the summer season.
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The small groyne to be tested by modelling will extend 60m offshore at an angle of approximately 292 degrees
(i.e. WNW). The length of the groyne has been determined through assessment of the shore profile and
previous modelling which identified the location of the northerly transport to be inshore of this. The aim of the
groyne is to block the summer drift only as it extends to the limit of the northern transport. The angle of the
groyne has been designed to provide as much protection to the northern section of MMNB as possible from
the dominant winter waves, i.e. those from the north and west of north, where practicable. Wave diffraction
diagrams from the Shore Protection Manual (USACE, 1984) were used to determine the best angle for wave
protection. Additional configurations of the groyne could be considered, such as a hooked end or slightly
different angle, however the impacts are likely to be localised and the feasibility of the option would remain the
same.
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FIGURE 5-1 SCHEMATIC DIAGRAM OF ACCUMULATION TO THE UPSTREAM AND EROSION DOWNSTREAM
OF THE GROYNE

5.2

Small Offshore Reef

The purpose of an offshore breakwater is to prevent wave energy reaching the shoreline. This has two impacts,
the first of which is that the beach is protected from storm erosion, and onshore-offshore transport is restricted
in the lee of the offshore breakwater. Note the lee of the breakwater will change with the direction of the storm.
The effectiveness of the offshore breakwater is directly related to the length and distance offshore of the
structure.
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The second impact of the offshore breakwater is to prevent wave action from causing the longshore sediment
transport – again in the lee of the breakwater which will adjust with the offshore conditions – and form a wider
section of beach behind the breakwater. This is called a salient. (If the salient grows seaward and connects to
the breakwater, this is also referred to as a tombolo.) As the offshore breakwater reduces longshore sediment
transport in a finite zone, the areas adjacent to the salient will experience erosion, most notably on the
downstream side where sediment is no longer being supplied to the beach, in a similar manner to the groyne
described above. A schematic of the offshore breakwater and process is provided in Figure 5-2.
At MMNB two locations for the offshore breakwaters have been considered. The locations have been selected
based on either protecting the cliff at Hawker Beach or protecting the most actively eroding coastline further
south. The location of the breakwaters offshore was determined by reviewing cross-shore profiles and
sediment transport zones similar to the groyne option – the breakwater has been placed offshore from the
main northerly transport zone and inshore of the net southerly transport. The location of the breakwaters
alongshore was also determined through the use of wave diffraction patterns from the Shore Protection
Manual. The length of the offshore breakwaters was determined through assessment of available funds ($1
million) with funds reserved for beach nourishment. The cost of construction of the offshore breakwaters is
dependent on material (e.g. rock or geotextile sandbags), and construction methodology (e.g. offshore
dumping from a barge, or from a temporary shore connected platform). A conservative estimate of $10,000/m
was assumed, and a length of the breakwater set to 50m, allowing $500,000 for detailed design of the
structures and beach nourishment. Small variations in length and location of the breakwaters could be tested
further, however are likely to have similar or limited impacts and will not greatly affect the feasibility of the
option.
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It is expected that the offshore breakwater will build up material during the summer in the lee of the breakwater,
and this salient will remain at least partially during winter as some of the onshore-offshore wave energy is
blocked by the breakwater. Adjacent areas of erosion which form during summer are expected to be further
eroded during winter. A combination of small offshore breakwaters could be considered as an alternative,
however this option was not within the scope of this assessment.
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FIGURE 5-2 SCHEMATIC DIAGRAM OF OFFSHORE BREAKWATER AND THE FORMATION OF SEDIMENT
ACCUMULATION AND EROSION
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6

MODELLING OF OPTIONS

6.1

Assessment Overview

The potential impact of the proposed mitigation options was assessed by applying modelling techniques which
are discussed in this section. The sand transport (ST) module of the MIKE by DHI models was applied to
predict the impact of the proposed options on the erosion and sedimentation patterns in the study area, to
determine whether any erosion or build-up of sediments will occur. The two-dimensional (2D) model includes
sediment transport in the cross-shore and longshore directions throughout the model domain. The ST model
was coupled to the hydrodynamic (HD) and spectral wave (SW) models to compute the bed and suspended
load sediment transport. Details of the coupled model are described in detail in Appendix A.
For the previous study (Water Technology, 2017), numerical modelling was undertaken to understand the
conditions which result in cross-shore transport at Mount Martha. The 1D LITPACK modelling package, a part
of the MIKE by DHI modelling suite, was used, with the cross- shore transport module SBEACH utilised for
storm erosion modelling.
The scope of the current project however is the assessment of the impact of mitigation options on beach
sediment and erosion. These structures need to be considered in a 2-Dimensional model domain as the 1Dimensional line model methodology of LITPACK and SBEACH are not capable of including structures and
assessing their impact on wave conditions and resulting sediment transport.
Modelling was undertaken for a 6-month duration for both the summer and winter seasons to ensure a robust
assessment of the proposed impacts. That is, a full year was simulated. Measured “typical” summer and
“typical” winter seasons were selected which provide a representation of the longer-term general conditions in
Port Phillip Bay for a summer and winter. These seasons were not contiguous, with the summer of 2015-16
and the winter of 2011 determined as being the most “typical”.
The 6-month simulations are presented and discussed in the sections below and full result profiles are provided
in Appendix B. It should be noted and remembered that “more-stormy” and “calmer” seasons can and have
occurred at Mount Martha, and that the frequency and sequence of storm events can have as much of an
impact as the intensity. It is not possible to predict the future weather conditions in terms of storm intensity,
frequency, sequence and scheduling, thus “typical” conditions provide the indication of the potential long-term
impacts of coastal protection options, based on what has already occurred at Mount Martha.
The options considered for this assessment include:
◼

Groyne A:
◼

◼

Breakwater A:
◼

◼

A 50m breakwater, located 80m offshore of the beach compartment 1 at a depth of -1.6m AHD and
parallel to the beach.

