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Executive Summary
Background
Rye lies about 100 km south of Melbourne and is located adjacent to Port Phillip Bay on the
Mornington Peninsula. The Rye Foreshore comprises sandy beaches and has a history of active
shoreline management. Most of the existing shoreline has been extensively modified from its natural
state. It is an important recreational and aesthetic asset for both the residents of the Mornington
Peninsula and the wider community, and is one of the primary coastal holiday destinations for
Melbourne. It is a popular caravan and camping destination and supports significant boating activity.
Mornington Peninsula Shire Council (MPSC) has recognised the importance of the sustainable
management of the Rye Foreshore and engaged BMT WBM to undertake a coastal processes study
for the area. The purpose of this study is to assess the current and likely future impacts of coastal
processes on the beach and public facilities and assist Council’s strategic management of the Rye
Foreshore area.
The Rye Foreshore Coastal Processes Study has been delivered through two stages. This report is
the result of Stage 2 of the study, but documents the outcomes of both stages of the study.
Coastal Processes and Causes of Shoreline Change
An assessment of the fundamental coastal processes and historical changes to the coastal zone was
undertaken. This assessment (which is summarised in Section 2), included a review of previous
studies, numerical modelling and analysis of field measurements, survey data and aerial
photography.
The results of this assessment indicate that:


The Rye beach system has gained a substantial volume of sand since the mid-1950s, which
has resulted in a seaward movement of the shoreline along the entire study area, at least
30m at most locations. The volume gains are primarily due to the various beach nourishment
works undertaken since the 1970s. However, the beach system has also a natural tendency
to gain sand as there is a sand supply surplus to the beach system. Sand transport modelling
undertaken suggests that there is a net supply of sand from Blairgowrie beach, as well as
from Tootgarook beach.



The net sand longshore transport direction is eastwards. The regional long term net transport
3

rate along the beaches of Rye is in the order of 2,000m per year.


Locally, the transport of sand has been strongly influenced by the coastal structures and the
dredged approach channel of the boat ramp. The land reclamation around the Rye Pier
continues to intercept the net easterly sand transport, resulting in a tendency to accumulate
sand on the western side of the boat ramp and ongoing loss of sand on the eastern side of
the rock groyne at Lyons Street. The present long term sand loss at the beach east of the
3

Lyons Street groyne is estimated to be in the order of 1,000 to 1,500 m per year.


The Rye boat ramp and associated dredged approach channel act as a sediment trap and
intercept a large portion of the sediment transport that is occurring in the littoral zone. As
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implied by historical maintenance works, the gross accumulation rate at the facility is in the
3

order of 5,000 m of sand per year.


The beaches of Rye are subject to occasional erosion events associated with storm, but
most coastal development is located outside the short-term storm erosion zone (the zone
20m landward of the frontal dune potentially affected by storm erosion of a 1 in 100 year
ARI event). The available dune buffer width in front of the boat trailer car park, west of the
boat ramp, is less than 20m, indicating that the car park may become subject to erosion
during a severe storm event.



The ongoing accumulation of sand, superimposed on short-term fluctuations of the beach
shape, has resulted in issues related to infilling of a number of stormwater drains that flow out
onto the beach.



Climate change effects are likely to have an impact on the beaches of Rye, and as such
affect beach maintenance requirements of the study area. The potential effects of climate
change on the beaches of Rye are discussed in Section 2.4.9. For the development of
shoreline management strategies, these potential effects need to be taken into consideration.

Shoreline Management Recommendations
Based on the evaluation of the existing shoreline and the assessment of the coastal processes
provided to Council (through an Interim Report, WBM, 2012), MPSC selected two priority areas for
which management options were to be developed and evaluated as part of Stage 2.
These two specific areas were:


The Rye boat ramp and associated approach channel; and



The beach east of immediately east of the Lyons Street groyne

Section 4 provides a detailed discussion on potential management options for these two areas.
After assessment of the options, it is recommended that a shoreline management strategy be
adopted in which the boat launching facility at Rye is maintained through regular maintenance
dredging and the persistent erosion at the beach to the east of the rock groyne mitigated by pumping
a portion of the sand dredged from the approach channel during regular maintenance dredging
directly onto the beach near Lyons Street.
The recommended bypassing rate (i.e. the annual volume that is dredged from the approach channel
3

and placed onto the beach near Lyons Street) is 1,000 to 1,500 m per year. The remaining volume
of regular maintenance dredging should be placed onto the upper beach of the beaches adjacent to
the boat ramp, approximately an equal amount on each side.
The frequency at which sand is placed onto the beach will primarily be influenced by the need for
dredging at the approach channel to maintain safe access to the boat ramp and is envisaged to
generally occur every 2 to 4 years.
Ongoing monitoring of the beaches should be undertaken to evaluate the response to the works and
a dune management program should be implemented.
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INTRODUCTION

