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EXECUTIVE SUMMARY
The Mount Martha Coastal Processes and Future Management Recommendations provides a comprehensive
analysis and review of coastal processes in the Mount Martha coastal cell in Port Philip Bay, whilst also
providing management options for the key site within the study area that was identified as having erosion
issues (Mount Martha North Beach). The study has involved:


Collection and review of a range of data and literature relevant to the definition of coastal processes
within the study area.



A rigorous coastal processes investigation to develop robust management options for the study.



Development of a detailed spectral wave model of the entire coastal cell, capable of estimating wave
design conditions.



A detailed longshore sediment transport model and cross shore sediment transport model from Mount
Martha North to Mount Martha South beach that is capable of estimating sediment transport rates at
the beach.



Conceptual management options, including cost estimates, for all viable options at the eroding Mount
Martha North site.
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In undertaking this study a number of important aspects of coastal processes relevant to Mount Martha
beach have become apparent. These are summarised as follows.
Coastal Process Characteristics of Mount Martha Beaches – Mount Martha beaches are subject to a cyclical
seasonal sediment transport process. In Summer, sediment is transported in a northerly direction along the
beach. This is due to the predominately south and south west winds generating small waves from a limited
fetch that push sediment along the beachface. This pattern is reversed in winter, with predominate north
through the west winds, that are stronger than summer southerly winds, generating larger waves which
break in the offshore bar system. This means sediment is shifted south in winter, predominately in the
offshore bars. Whilst this sediment is shifted south, it is also being removed from the beachface due to
seasonal winter storms. The sand in the offshore bars is eventually trapped at Balcombe Point, and worked
back to the beach at Mount Martha South over summer, whilst some sediment does leak around the
headland. It appears that while this net sediment transport to the south was historically balanced by
sediment from beaches to the north, many of these have had seawalls constructed on them, reducing their
capability to provide sediment into the system from eroding cliffs. Extra stresses have been also placed on
the beach due to sea level rise, meaning the beachface is adjusting to higher water levels experienced during
storm events, and hence extra offshore transport of sediment.
Future Management Options at Mount Martha North Beach – There are a range of available management
options at Mount Martha North beach. There are two parts to managing the erosion at the beach, erosion of
the cliff face and erosion of the beach face. The cliff erosion is critical as it protects assets and is dangerous
to the public if it collapses. Placing a sloped rock seawall in front of the cliff would halt erosion issues, but has
a number of disadvantages, including large upfront cost and negative effects on the beach amenity in front
of the cliff. The second part of managing erosion issues at Mount Martha North is erosion of the beach in
front of the cliff. Presently, the erosion issues have caused reduced public amenity and public safety, due to
structural issues that the beach erosion has caused to the beach boxes. Stopping erosion at the beachfront
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has the secondary effect of also reducing erosion to the cliff at the back of the beach. A number of options
are presented to manage erosion of the beachfront, however they all have an associated upfront cost.
Regarding the study outcomes, the following recommendations are provided:
Cliff erosion remains a critical issue at Mount Martha North beach – a sloped rock or geotextile bag
seawall should be installed at the rear of the beach to protect road assets and increase public safety at
the rear of the beach.



Prior to construction of the seawall, a cultural assessment of Aboriginal middens must be undertaken to
ensure there are no issues with placement of the seawall in front of the middens.



During installation of the seawall, if beach boxes are in the way of construction these will need to be
removed as a permanent or temporary measure.



There are a number of soft and hard structure management options available to manage beach erosion
in front of the cliff – if beach erosion is managed this has the added effect of increasing protection of the
cliff at the rear of the beach. It is recommended that one of the beach erosion management options be
implemented such as beach nourishment, construction of a groyne or construction of an offshore
breakwater.



It is recommended that a beach use survey be undertaken so data can be gathered regarding the
community use of the beachfront - Whilst this report has considered the coastal processes and costings
of available management solutions, the community should also be consulted for input on the range of
options available for shoreline erosion management.



It is recommended that detailed coastal modelling, in terms of impact on the local coastal processes, be
undertaken for the preferred conceptual beach management options before they are taken to detailed
design phase.



If none of the hard or soft beach erosion management options are adopted, it is recommended that the
beach boxes be removed from the beach at Mount Martha North to increase public safety and amenity.



Prior to any future beach nourishment, grain size must be considered. Nourishment with small grain
diameter sediment (<0.6mm) is likely to result in wasted nourishment, as the sand can be easily
transported off the beach.
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GLOSSARY AND DEFINITIONS
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Table 0-1

Glossary

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.

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.

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 (m3) 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.
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The sum of the sediment transport rate. The transport to the left minus the
transport to the right (or visa 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.

Sediment
transport rate

The rate at which offshore wave conditions can shift sand either to the left or
right of a beach profile.
The beach profile and the sediment sizes along the profile do not change
over time.
The sediment transport rate is the potential transport rate only – it 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.

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.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Net Sediment
Transport

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 10

1

INTRODUCTION

Water Technology has been commissioned by the Victorian State Government Department of Environment,
Land, Water and Planning (DELWP) to undertake an assessment of the drivers of coastal processes along the
Mount Martha coastal cell and review previous and potential future management options for the main
beaches.
The Mount Martha coastal cell extends from Linley Point in the north to Balcombe Point at the southern
extent. The study area, along with key locations referred to in this report, is presented in Figure 1-1.

Study Area and key locations

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Figure 1-1

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 11

2

BACKGROUND

Numerous previous studies have been undertaken to assess the coastal processes and future management
options at Mount Martha. As noted in Figure 1-1, the study area of the current assessment extends from
Linley Point in the north, to Balcombe Point in the south, with a key focus on the sandy beach of Mount
Martha.
The following studies and available literature have been reviewed to provide an overview of the
understanding and historical context of coastal processes and management along the foreshore:


Beach Profiles at Mount Martha Beach, H.R. Graze, J. D. Lawson and J. R. Chestney, 1981



The Coast Victoria: The Shaping of Scenery, Eric Bird, 1993



Frankston to Mt Martha Coastal Processes and Strategic Management Plan, Vantree, 1996



Mount Martha North Beach Coastal Processes, Coastal Engineering Solutions, 2001



Design Guidelines for Bathing Boxes at Mount Martha North Beach, Coastal Engineering Solutions with
John Gardner & Associates, 2001



Geotechnical Investigation of Cliff Face Instability, Mt Martha Beach North, Piper and Associates, 2006



Mount Martha North Beach Coastal Erosion and Remediation, Coastal Engineering Solutions, 2007



Review of Beach Nourishment Priorities for Port Phillip Bay, GHD, 2008



Geotechnical Investigation of Cliff Face – Mount Martha North Beach, Cardno Lane Piper, 2009



Mt Martha Beach Renourishment Completion Report, AME, 2010



Feasibility Study for Shore Protection Reefs in Port Phillip Bay, ASR, 2010



Changes on the Coastline of Port Phillip Bay, Eric Bird, 2011



Mount Martha Sand Monitoring Final Report, Worley Parsons, 2012



Preliminary Assessment of Beach Renourishment Priorities 2015 – 2017, Cardno, 2015

4909-01_R01v03a_Mt_Martha_CP+FM.docx

To provide a longer historical context to the processes which drive sediment movement and coastal change
along the shoreline, a summary of the geomorphological processes and the changes experienced in the more
recent past have been provided in Section 2.2.

2.1

Literature Review

Beach Profiles at Mount Martha Beach, Graze, et al, 1981
This project was commissioned to investigate erosion in the region between Fossil Beach and Balcombe
Point, within the study area for this project. A severe winter in 1964 led to construction of the seawall at
Fossil Beach in 1964, Craigie Beach in 1965 and Hawker Beach in 1969. Storms in 1971 also lead to erosion
of the beachfront, with a rocky shoreline appearing. The study outcome suggested that the sediment
availability of the beach was highly dependent on apparently random seasonal conditions, and a stormy
winter could mean an eroded beach. During the severe winters, sand moved from the beachface to the
offshore sandbar and towards the southern end of the bay.
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The Coast Victoria: The Shaping of Scenery & Changes on the Coastline of Port Phillip Bay,
Eric Bird, 1993 & 2011
Linley Point is described by Bird (1993) as cliff outcrops of Baxter Sandstone with coves of sandy beaches.
Linley Point leads south into a stretch of sandy beaches, with Hawker, Mount Martha North and Mount
Martha South beaches. These sandy beaches are backed by receding low, sloping clay cliffs (Bird 2011).
Further to the south, Balcombe Point and Martha Point are very stable Granodiorite cliffs that show the least
change of any area in Port Phillip Bay over the last 6000 years (Bird 2011).
Frankston to Mt Martha Coastal Processes and Strategic Management Plan, Vantree, 1996
Prior to any detailed coastal studies at the site, beach profiles at Mount Martha were analysed, noting the
beach’s variability in width and volume. Vantree’s (1996) Frankston to Mt Martha Coastal Processes and
Strategic Coastal Plan discusses coastal processes in the Mount Martha area, and describes the beaches at
Mount Martha and Hawker Beach as ‘wide sandy beaches with good access’. This study included a limited
analysis on waves and sediment transport in the area.
Mount Martha North Beach Coastal Processes, Coastal Engineering Solutions, 2001
A severe storm season in winter 2000 resulted in significant beach box damage at the Mount Martha North
beach, and Coastal Engineering Solutions (CES, 2001) was commissioned to produce a detailed report on the
coastal processes on the beach. This study expanded on the analysis undertaken in Vantree (1996) to include
the extra wind data that had been gathered, allowing for more accurate wave hindcasting, quantification of
sediment transport rates and discussions on long-term beach stability and beach box viability.
The CES study found that traditionally the Mount Martha beach undergoes a seasonal transport of sand from
north-east to south-west during the winter months, which is reversed during the summer months. It was also
noted that the active beach zone around the Mount Martha North beach boxes was very narrow, and was
capable of eroding and accreting rapidly, such as that which occurred in the July 2000 storm. Longshore and
cross shore sediment transport was found to contribute to the erosion process during a storm in
approximately equal parts, with the longshore component moving sand from Mount Martha North beach to
Mount Martha South beach, with the cross-shore component moving sediment offshore into the bar system.
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The study found that over the time period analysed there was an imbalance of longshore sediment transport,
with a net rate of approximately 500m3/year to the south. It was also noted that this did not take into account
sediment gain or losses from transport around Mount Martha headland, Balcombe Creek, cliff erosion or
offshore sources, which would likely balance out this 500m3/year.
The study predicted the type and severity of the storm that occurred in July 2000 could be expected to occur
every 10 years and stripped approximately 2000m3 of sand from the beach. The report concluded that the
beach boxes as they were would likely continue to be damaged during winter storms when the beach is
narrow, and design standards needed to be generated for beach boxes which allowed for deeper piles and a
higher floor level with a stronger construction frame.
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Design Guidelines for Bathing Boxes at Mount Martha North Beach, Coastal Engineering
Solutions with John Gardner & Associates, 2001
Design conditions for beach boxes were expanded in Design Guidelines for Bathing Boxes at Mount Martha
North Beach (CES, et al, 2001) which includes design guidelines considering wave uplift force and avoiding
pile scour. These guidelines are included in DELWP’s (2015) DELWP Standards for Bathing Box and Boatshed.
Following the release of the 2001 guidelines, it is understood that many of the beach boxes in the area were
upgraded to conform with the standards and therefore did not undergo significant damage during storms in
later years. However, the erosion on Mount Martha North beach continued to be an issue, eventually
resulting in cliff instabilities behind the beach boxes and further failure of beach boxes which had not been
upgraded.
Geotechnical Investigation of Cliff Face Instability, Mt Martha Beach North, Piper and
Associates, 2006
Mornington Peninsula Shire Council to commissioned Piper and Associates (2006) to produce a Geotechnical
Investigation of Cliff Face Instability, Mt Martha North Beach. This report concluded that the undermining of
the cliff behind the beach boxes due to wave action had resulted in cliff instabilities that pose an
unacceptable risk to life. A number of remediation options were suggested, typically aimed at re-grading the
cliff face and reinforcing the toe of the cliff against wave action. This report did not take into account possible
coastal engineering remediation options that could be employed.
Mount Martha North Beach Coastal Erosion and Remediation, Coastal Engineering
Solutions, 2007
In 2007 CES further expanded on their 2001 coastal process studies, producing Mount Martha North Beach
Coastal Erosion and Remediation, which includes additional wind and wave data that had been gathered post
2001, and analysis of historic aerial photography to determine long term erosion and accretion patterns.
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The aerial photography suggested that similar erosion as to that experienced in the 2000s also occurred in
the 1960s, followed by a stable recovery in the 1970s – 1990s. It also found that Mount Martha South beach
had some erosion issues in the 1940s and 1950s which is presently not the case. The small headland between
Mount Martha North beach and Hawker beach also appeared to be experiencing erosion in recent years. CES
suggested the reasoning behind the erosion on Mt Marth North beach during the 2000s has likely been due
to the headland reduction, meaning any sand travelling north during summer months is no longer captured
as a buffer during the stormy winter months.
CES suggested constructing a 25m groyne to provide a similar sand capturing mechanism that the headland
provided before it was eroded. At the same location, in lieu of a groyne, an offshore breakwater could be
considered. CES also noted directly offshore from Alice St, at the southern end of Mount Martha North beach,
there appears to be a small gap in the offshore reef. This gap has led to localised erosion of the beach at Alice
St, and a possible remediation measure would be to install a submerged offshore breakwater.
These two structural options were to be supplemented with beach nourishment. The study suggested
approximately 5000m3 of sand could be moved from Mount Martha South beach to Mount Martha North
beach. The report also suggested that nourishment of the beach from offshore sources was likely to not be
cost-effective and may have a detrimental effect on Mount Martha South beach.
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Following the release of this report in June 2007, severe erosion over the 2007 winter encouraged a more
detailed investigation into sand volumes that would be required to nourish Mount Martha North beach, with
CES releasing a supplementary report to their June 2007 study. This study increased the likely required sand
volume from 5000m3 to 9000m3 after detailed survey was undertaken. In 2008 CES also prepared a detailed
design including construction methodology for the beach improvement works.
Review of Beach Nourishment Priorities for Port Phillip Bay, GHD, 2008
GHD (2008) recommended to the Department of Sustainability of Environment that Mount Martha North
beach, among other beaches, should be nourished. This nourishment was undertaken in May 2010, where
11,300m3 of sand was moved from Mount Martha South beach to Mount Martha North beach.
Geotechnical Investigation of Cliff Face – Mount Martha North Beach, Cardno Lane Piper,
2009
In 2009 Cardno Lane Piper produced an additional report on the cliff instability, confirming CES’s (2007a)
assertion that when there is sand on the Mount Martha North beach the cliff toe is stabilised, and
recommended performing the remediation options recommended by CES (2007a). The report also
recommends introducing a batter to the cliff face and armouring the toe. Further information regarding the
structural protection of the cliff on this was provided by Lane Piper’s (2010) report, and it appears that this
has been partially implemented in the recent past.
Feasibility Study for Shore Protection Reefs in Port Phillip Bay, ASR, 2010
ASR (2010) conducted a study on the viability of offshore reef structures around Port Phillip Bay, including
Mount Martha. The study found that an offshore reef at Mount Martha was unlikely to be an effective
solution to the ongoing erosion issues.
Mt Martha Beach Renourishment Completion Report, AME, 2010
AME (2010) provides a completion report on the final relocation of sand from Mount Martha South at Mt
Marth north. Overall, it describes how 11,300m3 of sand was placed at Mount Martha North, slightly less
than the originally intended 12,500m3, due to a lack of sand availability. There was also issues with Balcombe
Creek flowing, meaning sand could not be transported past this point for a number of days.
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Mount Martha Sand Monitoring Final Report , WorleyParsons, 2012
Worley Parsons (2012b) was commissioned by the Department of Sustainability and Environment to conduct
monitoring of the 12,500m3 of sand that had been placed on Mount Martha North beach (even though it
appears that only 11,300m3 was nourished as per AME, 2010). Worley Parsons estimated that at the current
rate approximately 1,000m3 of sand was being removed from Mount Martha North beach between 2010 and
2012, meaning the nourishment undertaken in 2010 should last 5 – 10 years.
Preliminary Assessment of Beach renourishment Priorities 2015 – 2017, Cardno, 2015
Cardno’s (2015) Preliminary Assessment of Beach Renourishment Priorities 2015 – 2017, prepared for DELWP
as part of a Port Phillip Bay wide review of beach nourishment, noted that Mount Martha North beach had
previously been removed from the priority list for nourishment (after it was nourished in 2010), but did not
check if it needed renourishment.
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The Cardno (2015) study consisted of a limited investigation of beaches in Port Phillip Bay, with no beaches
in the study area of this report considered.