Breakwater B:
◼

6053-01_R01v04c.docx

A 60m groyne located at the small headland immediately north of Mount Martha North Beach.

A 50m breakwater, located 80m offshore of the beach compartment 6 at a depth of -2m AHD and
parallel to the beach.

The conceptual location and size of these mitigation options were determined given DELWP’s request for
investigation of options that provide the most protection for beach compartment 1 and compartment 6 as noted
in Figure 6-1, where compartment 1 is the northern end of the beach and compartment 7 is the southern end
of the beach (within MMNB).
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FIGURE 6-1 MITIGATION OPTIONS

6.2

Limitations and Assumptions

6053-01_R01v04c.docx

The following presents a discussion of some of the assumptions and limitations of the modelling method used
in this assessment:
◼

The model was applied to review sediment transport patterns during typical winter and summer conditions.
Short-term sediment transport as a result of storm events is not considered. Inter-annual variations in
wave conditions are not considered in the modelling. As noted above, the options have been assessed
for their suitability for the long-term average, or “typical” conditions. It is not possible to predict what future
conditions may be at the beach, and not feasible to test for all range and combination of conditions.

◼

Detailed bathymetry of MMNB to represent the sea bed at the beginning of the “typical” summer was not
available. Some adjustment in the bed profile at the shoreline is thus noted in the model results as the
bed level adjusts to a suitable beach face. This is typical of sediment transport modelling.

◼

The hydrodynamic model is calibrated against water levels in various locations within Port Phillip Bay,
however, limited information was available to validate sediment transport in the study area. Therefore,
Winter 2016 was selected to assess model’s performance against available erosion data for this event.

◼

The spectral wave model is not calibrated to conditions at Mount Martha North Beach. However, the wave
model is widely accepted to provide accurate results in shallow water conditions such as Port Phillip Bay
where wind climate and depth limited breaking drive wave conditions.

◼

Simplifying assumptions regarding the physical parameters of the beach were made when necessary and
especially where limited information was available. This includes grain size and sand layer thickness
assumptions as detailed in Appendix A.

◼

Due to limitations in sediment transport modelling, and the subsequent assumptions required when
undertaking such modelling as mentioned above, the modelled response to the proposed mitigation
options can be applied as a decision-making tool to assess the potential impacts of these options. The
model results should not be interpreted as a definitive volumetric ‘answer’ to any changes in the sediment
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transport regime. This again reiterates the limitation of modelling to “predict” the future impact of unknown
weather and storm conditions.

6.3

Simulation scenarios

The proposed mitigation options on sedimentation and erosion behaviour in the study area was assessed by
simulating the scenarios presented in Table 6-1.
TABLE 6-1

MODELLED SCENARIOS FOR IMPACT ASSESSMENT

Scenario

Summer (6-month Simulation)

Winter (6-month Simulation)

No Mitigation

✓

✓

Groyne A

✓

✓

Breakwater A

✓

✓

Breakwater B

✓

✓

6.4

Model Results

6.4.1

Overview
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In order to determine potential changes in sedimentation and erosion patterns due to the proposed mitigation
options, the following steps were taken to analyse model results:
1.

The bed level at the end of each modelled season (summer/winter) was determined. This represents the
final bed level by the end of the simulation. The initial bed form for the summer simulation is based on a
nearshore surface developed from surveyed beach profiles collected at the end of August 2010,
representing a “typical” post winter beach. The bed form at the end of summer for each scenario was then
used as input to the winter simulation, representing conditions which are present after a “typical” summer.
This is presented in Figure 6-3 and illustrates the change of the high water mark between summer (yellow)
and winter (aqua) under existing conditions, and between summer (orange, red and maroon) and winter
(blue, navy and purple), and the Groyne, Breakwater A and Breakwater B options respectively after the
summer and winter simulations. Individual images showing the representative shape of beach after a
typical summer and winter can be found in Appendix B.

2.

The accumulation of sediments for each mitigation option by the end of the summer simulation has been
calculated and is presented in the top row of Figure 6-4. These images can be compared directly with
each other as the initial start of summer bed condition is constant. The location of the beach boxes is
indicated by the green hashed area

3.

The accumulation of sediment by the end of winter is presented in the lower row of Figure 6-4. These bed
level changes cannot be directly compared with each other for the impact of “winter” as they have a
different bed level at the beginning of the simulation (i.e. the end of the summer simulation). They can
however be directly compared for the impact of the beach protection option across a “typical” summer and
winter period, i.e. the figure directly above.

4.

The relative change in bed level associated with each change in comparison to the “do nothing” scenario
is presented in Figure 6-5. The levels have been determined by comparing the bed level at the end of
winter for each scenario with the bed level at the end of winter under the do nothing option. Where there
is a relative loss of sediment, this is additional to any erosion (or accretion) already occurring at MMNB.
Where erosion is already occurring, a decrease in bed level indicates an accelerated loss of beach.
Similarly, where an increase in bed level is noted, this may either be a reduction in erosion or an increase
in the accumulation of material.
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5.

Cross sections have been extracted from the model results at beach compartments 1 to 7 (the position of
the cross sections are noted in Figure 6-2) and show the change in beach profile and shoreline position
at the end of summer and winter in Figure 6-6 through Figure 6-8. Additional cross-sectional profiles have
been extracted from model results at Hawker Beach and Craigie Beach (Figure 6-8).
The approximate location of the beach boxes on the cross-shore profile are noted on each figure to
illustrate sedimentation and erosion behaviour associated with each option with respect to the beach box
location.