1.1

Background
Rye lies about 100 km south of Melbourne and is located adjacent to Port Phillip Bay on the
Mornington Peninsula. The Rye Foreshore comprises sandy beaches and has a history of active
shoreline management. Most of the existing shoreline has been extensively modified from its natural
state.
It is an important recreational and aesthetic asset for both the residents of the Mornington Peninsula
and the wider community, and is one of the primary coastal holiday destinations for Melbourne. It is a
popular caravan and camping destination and supports significant boating activity, particularly in the
summer months (Refer to Figure 1-1).
The foreshore reserve contains areas of high conservation value, which include sites of significant
vegetation, cultural and heritage value, scenic quality and geological importance.

Figure 1-1

1.2

Rye Foreshore during a Summer Day

Need and Purpose
Mornington Peninsula Shire Council (MPSC) has recognised the importance of the sustainable
management of the coastal zone and has engaged BMT WBM to undertake a coastal processes
study for the Rye Foreshore area.
The purpose of the Rye Foreshore Coastal Processes Study is to assess the current and likely future
impact of coastal processes, and to provide Council strategic direction for the sustainable use of the
Rye Foreshore area and the public facilities therein.

1.3

Scope of Works
The Rye Foreshore Coastal Processes Study has been delivered through two stages. In Stage 1 the
key coastal processes affecting the study area were assessed and issues associated with erosion
and accretion identified. The outcomes of Stage 1 are documented in “Rye Foreshore Coastal
Processes Study - Interim Report ” (WBM, 2012). In Stage 2, management options were considered
for two specific locations, selected by MPSC and a recommended shoreline management strategy
developed for these areas.
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This report summarises the findings of both stages of the Rye Foreshore Coastal Processes Study. It
presents an overview of the key coastal processes affecting the beaches of Rye and provides
recommendations regarding the management of priority areas along the Rye shoreline.
This includes:


Analysis of historical changes experienced to the shoreline;



Assessment of the dominant coastal processes, including numerical modelling of waves and
sand transport processes;



Identification of immediate and likely future issues relating to erosion and accretion at the
shoreline;

1.4



Development and evaluation of shoreline management options for selected locations; and



Make recommendations on preferred shoreline management strategies.

Description of the Study Area
Rye is located on Port Phillip Bay, a large, circular nearly enclosed body of water with an average
water depth of about 13m. Port Phillip Bay is connected to the Bass Strait via a narrow opening of
approximately 3km between Point Lonsdale and Point Nepean. The locality of the study area is
shown in Figure 1-2.
The study area of the RFCPS covers a distance of approximately 2.1 km and stretches from the
White Cliffs in the west to the Capel Sound Foreshore Reserve at Government Road in the east
(Refer to Figure 1-3).
Rye is a popular recreational beach due to the facilities it offers. The recreation facilities are mainly
concentrated around the Rye Boating Precinct with the Rye Pier as its centre. Rye Pier is a timber
jetty that provides various recreational opportunities, including walking, fishing and snorkelling. On the
western side of the Pier there is a popular public boat ramp with extensive trailer parking. To the east
of the Pier, a wide sandy beach occurs. This beach provides recreational opportunities in the form of
swimming, snorkelling and sun bathing and is supported by various picnic and play facilities.
The Rye shoreline faces approximately to the North and consist of continuous sandy beaches,
fronted by extensive sand bars and backed by low dune ridges.
Most of the existing shoreline has been extensively modified from its natural state. There are various
coastal structures within the study area, including groynes, a jetty (Rye Pier), a boat ramp and a
number of seawalls. The Rye Boating Precinct is the result of a major land reclamation carried out in
the mid-1970s and various subsequent beach nourishment works. Figure 1-3 presents a map of the
existing coastal structures and infrastructure in the study area.
The coastal waters of the region are dominated by the Great Sands, a system of substantial shoals
located to the north of Rye. The Great Sands have a significant influence on the wave climate at Rye,
as they tend to dissipate significant amount of wave energy during large wave events. As a result, the
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highest waves reaching the shores of Rye are generally lower than along other locations within the
Bay.
The waves at Rye are dominated by waves generated within Port Phillip Bay by local winds.
Consequently, waves reaching the shores are generally of low to moderate height and have a
relatively short period (generally less than 4 seconds). Notwithstanding this, occasional larger waves
associated with storm events may also occur.
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2.1