2.2

Geomorphology

2.2.1

Port Phillip Bay

Dr Eric Bird provides the most comprehensive and simple understanding of the formation of Port Phillip Bay
through his publications The Coast of Victoria (1993) and The Sandringham Environment Series (1990). These
have been summarised to provide context to the regional processes which have helped form the beaches at
Mount Martha.
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After the break-up of Gondwana (an ancient supercontinent consisting of most of the present day continents
merged together) approximately 180 million years ago, Port Phillip Bay became a sinking depression on the
edge of the new continent of Australia. The sea eventually began to enter this low-lying land, and Port Phillip
Bay has existed as an embayment for around 38 million years (since the Oligoscene Epoch), however with a
much different original coastline, as shown in Figure 2-1.

Figure 2-1

2.2.1.1

Sinking Port Phillip region (left), and Pre-Pliocene coastline (right). (Bird, 1993)

Pliocene Period

During the late Miocene (5.3 - 11.6 million years ago.) through to the early Pliocene (3.6 - 5.3 million years
ago.), the embayment of the Port Phillip region was much larger and bounded by the elevated ranges visible
away from the present day shoreline, including the You Yangs and the Dandenong, Otway, and Mornington
Peninsula Ranges, as depicted in Figure 2-2 (Bird, 1993).
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River sediments which eroded from the elevated ranges on the Mornington Peninsula were deposited in the
shallow waters, creating the Red Bluff sandstone which now forms the elevated cliff outcrops along sections
of the study area.
2.2.1.2

Pleistocene Period

Through the Pleistocene Period (2.5 million years ago. - 11,000 years ago) there was significant global climatic
fluctuation during which several glacial phases (colder temperatures, increase in glacial and polar ice growth)
and interglacial phases (warming of temperatures, melting of ice) occurred.
During the glacial phases the area was dry and vegetation was sparse due to the water locked in the polar
and glacial regions. Sands deposited on the bed during the interglacial periods were blown by the dominant
north-westerly winds across the now dry coastal plain of Port Phillip region to form sand ridges across the
south-eastern area.
Within the last glacial period of the Pleistocene, sea levels fell to as much as 120m below the present day
levels and the rivers of the Port Phillip region formed a large river across the coastal plain, cutting a gorge
through the dune ridges across the south, forming the present day “Rip” at the entrance to Port Phillip Bay
(Figure 2-2).
2.2.1.3

Holocene Period

During the Holocene (the most recent geological epoch, beginning around 11,000 years ago), sea levels rose
and flooded the Port Phillip region, creating a shoreline close to the present day configuration of Port Phillip
Bay.
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Then around 4,000 years ago, during the mid-Holocene, there was an increase in temperature and sea levels
rose around 1-2 m above present day levels, creating shore platforms around Port Phillip Bay before falling
back to present day levels.

Figure 2-2

Port Phillip region during the Early Pliocene (left) and Late Pleistocene (right). (Bird, 1993)
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2.2.2

Mount Martha

The study area can be broken into three key geological sections; the northern, middle and southern, as shown
in Figure 2-3.
The northern section of the study area, from Linley Point to Birdrock Beach, exhibits cliffs with rocky shores
and a number of small pocket beaches (Vantree, 1996). Linley Point is an example of this trend, with a cliffed
outcrop of Red Bluff Sandstone and emerged shore platform (Bird, 1993), leading into the Marina Cove
pocket beach.
Continuing down the coast are further cliffs and bluffs, typically exhibiting Red Bluff Sandstone and Black
Rock Sandstone on top of exposed Balcombe Clay (Bird, 2011). The topography in the area is irregular, due
to landslides and weathering. There is also a section of masonry and boulder walls at Fosters Beach, and
further south at the southern end of Fossil Beach.
The middle section of the study area, from Birdrock Beach to southern Mount Martha Beach, comprises of a
series of popular, accessible beaches. The northern part of this middle section still exhibits the sandstone
cliffs, but these decrease in angle and hardness to more scrubby bluffs to the south (Vantree, 1996). Other
key features of this section of the site are the masonry wall at Craigie beach and the Balcombe Creek
swampland.
Craigie Beach typically exhibits a thin to non-existent strip of sand, likely due to the reflected wave action off
the seawall. The seawall (described in further detail in Section 2.2.3) protects the cliff behind which was
eroding due to wave action. Whilst protected from wave energy, the cliffs still experience some erosion due
to runoff down the face of the cliff (Parsons Brinckerhoff, 2004).
Hawker Beach and Mount Martha beaches, typically wide and sandy, lie to the south of Craigie beach. Mount
Martha North beach has, in recent years, experienced erosion of sand and the cliff toe behind the beach due
to wave action during storms (Lane Piper, 2009). However, this has been partially halted with a rock toe
fronting the cliff along a section of the beach. Midway between Mount Martha North and South beaches,
lies the mouth of Balcombe Creek. Balcombe Creek is often blocked from discharging to the ocean due to a
build-up of sand at the creek mouth (Bird, 1993).
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The southern part of the study area, from Mount Martha South beach to Balcombe Point is dominated by
high coastal cliffs of Mount Martha Granodiorite. These cliffs exhibit only very minor weathering, with this
part of Port Phillip Bay showing the least change over the last 6000 years (Bird, 2011).
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Figure 2-3
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2.2.3

Coastal Structures

There are three significant coastal structures in the study area. These are shown in Figure 2-4.
The seawall at Craigie Beach is the most significant of these structures, with over 500m of seawall fronting
coastal cliffs. This seawall is made of concrete and basalt blocks, and the construction was undertaken in the
late 1960s, estimated as 1968 by Parsons Brinckerhoff (2004), with the construction also described by Graze,
et al (1981) as occurring between 1965 and 1969.
A sloped rockwall has also been placed in front of the seawall in recent years, predominately to stabilise the
blockwork wall. There is typically no beach amenity in front of this seawall, with wave reflection off the wall
amplifying energy directed offshore. The placement of a sloped rockwall in front of the seawall reduces the
reflected wave energy, preventing further scour of the seabed at the toe of the wall and provides protection
to the wall from waves breaking on the structure.
The cliff at the rear of Craigie Beach was receding until the seawall was constructed, providing the Mount
Martha coastal compartment with a local sediment source. Aerial imagery captured in 1957 suggests a
relatively wide, sandy beach.
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Further north are two more coastal structures, at the southern end of both Fossil Beach and Fosters Beach,
as shown in Figure 2-4. It appears that these structures were built in response to slip failure and are
protecting coastal cliffs from further erosion and slip failure. The Fossil Beach seawall was constructed in
1964 (Graze, et al, 1981) after a series of stormy winters. These structures are both approximately 200m long
and are fronted by a rocky reef.
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Figure 2-4
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3

EXISTING COASTAL PROCESSES

The main driver of coastal processes in the Mount Martha area is the wave climate, which is fetch limited,
and generated by local winds blowing across Port Phillip Bay. The site (and most of Port Phillip) is protected
from swell waves generated in the Southern Ocean by the narrow entrance to Port Phillip Bay and The Great
Sands between the entrance and a line between Rosebud and Indented Head. The longest fetch at Mount
Martha is in a north-northwest direction to Altona, but there is also a significant fetch northwest and westnorthwest, resulting in higher waves at the study site.
The tidal range within Port Phillip Bay is low, and thus, tidal currents are low within much of the Bay, including
at Mount Martha. Currents are dominated by the seasonal wind and wave climate discussed below.

3.1

Wind Climate

The wind climate around the study area is measured by the Bureau of Meteorology (BoM) at South Channel
Island (086344), located 17km west of the site; Fawkner Beacon (086376), 30km north-northwest of the site;
and Frankston AWS (086371), 12km north of the site. A summary of the available data at each gauge is shown
in Table 3-1 below and the location noted in Figure 1-1.
Table 3-1

Available Wind Data Summary

Wind Gauge

Data Resolution

Date Available

South Channel Island
(086344)

3 Hourly Observations

01/05/1976 – Present
(Received to 08/02/2017)

Continuous (Provided at 30
min intervals)

08/12/1998 – Present
(Received to 08/02/2017)

3 Hourly Observations

02/03/2000 – Present
(Received to 08/02/2017)

Continuous (Provided at 30
min intervals)

11/03/1992 – Present
(Received to 08/02/2017)

3 Hourly Observations

19/02/1991 – Present
(Received to 08/02/2017)

Continuous (Provided at 30
min intervals)

01/09/1991 – Present
(Received to 08/02/2017)

Fawkner Beacon (086376)

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Frankston AWS (086371)

The data from the South Channel Island gauge is considered to be the most representative of conditions
which generate waves at Mount Martha. The Frankston gauge is likely to be impacted by Oliver’s Hill to the
south and the interaction of sea and land temperatures on wind conditions during the morning and evening.
Fawkner Beacon has a limited open fetch to the north, and is not as representative of conditions impacting
Mount Martha as South Channel Island. There is also a significantly shorter length of dataset available.
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Data is available from South Channel Island between 1976 and 2017, however some manipulation of the data
was required to form a complete time series over the 40 year period. There were a number of data gaps,
including a significant period between September 1992 and December 1998. These data gaps were filled as
appropriate with data from the other gauges, typically the Fawkner Beacon (086376) gauge. The data used
was at 3 hour increments, an appropriate duration for generating wave climates within Port Phillip Bay.
The data has also been adjusted for measurement height and local terrain before being used in the wave
climate, based on AS/NZA 1170.2 2002 Structural Design Actions – Wind Actions (Australian and New Zealand
Standards, 2002) Table 4.1(A) and 4.2, which defines terrain height multipliers for wind speeds in different
terrains. This allowed the wind speeds to be converted from their respective measurement heights (9m at
South Channel Island, 6m at Frankston AWS and 17m at Fawkner Beacon) to a near ground level wind speed
(<3m above ground level wind speed). The wind speed and direction values showed a good correlation
between all three gauges once adjusted. The adjusted wind speed closer to ground level is applicable to wave
generation in Port Phillip Bay and has been used in the spectral wave model (Section 3.5).
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The wind climate representing the full 40 year dataset is shown in Figure 3-1 (top). The wind climate is
dominated by winds from the north and to a lesser extent, the south through west. Wind speeds are generally
below 10m/s with strongest winds from the north. Summer and winter conditions across the dataset are
provided in Figure 3-1 (bottom left and right respectively). During summer, southerly conditions dominate,
with approximately 50% of winds from the southeast through southwest. During winter, this is reversed and
the northerly and westerly wind directions are dominant, with over 60% of winds are from the west through
northeast, with close to 20% from the north alone. During spring and autumn, the wind conditions transition
between these dominant positions.
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Full Dataset
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Summer

Figure 3-1

3.1.1

Winter

South Channel Island (1976 – 2016) Wind Rose, annual (top), summer (bottom left) and winter (bottom right)

Decadal Wind Climate Comparison

The wind climate has been broken down by decade and is displayed in Figure 3-2. The wind conditions from
the recent years appear similar to the older data, and the speed and proportions of winds from the primary
directions remain generally consistent, especially when comparing the 1980s, 2000s and 2010s. However, it
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can be seen in the data in the 1990s, that there is a higher proportion of low wind speeds from all directions.
Apart from this decrease in wind speed during the 1990s, there are no other obvious patterns visible when
splitting the wind data up by decade.
Figure 3-3 and Figure 3-4 also show the wind data broken down by decade, split into summer and winter
conditions respectively. These plots also indicate that the 1990s had typically lower wind speeds, and this is
particularly prevalent over summer. Typically summer overall has less than 10% of “calm conditions” (defined
here as wind speed less than 2.5m/s), whilst the 1990s showed calm conditions during summer accounted
for almost 20% of the time, doubling the proportion of other decades. In winter, calm conditions are
experienced 8 - 13% in the 1980s, 2000s and 2010s, whereas the 1990s again show an increase in calm
conditions to 17% of the winter months.
It should be noted that there is a significant data gap in the South Channel Island wind data between 1992 –
1998. This data was infilled with Fawkner Beacon data after a reasonable correlation was found between the
two datasets. The lighter wind conditions are not considered to be a result of the infilled wind data. A
comparison of 500 wind data points from an overlapping data period in 2000 is shown in Figure 3-6.
The lower wind speeds during the 1990s is further demonstrated in Figure 3-5 where the data has been
separated into 2m/s bins and the proportion of the wind climate within each bin calculated. Figure 3-5 shows
a consistent pattern of occurrence between the recorded wind data throughout the 1980s, 2000s and 2010s.
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The proportion of wind speed less than 2m/s is between 4 and 6%, with the occurrence of wind in each bin
steadily increasing as wind speed increases, peaking in the 6 – 8m/s range (25 – 30%). The only obvious
inconsistency in the data is the 1990 decade, which has relatively even proportions of winds in the 2 – 4m/s
range (18%), 4 – 6m/s range (19%) and 6 - 8 m/s range (19%). This represents an approximate 10% reduction
in the proportion of wind speeds in the 6 – 8m/s range when compared to other decades. When breaking
this down further by wind direction, this difference remains consistent across all directions.
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1980s

2000s

All Data
Figure 3-2

1990s

2010s

South Channel Island Wind Roses, comparing the decades of data
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1980s

All Data

2000s
Figure 3-3

1990s

2010s

South Channel Island Wind Roses, comparing the decades of Winter data
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All Data
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1980s

2000s

Figure 3-4

1990s

2010s

South Channel Island Wind Roses, comparing the decades of Summer data
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Figure 3-5

South Channel Island Wind Roses, comparing the decades of all data (inclusive of all seasons of wind data) in 2m/s bins
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Figure 3-6

Comparison between Fawkner Beacon and South Channel Island Wind Data Overlapping Period (wind speed top,
wind direction bottom). Blue line represents a line of perfect fit between the wind datasets

3.1.2

2016 Winter Conditions

Winter 2016 was emphasised as a particularly significant year for erosion at Mount Martha North, and
precipitated this study. Photos such as that provided by Mount Martha North Beach Box Group below
(Figure 3-7), show significant erosion at the beach, with swash encroaching up the Mount Martha North
Beach, underneath beach boxes and impacting the cliffs behind the beach boxes.
Analysis of wind patterns in the Bay during the 2016 winter season years has been completed and 2016 wind
conditions compared to the overall conditions experienced between 1978 – 2015. The review indicated that
the winter of 2016 consisted of a higher proportion of strong winds from the north through west quadrant
(66% of winds from this quadrant in 2016, compared to 51% from 1978 - 2015), and that these winds are
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stronger than long term average conditions (21% of winds greater than 10m/s in 2016, compared to 12%
from 1978 - 2015).
This suggests that 2016 had a higher than usual fraction of strong north through to west winds. However, it
does not necessarily suggest a “more stormy” season.