A discussion of the impact of each shoreline protection option, both at the end of summer and winter and
overall is described in Sections 6.4.4 and 6.4.5, and a summary of the options provided in Section 7.
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FIGURE 6-2 MMNB BEACH COMPARTMENTS AND BEACH PROFILES
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FIGURE 6-3 CHANGE IN MHHW AT THE END OF SUMMER AND END OF WINTER SIMULATIONS
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FIGURE 6-4 ACCUMULATION OF SEDIMENT BY THE END OF SUMMER (TOP ROW) AND WINTER (BOTTOM ROW)
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FIGURE 6-5 RELATIVE CHANGE IN BED LEVEL BETWEEN “DO NOTHING” AND MANAGEMENT OPTIONS
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Beach Compartment 1

Beach Compartment 2

Beach Compartment 3

Post summer

Post summer

Post summer

Post winter

Post winter

Post winter
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FIGURE 6-6 BED LEVEL ALIGNMENT POST SUMMER AND POST WINTER FOR BEACH COMPARTMENTS 1 - 3
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Beach Compartment 4

Beach Compartment 5

Beach Compartment 6

Post summer

Post summer

Post summer

Post winter

Post winter

Post winter
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FIGURE 6-7 BED LEVEL ALIGNMENT POST SUMMER AND POST WINTER FOR BEACH COMPARTMENTS 4 – 6
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Beach Compartment 7

Hawker Beach

Craigie Beach

Post summer

Post summer

Post summer

Post winter

Post winter

Post winter
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FIGURE 6-8 BED LEVEL ALIGNMENT POST SUMMER AND POST WINTER FOR BEACH COMPARTMENTS 7, HAWKER BEACH AND CRAIGIE BEACH
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6.4.2

Change in Beach Width at Mean Sea Level

The horizontal change in the location of mean sea level due to bed level change at the end of winter simulation
has been extracted from the model results within each beach compartment at the point noted in Figure 6-6.
The horizontal change is displayed in Table 6-2.

FIGURE 6-9 SEDIMENT TRANSPORT MODELLING - EXTRACTION LOCATIONS ALONG BEACH BOXES AT
MMNB
TABLE 6-2

BED LEVEL CHANGE BY THE END OF TYPICAL WINTER SEASON AT MOUNT MARTHA NORTH
BEACH FOR NO MITIGATION (EXISTING CONDITIONS) AND MITIGATION OPTIONS

Model Extraction Location

Bed Level Change by the end of Typical Winter Season (m)
Groyne A

Breakwater A

Breakwater B

Beach Compartment 1

-0.2

-0.2

0.0

-0.3

Beach Compartment 2

-0.5

-0.5

-0.4

-0.5

Beach Compartment 3

-0.5

-0.5

-0.2

-0.5

Beach Compartment 4

-0.6

-0.6

-0.7

-0.5

Beach Compartment 5

-0.6

-0.6

-0.8

-0.3

Beach Compartment 6

-0.6

-0.7

-0.9

-0.2

Beach Compartment 7

-0.6

-0.7

-0.8

-0.5
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No mitigation
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6.4.3

No Mitigation Option

Summer Conditions
The bed level change map presented in the top left of Figure 6-4 shows an increase in bed level along the
shoreline under the “existing” or “no mitigation” conditions. There is a narrow band indicating a decrease in
bed level along the shoreline, however this is a modelling result where there is a realignment of the beach face
in the initial bathymetry which occurs in all model results. Along the shore the bed increases up to 0.5m, most
notably offshore of the point between MMNB and Hawker Beach where a low existing reef is present, and
similarly to the south of the beach boxes where a similar rocky outcrop causes some accumulation of sand.
Offshore scour of the offshore bar is noted as the beach profile becomes flatter and material migrates inshore.
The beach profiles for the no mitigation option are used as the basis for comparison of the impacts. In general,
at the end of summer they show a convex shaped beach between the high water mark to below the low water
mark as sand builds up along the beach.
Winter Conditions
The bed level change map is presented in the bottom left of Figure 6-4. This shows the change in bed level
from the end of summer (top left) through to the end of winter. It does not show the total change in bed level
across the 12 months of simulation.
The results highlight the movement of material offshore and the formation of a stronger bar and channel system
than observed at the end of summer. Erosion of material which built up in summer is noted on the southern
(winter lee) side of the rocky outcrop at the Hawker Beach headland. Increased erosion is noted along the
shoreline, and a setback in the coastline can be observed where the darker blue section along the coast can
be seen to intercept with the beach box area, indicating erosion of the shoreline into this area.
The beach profiles illustrate the offshore nature of transport over the winter season, with the convex shape of
the beach adjusted to a relatively flat slope with a higher bed level extending offshore into the bar system.
Figure 6-3 shows the setback in the MHHW level between the summer and winter beaches, particularly along
the area of the beach boxes which experiences ongoing erosion of the beach in winter.
Summary
The modelling of the typical summer and typical winter conditions produces results which correspond to earlier
modelling and observed patterns in sediment transport at MMNB. Summer conditions result in a build-up of
sediment along the shoreline and a reduction in the offshore bar height, whilst winter conditions remove the
material adjacent to the beach built up in summer and return the material to the offshore bar. These results
provide confidence that the model can represent the typical conditions driving sediment transport at MMNB.
The more significant cutting back of Hawker Beach shown in the model results indicate the model mesh may
not be fine enough to replicate the refraction of the offshore reef at the beach here, however do provide a
relative comparison of the impact of the summer and winter and below, the management options on Hawker
Beach.
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6.4.4