Overview

2-1

An appropriate understanding of the fundamental coastal processes affecting the Rye shoreline is
needed in order to make an informed decision on management of the coastal zone and infrastructure
development herein.
To obtain an understanding of the fundamental coastal processes at Rye, previous studies were
reviewed including:


The Coast of Victoria (Bird, 1993)



Rye Front Beach Coastal Study (CES, 1996)



Beaches at Risk (Vantree, 2001)



Erosion Investigation and Remediation - Rye Yacht Club (CES, 2009)



Changes on the Coastline of Port Phillip Bay (Bird, 2011)

In addition, limited field measurements, survey data and aerial photography were interpreted and
numerical modelling undertaken to assess the effects of waves, currents and sand transport
processes occurring at Rye.
On the basis of this, it was possible to obtain reasonable knowledge in relation to the major coastal
processes affecting the study area. A brief outline of this knowledge is presented in the sections
below.
It should however be recognised that there remain uncertainties regarding the coastal processes and
their effects on the coastline. A comprehensive investigation over some years and involving
substantial costs would be needed to gain a full understanding of these issues. Despite this, it is
considered that the present level of understanding is sufficient to develop appropriate management
strategies.
The key issues affecting shoreline management strategies are:


historical and future supply of sand into the beach system;



historical and future sand movements within and through the beach system; and



possible progressive net loss or gain of sand from the beach system.

In this, it is important to recognise that a coastal system includes not only the beach itself but also:


the beach ridge that acts as a reservoir of sand for the beach during major erosion events
and subsequently rebuilds gradually as the sand is moved onshore by wave and wind action;
and



the nearshore zone where sand movement is related to beach behaviour.
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Previous Studies
Previous studies relevant to the understanding the coastal processes at Rye are presented and
discussed below.

2.2.1

The Coast of Victoria (Bird, 1993)
This book by Eric Bird summarises the work that has been carried out by many people over the past
several decades and provides an overview of the regional geological and geomorphological setting of
the Victorian Coast. It includes a description of the evolution of the Mornington Peninsula and the Port
Phillip Bay region and its geomorphological setting.

2.2.2

Rye Front Beach Coastal Study (CES, 1996)
This report by Coastal Engineering Solutions in 1996 outlines an investigation into the principal
causes of erosion immediately east of Rye Jetty, experienced during the mid-1990s, and discusses a
range of options to remediate the erosion there. This study recommended the construction of a rock
groyne to the east of the jetty combined with beach nourishment. The recommended scheme was
implemented in 1999.

2.2.3

Beaches at Risk (Vantree, 2001)
This document provides an evaluation of the condition of the beach at Rye in 2000 and identifies
beach management requirements for Rye.

2.2.4

Erosion Investigation and Remediation - Rye Yacht Club
(CES, 2009)
This report was prepared for Mornington Peninsula Shire Council (MPSC) and the Department of
Sustainability and Environment (DSE) to evaluate the nature of the erosion that was experienced
around the Rye Yacht Club in 2008 and 2009.
The report provides an outline of the condition of the beach east of Rye Pier in 2009 and summarises
the historical changes that have occurred to the shoreline of Rye. It also provides a range of
management options for the area.

2.2.5

Changes on the Coastline of Port Phillip Bay (Bird, 2011)
This report by Eric Bird describes the local geology and geomorphology of various sites within Port
Phillip Bay. The report provides a description of the regional geomorphological setting of Rye and
summarises beach management works that have been undertaken in the region in the last decades.

2.3

Geological Setting and Landforms
Rye is situated at the south eastern end of Port Phillip Bay on the Nepean Peninsula. The Bay is a
broad, shallow embayment, almost circular in shape and covers an area of 1,950 km2 and is part of
Australia’s most densely populous and utilised catchment, with an area of 9,790 km2.
The Bay lies within a tectonically-controlled depression in which down-faulting has occurred from
Palaeozoic times to present. This depression or sunk-land is bounded between the Rowsley Fault to
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the east and Selwyn's Fault to the west (Bird 1993). The regional onshore geology includes deposits
of both Holocene (younger than 10,000 years BP) and Pleistocene sediments.
Generally, the Nepean Peninsula consists of dune topography, with Pleistocene dune calcarenites.
Along most of the seaward fringes, these Pleistocene dunes are overlain by unconsolidated Holocene
dunes. Also the shoreline of Rye is fronted by Holocene dunes. However, at some locations along the
coast, the dune calcarenites are exposed as cliffs. An example of this are the White Cliffs,
immediately to the west of the study area.
Offshore of Rye, there are the recent sand deposits of the Great Sands, which are derived from
marine-based sands that are brought into Port Phillip Bay from the Bass Strait. The sand deposits of
the Great Sands are underlain by further calcarenites. Along the coast, the proportion of calcareous
sand, derived from weathering of the dune calcarenites of the Nepean Peninsula, increases to the
west, and west of Rye the beach material is predominantly calcareous.
The Rye beaches are part of a long sandy beach system that extends about 25km from Safety Beach
to Blairgowrie. As most other beaches along this section of the coast, the shoreline at Rye is fronted
by a wide shallow zone comprising multiple sand bars. Although the sand bars show minor
alternations in morphology and configuration in response to storms, they are generally considered
relatively stable. Seagrass patches occur at various locations within the nearshore zone.