Figure 3-7
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3.1.3

Beach erosion at Mount Martha North (MMNBBG, 2016)

Severe Wind Speed Events

Review of the historical wind data indicates that the 2016 winter was not outside the normal range for
number of severe wind speed events, as defined by a recorded wind speed is greater than 15m/s, for a
duration of six hours. It should be noted that this does not necessarily define the worst event for sediment
transport as wave conditions dominate sediment transport, which can vary significantly with directionality
of the wind, but was used as an initial selection criteria to evaluate whether there was an especially stormy
season in 2016 and select some significant recent storms to investigate in more detail in the sediment
transport modelling stage (Section 4). A more detailed analysis on waves generated by these individual
storms is provided in Section 3.5.3. The data suggests that whilst the 2016 winter did have two severe wind
events, and had more severe wind events than a typical year in the recent past (i.e. the past 20-30 years),
the number of severe wind events have not been significantly increasing.
The 2016 winter includes two wind events that fit the severe wind criteria previously defined, whilst there
was also a strong wind event at the end of July that did not reach the required duration criteria, as shown in
Figure 3-9. In the early morning of 30 June 2016 there was a storm recorded that lasted over 6 hours through
to the afternoon with winds from the direct north.
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There was also a storm on 12 July 2016 where wind speeds exceeded 15m/s for 18 hours, with winds were
from the north to north-west. Strong winds (>10m/s) also persisted well after the event. This was the only
storm between 2000 and 2016 where sustained wind speeds greater than 15m/s for longer than 6 hours
were measured during the winter months.
These two large storms are circled in the wind data record shown in Figure 3-9. The sediment transport
capability of these storm events is further discussed in Section 4.

Figure 3-8

South Channel Island Wind Rose, Winter 2016 (left) and overall (right)

Severe Winds
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Strong Winds

Figure 3-9

Recorded storms in 2016
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3.2

Water Levels

3.2.1

Astronomical Tidal Levels

Tidal water levels within the northern section of Port Phillip Bay are relatively consistent, with little change
in the tidal signal observed in Port Phillip Bay between Williamstown and Rosebud. Long term measured
water levels at Williamstown are used to generate tidal planes within the Bay, and are presented in Table 32 (ANTT, 2016).
Table 3-2

Williamstown Tidal Planes

Tidal Plane

Level (m AHD)

LAT

-0.524

MLLW

-0.38

MHLW

-0.08

MLHW

0.12

MHHW

0.42

HAT

0.52

Highest recorded water level

1.33 (30/11/1934)

A dataset of continuous measured water levels at Williamstown has been provided by the BoM covering the
period from 1976 – 2017, and is used in modelling for this study.

3.3

Storm Tides
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The term storm tide refers to coastal water levels produced by the combination of astronomical and
meteorological ocean water level forcing. The meteorological component of the storm tide is commonly
referred to as storm surge and collectively describes the variation in coastal water levels in response to
atmospheric pressure fluctuations and wind setup.
Storm tides within Port Phillip Bay are generated through the combination of local wind setup and
atmospheric pressure changes, however, the most notable portion of a storm tide is due to increased water
levels through Bass Strait. Increased water levels within Bass Strait are generated by significant storm events
within the Southern Ocean to the southwest or via east coast lows which travel around eastern Victoria
towards Port Phillip Bay. Due to the dominance of Bass Strait conditions on storm tides within Port Phillip
Bay, there is only minor, localised difference in storm tides around the Bay.

3.3.1

Predicted Storm Tide Inundation

CSIRO (2009) carried out modelling studies on storm surge and climate change along the Victorian coastline.
The results of the studies are summarised in Table 3-3 with predicted storm tide levels in Port Phillip Bay
including mean sea level rise. The Melbourne Water 100-year flood levels (1% AEP), used for planning
purposes within Port Phillip Bay (Melbourne Water, 2012) is also provided. A single water level is provided
in the Melbourne Water document to cover the whole of Port Phillip Bay. The area of inundation under the
predicted 1% CSIRO storm tide levels at Williamstown, based on topographical LiDAR survey captured in
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2007, are presented in Figure 3-10. The extent of the Melbourne Water 2100 predicted 1% AEP storm tide is
shown as a red line. Figure 3-10 suggests areas below the storm tide levels are typically restricted to the
existing beachfront and Balcombe Creek waterway until 2100. The study area does not experience storm tide
inundation to assets behind the beachfront due to the presence of rocky coastal cliffs that sit at the back of
the beaches. The main structures that are impacted during a storm tide event would be beachfront assets,
such as beach boxes, and the issues caused by waves directly impacting the coastal cliffs during the storm
tide event.

Table 3-3

Storm Tide height return levels for Williamstown, (CSIRO, 2009) and Port Phillip Bay (Melbourne Water, 2012)

Return Period

Williamstown
2009

2009

2030

2070

2100

10

0.96

0.98

1.18

1.64

2.07

20

1.03

1.05

1.24

1.70

2.15

50

1.09

1.11

1.32

1.79

2.23

100

1.12

1.15

1.40

1.84

2.28

1.60

1.80

n/a

2.40
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Melbourne Water (1% AEP)
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Figure 3-10

3.3.2

Potential Extent of 100 year ARI Storm tide inundation

Measured water levels 1976 - 2017
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As noted above, storm tide within Port Phillip Bay is dominated by elevated water levels in Bass Strait rather
than local conditions and despite the distance and varying fetch direction and length between Mornington
and Williamstown, there is little change in storm tide heights predicted by CSIRO.
The measured water level data at Williamstown is therefore considered a good representation of conditions
within Port Phillip Bay and Mount Martha and has been reviewed to establish patterns in storm tide levels at
the study site.
Unlike the wind conditions where no clear pattern could be established with respect to changing winds over
time, there is a clear trend of higher water levels over the last 40 years in Port Phillip Bay, as shown in
Figure 3-11. The fraction of time where the water level is greater than 0.5m AHD has increased from 0.6% of
the time in the 1980s to 1.5% of the time from 2010 – 2017. The water levels have increased in all analysed
bins from 0.5m AHD upwards since the 1980s. This suggests that sea levels and storm tide levels will further
increase into the future, and the implications of this on the sediment transport regime is detailed in Section
5.3.
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Figure 3-11

3.3.3

Water Levels at Williamstown over previous decades

2016 Water Level Conditions

The measured water level at Williamstown over winter 2016 is presented in Figure 3-12. As discussed
previously, and highlighted in Figure 3-9, the winter 2016 storm season included two significant storm events
in terms of wind speed. However, the June storm event was not accompanied by a significant storm surge,
and measured data at the Portland gauge indicated only minor changes (+0.2m) in measured water levels
within Bass Strait. The second storm during July was accompanied with a storm tide that peaked at 0.97m
AHD on 12 July, with residual water levels outside of the Bay at Portland measured in excess of 0.5m. Both
these storms are highlighted in Figure 3-12.
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The water level recorded at Williamstown in 2016 is not the highest of recent water levels. In June 2014, a
storm surge was recorded reaching 1.15m AHD. The June and July 2016 events, and the June 2014 storm
event have been incorporated into the cross shore sediment transport model, further discussed in Section
4.3.
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Figure 3-12

3.4

2016 winter water levels

Currents

The tidal range within Port Phillip Bay is low, with mean spring tidal range of 0.8m. As a result, tidal currents
are low (less than 0.1m/s) within much of the Bay away from the entrance. Currents are thus dominated by
the seasonal wind climate discussed above. Northerly winds dominant in winter result in a net current to the
south. Similarly, southerly winds which dominate in summer result in a net current field to the north. Wind
driven currents generally peak at less than 0.15m/s and are not considered a driver of sediment transport
within the study area.

3.5

Wave Climate
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The wave climate in the study area is fetch limited, generated by local winds blowing across Port Phillip Bay.
The site (and most of Port Phillip) is protected from swell waves generated in the Southern Ocean by the
narrow entrance to Port Phillip Bay and The Great Sands between the entrance and a line between Rosebud
and Indented Head. The longest fetch at Mount Martha is 45km in a north-northwest direction to Altona.
Significant fetch of 40km to the northwest and west-northwest, and 30km west also result in higher waves
at the study site.
Water Technology’s existing Port Phillip Bay spectral wave model was refined to capture refraction and
shoaling of waves as they approach the study area. Wind data measured at South Channel Island (1976 –
2017), discussed in Section 3.1, was used to generate a wave climate for the last 41 years across the study
area. The annual, summer and winter wave climates located 500m directly offshore of Mount Martha North
beach in 7m depth are presented in Figure 3-13. Wave conditions along the study site in the offshore waters
do not vary considerably from this.
The seasonal differential of the wind climate can be clearly seen in the wave climate, with winter waves
dominated by larger waves from the northwest. Northerly winds, which dominate in winter, drive waves
which refract towards the coastline as they move inshore, resulting in a dominant north-westerly wave
direction. Summer wave conditions are considerably calmer with winds from the south-southwest to
southeast resulting in lower wave heights at Mount Martha, due to the reduced fetch in these directions.
Winds from the south refract into the shore resulting in higher proportion of waves from the south-westerly
directions. Larger waves in summer occur infrequently when wind blows from the north west or west.
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Figure 3-13

3.5.1

Mount Martha Offshore Wave climate, Annual (top), Summers (bottom left) and Winters (bottom right)

Recent Past Wave Climate Comparison

The wave climate has been broken down by decade and displayed in as per the presentation of wind data in
Section 3.1.1. The wave proportions from the recent years appear similar to historic data, i.e. the directional
proportion of waves around the wave rose remain generally consistent, especially when comparing the
1980s, 2000s and 2010s, as per the wind data. As expected given the lower winds speeds during the 1990s,
there is a higher proportion of small waves during this decade. In addition to the decrease in wind speed and
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wave heights during the 1990s, the modelling also indicates that the 2000s and 2010s have had a higher
proportion of larger waves from the northwest.
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Figure 3-15 and Figure 3-16 show the decadal change of summer and winter waves respectively. Of note from
the seasonal analysis is the reduction in wave climate observed during the 1990s. This reduction is more
pronounced during the summer season, with approximately triple the amount of calm conditions (less than
0.05m wave height) experienced in the 1990s compared to other decades. Whilst winter wave heights also
marginally decreased in the 1990s, the decrease was not by a significant amount, and only 1% less than in
the 1980s.
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All Data

1980s

1990s
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2000s

Figure 3-14

2010s

Mount Martha offshore wave climate rose plots, comparing the decades of data
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All Winter

1980s Winter

1990s Winter
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2000s Winter

Figure 3-15

2010s Winter

Mount Martha Offshore Wave Rose plots, comparing the decades of Winter data
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All Summer

1980s Summer
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2000s Summer

Figure 3-16

1990s Summer

2010s Summer

Mount Martha Offshore Wave Rose Plot, comparing the decades of Summer data
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3.5.2

2016 Winter Conditions

As previously discussed, the winter of 2016 resulted in particularly significant erosion at Mount Martha North
beach, and precipitated this study. Analysis of wave conditions offshore of Mount Martha during the 2016
winter has been compared to long term winter wave conditions and is presented in Figure 3-17. As shown,
the 2016 winter has a greater proportion of higher waves from the west through north, and significantly less
clam conditions when wave heights are less than 0.05m. There is also lower proportion of waves from the
west and west-southwest during 2016.
The more extreme 2016 wind conditions are reflected in the wave heights, with wave heights greater than
0.5m experienced more than 50% of the time, compared to just 37% in all other years.
There were two major storms the 2016 winter, as discussed in Section 3.1.2 – these produced modelled
significant wave heights of 1.5m from the north west on the 12 July and 1.1m from the north on 30 June. The
sediment transport capabilities of these events are further discussed in Section 4.

Figure 3-17
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3.5.3

Mount Martha Wave Rose, Winter 2016 (left) and all winter data (right)

Storm Conditions

Historical storminess has also been investigated, in terms of wave climate. A “severe wind event” has
previously been defined in Section 3.1.3, when the recorded wind speed is greater than 15m/s, for a duration
of six hours. Rather than looking at wind conditions, this section examines storms in terms of wave
conditions. Wave conditions inherently require a strong wind over a sustained period to form, however have
the additional constraint of coming from the correct direction to form large waves at the study site. In this
section, storms have been defined as times when waves reach a significant wave height greater than 1.25m,
at the extraction site which is 500m offshore of Mount Martha North beach in 7m water depth.
Review of the modelled wave data indicates that the 2016 winter was not outside the normal range for
number of storms. The data suggests that whilst the 2016 winter did have two large storms, and was more
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stormy than a typical year in the recent past (i.e. the past 20-30 years), storminess has not been significantly
increasing. There does not appear to be a common pattern in the data, as shown in Figure 3-18, except for
suggesting that whilst we are currently in a relatively stormy period, similar periods also occurred in the late
1970s, late 1980s and early 2000s. Of particular note, is the storms which precipitated CES’s (2000) Mount
Martha North Beach Coastal Process Report, in which storms ‘in the second half of July’ damaged a number
of beach boxes at Mount Martha North. These storms are not picked up in the storm definition of 1.25m
significant wave height, as they only reached 1.1m significant wave height in the spectral wave modelling. It
is thought that the damage of the beach boxes may have been due to a sustained stormy winter, the end of
which concluded with these concurrent significant wave events. The recorded 3 -hour averaged wind speeds
during these events are less than 20m/s, also suggesting the storm events were not extreme.
The period between 2010 – 2012 is also of interest, as beach nourishment was undertaken and monitored
by WorleyParsons (2012). These years’ show very few storms, whilst the year after monitoring finished there
were 16 storm events – the highest of any modelled year. This storm winter likely resulted in the loss of
nourished material that was predicted to last for another 5 – 10 years.
The sediment transport capability of storm events is further discussed in Section 4.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Figure 3-18

Number of modelled storms with significant wave height > 1.25m

3.6

Beach Sediment

3.6.1

Sediment supply

At the southern and northern ends of the study area, Balcombe Point and Linley Point are large headlands
that are not expected to receive any significant sources of sand around these headlands, however it is
expected that some sediment does leak around Balcombe Point to the South in Winter. Within the study area
the predominate sediment source is eroding cliffs. The sediment inflow due to eroding cliffs has likely been
in decline since human intervention with coastal protection structures, such as walls (for example, the 500m
long wall at Craigie Beach) preventing the natural erosive processes that provide sediment to the beaches.
This is a common issue throughout Port Phillip Bay.
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Apart from cliff erosion as a direct sediment source, longshore transport between beaches within the study
area and cross shore transport from the beaches onshore and offshore are the main mechanisms allowing
for sediment exchange and beach erosion and accretion.