Impact of Headland Groyne

Summer conditions
The spatial distribution of sediment at the end of summer is presented in the second column, top row of
Figure 6-4. Whilst the erosion patterns offshore and accretion and erosion south of the groyne are largely
similar to those in the no mitigation option, a build-up of sediment along the groyne is clearly visible, as is the
erosion on the lee side of the groyne at Hawker Beach. Sediment along the groyne has increased the bed
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level by over 0.7m and has extended seaward along the groyne and appears to be bypassing the structure.
This would allow the supply of some material to the northern end of Hawker Beach.
The beach profile representing model simulations of the headland groyne is presented in the Figure 6-6
through Figure 6-8 by the blue dashed line. The modelling indicates a slight increase in beach width and
elevation at Beach Compartment 1 and little to no impact compared with no mitigation works (black line) for
the rest of the profiles to the south.
The beach profile at Hawker Beach illustrates the reduction of sediment supplied to the beach in summer and
a resulting reduction in beach width and level due to the groyne. A small reduction of the beach profile seaward
of the seawall at Craigie beach can also be observed at the end of the summer simulation.
Winter conditions
The spatial mapping of results of the groyne scenario (Figure 6-4, column 2, row 4) at the end of winter are
largely similar to those observed in the no mitigation scenario offshore and south of the groyne. The recession
of the shoreline at the beach boxes has occurred to a similar magnitude, with a reduction in shoreline erosion
only noted close to the groyne. The bathymetry north of the groyne indicates infill of the lee erosion at Hawker
Beach, however the magnitude of the infill and flattening of the beach profile is not considerably higher than
the erosion which occurred in summer.
The small increase in beach width and elevation at Beach Compartment 1 is lost over the winter months and
the model indicates the groyne does not provide additional beach protection compared with the no mitigation
options. At the compartments to the south, the beach profile is similar to the no mitigation profile, with some
reduction in beach profile compared with no mitigation noted in the Groyne A scenario towards the south of
the beach. This could be due to the change in sediment supply and wave conditions offshore from the summer
build up in the lee of the groyne.
There is no significant change in conditions at Hawker Beach compared with the do nothing option at the end
of winter. The beach profile at Craigie Beach remains lowered seaward of the seawall following the winter
scenario.
Compared with Do Nothing
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When compared with the do nothing option, construction of a groyne at the headland results in an
accumulation, or reduction in erosion, of sediment around the groyne as shown in Figure 6-5 (left). The change
in shoreline position for the headland groyne is shown in the second figure of Figure 6-3. The summer position
of the shoreline is relatively unchanged from the existing further than 50m south of the groyne. As expected,
there is a relative accumulation of material on the southern side of the groyne which will act to protect or reduce
the threat to the cliff between Hawker Beach and MMNB. However, a relative reduction in bed level towards
the Craigie Beach seawall could cause additional erosion along Hawker Beach and at the toe of the seawall.
Similarly, a relative reduction in bed level adjacent to the beach boxes indicated a potential for increased
erosion of the beach in this area. The position of the shoreline post winter shows material which has
accumulated on the shoreline in the lee of the groyne spreads out, extending the beach width through winter
in this area. However, there is slightly more cut back of the shoreline at the beach boxes and little change
elsewhere.
Summary
As such, the benefit of a headland groyne is limited to the area directly adjacent to the groyne. The area to the
north of the groyne (Hawker Beach) will suffer from either erosion during summer due to the restricted sediment
supply or further south of the groyne area not impacted at all. Winter storms then have the same effect on
these sections of the beach as having no headland groyne for beach protection.
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The benefit of a headland groyne is thus very limited and will not result in an increased beach amenity along
an extended stretch of the MMNB. Any beach nourishment at both Hawker Beach and along MMNB combined
with the groyne construction would not protect from winter storms which have previously moved nourished
material rapidly offshore, and thus a similar rapid loss could occur. If conditions were more favourable, or larger
sediment was utilised, the groyne would help to prevent loss of sand from MMNB, however ongoing
nourishment would be required at Hawker Beach once material was lost from here.

6.4.5

Impact of Offshore Breakwaters

Summer conditions
The spatially varying figures presented in Figure 6-4, top row, column 3 and 4, illustrate the effectiveness of
the offshore breakwaters in accumulating sand in the lee of the breakwater. The northwest – southeast angle
of the salient can be observed in the build-up, reflective of the dominant wave conditions in summer.
Breakwater A shows largely similar results to the no mitigation and Groyne A option south and offshore of the
structure. Some erosion is observed at the point towards Hawker Beach, however less than noted for the
Groyne A option. The summer lee erosion is far more pronounced for Breakwater B where there is significant
erosion along the shoreline and a setback in the coastline towards the beach boxes which could increase the
risk of damage in storms which occur late summer and through autumn. A notable salient is observed on the
shoreline for both offshore breakwater options.
The bed profile figures illustrate that the offshore breakwaters have the potential to create a significant increase
in beach width adjacent to the structure during the summer months, as expected with the northerly sediment
transport flow along the coast slowed in the lee of the breakwater which provides protection along the coastline
from the southwest waves.
However, the positive impact is limited to the area immediately adjacent to the structure. This is illustrated at
Beach Compartment 1 where the Breakwater A (pink dashed line) results in a beach of 60m seaward of the
beach boxes, compared with 20m with no mitigation (black line). At Beach Compartment 2, however, the
increase in beach width had reduced to around 30m and at Beach Compartment 3, there is a reduction in
beach width compared with the no mitigation options.
This is mirrored in the summer modelling of Breakwater B (green dashed line) where beach loss is noted in
Beach Compartments 1 through 4 (north of the offshore breakwater) during the summer whilst Beach
Compartments 5 through 7 show an increased beach width due to the location of the breakwater closer
offshore. These modelling results correspond to the theoretical impact of coastal protection structures detailed
in Section 5.2.
The reduction of sediment supply along the beach is noted at Hawker Beach for both offshore breakwater
options, confirming the potential neighbouring detrimental impacts of the structures considered in the MCA.