2.4

Coastal Processes

2.4.1

Sand Transport Mechanisms And Coastal Dynamics
Sand transport at a beach location may be regarded in simple terms as involving longshore and
cross-shore sand movement processes. These act concurrently and interact.

2.4.1.1 Cross-shore Sand Transport
Cross-shore sand transport involves:


Erosion of sand from the upper beach ridge area during large storm wave events, with the
sand being taken offshore where it is commonly deposited as a sand bar located in the
vicinity of the wave break zone; and



Subsequent slow transport of the eroded sand back to the beach, often over many months or
several years.

On dynamically stable beaches, there is balance in the amount of sand that is taken offshore and is
subsequently returned to the beach and dune.

2.4.1.2 Longshore Sand Transport
Longshore sand transport results predominantly from waves breaking at an angle to the shore with an
alongshore component of their radiation stress that drives an alongshore current and carries the sand
along the coast. The wind and tide may also contribute to generation of alongshore currents near the
beach. Longshore sand transport is distributed across the literal zone and is greatest in the area near
the wave break point where the wave height, longshore current and bed shear are greatest. That is,
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it occurs across a limited zone, most probably in water depths less than about 5m along the Rye
shoreline.
The beach may remain stable (without net recession or accretion) where the longshore sand
transport is uniform along the coast. However, where there are differentials in the rates of longshore
transport, including any interruption of the sand supply to an area, then the beach will erode or
accrete in response. Because longshore and cross-shore sand transport coexist, progressive net
sand losses due to longshore transport differentials may not manifest as erosion of the upper beach
until storm erosion occurs, and less sand is subsequently returned to the beach/dune than was
previously there.

2.4.1.3 Sand Transport within the Study Area
Sand is transported along the beaches of Rye by the combined action of waves and currents.
The waves that approach a beach have three key effects on sand transport in the nearshore zone,
namely:


As wave break they generate so-called radiation stresses, which may drive longshore
currents (particularly within the wave breaker zone);



Their orbital motion may impose shear stresses on the seabed, which may mobilise and put
into suspension the seabed sediment. Their asymmetry is shallower water causes a
differential in the forcing on the bed sediments, stronger towards the shoreline in the forward
direction of a wave, resulting in an onshore mass transport of sand; and



They cause a bottom return current in the surfzone (undertow), strongest during storms when
they typically dominate over the mass transport associated with wave asymmetry.

Waves reaching the shores of Rye are generally of low to moderate height and relatively short period
(generally less than 4 seconds, although occasional larger waves associated with storm events may
also occur.
Currents, generated by the tide, waves and wind, provide the primary mechanism for the transport of
the sand that has been mobilised and put into suspension by wave/current action.
Along most of the shoreline of the study area, wave-driven alongshore current (generated by wave
breaking at an angle to the shore) is considered to be the dominant current with respect to sediment
transport. Wave effects on longshore transport are however expected to be complex due to the
variability of wave conditions, the irregular occurrence of storm events with their associated high
waves and elevated water levels and the impacts of the wide nearshore sand bar system.
The local longshore transport at Rye is also influenced by the various coastal features (natural
headlands, groynes, reclamations and dredged areas) that are present there. The groynes along the
shoreline (most notably around the Pier) have intercepted the natural transport of sand along the
coast and caused accumulation of sand on their updrift side (western side) and the initiation of
erosion on their downdrift side. The approach channel and boat launching area of the Rye boat ramp
are located in the littoral zone and act as a sediment trap. Regular dredging of these areas is needed
to maintain required depths there.
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2.4.2

Sediment Supply
The primary natural source of sediment for the Rye beach unit is sand being transported from the
beaches of Blairgowrie and to a lesser extent Tootgarook. Further, it is likely that onshore sediment
supply from the Great Sands may be acting to supply small volumes of sediment to the beaches of
the study area. Such onshore supply may be occurring where sediment pathways exist. That is (i.e.
where mobile sand is present on the seafloor and waves and currents provide a mechanism for
sediment transport).