3.6.2

Sediment Analysis

Beach material was collected at the site on the 18th January 2017. Material was collected at Mount Martha
South and Mount Martha North beaches. Material was collected at both sites from close to the back of the
beach and within the wave swash zone at a water depth of approximately 0.3m. Particle size distribution
curves are shown in Appendix A.
The median diameter of material collected in the swash zone at Mount Martha North is 0.75mm with 99.3%
of material considered “sand” with a grain diameter between 0.063 and 2mm. This sand was predominately
coarse (60.7%, 0.5 – 1mm diameter) but also had significant amounts of medium sand (13.7%, 0.25 - 0.5mm
diameter) and very coarse sand (19.6%, 1 – 2mm diameter). This sediment in the swash zone is comparable
to the material collected on the beach at Mount Martha North, and both samples have very similar grain
diameter characteristics, with a slightly smaller mean grain diameter of 0.67mm. The material on the beach
face at Mount Martha North was 98.3% sand, with 54.1% coarse sand, 25.5% medium sand and 18.1% very
coarse sand.
Within the Mount Martha South swash zone is the material is also considered to be predominately sand,
however the median grain size is 0.34mm, approximately half the size of material at Mount Martha North.
The median grain size of material in the swash zone at Mount Martha South is reduced by the higher
proportion of finer sand. Mount Martha South has almost no coarse sand (2.6%), however has a much higher
proportion of medium sand (77.6%). The Mount Martha South beach zone reflects that which is collected in
the swash zone, with a similar proportion of grain diameters and median grain size, however with a slightly
increased mean grain diameter of 0.35mm.
The finer sand found at Mount Martha South can be attributed to the accretion at the beach, compared with
the erosion at Mount Martha North. As finer sediments are the easiest to transport, finer sediments have
greater potential to be removed from the Mount Martha North beach and transported south to the Mount
Martha South beach.
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Whilst 11,300m3 of sand was moved from Mount Martha South to Mount Martha North in May 2010 (AME,
2010) it appears likely from the clearly different sediment analysis results that the sand brought from Mount
Martha South has been transported off the northern end of the beach.
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4

EXISTING SEDIMENT TRANSPORT

4.1

Historical Change in Beach Alignment

4.1.1

Aerial Imagery Analysis

Aerial imagery from 1957 through 2016 has been analysed to determine changes in the beach system fronting
the coastal cliffs which are indicative of erosional or accretion trends. Estimated high water line extents have
been digitized and are illustrated in Figure 4-2 through Figure 4-5. It is evident from these figures that the
beach width in the Mount Martha area has varied over time, with an erosional trend at Mount Martha North
beach, and relatively stable beaches at Mount Martha South beach and Birdrock beach the beach since the
early 2000s. The historical beach plan change has focussed on these beaches as significant aerial imagery is
available at these sites. They are also key locations within the study area for recreational beach use.
Whilst these aerial images allow us some information of the beach at the time the photo was taken, the high
seasonal variations in beach width make it difficult to draw conclusions. For example, between the 1957 and
1968 aerial imagery there appears to be a relatively stable, wide beach at Mount Martha North – however,
it is reported (Graze, et al, 1981) that a series of storms occurred in 1964 that eroded the beach at Mount
Martha North to the point where rocks were exposed on the beach front. This erosion also precipitated
construction of seawalls at Craigie and Hawker beaches.
Mount Martha North
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The following changes can be observed from 1957 to 1974, as shown in Figure 4-2:


The 1957 aerial image appears to depict a reasonably wide beach at Mount Martha North, with a
maximum width between the high water mark and the dune vegetation of 40m at the northern end of
the beach, and a width of approximately 25m in the vicinity of the boxes. This photo was taken in March,
post summer, so would be expected to show this beach at its seasonal widest.



The 1968 image shows no major shift in beach width, despite the capture of the image in December,
before the bulk of summer southerly winds would typically shift sediment moved south during winter
back to the northern beach. The beach appears to be relatively wide, with 25 – 40m of sandy beach in
the vicinity of the beach boxes. By this time the beach has recovered from the erosion that occurred in
1964 as reported by Graze, et al (1981).



The 1974 image shows a considerable decrease in beach width at Mount Martha North. The width of
beach has almost halved with a typical 10 – 20m wide beach in the section. However, it should be noted
that this image was taken in June, possibly after some winter storms had pushed some sediment offshore
or to Mount Martha South beach.

Imagery from 1985 to 2005 is presented in Figure 4-3. The following observations can be made:


1985 shows an increase in beach width at Mount Martha North. However, the low resolution image
results in difficultly establishing the high-water line. The width of beach appears to have returned to the
pre-1974 width, with a 25-40m beach front. This photo was taken in February, and based on the wind
records, this photo represents the beach as its seasonal widest post-summer.
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The 1989 image shows a winter beach alignment. There appears to be a decrease in beach width, of 5 –
10m in front of the beach boxes, with a larger reduction in beach width of 15 – 20m north of the beach
boxes. This image was taken in November, and based on the wind records, this profile represents the
beach near its most eroded for the season.



Unfortunately, there is a large gap in imagery between 1989 and 2005. However, we do have a
description of the beach from Vantree (1996) suggesting Mount Martha North during summer/winter
was a wide sandy beach, not dissimilar from Mount Martha South Beach. CES (2001) also shows images
of beach width, with at least a 15m beach width at the end of winter in 1996, and a 30m beach width at
the end of summer in 1997.



Imagery from 2005 shows the heavily receded shoreline that appears to be characteristic of late winter
conditions in the 2000s. Beach width is minimal, with the high tide line encroaching on the beach boxes.
The imagery was taken in December 2005, and is likely to represent an eroded winter beach.
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Imagery between 2005 to 2016, as shown in Figure 4-4 and Figure 4-5:


The most change over the period 2005-2016 occurs at the far northern end of Mount Martha North
beach. Summer conditions allow for some sediment to build up against the minor headland at the
southern end of Hawker beach which then recedes during winter. Further south of the headland,
changes in beach width appear to be minor, with a relatively consistent beach width 0 – 5m in front of
the beach boxes.



Between December 2005 and January 2007, the beach regains 5 – 10m in width. This appears to be a
minor change in beach width related to seasonal conditions, as the January image was taken midsummer with some sediment shifted north.



Between January 2007 and December 2009 there is almost no visible change in beach width.



Between the December 2009 and January 2011 imagery there is a small increase in beach width.
Between these images beach nourishment was undertaken. The nourishment is not immediately obvious
from aerial imagery.



From 2011 to 2013 there is also minimal change in beach width. Both images are taken in January.



Between January 2013 and February 2015 there was a further reduction in beach profile width,
suggesting the high tide line is often encroaching on the beach boxes.



The April 2016 imagery shows the high-water line behind the beach boxes, close to the cliff face. This
imagery was taken in April, when sediment would have been expected to have shifted to its most
northern position.

The aerial imagery analysis can also be summarised by an approximate beach width over time, as shown in
Figure 4-1. Whilst there is insufficient data points and accuracy in the data to draw direct conclusions, the
general trend is a reduction in beach width at Mount Martha North beach since at least 2005, with no frontbeach visible in the latest imagery. This is evident in the winter and summer aerial imagery that has been
captured over the last 10 years.
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Figure 4-1

Approximate beach width at Mount Martha North

Figure 4-2

Mount Martha North Aerial Imagery (1957 – 1974)
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Figure 4-3

Mount Martha North Aerial Imagery (1985 – 2005)

Figure 4-4

Mount Martha North Aerial Imagery (2007 – 2011)
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Figure 4-5

Mount Martha North Aerial Imagery (2013 – 2016)

Mount Martha South
The following changes can be observed from 1957 to 1974, in Figure 4-7 :


The 1957 aerial image is difficult to interpret due to glare. Balcombe Creek appears to be discharging
directly into Port Phillip Bay, tracking perpendicular to the coastline.



1968 imagery depicts Mount Martha South with a wide, sandy beach typically at least 30m wide. This
image was taken in December, before the bulk of southerly winds which typically shift sediment to north.
Balcombe Creek mouth appears to be closed.



The June 1974 image shows no major change in beach width. Balcombe Creek appears to be discharging
directly into Port Phillip Bay, tracking perpendicular to the coastline.
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Between 1974 to 2005, as shown in Figure 4-8:


The February 1985 image indicates minimal change in beach width compared to 1974. However, at the
most south western point of the beach, adjacent to Balcombe Point, the beach width decreases to less
than 10m. This could be due to a strong northerly transport regime over the preceding summer, which
agrees with wind records. Balcombe Creek now discharges into Port Phillip Bay at an angle, running
north-east, however discharge appears minimal at this time.



The November 1989 image indicates little change in beach width at Mount Martha South, with the
exception of a re-establishment of the beach to pre-1985 width adjacent to Balcombe Point. Balcombe
Creek is still discharging into Port Phillip Bay at an angle, running north-east.



The December 2005 image indicates little change in beach width at Mount Martha South. Balcombe
Creek now discharges into Port Phillip Bay perpendicular to the beach.

Between 2005 to 2016, as shown in Figure 4-9 and Figure 4-10:
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There is very little change in beach alignment or width in the images captured between 2005 and 2016
at Mount Martha South beach with the exception of winter images where southerly transport conditions
result in some sediment to build up against the Balcombe Point headland.

The aerial imagery analysis can also be summarised by an approximate beach width over time, as shown in
Figure 4-6. The general trend shown in the figure indicates a consistent beach width at Mount Martha South
beach with an increase in width during the late 2000s.

Approximate beach width at Mount Martha South
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Figure 4-6

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 51

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Figure 4-7

Mount Martha South Aerial Imagery (1957 – 1974)

Figure 4-8

Mount Martha South Aerial Imagery (1985 – 2005)
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Figure 4-9

Mount Martha South Aerial Imagery (2007 – 2011)

Figure 4-10

Mount Martha South Aerial Imagery (2013 – 2016)
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Birdrock Beach
The following changes can be observed from 1957 to 1974 at southern Birdrock Beach, in Figure 4-7 :


The March 1957 aerial image shows Birdrock Beach with a dual concave shape, as the offshore reef –
Birdrock Reef - causes a natural salient on the leeside of the reef. The imagery suggests the beach is
widest at the salient (up to 30m wide) and narrowest at either end (5m wide) away from the salient. This
image should represent an end of summer profile, with sediment build up at the north of the beach as
per the offshore wind-wave climate.



The December 1968 imagery depicts Birdrock Beach with a much reduced salient, likely to be
representative of post-winter conditions. The beach is a relatively consistent 10 – 15m wide, except for
at the far northern end where only a very thin strip of beach sits in front of the coastal vegetation –
potentially due to the winter conditions shifting sediment south



The June 1974 image shows a similar beach width to December 1968; however, it appears the northern
section of beach has a longer section with very little to no beach.

Between 1974 to 2005, as shown in Figure 4-8:


The February 1985 shows a typical summer beach alignment, in contrast to the June 1974 imagery which
showed a pre-winter alignment. The salient is again prominent, and the northern section of beach has
regained 20m of width. The southern section of beach is thin, with as little as 5m of beach in some places.



The November 1989 image indicates shows little change in beach width at north Birdrock Beach, whilst
the salient has reduced slightly. This image is possibly indicative of a mild winter, as the beach alignment
resembles a summer beach alignment, such as that taken in February 1985, more than a winter beach
alignment.



The December 2005 image indicates a summer beach profile, with a very consistent beach width of
approximately 10m along the whole beach, however there is not a prominent salient.
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Between 2005 to 2016, as shown in Figure 4-9 and Figure 4-10:


There is little change in beach alignment or width in the images captured between 2005 and 2016 at
Birdrock Beach, with all the images typically taken mid or late summer with a relatively consistent beach
width (10 – 15m) along the whole beach, apart from at the reef salient where there is an extra sediment
build-up.



It is expected that if aerial imagery was taken during winter over this time period, it would show a
reduced salient and wider beach at the southern end of the beach.

The general trend shown in the figure indicates a relatively consistent seasonal beach width at Birdrock
Beach, with the width of the salient and northern Birdrock Beach peaking after summer, and this is when
Birdrock Beach south is at its most eroded. Birdrock Beach south is wider in winter, and during this time the
salient and northern section of beach have a much reduced beach width.
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Figure 4-11

Birdrock Beach Aerial Imagery (1957 – 1974)

Figure 4-12

Birdrock Beach Aerial Imagery (1985 – 2005)
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Figure 4-13

Birdrock Beach Aerial Imagery (2007 – 2011)

Figure 4-14

Birdrock Beach Aerial Imagery (2013 – 2016)
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4.2

Sediment Transport Processes

Sediment transport at Mount Martha is driven by wave conditions. As noted in Section 3.5, currents in the
area are low and dominated by wind conditions rather than tidal fluctuations.
Within wave dominated environments, sediment transport occurs as cross shore transport where waves shift
sediments on- and off-shore in a perpendicular direction to the beach, and longshore transport which shifts
material in a direction parallel to the beach. These two processes commonly combine to result in a net
longshore sediment transport at a beach. The processes involved in sediment transport are presented in
Figure 4-15.
Cross shore transport can be considered as destructive and constructive:


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. Larger storms typically occur at Mount
Martha during winter.



Calmer conditions and smaller waves work to slowly shift material back onshore to form a gently sloping
beach face and a wider beach. Calmer conditions typically occur at Mount Martha during summer.
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Longshore transport will cause longer term shoreline setback unless the loss of material in longshore drift is
balanced (or exceeded) by either a reverse and balance of the longshore transport (as occurs during the
seasonal change at Mount Martha), or an influx of sediment from the adjacent coastal cell. This influx of
material from adjacent beach cells does not occur at Mount Martha.
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Figure 4-15

4.3

Sediment transport processes – long shore processes (top), and cross shore processes (bottom, USGS 2008)

Cross Shore Sediment Transport / Storm Erosion

Offshore sand bars are visible in aerial images of the study area and are indicative of the zone where a
significant proportion of longshore transport occurs (discussed in Section 4.4 and shown in Figure 4-26). The
offshore bars are typically located parallel to the shoreline in a north east / south west alignment. These bars
are generated by cross shore transport and the movement of material from the beach into the nearshore
zone during storm events.
Numerical modelling has been undertaken to understand the conditions which result in cross shore transport
at Mount Martha. The CEDAS modelling package, developed initially by the U.S. Army Corps of Engineers,
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has been used, with the cross shore transport module SBEACH utilised for storm erosion modelling. The
model is widely used for storm erosion assessment within Victoria and world-wide.
Three storms were selected to test the modelling of cross shore transport. These were the two 2016 (30 June
and 24 July) storms previously discussed in Section 3.1.2 and 3.5.2, along with the 22 June storm in 2014
which accompanied a significant storm surge, as shown in Table 4-1.
Modelling of these storms was undertaken at four locations along the Mount Martha beaches as shown in
Figure 4-16 below. These four profile locations correspond with the survey undertaken in August 2016,
considered to represent a winter profile. The same beach profile was used for the three modelled storms to
provide a comparative baseline of storm impacts.
Profile 1 is located at the southern end of Mount Martha South beach (near Kilburn Grove), Profile 2 is also
located on Mount Martha South beach at the Balcombe Creek mouth, Profile 3 is located at Mount Martha
North beach adjacent to Victoria Crescent, and Profile 4 is located at the Northern end of Mount Martha
North beach.
It should be noted that sensitivity testing suggests the cross shore transport modelling at all profiles is highly
dependent on sediment grain diameter. As discussed in Section 3.6.2 , Mount Martha North Beach (Profile 3
and 4) was sampled at two locations, whilst Mount Martha South Beach (Profile 1 and 2) was also sampled
at two locations. These samples gave a grain diameter of 0.67 – 0.75mm for Mount Martha North Beach, and
0.34 – 0.35mm for Mount Martha South Beach. Previous studies, such as CES (2007), have estimated grain
diameters at the beaches in the range of 0.6 – 0.8mm.
It is thought that grain diameter is likely variable at the beaches, with fine sediment shifting around
seasonally, with larger grain diameters remaining after storms. For this analysis, the sediment transport
capabilities of a storm were analysed for three grain diameters within the range of likely grain diameters for
all scenarios (0.4mm, 0.6 and 0.8mm) to give an envelope of sediment transport capabilities possible during
a storm.
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Table 4-1

June 2014 and July 2016 Peak Conditions

Parameter

June 2016

July 2016

June 2014

Measured water level (Williamstown)

0.67 m AHD

0.97 m AHD

1.15 m AHD

Wind gust at South Channel Island

22.5m/s

31.3 m/s

26.1 m/s

Hourly average wind speed (South Channel
Island)

18.2m/s

25.0 m/s

21.1 m/s

Modelled Wave offshore height

1.06 m

1.48 m

1.30 m
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Figure 4-16

4.3.1

Modelled Beach Profile Locations

Profile 1 (Mount Martha South beach at Kilburn Grove)
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At Profile 1, Mount Martha South beach is over 30m wide at a level of over 2.0m AHD. Modelling of the storm
events shows that larger events, such as the July 2016 (green) and June 2014 (blue) storms, appear to cause
minor accretion at the toe of the beach, however there is some horizontal erosion of the beach face at the
higher end of the intertidal zone of up to 2m, between 0.5 and 1.5m AHD in the 0.4mm diameter sand
scenario. This is due to the waves of over 0.5m height, directly impacting on the beach face, and moving the
eroded material into the lower shore face. With larger diameter sand, there is minimal beach face erosion,
and there actually appears to be minor accretion from the large build-up of sand immediately offshore of the
beach being pushed towards the beach face.
Profile 1 also depicts two offshore bars, as highlighted in Figure 4-17. During all three storm events with all
modelled grain sizes the nearshore bar is flattened and pushed onshore. The offshore bar absorbs more wave
energy than the nearshore bar, and is therefore flattened and pushed offshore in all modelled storms for the
different grain size scenarios.
The most recent survey, that was used in the modelling, was surveyed in August 2016 and therefore
represents a winter profile. To test the sensitivity of the cross shore modelling to the seasonal difference in
profile, a historical profile from May 2010 was incorporated into the cross shore model. The post-storm
profiles from the earlier survey show similar trends to previous, with cliff and beach erosion only occurring
with the fine grain sand (0.4mm) scenario, as shown in Figure 4-18. The larger grain sand typically shows
accretion at the seaward end of the beach face.
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Beach and cliff erosion