6053-01_R01v04c.docx

Winter conditions
The change in bed level after the winter is shown in the final two figures of Figure 6-4. Conditions resulting
from the northern offshore breakwater (Breakwater A) indicate increased erosion of bed conditions both along
the shoreline and within the nearshore zone to the south of the breakwater. This is higher than what was
expected and indicates transport along the shore in winter is blocked by the offshore breakwater. Inshore of
Breakwater A the salient does not protect the shoreline and erosion is observed into the beach box footprint.
Slightly less erosion of the shoreline within the beach boxes to the south is observed landward of Breakwater
B at the end of winter, however similar erosion along the shoreline to the north is observed.
During the winter the offshore breakwaters assist in protecting the adjacent beach. There is little change in
beach width from the end of summer through to the end of winter at Beach Compartment 1, and a slight
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increase in width above low water at Beach Compartment 2. At the remaining compartments though, there is
notable reduction of the beach width and elevation of the beach profile compared with the end of summer
profile, and overall across the year when compared with the no mitigation scenario.
Offshore Breakwater B illustrates similar behaviour, with the increased beach width maintained adjacent to the
offshore breakwater at Beach Compartments 5 through 7 and little impact compared with the no mitigation
option by the end of winter at other locations along MMNB.
There is little change in conditions at Hawker Beach with the construction of an offshore breakwater following
the winter season compared with the no mitigation option.
Compared with the Do Nothing option
When compared with the do nothing option, construction of an offshore breakwater results in an accumulation,
or reduction in erosion, of sediment to the south of the breakwater, regardless of the lateral position along the
beach, as shown in Figure 6-5 (centre and right). The position of the MHHW level is shifted seaward at the
end of summer and winter for both options in the less (lower maps, Figure 6-3), however the reduction in
erosion along the rest of the shoreline is not reduced, and in some places increases at the beach boxes, and
closer to the headland. A reduction in bed level at the eroded headland is more pronounced with Breakwater
A and erosion of this point could increase. A reduction in bed level both at the headland and offshore noted as
an impact of Breakwater B could also exacerbate the erosion of the headland and risk the cultural heritage
values within the cliff.
Breakwater A provides protection to the southern face of the headland cliff, however, results in a potential
increase in erosion at the beach boxes to the south of the structure. Whilst Breakwater B appears to protect
the beach boxes, and not impact the existing erosion to the northern end of the beach boxes across the entire
year, it is noted that there will be an increase in vulnerability to the north (summer lee side) of the offshore
breakwater at the end of summer and storms through winter may cause increased erosion of the beach. In
addition, the continued restriction of sediment to the northern end of MMNB is likely to result in an eventual
increase in the erosion here without ongoing beach nourishment.
Summary
As such, the benefit of an offshore breakwater is limited to the area directly in the lee of the breakwater. Areas
adjacent to these suffer from either erosion during summer due to the restricted sediment supply or are not
impacted at all during summer. Winter storms then have the same effect on these sections of the beach as
having no offshore breakwater for beach protection – where erosion currently occurs, it will continue to occur,
and potentially with increased impact depending on the beach position. The reduction in bed levels offshore
of the beach boxes will allow higher energy waves to erode the beach during storm conditions. It is important
to remind the reader that the simulated periods are typical rather than high energy periods. More wave energy
across a deeper nearshore zone will result in more erosion along the beach.
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Any beach nourishment carried out with construction of the offshore breakwaters would likely become trapped
within the lee of the offshore breakwater after a short period and not provide protection from the increase in
erosion adjacent to the breakwater lee.
The benefit of an offshore breakwater is thus very limited and will not result in an increased beach amenity
along an extended stretch of the MMNB.

6.4.6

Results summary

A summary of the results for different locations along the study area is provided below in Table 6-3. This
sections include consideration of preliminary cost estimates provided by DELWP at the finalisation of this
report.
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In general, the options can be summarised as follows:
◼

Groyne
◼

◼

◼

◼

Lower construction cost (in the order of $350,000) and effort than offshore breakwaters;

◼

Less visual disturbance across the water

◼

Protects southern side of headland;

◼

Neighbouring effects (i.e. increased erosion of the beach) more limited than offshore
breakwaters.

Disadvantages
◼

Will need to be designed so onshore section does not interrupt pedestrian access or vehicle
access for maintenance.

◼

Increased risk of erosion at Hawker Beach

◼

Does not protect a significant area of the shoreline from N-NW storm events

◼

Will need ongoing sand management to continue existing coastal process regime

Advantages
◼

Pedestrian access along the beach in the lee of the structure unhindered;

◼

Protects a section of the MMNB and the southern side of the headland

Disadvantages
◼

Higher costs and construction complexity than Groyne option (in the order of $750,000);

◼

Large visual impact from beach looking to water;

◼

Increased erosion at Hawker Beach expected at the end of the summer months;

◼

Increased erosion along MMNB to the south at the end of winter.

Breakwater B
◼

◼
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◼

Breakwater A
◼

◼

Advantages

Advantages
◼

Pedestrian access along the beach in the lee of the structure unhindered;

◼

Protects a section of the MMNB.

Disadvantages
◼

Higher costs and construction complexity than Groyne option and the Breakwater A option (in
the order of $850,000);

◼

Large visual impact from beach looking to water;

◼

Increased erosion at headland during summer as sand supply blocked;

◼

Increased erosion along MMNB to the south of the breakwater at the end of winter
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TABLE 6-3

SUMMARY OF MODELLING RESULTS

Location

Impact

Severity

Hawker Beach

Erosion

Small increase

Headland

Accretion

Southern side protected, northern side existing
erosion unchanged

MMNB North of beach boxes

Accretion

Small reduction in erosion

Compartment 1, 2, 6 & 7

Negligible

Existing erosion unchanged

Compartment 3, 4 & 5

Erosion

Small increase in existing erosion

Hawker Beach

Erosion

Small increase

Headland

Erosion

Moderate increase on northern side of headland.
Negligible increase on southern side