Flattening of Nearshore Bar
0.4mm Grain Diameter

Flattening of Offshore Bar

Minimal erosion

0.6mm Grain Diameter
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Minimal erosion

0.8mm Grain Diameter

Figure 4-17

Initial and modelled profiles during storm events at Profile 1 with August 2016 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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Beach and cliff erosion
Flattening of Nearshore Bar
Flattening of Offshore Bar
0.4mm Grain Diameter

Minimal erosion
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0.6mm Grain Diameter

Minimal erosion

0.8mm Grain Diameter

Figure 4-18

Initial and modelled profiles during storm events at Profile 1 with May 2010 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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4.3.2

Profile 2 (Mount Martha South beach at Balcombe Creek)

At Profile 2, Mount Martha South beach is again over 30m wide and at a level of over 2.0m AHD. Modelling
of the storm events shows that larger events, such as the July 2016 (green) and June 2014 (blue) storms, have
potential to cause up to 5m of erosion at the higher end of the intertidal zone, between 0.5 and 2.0m AHD
in the 0.4mm grain diameter scenario. This is slightly more erosion than that experienced at profile 1 further
south which had a more extensive dual offshore bar system, allowing waves of up to 0.9m height directly
impacting the beach, compared to 0.5m waves at profile 1. The 0.6mm and 0.8mm grain diameter scenarios
showed no erosion present at the beach or cliff face, showing some accretion at the toe of the beachfront.
Profile 2 also indicates only one offshore bar is present offshore of the beach, as highlighted in Figure 4-19.
During all three storm events this bar is flattened. This bar is in the area where larger waves are breaking,
causing the offshore bar to move.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

As per Profile 1, the sensitivity of the cross shore modelling to seasonal profile heights, a historical profile
from May 2010 was incorporated into the cross shore model. The post-storm profiles from the earlier survey
show similar trends to previous, with cliff and beach erosion only occurring with the fine grain sand (0.4mm)
scenario, as shown in Figure 4-20. The larger grain sand typically shows accretion at the seaward end of the
beach face.
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Beach and cliff erosion

Flattening of Offshore Bar
0.4mm Grain Diameter

Minimal erosion
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0.6mm Grain Diameter

Minimal erosion

0.8mm Grain Diameter

Figure 4-19

Initial and modelled profiles during storm events at Profile 2 with August 2016 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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Beach and cliff erosion

0.4mm Grain Diameter
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0.6mm Grain Diameter

0.8mm Grain Diameter

Figure 4-20

Initial and modelled profiles during storm events at Profile 2 with May 2010 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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4.3.3

Profile 3 (Mount Martha North beach at Victoria Crescent)

At Profile 3 Mount Martha North beach is typically 15m wide and at a level of greater than 1.1m AHD, with a
much smaller beach width than profile 1 and 2. Modelling of the storm events shows that the larger events
can cause beach recession, with 5 - 10m of erosion in the intertidal zone, between 0.5 and 1.2m AHD for the
0.4mm grain diameter scenario. This is due to the waves of up 0.8m height directly impacting on the beach
face, and moving the eroded material into the lower shoreface. The 0.6mm and 0.8mm scenarios only show
very minimal erosion. This erosion is similar in magnitude to that observed at Profile 1 and 2, however the
narrower and lower initial beach width at Profile 3 means this erosion potential has more significant impacts
at this location, with cliff stability a concern. The smaller modelled storm in June 2016, has potential to cause
some erosion to the beach, however in a smaller volume compared to the two larger events, as depicted in
Figure 4-21.
Profile 3 also depicts an offshore bar, as highlighted in Figure 4-21, but this is less significant than that visible
in Profile 1 and 2. During all three storm events these bars are flattened and pushed offshore. The lower
offshore bar compared to other profiles means that wave height is not reduced as much at the bar, as shown.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

As per Profile 1 and 2, the sensitivity of the cross shore modelling to seasonal profile heights, a historical
profile from May 2010 was incorporated into the cross shore model. The post-storm profiles from the earlier
survey show similar trends to previous, with significant cliff and beach erosion occurring with the fine grain
sand (0.4mm) scenario, as shown in Figure 4-22.
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Beach face erosion

Flattening of Offshore Bar
0.4mm Grain Diameter
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0.6mm Grain Diameter

0.8mm Grain Diameter

Figure 4-21

Initial and modelled profiles during storm events at Profile 3 with August 2016 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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0.4mm Grain Diameter
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0.6mm Grain Diameter

0.8mm Grain Diameter

Figure 4-22

Initial and modelled profiles during storm events at Profile 3 with May 2010 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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4.3.4

Profile 4 (Mount Martha North beach at Augusta St)

At Profile 4, the survey indicates there was minimal beach width at Mount Martha North above the high tide
level at the time of measurement. The intertidal zone is effectively at the base of the cliffs at the rear of the
beach, with no beach zone in between. Modelling of the storm events shows that during larger events, such
as the July 2016 and June 2014 storms, conditions are capable of causing approximately 5m of erosion at the
higher end of the intertidal zone, between 0.5 and 2.0m AHD in the 0.4mm grain diameter scenario. The
larger grain diameter scenarios showed minimal beach erosion. This is due to the waves of over 0.7m height
directly impacting on the beach face, and moving the eroded material into the lower shoreface. This could
result in scour and undercutting of the cliff face as the beach provides no protection to the cliff. The smaller
modelled storm in June 2016 also caused some erosion to the beach profile, however it was much reduced
compared to the two larger events, as depicted in Figure 4-23.
Profile 4 also depicts an offshore bar, as highlighted in Figure 4-23, but this is again lower than at Mount
Martha South and is similar in size to that at Profile 3. During all three storm events this bar is flattened and
pushed offshore.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

As per the other profiles, to test the sensitivity of the cross shore modelling to seasonal profile heights, a
historical profile from May 2010 was incorporated into the cross shore model. The post-storm profiles from
the earlier survey show similar trends to previous, with cliff and beach erosion only occurring with the fine
grain sand (0.4mm) scenario, as shown in Figure 4-24. The larger grain sand typically shows accretion at the
seaward end of the beach face.

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 69

Erosion at cliff
Beach box location

Flattening of Offshore Bar
0.4mm Grain Diameter
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0.6mm Grain Diameter

0.8mm Grain Diameter

Figure 4-23

Initial and modelled profiles during storm events at Profile 4 with August 2016 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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0.4mm Grain Diameter
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0.6mm Grain Diameter

0.8mm Grain Diameter

Figure 4-24

Initial and modelled profiles during storm events at Profile 4 with May 2010 initial profile (grain diameter of
0.4mm top, grain diameter of 0.6mm middle, grain diameter of 0.8mm bottom)
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4.3.5

Summary

The cross shore modelling suggests storm events are a significant source of erosion to the Mount Martha
beaches, especially when finer grained sand material is present. Coarse sand is not easily removed from the
beachfront.
Currently, Profile 1 at Mount Martha South beach experiences the greatest gross cross shore sediment
transport with up to 33m3 of 0.4mm diameter sand shifted in the profile per metre of beach width during the
modelled storms. However, at Profile 1, the beach face erosion is a small fraction of the gross cross shore
sediment transport, with less than 1.0m3/m being eroded, as shown in Table 4-2. This reflects the extensive
offshore bar system, where most of the transport occurs, dissipating the wave energy before it reaches the
beach face. This offshore bar system is less effective further north at Profile 2, hence the more extensive
beach face erosion during storm events.
Profile 2, 3 and 4 at Mount Martha North beach show less gross cross shore sediment transport as Profile 1,
which is thought to be due to the less extensive offshore bar system. However, Profile 3 and 4 do experience
a high level of erosion at the beach face for fine-grained sand, as shown in Table 4-2.
The cross shore modelling suggests that there is more sediment shifted during a storm at Mount Martha
South beach. However, of this sediment that is shifted, 5 – 25% of this is shifted from the beach face at Mount
Martha South causing a recession of the mean water line, compared to 20 – 40% at Mount Martha North
which results in a greater shoreline recession. Of this direct beach erosion, Mount Martha South also has a
large buffer of sandy beach before the rear cliffs are eroded and less than 5m of recession of the shoreline
may not be noticeable from the beach. However, Mount Martha North does not have this buffer, and erosion
of the beach to the cliffs at the rear of the beach can occur during storm events.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

The modelled cross shore profiles suggests there is a high overall sediment transport capacity of during large
storm events if fine-grained sand is present within the Mount Martha North and South beach system,
however, much of this transport capacity is restricted to the offshore bar system at Mount Martha South. If
no fine-grained material is present in the beach face, it appears that cross shore sediment transport from the
beach face would be minimal. During a storm event, it is likely that there is a mixture of different grades of
sand at the beach face, and erosion will therefore be dependent on the sand available at the time of the
storm.
Significant storm events are capable of removing large amounts of fine sediment from the beach front to the
offshore bars. If there was no longshore sediment transport, these bars would be pushed back onto the beach
over time. However, as Section 4.4 discusses below, there is a net sediment drift that transports sand parallel
to the beaches that is working at the same time as this cross shore sediment transport.
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Table 4-2

Net potential cross shore sediment transport from beach face

Storm

June 2014

June 2016

July 2016

4.4

Grain Diameter
Modelled (mm)

Profile 1 –
Sediment
Transport from
Beach face
(m3/m)

Profile 2 –
Sediment
Transport from
Beach face
(m3/m)

Profile 3 –
Sediment
Transport from
Beach face
(m3/m)

Profile 4 –
Sediment
Transport from
Beach face
(m3/m)

Total – Gross
Sediment
Transport from
Beach face
(m3)

0.4

0.2

2.5

3.8

0.8

4,000

0.6

0.0

0.0

0.2

0.1

<500

0.8

0.0

0.0

0.0

0.0

0

0.4

0.0

0.4

1.1

2.6

2,000

0.6

0.0

0.4

0.0

0.1

<500

0.8

0.0

0.0

0.0

0.0

0

0.4

1.0

3.7

5.0

3.5

7,000

0.6

0.0

0.0

0.2

0.1

<500

0.8

0.0

0.0

0.0

0.0

0

Longshore Sediment Transport

The potential longshore sediment transport rate at Mount Martha North and South and Birdrock Beach has
been determined using LITPAK, a littoral drift numerical model developed by DHI. The longshore sediment
transport rate has been established to allow for analysis of sediment transport rates along these beaches and
development of an understanding of the sediment transport drivers.
The wave climate presented in Section 3.5 was used to simulate sediment transport over a 41-year period.
The modelling of sediment transport involves a number of parameters such as wave conditions, wave energy
distribution, sediment changes across the profile, profile elevation change and bed roughness. Uncertainty
exists in these parameters due to the absence of locally measured data and the need for the use of regional,
modelled or default values in the modelling of sediment transport is common. Sensitivity testing was
completed during the modelling and results represent an average of the transport rates on site given these
uncertainties. Results were generally within a factor of 2 from maximum to minimum.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

4.4.1

Annual Longshore Sediment Transport

Annual sediment transport potential rates represent the average over a longer period (in this case 41
years). Transport rates are “potential” as this assumes sufficient sediment is available to be transported.
Potential net sediment transport in any one year may differ from the average based on climatic conditions.
Net and gross potential sediment transport at the profiles along the beach used for cross shore transport
modelling are provided in Table 4-3. Positive net sediment transport represents northward transport.
As noted previously, longshore transport occurs where sediment is mobilised along the profile, typically at
the shoreline and on the offshore bars which are visible in aerial imagery and surveyed profiles of the site.
This can be seen in Figure 4-26 which illustrates the location, direction and proportion of the net sediment
transport along cross shore profiles. In practice, the location of the transport will physically shift over time in
as the bars and shoreline adjusts to the conditions of the time, however for the purposes of the modelling
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the bars and shoreline are considered to remain in the same location through time to allow for long term
comparison of conditions.

4.4.2

Profile 1 (Mount Martha South beach at Kilburn Grove)

As depicted in Table 4-3, there is an annual net sediment transport potential of 4,500m3/year to the north
at Profile 1. This suggests that the current profile would, on average, transport sediment towards Mount
Martha North beach. This net sediment transport is due to the summer longshore sediment transport
conditions dominating the winter conditions at this profile location. As expected, the dominance of
summer conditions at this profile means the sand is predominately transported in the swash zone (as
opposed to offshore bars), as depicted in Figure 4-26. This differs to other profiles along the beach which
have a net southerly longshore sediment transport regime, where transport is primarily on the offshore
bars. The difference is due to the more clockwise rotated angle of the beach meaning it is more susceptible
to longshore transport due to waves from the south west (summer conditions).

4.4.3

Profile 2 (Mount Martha South beach at Balcombe Creek)

As depicted in Table 4-3, there is an annual net sediment transport potential of 1,000m3/year south at
Profile 2. This suggests that the current profile would, on average, transport sediment towards Mount
Martha South beach. This net sediment transport is due to the winter longshore sediment transport
conditions dominating the summer conditions at this profile location. The dominance of winter conditions
at this location means that sand is predominately transported along the offshore bars (as opposed to the
beach face), as depicted in Figure 4-26.

4.4.4

Profile 3 (Mount Martha North beach at Victoria Crescent)

As per Profile 2, there is an annual net sediment transport potential of 1,000m 3/year south at Profile 3. This
suggests that the current profile would, on average, transport sediment towards Mount Martha South beach.
Profile 3 has a much higher annual gross sediment transport rate than Profile 2, suggesting it is more
susceptible to wave action and longshore movement of sediment, however the net sediment transport is of
a similar magnitude to Profile 2.