MMNB North of beach boxes

Accretion

Small reduction in existing erosion

Compartment 1 & 2

Accretion

Increase in beach level at beach boxes

Compartment 3

Negligible

Existing erosion unchanged

Compartment 4, 5, 6 & 7

Erosion

Notable increase of beach and nearshore erosion

Hawker Beach

Negligible

Existing erosion unchanged

Headland

Erosion

Increase in erosion at headland, southern side
negligible change in existing erosion

MMNB North of beach boxes

Negligible

Existing erosion unchanged

Compartment 1, 2, 3

Negligible

Existing erosion unchanged

Compartment 4, 5, 6 & 7

Accretion

Notable change in bed level at beach boxes

South of beach boxes

Erosion

Notable increase in beach and nearshore erosion

Groyne

Breakwater A
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Breakwater B
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7

SUMMARY AND RECOMMENDATIONS

7.1

Summary

The coastal processes at Mount Martha North Beach are driven by the seasonal wave climate within Port
Phillip Bay. Southerly summer winds result in a net northerly drift, with most sediment being transported close
to the shoreline. Northerly winds during winter result in a reversal of the sediment transport, which when
combined with the higher offshore transport due to higher energy waves, results in a net southerly transport of
sediment in the offshore zone. The cross-shore beach profile changes from a convex inshore shallower profile
after the summer to a flatter and deeper profile after winter.
Increasing beach erosion at Mount Martha North Beach has resulted in a setback of the shoreline and a
reduction in beach height which allows storm tides and waves to impact the toe of the cliff at the back of the
beach. The erosion of the cliff toe has resulted in instability of the cliff which may lead to damage to critical
infrastructure landward of the beach.
DELWP has begun a strategy of placing a rock and geotextile revetment along the toe of the cliff to prevent
further toe erosion, however a longer-term strategy to protect the cliff, and if feasible, protect the beach, has
driven the need for this assessment.
Through previous studies, 4 options for beach protection have been identified to potentially reduce the loss of
beach and assist with the coastal revetment in protecting the toe of the cliff. A multi-criteria analysis identified
that from these 4 options, the “do nothing” or just revetment to protect the cliff toe was the most appropriate
option for MMNB. However, this option does not protect the Aboriginal middens in the headland between
Hawker Beach and MMNB, nor provide a beach for public amenity. The second and third ranked options
following do nothing were the construction of a short groyne at the eroded headland between Hawker Beach
and MMNB, or a small offshore breakwater offshore of the beach boxes.
Numerical modelling of these two options considered the offshore breakwater in two locations and compared
the impact to the MCA preferred option of “Do Nothing” or revetment only. The modelling indicated that whilst
some small areas of the coastline would be protected through the construction of coastal protection, erosion
would be expected to continue or increase at other locations along the beach. Nourishment of the beach would
have only limited increased benefit when combined with the management options, or just by itself.

7.2

Recommendations

6053-01_R01v04c.docx

MMNB should potentially be considered only as a high amenity summer beach rather than an all year-round
beach, or alternatively, an ongoing commitment to regular beach nourishment is required if a winter beach is
considered highly desirable. It is likely this will occur at other beaches within Port Phillip Bay and along the
Victorian coastline in the future as the effects of climate change impact the public amenity and infrastructure
that has been developed in close proximity to dynamic shorelines.
This study, both through the multi-criteria analysis and the numerical modelling assessment, has indicated the
most technically feasible option at MMNB is to continue with construction of the coastal revetment and allow
the natural processes to take place without further intervention. Despite this however, the community and
beach users desire action be taken in an attempt to maintain a beach of usable width year round at MMNB. It
is noted in the social survey the respondents’ preference of a wide beach at any cost financially or to the visual
impact of MMNB.
Based on the findings of the multi-criteria analysis, social survey, numerical modelling and discussions with
DELWP and the preliminary cost estimates provided by DELWP, the next best option is the construction of a
short groyne off the headland between MMNB and Hawker Beach. This option, as with the offshore
breakwater, will result in detrimental impacts (i.e. beach erosion) to adjacent areas of the coastline which will
need to be managed. The construction of a groyne at the headland will need to be complemented by an initial
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beach nourishment program, annual sand management plans and a commitment to event/needs based beach
nourishment. The funding for the future management will need to be determined. The construction of the
groyne is unlikely to prevent the ongoing erosion of the beach along MMNB adjacent to the beach
boxes. The modelling completed simulated “typical” conditions, and erosion may be far greater than that
presented under higher energy storm conditions. Conversely, however, this is also true in reverse and a period
of calmer conditions may result in an increase in beach width (which would also occur naturally).
Beach management will involve the shifting (most likely by excavator and dump truck) of material which has
built up on the southern side of the groyne on MMNB and relocating it across the groyne to Hawker Beach.
Care will be required to ensure sufficient sand remains on MMNB to protect the cliff through the winter. Beach
nourishment – both initial and future – will need to be carried out using imported sand (i.e. not from MMSB)
which has a coarse grain size of at least 0.8mm. It is noted that material this size has previously been
eroded from MMNB and would be expected to also be removed from Hawker Beach during storm
conditions as the groyne does not protect Hawker Beach. The groyne also does not protect the length
of MMNB from erosion during storm conditions and erosion of the beach should be expected in the
future during storm events.