4909-01_R01v03a_Mt_Martha_CP+FM.docx

4.4.5

Profile 4 (Mount Martha South beach at Augusta St)

As depicted in Table 4-3, there is an annual net sediment transport potential of 6,000m3/year south at
Profile 4. This suggests a southerly transport regime stronger than that experienced anywhere else along
Mount Martha beach. This strong net sediment transport is due to the dominant winter longshore
sediment transport conditions, with the beach rotated counter-clockwise compared to the rest of the
beach profiles. This means the beach is more susceptible longshore transport due to waves from the northwest (typical winter conditions). As per Profile 2 and 3, majority of the longshore transport at Profile 4 is in
the offshore bars as depicted in Figure 4-26.
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4.4.6

Summary

Figure 4-25 illustrates the net annual sediment transport over time. Whilst it has been established that winds
were typically weaker and waves were typically smaller in the 1990s, the modelling indicates that this does
not translate into a weaker net longshore sediment drift. This is due to the longshore drift rate being heavily
dependent on the wave direction and duration. As shown in Section 4.3, cross shore transport is more directly
related to strong storm conditions.
Figure 4-25 indicates there are no obvious trends in the sediment transport, with the exception of the 1980s
and early 1990s where more years of net northerly transport occurred compared with a net southerly
transport. There are cyclical years of net southerly transport, followed by years on net northerly transport
and we currently appear to be in a strong southerly transport cycle, with 2016 season showing the highest
net southerly transport for any of the years modelled at all locations except Profile 1.
Overall, there appears to be a net southerly drift on the offshore bars, which decreases south along Mount
Martha beach to Profile 1 which has an almost neutral net sediment drift at the offshore bar. This reduction
in southerly transport is due to larger winter waves which break at an oblique angle on the offshore bars at
the northern end of the beach, shifting material on the offshore bars south. The effect of these offshore
waves breaking is reduced at the southern end of the beach as the beach is rotated to allow the northwesterly winter waves to impact the beach at more perpendicular angle. This results in little longshore drift
offshore in the bar system.
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Conversely, net longshore drift is along the shoreline is dominated smaller summer waves which results in
northward transport along the whole of Mount Martha beach, returning material built up at Mount Martha
South to the north during the summer months.
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Table 4-3

Annual sediment transport rates

Profile

Beach
normal
angle (o)

Annual Sediment Transport Potential
(m3 / year)
Maximum
Southerly

Maximum
Northerly

Net (Average)

1 – Mount Martha South
Beach (Kilburn Grove)

315

-5,400
(1994)

18,700
(1998)

4,500

2 – Mount Martha South
Beach (Balcombe Creek)

309

-8,700
(2016)

11,200
(1998)

-1,000

3 – Mount Martha North
Beach (Victoria Crescent)

309

-12,900
(2016)

18,200
(1998)

-1,000

4 – Mount Martha North
Beach (Augusta St)

305

-20,300
(2016)

12,700
(1998)

-6,000

Long term annual longshore transport
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Figure 4-25
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Figure 4-26

Net sediment transport across beach profile, 1976-2016
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Winter Conditions
As expected given the dominance of northerly wind and wave conditions, sediment transport modelling
indicated an obvious trend of southerly transport of sediment in winter conditions.
Southerly transport is predominately at the offshore bars at all the profiles, with the highest amount of winter
transport at Profile 4, as shown in Table 4-4. Profile 1 has a net winter southerly transport of 2,500m3, whilst
Profile 4 has a net winter southerly transport of 10,000m3. The strongest year for southerly transport over
winter was in 2003 with approximately double the usual amount, whilst 1991 showed a fraction of the typical
southerly transport over winter.
Table 4-4

Winter conditions sediment transport

Profile

Beach
normal
angle (o)

Winter Sediment Transport
(m3 / year)
Maximum
Southerly

Maximum
Northerly

Net (Average)

315

-7 300
(2003)

3 100
(1991)

-2 500

2 – Mount Martha South
Beach (Balcombe Creek)

309

-9 600
(2003)

-900
(1991)

-5 000

3 – Mount Martha North
Beach (Victoria Crescent)

309

-15 000
(2003)

-1 300
(1991)

-7 500

4 – Mount Martha North
Beach (Augusta St)

305

-18 200
(2003)

-3 800
(1986)

-10 000
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1 – Mount Martha South
Beach (Kilburn Grove)
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Figure 4-27

Net winter sediment transport across the profiles

Summer conditions
As expected given the dominance of southerly wind and wave conditions over summer, sediment transport
modelling indicated an obvious trend of northerly transport of sediment in summer conditions.
Northerly transport is predominately at the swash zone at all the profiles (as opposed to the offshore bars),
with the highest amount of summer transport at Profile 4, as shown in Table 4-4. Profile 4 has a net summer
northerly transport of 3,500m3, whilst Profile 1 has a net summer northerly transport of 2,500m3. The
strongest year for northerly transport over summer 1985 with approximately three times the usual amount
of longshore transport, whilst 1994 showed a light southerly transport over summer.
Table 4-5

Summer conditions sediment transport

4909-01_R01v03a_Mt_Martha_CP+FM.docx

Profile

Beach
normal
angle (o)

Annual Sediment Transport
(m3 / year)
Maximum
Southerly

Maximum
Northerly

Net (Average)

1 – Mount Martha South Beach
(Kilburn Grove)

315

-500
(1994)

6,700
(1985)

2,500

2 – Mount Martha South Beach
(Balcombe Creek)

309

-700
(1994)

5,600
(1985)

2,000

3 – Mount Martha North Beach
(Victoria Crescent)

309

-1,200
(1994)

9,200
(1985)

3,500

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 79

Beach
normal
angle (o)

Profile

4 – Mount Martha North Beach
(Augusta St)

Figure 4-28
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4.5

Annual Sediment Transport
(m3 / year)
Maximum
Southerly

Maximum
Northerly

Net (Average)

-1,300
(1994)

9,000
(1985)

3,500

305

Net summer sediment transport across the profiles

Sediment Transport Summary

The cross shore and longshore sediment transport modelling shows a beach system typically in relative
equilibrium. Winter storms are capable of removing up to 7,000m3 of fine sand from the combined Mount
Martha South and Mount Martha North beach faces, which is then shifted in a typically southerly direction
of on average to 5,000 - 10,000m3 (maximum of approximately 20,000m3) per winter at Mount Martha North.
This is worked back towards the beach over the post-winter months, meaning a wide sandy beach at Mount
Martha South and lesser amount of sand Mount Martha North. Over summer, approximately 2,000 – 3,500m3
of this sand at Mount Martha South is shifted northwards along the swash zone towards Mount Martha
North.
This sets up an overall equilibrium with net sediment transport to the south, meaning a build-up of sand at
Mount Martha South adjacent to Balcombe Point, which eventually leaks around the headland and continues
south. This net southerly transport potential is not, by itself, the reason for continuing erosion that is
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occurring at Mount Martha North, as it would be expected that a constant influx of sand would also be
coming from the north to fill that net loss to the south.
However, it is likely that with the addition of Craigie Beach seawall, and other seawalls further north, the net
sediment inflow into the Mount Martha beach system has been reduced in the years since construction of
the seawalls, with Craigie beach seawall constructed in the late 1960s. It was also found in the cross shore
modelling (Section 4.3) that the beach face is sensitive to storms with high water levels – and instances of
high water levels have been increasing since the 1980s (see Section 3.3.2) and will continue to increase in
coming years with further sea level rise.
The addition of these stresses to an already dynamic system, where beaches can be severely eroded by a
single storm, sets up a new equilibrium where the sediment that is transported in the cross shore and
longshore directions over winter is eroded from the existing beach face and exposed cliffs.

LEGEND
Summer Sediment Tranport
Winter Sediment Transport

Sediment Transport Summary
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Figure 4-29
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5

CLIMATE CHANGE

5.1

Wind Climate

Review of the measured wind data indicates an increase in wind speed and wave action since the turn of the
century (compared to the 1990s), however a statistically significant change in wind and storm patterns
cannot be established in the data available, and long term review of data including data prior to the 1990s is
inconclusive of any consistent change. Section 3.1 shows that no major pattern can be established when
separating the wind speeds by decade.
This lack of certainty in changing wind and storm patterns due to climate change is also noted in the latest
climate change cluster projections for Victoria by CSIRO (2015). These projections state that there is a high
confidence that mean wind speed will not change in the region until 2030. They also suggest that extreme
winds are too uncertain in Victoria to predict, and that they could increase or decrease in the future.

5.2

Storm Events

Overall, the evidence does not suggest that there has been an increase in general storminess and thus
sediment transport potential in the study area. This is also discussed in Section 3.1, which established that
the number of storms over recent years is not more than that which would be expected based on long-term
wind data.
CSIRO’s (2015) cluster report also looks at extreme winds projection, with no clear changes for Victoria with
extreme winds decreasing or increasing. The data does suggest a trend of decreasing number of extra-tropical
cyclones in the cluster, however these will be of higher intensity, bringing a mechanism for higher rainfall in
the area, but the modelling does not suggest more extreme wind events.

5.3

Sea Level Rise
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Evidence based information regarding sea level rise is available, and long term measured data indicates sea
levels within Port Phillip Bay are rising at 1.7mm/year, however this is projected to accelerate in coming
years. This increasing mean sea level can be superimposed on water levels and modelling, however,
significant change to longshore sediment transport rates due to this relatively minor increase in water level
(and no change in wind speed/direction) are not expected. The adopted sea level rise scenario is presented
in Table 5-1.
Table 5-1

Sea Level Rise Scenarios

Scenario and Year

Global Mean Sea
Level Rise (m)

2040 High

2070 High

2100 High

0.2

0.5

0.8

To investigate potential future coastal recession due to sea level rise, three options were used – cross shore
modelling, longshore modelling and validation using the Bruun Rule (Bruun, 1962), Equation 5-1.
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Longshore Modelling
Longshore sediment transport rates are typically reliant on wave approach angle and height, and beach slope
and material. An increase in sea level rise typically would not change longshore transport rates individually,
apart from more material being available to transport due to erosion of the beachfront in a cross shore
direction.
This was confirmed in the longshore transport model, where an artificial time series of water levels was
generated for a 40 year time period from 2017 – 2057, taking into account the sea level rise projections in
Table 5-1. The yearly average of water levels generated for the model is shown in Figure 5-1.

Figure 5-1

Projected Mean Sea Levels for modelling purposes
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The spectral wave model, as discussed in Section 3.5 was re-run to generate a new time series with waves at
a higher water level, however the increase in wave height was marginal. This new wave input was combined
with the generated future sea levels to estimate longshore transport and compare to the values obtained in
Section 4.4.
The outputs showed very little change in net or gross sediment transport, with a net increase in annual
southerly transport of less than 4% at Profile 2, 3 and 4. There is also a net decrease of less than 1% in the
annual northerly transport at Profile 1. This change is well within the margin of error of the model, so is
thought to be an insignificant change in net longshore sediment transport.

Cross Shore Modelling
Previously, in Section 4.3, it was found that Mount Martha North and South beaches experience cross shore
sediment transport during storm events, with large storms capable of removing approximately up to 5m3/m
of sediment from the beach to the swash zone if fine grained material is present. The removal of sediment

Department of Environment, Land, Water and Planning | July 2017
Mount Martha Coastal Process Investigation and Future Management Recommendations

Page 83

from the beach and cliff face was highly sensitive to the water levels experienced during the storm, and a
storm with a high storm surge can cause severe erosion as waves are impacting directly on the cliffs behind
the beach face.
The three modelled storms (June 2014, June 2016 and July 2016) were run with the 2040, 2070 and 2100
projected sea level rise conditions, as shown in Table 5-1, added to the water levels. These were only run for
the 0.4mm diameter sand scenario, as the larger diameter sand scenarios are not affected by cross shore
sediment transport. These cross shore modelling scenarios with sea level rise show erosion of the cliff behind
the beach face, which may include some clay and other material not accounted for in this cross shore
modelling.
The modelling suggests that increases in sea level rise would significantly increase erosion during storms of
the future, if suitable material is present to erode. The 2040 sea level rise scenario, with a 0.2m increase in
water levels, typically caused a 50 – 80% increase in beach and cliff erosion during the storm scenarios. The
2070 sea level rise scenario caused further erosion than the 2040 scenario, with the 0.5m increase in sea
levels causing 2 – 3 times more storm erosion compared to existing conditions. The 2100 sea level rise
scenario, with 0.8m of sea level rise causes a 3.0 – 5.0 times increase in the amount of erosion at the beaches
compared to existing conditions. Two of these scenarios are displayed in Figure 5-2 and Figure 5-3, with the
sea level rise scenario results displayed for the July 2016 storm. It should also be noted that all the sea level
rise scenarios modelled are based on 0.4mm diameter sand, as larger diameter sand was found in Section
4.3 to not experience significant cross shore transport.
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The cross shore modelling suggests that the beaches at Mount Martha are sensitive to increases in sea level
if the sand available has a small grain diameter. Sea level rise over recent times is likely contributing to the
current erosion at Mount Martha North beach and cliff, and will continue to do so into the future.

Figure 5-2

Impact of Sea Level Rise on Cross Shore Modelling at Profile 1, assuming 0.4mm grain diameter
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Figure 5-3

Impact of Sea Level Rise on Cross Shore Modelling at Profile 4, assuming 0.4mm grain diameter

Bruun Rule
This equation considers the active beach profile to be in equilibrium; with sea level rise S (m) accompanied
by an equal rise in the bed elevation. The active profile is defined by a length L (m) and maximum depth, or
depth of closure hd (m), beyond which the annual change in profile is considered insignificant. The additional
cross sectional area of sand on the bed is taken from the dry beach and dune of height f (m) resulting in a
recession of R (m).
Equation 5-1

Bruun Rule Equation

𝑅 = (𝑆. 𝐿)/(ℎ𝑑 + 𝑓)
Table 5-2 provides recession values for the sea level rise scenarios presented in , an active profile defined
by a length of 220 m and depth of closure of 2.6 m, and a dune height as defined in the first column.
Table 5-2

Recession due to Sea Level Rise
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Recession (m AHD)
Active Profile

Scenario and Year
2040 High

2070 High

2100 High

f = 8.3m (height of cliff at rear of beach)

4.2

9.8

16.6

f = 0.5m (height of beach at the front of the
cliff)

14.2

33.4

58.2

The 8.3m AHD dune height assumes the cliff behind the beach would recede 16.6 m by 2100 to provide
sufficient sand to raise the beach profile by 0.82 m. As the beach boxes at Mount Martha North are located
shoreward of the dune, it would be impacted prior to recession of the dune. Furthermore, the equation also
assumes the beach is straight, with no net longshore transport, which does not hold for this beach. There is
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also the assumption that the cliff is sandy and wave action is not blocked by any coastal structures, which is
also not necessarily the case along the whole beach at Mount Martha.
The dune height of 0.5m AHD considers only the erosion of the sandy beach to the footings of the Mount
Martha North beach boxes, which does not provide a sufficient volume of sand to increase the beach height
in line with water level increases.
These results should also be considered within the limitations in the application of the Bruun Rule (from
Mariani et al, 2012):
The rule assumes that there is an offshore limit of sediment exchange or a ‘closure depth’, beyond which
the seabed does not rise with sea level.



The rule assumes no offshore or onshore losses.



The rule assumes instantaneous profile response following sea level change.



The rule assumes an equilibrium beach profile where the beach may fluctuate under seasonal and storminfluences but returns to a statistically average profile (i.e. the profile is not undergoing long-term
steepening or flattening). This being stated, the precise configuration of the profile is irrelevant provided
it is maintained as the water level changes (SCOR, 1991).



The rule does not accommodate variations in sediment properties across the profile or profile control
by hard structures such as substrate geology or adjacent headlands or engineered structures.
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6

MANAGEMENT OPTIONS

Analysis of the beach compartment suggests there is an ongoing issue of erosion between the northern end
of Craigie Beach and Balcombe Creek, incorporating Mount Martha North beach, Hawker beach and Craigie
Beach. The management options discussed below attempt to address this issue through a range of methods.
There is a wide array of potential mitigation options that can be employed in response to climate change and
sea level rise risks to coastal infrastructure and assets. The National Committee on Coastal and Ocean
Engineering (Engineers Australia, 2012) endorses a simple set of three broad strategic options for mitigating
the impact of sea level rise as presented by the IPCC. These options are considered to provide a basic
framework for the assessment of potential mitigation strategies for the site if and when they are required.
The three broad strategic options are retreat, accommodate and protect. These broad strategic options have
been used to provide the suggested pathways to adapting to the coastal hazard risks identified at the site
and in the general vicinity.
The main risks to the study site are due to the exposed nature of the beach and its lack of protection from

long term shoreline recession caused by sea level rise and lack of incoming sediment. The issues at Mount
Martha can be separated to address the stability of the cliff at the rear of the beach, and the maintenance of
sediment on the beach, both for cliff protection and to provide beach amenity.
A summary of the management options, their purpose and advantages and disadvantages are presented
below in Table 6-1 for cliff erosion management and Table 6-2 for beach retreat management.
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Table 6-1

Options Assessment Summary – Cliff Stability

Retreat

Accommodate

Protect

Cliff Erosion

Do nothing – allow cliff
to erode naturally. Plan
for shift of road and
infrastructure in the
future.

Identify amount of cliff
erosion that can occur
before road and assets
are at risk and allow for
erosion to this point.

Continue the
construction of the
existing cliff protection
along the back of the
current beach to
prevent further erosion.

Advantages

No initial cost.
Allows natural
processes to occur.

Delays cost of works
Cliff and beach may
find stable alignment in
the future without
impacting road or
assets

Prevents hazards to
public.
May reduce future
costs.

Disadvantages

Could be more
expensive in the future.
Potential hazard to
public from unstable
cliffs.

Could be more
expensive in the future.
Potential hazard to
public from unstable
cliffs.

Significant initial cost.
May require demolition
of beach boxes to gain
access.
Reflection of waves
may increase rate of
beach loss.
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Table 6-2

Options Assessment Summary – Beach Erosion

Retreat

Accommodate

Protect

Beach Erosion

Do nothing – allow
beach to erode
naturally. This may or
may not involve cliff
protection that worsens
erosion on the beach.

Upgrade current beach
boxes, by raising and
further reinforcing the
footings. This may or
may not involve cliff
protection that worsens
erosion on the beach.

Nourishment or other to
ensure a beach exists
in front of the cliff.

Advantages

Low cost.
Allows natural
processes to occur.

Low cost.
Allows natural
processes to occur.

Waves are less likely to
impact cliffs at rear of
beach.
Public amenity is
increased.

Disadvantages

Waves are more likely
to impact cliffs at rear
of beach.
Public amenity is
reduced.
Beach boxes will need
removal.

Waves are more likely
to impact cliffs at rear
of beach.
Public amenity is
reduced.

High Cost.
Maintenance may be
required.
Impacts to adjacent
beaches.

Whilst Table 6-1 and Table 6-2 summarise the broad strategic management options, a more detailed
description of each option is discussed in the sections below.

6.1

Cliff Erosion Management Options
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The aim of these management options are to provide a stable cliff face. This appears to be primarily an issue
at the rear of Mount Martha North beach. This management option is considered critical, as an unstable cliff
causes an unacceptable risk to the community, in terms of safety and asset protection. The options
considered in relation to ensuring cliff stability at Mount Martha North beach are as follows;


Do Nothing



Controlled Retreat



Protect cliff toe with rock or geotextile seawall.

6.1.1

Do Nothing Option

This option involves leaving the rockwork as it is. This option is likely to result in erosion of the cliff either
side of the existing rockwork as shown as the blue line in Figure 6-2. The short and long term implications of
adopting a do nothing management option is discussed below.
In the short-term (present – 2040):


The beach access stairway appears to be adequately protected.
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There is not an immediate risk to the Esplanade behind the cliff.



The risk of slip failures causing injury or death to the public remain high, as per previous LanePiper (2010)
reports.



Damage to beach boxes at the rear of the beach may continue. These damaged beach boxes may also
cause risk to the public.

In the long-term (2040 – 2100):


The Esplanade Road behind the cliff may be subject to erosion.



The existing rockwork may not be adequate to protect the beach access stairway at Mount Martha North
beach.



The risk of slip failures causing injury or death to the public remain high, as per previous LanePiper (2010)
reports.



Damage to beach boxes at the rear of the beach may continue. These damaged beach boxes may also
cause risk to the public.

The do nothing option is a zero-cost option in the short-term, but may result in major damage to assets in
the long-term. The risk of cliff failures causing injury or death to the public also remains a significant concern
if the do nothing management option is adopted.

6.1.2

Retreat Option

This option involves leaving the rockwork as it is, and maintaining a planned retreat of assets. In the shortterm, this represents an identical outcome as the do nothing option, apart from the fact that beach boxes in
the vicinity of the retreating cliff will need to be removed. In the long-term this represents abandoning the
road behind the beach and possibly the beach access stairways.
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In the short-term (present – 2040):


The beach access stairway appears to be adequately protected.



There is not an immediate risk to the Esplanade behind the cliff.



The risk of slip failures causing injury or death to the public remain high, as per previous LanePiper (2010)
reports.



Damage to beach boxes at the rear of the beach may continue.

In the long-term (2040 – 2100):


The Esplanade Road behind the cliff may be subject to erosion, and therefore planning for abandonment
of the road will need to be undertaken.



The existing rockwork may not be adequate to protect the beach access stairway at Mount Martha North
beach.



The risk of slip failures causing injury or death to the public remain high, as per previous Lane Piper
(2010) reports.



Damage to beach boxes at the rear of the beach may continue.
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The retreat option is similar to the do-nothing option, in that it is low-cost in the short-term, with beach box
removal the only cost. In the long-term, management of Esplanade Rd abandonment would need to be
considered. The risk of cliff failures causing injury or death to the public also remains a significant concern if
the managed retreat option is adopted.

6.1.3

Reinforcement of Cliff Toe

Reinforcement of the cliff toe as discussed in Lane Piper’s (2010) geotechnical report has already been
undertaken in the vicinity of the access stairs and northern most beach boxes at Mount Martha North. The
existing rockwork is shown in Figure 6-1, taken while on site in January 2017. It is unclear to what design
standard the rockwork has been designed, as for it to be effective it would need to be able to remain stable
during a storm event and therefore have an adequate rock size, whilst also not allowing frequent overtopping
by having a high enough crest level. The rockwork toe should also be embedded deep enough that scour will
not be an issue in the future.
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It is thought that this rockwork could be extended to encompass the entire section of beach where cliff failure
is an issue at Mount Martha North, along the area shown in red in Figure 6-2. The cliff behind the seawall
may also need to be re-graded in places to ensure a 1:1.5 slope is maintained behind the seawall. An example
conceptual cross-section of the beach and cliff profile with the management option implemented is also
shown in Figure 6-2.

Figure 6-1

Existing Rockwork at Mount Martha North Cliff
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Figure 6-2

(Top) Geographic location of seawall, (Bottom) Conceptual example cross-section of management option

The rockwork would have a negative impact on the beach front, as during storm events, waves reflect off the
rockwork, exacerbating the scour on the beachfront. It is thought that this wave reflection would only be
activated during major storms, so would only cause a minor increase to the erosive processes acting on
Mount Martha North beach. The rock protection of the cliff toe also prevents sediment entering the system
from the cliff, further limiting the capabilities of the front beach to regenerate after a storm. However, the
granular (sand) component within the cliff face is generally very small and would provide limited protection
to the beach.
The rockwork is unlikely to require maintenance or additional costs, apart from initial purchase and
placement of rock, assuming works are completed to a competent standard. In the long term, sea level rise
will cause an increase in storm tide levels and will result in an increased area of cliff that will be exposed to
wave action and subject to erosion. The sloped rock walls currently placed lend themselves to being easily
raised if required, as additional rock can usually be placed on top of the existing rock in the future.
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Another consideration for the seawall is the Aboriginal middens located in the eroded cliff-face may be
covered, and will need to be investigated prior to completion of the seawall.
In the short-term (present – 2040):


The beach access stairway appears to be adequately protected without further rockwork.



The roadway behind the beach would be fully protected by the implementation of this option.



The risk of slip failures causing injury or death to the public would be reduced to an acceptable level.



Beach boxes at the rear of the beach may need to be removed to facilitate construction of the seawall.



Beach erosion in front of the seawall will be exacerbated during storms due to wave reflection off the
seawall.



Aboriginal midden sites will need to be assessed as they could be covered by seawall.

In the long-term (2040 – 2100):


A seawall would mean the public assets including the access stairs and road would be protected into the
future.



The existing rockwork may need to be reinforced to ensure protection of the beach access stairway at
Mount Martha North beach.



The risk of slip failures causing injury or death to the public remain low.



Beach erosion in front of the seawall will be exacerbated during storms due to wave reflection off the
seawall.

The option to reinforce the cliff toe removes the risk to the public in short and long-term and risk to assets
in the long-term. This option is more costly than the other options, as rock will need to be sourced and placed
at the site for the 200m of seawall. The existing seawall at the site will also likely need to be reinforced and
raised. Another option is to install geotextile bags rather than rockwork, however this is unlikely to change
the advantages or disadvantages of the seawall option, as costs and primary function remain approximately
equivalent. This option also has a negative effect on the beach in front, and will need to have an assessment
of Aboriginal cultural sites.
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6.1.4

Costings and Summary

Erosion management options available for the Mount Martha cliff face are summarised in Table 6-3. Overall,
the do nothing and retreat options have the benefit of not costing anything now, but do not have any effect
on increasing public safety or asset protection. The future costs of a cliff eroding back to a roadway are
difficult to estimate, but are likely to far exceed the estimated $750,000 to build 195m of seawall (and
upgrade the existing section of seawall) in front of the cliff. A large fraction of the construction costs for the
seawall option is for the removal of beach boxes which may get in the way of the seawall construction. Costs
of this may be reduced if the beach boxes are temporarily removed and replaced after construction of the
seawall is complete.
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Table 6-3

Cliff Erosion Management Options

Cliff
Management
Option
Do nothing

Retreat

Reinforcement
of Cliff Toe
(Seawall)

6.2

Is the issue managed appropriately?

Notes
Cost ($)

Cliff Stability
(Public Safety)

Asset Protection
(Roadway)

Now

No

Now

Yes

0

Future

No

Future

No

Uknown

Now

No

Now

Yes

0

Future

No

Future

Yes

Unknown

Cost for abandoning road

Now

Yes

Now

Yes

$1,150,000

Costs include cultural
heritage assessment,
seawall design &
construction, access
requirements by removing
some beach boxes

Future

Yes

Future

Yes

0

No direct costs, however
community safety and asset
loss are at risk

Beach Retreat Management Options

The aim of these management options is to encourage beach amenity at Mount Martha North beach. This
means a sandy beach in front of the cliff is retained year-round, encouraging recreational use. There is also
the added benefit of further protection to the cliff at the rear of the beach if sediment is available on the
beach. Whilst the presented options may have a positive influence on the continuing viability of the beach
boxes on the Mount Martha North front beach, this is considered a by-product of providing beach amenity
to the recreational beach users at Mount Martha North.
A number of options for beach erosion management have previously been considered at Mount Martha
North beach, particularly by CES (2007). These are discussed below, considering the updated outcomes of
the Water Technology coastal processes analysis.
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6.2.1

Do Nothing Option

This option involves leaving the beach as it is. This option is likely to result in continued erosion of the beach.
The short and long term implications of adopting a do nothing management option is discussed below.
In the short-term (present – 2040):


The beach provides no protection to the cliffs at the rear of the beach.



The beach amenity remains in a diminished state.



Damage to beach boxes at will continue, these damaged beach boxes cause risk to the public.

In the long-term (2040 – 2100):
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The beach provides no protection to the cliffs at the rear of the beach.



The beach amenity remains in a diminished state.



Damage to beach boxes will continue, these damaged beach boxes cause risk to public safety if they
collapse.

The do nothing option is a zero-cost option in the short-term and long-term, with the only damage to assets
being private assets of beach boxes. The risk of structurally compromised beach boxes causing injury or death
to the public also remains a significant concern if the do nothing management option is adopted.

6.2.2

Retreat

This option involves a planned retreat from the beach. This option is likely to result in continued erosion of
the beach. The short and long term implications of adopting a planned beach retreat management option is
discussed below.
In the short-term (present – 2040):


The beach provides no protection to the cliffs at the rear of the beach.



The beach amenity remains in a diminished state.



The beach boxes will be removed from the beach.



Whilst the beach amenity is not ideal, there is no risk to the public from damaged beach boxes.

In the long-term (2040 – 2100):


The beach provides no protection to the cliffs at the rear of the beach.



The beach amenity remains in a diminished state.



Whilst the beach amenity is not ideal, there is no risk to the public from damaged beach boxes.

The retreat option could prove costly in the short-term as beach boxes will need to be removed, however,
there is unlikely to be any future costs. The risk of structurally compromised beach boxes causing injury or
death to the public is removed, and the only major negative is the loss of beach amenity at the site.
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6.2.3

Beach Nourishment

Management of the beach alignment and width via nourishment represents a ‘protect’ type option, and is a
soft protection option that does not have the drawbacks of hard coastal structures. Beach nourishment was
previously considered by CES (2007) and was undertaken in 2010. A total of 11,300m 3 of sand was moved
from Mount Martha South beach to Mount Martha North beach prior to the 2010 winter. Extensive
monitoring was undertaken of the beach profiles, and Worley Parsons (2012) suggested that approximately
8% of the nourished sand was lost from the system per year, based on two years of monitoring, and that the
nourishment should last 5 – 10 years. However, this has not been the case, with significant erosion issues
facing the beach since at least 2013, just three years after nourishment. It should also be noted that the
modelling suggests that 2013 was the stormiest year on record in terms of large wave events, as discussed
in Section 3.5.3.
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Modelling completed for this study suggests that the Worley Parsons monitoring years 2010 – 2012 included
the 2010 and 2011 winters. Both these winters had no significant storm events, and are considered calm
winters. The modelling also suggests that net southerly sediment transport over these two winters were
significantly lower than the average sediment transport rate, with 4,500m3 of southerly sediment transport
averaged between the four profiles in winter over these two years. This is a 25% reduction on the average
winter transport rates.
Cross-shore modelling indicated that storms can remove significant amounts of fine sand from the beach
face. A large fraction of this would get worked back into the beach eventually, however with sea level rise
and the possibility of multiple storms in a single winter, much of this sand can be lost from Mount Martha
North to Mount Martha South or offshore in a single winter. Any nourishment of fine sand (less than 0.8mm
mean grain diameter) is thought to be a wasted nourishment, as it can easily be transported offshore.
If nourishment is to be undertaken, it is suggested that a comprehensive sediment analysis be undertaken
prior to sediment re-location. If the sediment has a mean grain diameter greater or equal to the existing
diameter at Mount Martha North beach (approximately 0.7mm) it will be much more effective for
nourishment, with the cross-shore modelling suggesting only minor erosion will take place with the large
grain diameter sediment.
Beach nourishment remains an option for erosion management of Mount Martha North beach. Mount
Martha South does not have any issues with sediment supply and has been found to be accreting over recent
years, even with the 11,300m3 of sediment moved from Mount Martha South to Mount Martha North in
2010, and thus provides a viable option for sediment supply if grain diameters are found to be large enough.
If other sources for supply are available, they should also be considered. An example of the nourishment
location and nourished beach cross-section are shown in Figure 6-3.
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A one-off campaign of beach nourishment through circulation of material from Mount Martha South to
Mount Martha North is a short-term option that only addresses one of the main drivers of increasing erosion
at Mount Martha North beach – i.e. the lack of sediment. The other driver is higher water levels, and this is
an accelerating process due to sea level rise. For beach management to be effective, presently there would
need to be a continuous maintenance scheme set-up, with the approximately 10,000m3 of sand supplied to
Mount Martha North Beach every few years, pending the seasonal storm conditions. This is not an
uncommon practice, and should be considered as a management option.
Sea level rise is expected to increase the capacity of beach erosion of major storms by approximately 50% by
2040, so nourishment volumes and frequency required will likely increase over time. The modelling indicates
pressures of climate change may also start significantly eroding Mount Martha South beach in major storms
by 2040, so may not be able to provide the sand for nourishment at Mount Martha North.
The benefit of nourishment is that it causes an immediate increase in cliff protection and beach amenity.
Pending sediment sampling investigations, there appears to be a significant source of sand on the adjacent
Mount Martha South beach that is available for use at Mount Martha North. A disadvantage is that the
nourishment is subject to seasonal weather patterns, and can be removed from the beach in a single stormy
season, as appears to have happened after 2012. However, if this natural process is accepted and regular
beach management is planned and budgeted for, the nourishment can provide on-going protection to the
cliff at Mount Martha. The benefits and disadvantages of a nourishment program are discussed below.
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In the short-term (present – 2040):


A comprehensive sand sampling regime would need to be undertaken to ensure appropriate grain size
sand is being taken from Mount Martha South beach.



Nourishment provides protection to the cliffs at the rear of the beach at Mount Martha North.



The beach amenity would be increased.



The beach boxes will be unlikely to need removal.