7.2.1

Beach Boxes
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If beach boxes remain at MMNB, the foundations need to be reinforced and founded into the rocks underneath
to protect them during winter storms when the beach level is low. However, this contravenes the VCS such
that structures cannot be fixed as this would define them as “permanent structures”. As a minimum, annual
safety inspections should be carried out to ensure structural integrity after winter. Safety of the beach box
users should also be considered during the winter season when the box floor is considerably above the beach
due to storm erosion. Public access might have to be restricted to MMNB during winter to protect beach users
from hazardous beach boxes, uneven ground, inundation and wave energy. The social survey indicated a
strong desire from a large number of respondents to be able to walk from MMNB to MMSB or vice versa. To
enable this activity to continue into the future as sea levels rise, the future location of the beach boxes will
need to be assessed as they will restrict pedestrian access along the beach.
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APPENDIX A
NUMERICAL MODELLING DETAILS
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A-1

Hydrodynamic and Wave Modelling Package

Coastal water levels vary as a result of various physical forcing factors including: wind, waves, currents and
tides. Hydrodynamic and wave modelling is the assessment of water levels and currents in and around Port
Phillip Bay as a result of these forcing factors.
An existing Water Technology hydrodynamic model of Port Philip Bay was utilised for the assessment. A
number of modifications were made to the model in order to accurately replicate coastal processes.
DHI Water and Environment’s MIKE 21/3 Coupled Hydrodynamic and Spectral Wave model has been utilised
for this study. The MIKE 21/3 Coupled Model Flexible Mesh (FM) hydrodynamic (HD) and spectral wave (SW)
flow model is based on an unstructured flexible mesh and uses a finite volume solution technique. The mesh
is comprised of triangular elements. This approach enables a variation of the horizontal resolution of the model
mesh within the model area, and therefore for a finer resolution in selected sub-areas. The computational
triangular mesh of the model is made with sufficiently small cells to resolve the detailed conditions in the study
area.
The coupled model simulates the mutual interaction between waves and currents. The hydrodynamic module
simulates water level variations and flows in response to a variety of forcing functions such as:
◼

Momentum dispersion

◼

Bottom shear stress

◼

Coriolis force

◼

Wind shear stress

◼

Wave radiation stresses

The modelling system is based on the numerical solution of the two-dimensional shallow water equations - the
depth-integrated incompressible Reynolds averaged Navier-Stokes equations. Thus, the model consists of
continuity and momentum equations.
The spectral wave module simulates the growth, decay and transformation of wind-generated waves and swell
in offshore and coastal areas.
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The model includes the following phenomena:
◼

Wave growth by action of wind

◼

Non-linear wave-wave interaction

◼

Dissipation due to white-capping

◼

Dissipation due to bottom friction

◼

Dissipation due to depth-induced wave breaking

◼

Refraction and shoaling due to depth variations

◼

Wave-current interaction

◼

Effect of time-varying water depth and flooding and drying

A-2

Model Layout

Model mesh comprises of a regional mesh developed for Port Phillip Bay and a smaller more refined local
model. Transfer boundary from the regional model was applied to the boundaries of the local model.
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The larger model mesh for Port Phillip Bay was developed by applying the available bathymetric data,
supplemented by the recent hydrographic survey data.
The mesh was refined to capture sufficient details in the study area. The model resolution increases towards
the project area, where the mesh size is approximately 2m. The model mesh applied for the simulation has
11,115 nodes and 19,884 elements and is presented in Figure 8-1. The location of the model open boundary
is also shown here.
The following bathymetric data was applied to the model mesh:
◼

Port Phillip Bay entrance detailed bathymetric survey (6m resolution)

◼

Future Coasts LiDAR Bathymetric Survey (Victorian Government, acquired between Nov 2008 – Apr
2009)

◼

Topographic Surveys conducted by Farren Group (up to 2m resolution)

FIGURE 8-1 REGIONAL MODEL MESH
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Figure 8-2 presents the local mesh with 18,563 nodes and 36,060 elements. A closer view of the model mesh
is presented in Figure 8-3.
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FIGURE 8-2 LOCAL MODEL MESH

FIGURE 8-3 MODEL MESH
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A-3

Boundary Conditions

Tidal boundary conditions for the regional model were determined by linearly interpolating between measured
tides for Lorne, at the western end of the model boundary and predicted tides at Flinders at the eastern end.
The tidal prediction was carried out by MIKE by DHI Tidal Prediction Tool and were based on the 5 main tidal
constituents for Flinders as shown in Table 8-1. These constituents were obtained by harmonic analysis of
measured water levels provided by the Bureau of Meteorology (BOM) for Flinders Jetty.
TABLE 8-1

TIDAL CONSTITUENTS AT FLINDERS

Constituent

Flinders
Amplitude (m)

Phase (°)

O1

0.81

327

K1

0.23

50

N2

0.21

88

M2

0.17

291

S2

0.15

34

A-4

Simulation Period

A-4-1 Validation
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Validation against previous modelling results of sediment transport modelling was conducted for the July 2016
winter storm event (wind conditions are presented in Figure 8-4).

FIGURE 8-4 WIND SPEED AND DIRECTION AT SOUTH CHANNEL ISLAND (JULY 2016)
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A-4-2 Modelled Scenarios
The summer and winter wave climate and consequently sediment transport processes typically follow these
patterns at the study area:
◼

In summer, waves are predominantly from the southwest, driven by southerly winds.

◼

In winter, waves are predominantly from the northwest, driven by northerly winds.

In order to capture the effect of seasonality on the potential for sediment transport and therefore effectiveness
of the mitigation options, both summer and winter conditions were simulated. Typical summer and winter
conditions were selected as discussed in Section A-5 and hence the following simulation periods were
modelled:
◼

Summer: 6 month: Simulation starting on 1st October 2015 leading to the representative summer months
in 2016 (01/10/2015 – 01/04/2016)

◼

Winter: 6 month: Simulation starting on 1st April 2011 leading to the representative winter months in 2011
(01/04/2011 – 01/10/2011)

A-5

Wind Forcing

The Spectral wave model was run by applying wind data from South Channel Island. The South Channel Island
wind data was statistically analysed to identify representative summer and winter conditions during previous
work by Water technology (Water Technology, 2018).
The summer of 2015-2016 was selected to represent typical summer conditions and the winter of 2011 was
chosen to represent typical winter conditions. The wind roses representing conditions for these seasons are
presented in Figure 8-5.
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FIGURE 8-5 SOUTH CHANNEL ISLAND WIND ROSE FOR REPRESENTATIVE SUMMER (LEFT) AND WINTER
(RIGHT) CONDITIONS

A-6

Hydrodynamic Model Parameters

A-6-1 Eddy Viscosity
The transfer of momentum through sub-grid scale turbulence is modelled through the inclusion of eddy
viscosity in the horizontal extent. The eddy viscosity is given by a “Smagorinsky-type” formulation. This
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expresses the effects of sub-grid scale turbulence by an effective eddy viscosity related to a characteristic
length scale and the local spatial current variations.

A-6-2 Bed Resistance
To include bed resistance a Manning M (reciprocal of Manning’s n) number of 50 m 1/3/sec in Bass Strait, 20
m1/3/sec at the bay entrance and 32 m 1/3/sec is applied throughout Port Phillip Bay.

A-7

Hydrodynamic Model Calibration

Model calibration consists of an iteration process of adjusting modelling parameters to arrive at a reasonable
comparison between the modelled data and recorded measurements. These parameters include but are not
limited to bathymetry, boundary and initial conditions, bed resistance and other model constants.
For the purpose of this assessment, modelled water levels were compared against measurements at
Williamstown tide gauge where a good comparison is achieved as illustrated in Figure 8-6. The statistical
analysis of this comparison is presented in Figure 8-7 where an R2 of 0.96 with a root mean square error
(RMSE) of 0.07 demonstrates a satisfactory agreement between the modelled and measured water levels.
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FIGURE 8-6 HD MODEL CALIBRATION – MEASURED VERSUS MODELLED WATER LEVELS AT
WILLIAMSTOWN TIDE GAUGE
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FIGURE 8-7 SCATTER PLOT OF MEASURED TIDES AT WILLIAMSTOWN TIDE GAUGE VERSUS MODELLED
TIDES

A-8

Spectral Wave Model Parameters

Simulations were undertaken using the directionally decoupled parametric formulation assuming quasistationary conditions. That is, it was assumed that the time evolution of the wave spectrum within Port Philip
Bay was negligible. Wave parameters applied are summarised in Table 8-2.
TABLE 8-2

SW WAVE MODEL PARAMETERS

Model Parameter

Defined in the model

Basic Equations

Spectral Formulation: Directionally decoupled
parametric formulation
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Time formulation: Quasi stationary formulation
Spectral Discretisation

360-degree rose with 16 directions

Solution technique

Low order, Fast algorithm
Max number of iterations: 500
Tolerance (RMS-norm of residual): 1*10-5
Tolerance (Max-norm of change in Hs): 0.001
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Model Parameter

Defined in the model

Wind generation Formula

SPM73

Diffraction

Included

Wave breaking

Depth induced wave breaking γ1 = 0.8
Wave spilling due to overly steep waves γ2 = 1

Bottom Friction

Nikuradse roughness length, kn = 0.01m

Initial Condition

Spectra from empirical formula, applying
JONSWAP fetch growth expression

Boundary Condition

Closed boundary

A-9

Sediment Transport Model Parameters

MIKE 21 FM Sand Transport (ST) model was coupled to the hydrodynamic and wave models. The ST module
calculates the resulting transport of non-cohesive materials based on the mean horizontal flow conditions found
in the hydrodynamic calculations and wave conditions from wave calculations (DHI, 2017). For the purpose
of this assessment, Particle Size Distribution (PSD) data as obtained for the earlier assessment of sediment
transport in Mount Martha Beach (Water Technology, 2017) was reviewed and used as input in the ST
modelling. The following sediment size was applied to the model domain:
◼

Sediment median diameter (D50) of 0.35mm along the beach down to a low water depth contour.

◼

D50 sediment size of 0.3mm in the surf zone and along the sand bars.

Upon a round of simulation tests, the following sediment bed thickness was applied to the model:
◼

2m along the beach and down to the low water depth contour

◼

0.5m within the surf zone

◼

1m along the sand bars, and

◼

No sediments where the offshore reefs are located.

There was no data available for the study area regarding sediment thickness and therefore the above are
estimates based on Water Technology’s experience and previous site visits.
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In order to ensure the sediment transport model replicates what happens at the site during a storm event, the
July 2016 storm event was selected and the model results were compared against the results of Water
Technology’s previous works at the site (Water Technology, 2017) for the same event. Appropriate modelling
parameters were selected based on experience from similar studies. The following parameters were applied
to the ST model:
◼

Combined wave and current formulation was applied. For this formulation the sand transport rates are
found by interpolation in sediment transport tables.

◼

A porosity of 0.4 was applied for the sediments. A constant grading coefficient of 1.5 was applied, based
on sediment analysis data available for the site (Water Technology, 2017).
𝐷84 0.5
𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑔𝑟𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = (
)
𝐷16

◼

Morphological impact on the hydrodynamics was taken into consideration by including a bed level
feedback.
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◼

One of the main parameters in the model is the sediment table matrix. The table was generated so that
any combination of bathymetry, current, wave and sediment conditions appearing in the simulation are
within the range defined in the transport table as shown in Table 8-3.

TABLE 8-3

SEDIMENT TABLE

spacing

# points

Current Speed

0.05

0.1

7

Hrms

0.05

0.3

8

Wave Period

0.5

1

10

Wave height/water
depth

0.01

0.1

301

angle current waves

0

30

12

grain size (mm)

0.3

1.5

5

sediment grading

1.5

0.3

7
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first value
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APPENDIX B
SEDIMENT TRANSPORT MODEL RESULTS
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FIGURE 8-8 MOUNT MARTHA NORTH BEACH COMPARTMENTS AND CROSS-SETIONAL PROFILES
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FIGURE 8-9 MITIGATION OPTIONS
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