Nourishment can be removed from the beach in a single stormy season, as was the case in 2013.

In the long-term (2040 – 2100):


Mount Martha South beach may be under pressure due to sea level rise and continuous nourishment of
Mount Martha North – alternate sand sources will need to be considered.



Nourishment provides protection to the cliffs at the rear of the beach at Mount Martha North, however
nourishment volumes will need to increase as storms erosion capacity will be higher.



The beach amenity would be increased.



As sea level rises, the beach boxes may become a hindrance to nourishment. This is because nourishment
may need to be pushed further towards the rear of the beach, and heavy machinery is unable to do that
with the beach boxes in the way.



Nourishment can be removed from the beach in a single stormy season, as was the case in 2013, and the
frequency of nourishment is likely to increase as sea level rise continues.
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Beach nourishment provides a favourable outcome, in terms of maintaining beach amenity and protecting
the cliff toe at the rear of the beach. However, it does require a significant initial cost and ongoing
maintenance costs that are likely to increase over time. The nourishment is also capable of being washed
away during a stormy season.
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Figure 6-3

6.2.4

(Top) Geographic location of nourishment, (Bottom) Conceptual example cross-section of management option

Construction of 25m Long Groyne at the Northern End of Mount
Martha North Beach

CES (2007) specified another management option of a short 25m groyne to capture sediment at the small
headland immediately north of Mount Martha North beach. This is again a ‘protect’ option, however has the
drawbacks that come with construction of a hard structure in the coastal zone. This rock groyne would be
built to capture sediment moving north over summer, however this would then impede sediment reaching
Hawker Beach to the north.
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Modelling undertaken in this study suggests that 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, and a basic summary of these processes is shown in
Figure 6-4.
CES (2007) originally specified a rock groyne, however another option of geotextile bag groyne could be
considered as a “softer” option, capable of being removed if the groyne results in detrimental impacts to
other areas such as Hawker Beach south, or the area adjacent to Craigie Beach seawall. It should also be
noted that the geotextile bag option is unlikely to produce any significant cost savings over a rock wall.
This option is designed to increase the amount of sediment to act as a buffer to storms that erode the beach
and impact the cliff. Paired with additional beach nourishment as described above would provide a more
immediate protection effect for the cliff rather than requiring natural build-up of sediment transported
northward. The groyne would require minimal maintenance, however with sea level rise, the groyne may
need to be raised in the future.
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A key issue with the groyne is that it is likely to increase erosion on the northern side of the groyne, with
approximately 130m of Hawker Beach to the north of the seawall at significant risk. The possible accretion
area over summer at Mount Martha North, along with the Hawker Beach area that could be negatively
impacted by the groyne are shown in Figure 6-5. To alleviate this issue, consideration may be given to
providing regular nourishment to Hawker Beach. The low-crested nature of the groyne would aim for minimal
impact to recreational use of the beach.
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LEGEND
Summer Sediment Tranport

Groyne stops northerly sediment
transport past beach in summer

Winter Sediment Transport
Groyne
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Figure 6-4

Figure 6-5

Sediment Transport Summary with groyne

Groyne showing possible accretion area and area that will be more erosion prone
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6.2.5

Construction of Low Offshore Breakwater

Another ‘protect’ option suggested by CES (2007), was an offshore breakwater option. This offshore
breakwater aims to collect sediment over summer on its southern side, therefore enhancing the protection
of the beach at Mount Martha North. An advantage of the offshore breakwater would be that it would not
affect pedestrian access as it is offshore, and does not impede sediment transport in the nearshore to Hawker
Beach. However, this type of breakwater is also less likely to capture as much sand as the groyne option. The
potential offshore reef location is shown in Figure 6-6.
The offshore breakwater works by increasing the available sediment buffer for protection of the cliff during
storms. The offshore breakwaters also have a secondary effect of actually reducing the incident wave energy
in the nearshore during a storm, and hence reducing the beach and potential cliff erosion.
ASR (2010) assessed the feasibility for an offshore reef at Mount Martha. They simulated an offshore reef
between the offshore bar and beach, similar to that proposed by CES (2007), but did not find the offshore
reef to be effective in reducing wave energy. This was because the offshore reef assessed was located within
the system of shore parallel sand bars and a large proportion of the waves energy was dissipated prior to
reaching the artificial reef, negating the impact of the offshore reef.
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Construction of the offshore reef would require temporary access to be constructed from the beach, where
an excavator can place the rock offshore. An alternative option (which may represent a cost saving) would
be to fill geotextile tubes in situ via a small dredging unit.

Figure 6-6

Low Offshore Breakwater Location
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6.2.6

Construction of Major Offshore Breakwater

A major offshore breakwater option effectively replicates a similar effect to Birdrock Reef island, with a
salient forming on the leeward side of the breakwater. An estimate of the offshore breakwater and salient
formed, based on Birdrock reef Island, is shown in Figure 6-7. An advantage of the offshore breakwater would
be that it would not affect pedestrian access as it is offshore, and does not impede sediment transport in the
nearshore to Hawker Beach. However, an offshore breakwater of this scale will pose a significant navigational
hazard that needs to be accommodated.
An offshore breakwater of this scale works to produce a protected zone on the lee-side of the reef, reducing
the incident wave energy in the nearshore during a storm, and hence reducing the beach and potential cliff
erosion.
The ASR (2010) offshore reef at Mount Martha feasibility assessment simulated an offshore reef between
the offshore bar and beach, like that discussed in Section 6.2.5, but did not test the reef further offshore in
the bar system where it may prove more effective.
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An offshore reef option of this scale is difficult to construct, and this is reflected in the costings of the option
in Section 6.2.9, however could be constructed of rock or geotextile containers.

Figure 6-7

6.2.7

Estimate of offshore reef location and salient formed, based on Birdrock reef Island and salient

Establishment of New Beach Compartment

Establishment of a new beach compartment could be considered at Mount Martha North beach. This would
involve constructing two long groyne structures, as depicted in Figure 6-8, and large-scale nourishment of
the beach. The length of the groyne structures would need to be such that they interrupt the longshore
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sediment transport in the offshore bars, i.e. a groyne length beyond the offshore bar system extending 350
– 400m long.
This option would create a new beach compartment where minimal sediment is gained or lost from the
compartment. Beach nourishment would be required in combination with the groyne construction to create
a wide beach to provide protection to the cliffs. The groyne angle and size, as well as the required
nourishment volume would be estimated to ensure a beach is maintained within the compartment during all
times of the year. Whilst nourishment volumes would be large, investigations of offshore sediment
undertaken in the Vantree (1996) report suggest there is an offshore sediment source of appropriate grain
diameter at Mount Martha.
Construction of long groynes would likely have a positive effect on sediment availability north of Mount
Martha beach at Hawker Beach, with sand likely to be trapped on the northern side of the groyne in the
winter southerly transport cycle. The southern end of Mount Martha South beach is likely to be negatively
affected by this compartment setup, with no supply of sediment from the north and material from the
southern end of Mount Martha likely to be trapped on the southern side of the central groyne. However, it
appears that the existing large amount of sand at Mount Martha South beach would mean there is unlikely
to be any lack of sediment at the beach for short-term future, but beach management and recirculating of
sand across the beach compartment may be required into the long-term future.
The entrance to Balcombe Creek would be impacted, as the groyne would stop the intermittently open creek
mouth from shifting as it is prone to doing. This may have water quality and flooding implications.
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The aesthetic properties and high cost of two 350 – 400m long groyne structures should be taken into account
when considering this management option.

Figure 6-8

Sediment transport with new beach compartment
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6.2.8

Adapt Buildings to Accommodate for Erosion

Adapting the footings of beach boxes to accommodate beach erosion was suggested by CES (2001) and
implemented in the CES and John Gardner & Associates (2001) Design Guidelines for Bathing Boxes at Mount
Martha North Beach. In response to this work, the beach boxes were required to be adapted to ensure safety
of beach users, however erosion has continued to the point where this ‘accommodate’ measure may not be
adequate in the future and the beach boxes will pose a risk to the public. A next step in this process would
be to undertake geotechnical and structural investigations to investigate whether the beach box footing
could be founded at a point where they become stable. With sea level rise it is also likely that the beach
boxes will need to be raised above water levels that could be experienced in a storm event. It is therefore
unlikely that the accommodate option will be able to be further pursued.

6.2.9

Costings and Summary

An estimate of costings of each design option have been made for all options in Table 6-4, along with a
summary of whether they have solved the major issues on the beach. Overall, the do nothing option has the
benefit of not costing anything now, but does not have any effect on increasing public safety or amenity, and
it is likely that public safety will decrease. There are a number of different options to manage these issues,
however most of them have a significant upfront cost, along with long-term maintenance costs.
Table 6-4

Summary and costing of each option

Cliff Management
Option

Is the issue managed appropriately?
Beach Amenity

Public Safety
(Beach box
collapse)

Do nothing

Now

No

Now

No

0

Future

No

Future

No

0

Now

No

Now

Yes

Unknown

Future

No

Future

Yes

0

Now

Yes

Now

Yes

$225,000
(every 5 – 10
years)

Future

Yes

Future

Yes

$225,000+
(every 5
years or less)

Now

Yes

Now

Yes

$330,000
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Retreat

Beach Nourishment

Beach Nourishment
+ Groyne

Notes
Cost ($)
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No direct costs,
however community
safety and asset loss
are at risk

Cost for removal of ~50
beach boxes at risk

$225,000 for
nourishment every few
years, maintenance
costs increasing over
time

Groyne costs $105,000
+ $225,000 for initial
nourishment
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Cliff Management
Option

Is the issue managed appropriately?

Notes

Beach Amenity

Public Safety
(Beach box
collapse)

Future

Yes

Future

Yes

$225,000
(every 5 – 10
years)

Nourishment still
required in future

Now

Yes

Now

Yes

$515,000

Offshore breakwater
costs $290,000 - +
$225,000 for initial
nourishment

Future

Yes

Future

Yes

$225,000
(every 5 – 10
years)

Nourishment still
required in future

Now

Yes

Now

Yes

$1,000,000

Future

Yes

Future

Yes

0

Major Nourishment +
Groynes Option

Now

Yes

Now

Yes

$2,100,000

Future

Yes

Future

Yes

0

Possible minor
maintenance costs

Adapt Beach Boxes
to Accommodate

Now

No

Now

Yes

Unknown

Future

No

Future

No

0

The costs of upgrading
the beach boxes are
unknown, and may not
be enough to ensure
they are not under
threat in the future

Beach Nourishment
+ Minor Offshore
Reef
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Major Offshore Reef

Cost ($)
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7

CONCLUSIONS AND RECOMMENDATIONS

7.1

Overview

The Mount Martha Coastal Processes and Future Management Recommendations provides a comprehensive
analysis and review of coastal processes in the Mount Martha coastal cell in Port Philip Bay, whilst also
providing management options for the key site within the study area that were identified as having erosion
issues (Mount Martha North Beach). The study has involved:


Collection and review of a range of data and literature relevant to the definition of coastal processes
within the study area.



A rigorous coastal processes investigation to develop robust management options for the study.



Development of a detailed spectral wave model of the entire coastal cell, capable of estimating wave
design conditions.



A detailed longshore sediment transport model and cross shore sediment transport model from Mount
Martha North to Mount Martha South beach that is capable of estimating and sediment transport rates
at the beach.



Conceptual management options, including cost estimates, for all viable options at the eroding Mount
Martha North site.

7.2

Key Outcomes
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In undertaking this study a number of important aspects of coastal processes relevant to Mount Martha
beach have become apparent. These are summarised as follows.
Coastal Process Characteristics of Mount Martha Beaches – Mount Martha beaches are subject to a cyclical
seasonal sediment transport process. In Summer, sediment is transported in a northerly direction along the
beach. This is due to the predominately south and south west winds generating small waves from a limited
fetch that push sediment along the beachface. This pattern is reversed in winter, with predominate north
through the west winds, that are stronger than summer southerly winds, generating larger waves which
break in the offshore bar system. This means sediment is shifted south in winter, predominately in the
offshore bars. Whilst this sediment is shifted south, it is also being removed from the beachface due to
seasonal winter storms. The sand in the offshore bars is eventually trapped at Balcombe Point, and worked
back to the beach at Mount Martha South over summer, whilst some sediment does leak around the
headland. It appears that while this net sediment transport to the south was historically balanced by
sediment from beaches to the north, many of these have had seawalls constructed on them, reducing their
capability to provide sediment into the system from eroding cliffs. Extra stresses have been also placed on
the beach due to sea level rise, meaning the beachface is adjusting to higher water levels experienced during
storm events, and hence extra offshore transport of sediment.
Future Management Options at Mount Martha North Beach – There are a range of available management
options at Mount Martha North beach. There are two parts to managing the erosion at the beach, erosion of
the cliff face and erosion of the beach face. The cliff erosion is critical as it protects assets and is dangerous
to the public if it collapses. Placing a sloped rock seawall in front of the cliff would halt erosion issues, but has
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a number of disadvantages, including large upfront cost and negative effects on the beach amenity in front
of the cliff. The second part of managing erosion issues at Mount Martha North is erosion of the beach in
front of the cliff. Presently, the erosion issues have caused reduced public amenity and public safety, due to
structural issues that the beach erosion has caused to the beach boxes. Stopping erosion at the beachfront
has the secondary effect of also reducing erosion to the cliff at the back of the beach. A number of options
are presented to manage erosion of the beachfront, however they all have an upfront cost that needs to be
considered when implemented.

7.3

Recommendations
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With regard to the study outcomes, the following recommendations are provided:


Cliff erosion remains a critical issue at Mount Martha North beach – a sloped rock or geotextile bag
seawall should be installed at the rear of the beach to protect road assets and increase public safety at
the rear of the beach.



Prior to construction of the seawall, a cultural assessment of Aboriginal middens must be undertaken to
ensure there are no issues with placement of the seawall in front of the middens.



During installation of the seawall, if beach boxes are in the way of construction these will need to be
removed as a permanent or temporary measure.



There are a number of soft and hard structure management options available to manage beach erosion
in front of the cliff – if beach erosion is managed this has the added effect of increasing protection of the
cliff at the rear of the beach. It is recommended that one of the beach erosion management options be
implemented such as beach nourishment, construction of a groyne or construction of an offshore
breakwater.



It is recommended that a beach use survey be undertaken so data can be gathered regarding the
community use of the beachfront - Whilst this report has considered the coastal processes and costings
of available management solutions, the community should also be consulted for input on the range of
options available for shoreline erosion management.



It is recommended that detailed coastal modelling, in terms of impact on the local coastal processes, be
undertaken for the preferred conceptual beach management options before they are taken to detailed
design phase.



If none of the hard or soft beach erosion management options are adopted, it is recommended that the
beach boxes be removed from the beach at Mount Martha North to increase public safety and amenity.



Prior to any future beach nourishment, grain size must be considered. Nourishment with small grain
diameter sediment (<0.6mm) is likely to results in wasted nourishment, as the sand can be easily
transported off the beach.
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APPENDIX A
PARTICLE SIZE DISTRIBUTION CURVES
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2.36mm

100

1.18mm

97
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N/A
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N/A

AS sieve

Percent Passing

liquid limit

%

75.0mm
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plastic limit

%

53.0mm
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plasticity index (PI)

%

37.5mm
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linear shrinkage

%

26.5mm

100

method of drying:

-

19.0mm

100

method of sieving:

-

13.2mm

100

curing time:

-

9.5mm

100

groving tool:

-

remarks:

6.7mm

100

4.75mm

100

2.36mm

100

1.18mm

100

0.600mm

100

0.425mm

96

0.300mm

40

0.150mm

18

0.075mm

18

natural moisture content
AS1289.2.1.1
moisture content

%

n/a

material description/
product name
Sand

The results of the tests, calibrations and/or measurements included in this document
are traceable to Australian national standards.
Accredited for compliance with ISO/IEC 17025- Testing
LABORATORY ACCREDITATION No 15357
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