2.4.3

Assessment of Historical Coastal Changes
Historical site-specific information was analysed to assess changes that have occurred within the
study area in recent decades.
The primary research and information drawn upon for this assessment include:


Previous studies into coastal processes and beach dynamics;



Analysis of historical aerial photography; and



Analysis of previous sedimentation rates at the Rye boat ramp.

2.4.3.1 Analysis of Historical Aerial Photography
Vertical aerial photography sourced as part of previous coastal processes studies (i.e. CES, 1996
and CES, 2009) and recent photography provided by MSPC were analysed to make a qualitative
assessment of the state of the beach and dune system at Rye, and to determine past changes in the
seaward extent of the dune vegetation and the high water line.
Aerial photography used in this analysis extended from 1939 to present and included the following
years: 1939, 1951, 1959, 1966, 1972, 1977, 1979, 1985, 1997, 2004, 2009 and 2011.
Aerial photographs for selected years are presented in Appendix A. The position of the seaward
extent of the vegetation line between 1939 to present is summarised in Figure 2-1.
Based on this analysis of aerial photography, the following is noted:


All photography shows a wide system of substantial sand bars in front of the shoreline of the
entire study area. Although minor changes to the size and position of the sand bars can be
identified in the photographs, the overall morphology of the system appears to be relatively
stable.



There were no material changes to the shoreline, east of the Pier, between the 1939 and
1951 photography, suggesting that the shoreline may have been relatively stable prior to
1951.



Following the construction of an impermeable causeway at the Rye Pier in 1952, sand
started to accumulate on the western side of the causeway and a progressively larger fillet of
sand developed. Over the 14 years following the construction of the causeway, an estimated
3

volume of about 20,000 to 25,000 m of sand was deposited on the western side of jetty
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(volume gain was estimated from the area of beach progression, assuming an average sand
depth of 2.5m). This is equivalent to an average deposition rate of about 1,400 to 1,800 m

3

per year.


Between 1966 and 1972, several small groynes were constructed along the shoreline
between Hygeia Street and Daly Avenue.



The 1977 photography shows the effects of an extensive land reclamation around Rye Pier,
3

which was undertaken in 1976 and involved the placement of approximately 150,000m of
sand onto the foreshore. The sand was mostly brought in from offshore borrow areas in Port
Phillip Bay.


Aerial photographs after 1976 show that continued accumulation of sand on the western side
of the Pier. It is estimated that the beach compartment between White Cliffs and the boat
3

ramp gained a volume of about 40,000 to 50,000 m of sand between 1979 and 2009. This is
equivalent to an average accretion rate of approximately 1,300 to 1,700 m3 per year .


Between 1977 and 1995, the beach between Hunt Avenue and Marshall Street gained a
3

substantial volume of sand (about 70,000 to 80,000m ). This gain is considered to be due to
movement of sand from the reclamation area and numerous beach nourishment works that
were undertaken along this section during this period.


The 1995 photography shows that significant erosion had occurred immediately to the east of
the Pier, leaving the rock wall directly east of the Pier exposed. It was this eroded condition
and loss of beach amenity that instigated the construction of a rock groyne to the east of the
jetty in 1999. In addition, the 1995 photography also shows the navigation channel that was
dredged through the sand bars in 1986.



Between 1995 and 2011, the beach between Hunt Avenue and Hygeia Street appears to
have lost a significant volume of sand, while the section between Government Road and
Marshall Street has gained a significant volume of sand. The reduction between Hunt
Avenue and Hygeia Street is considered to be due to reduction in sand importation volumes
after the mid-1990s. Up to the mid-1990s, the former Victorian Channel Authority carried out
regular beach nourishments (mostly prior to the Christmas period), in which sand from the
Rosebud boat mooring grounds (“The Gutway”) was place onto the beach immediately east
of the jetty. In addition, material that was dredged from the Rye boat ramp approach channel
was also placed onto the beach east of the jetty. Since 1996, the mean annual amount of
sand that is being placed on this beach is likely to be significantly less.



Between 2009 and 2011, the beach in front of the western car park has widened
3

substantially. This section gained an estimated volume of approximately 25,000m . It is
considered to be primarily due to the placement of dredged material from dredging of the
3

navigation channel of the Rye boat ramp in 2010, when 25,000m was dredged from the
channel.


Overall the Rye beach system has gained a substantial volume of sand since the mid-1950s,
which has resulted in a seaward movement of the shoreline along the entire study area, at
least 30m at most locations.
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2.4.3.2 Analysis of Historical Sedimentation at the Rye Boat Ramp
The Rye boat ramp is serviced by an dredged navigation channel, which is subject to sedimentation
and requires regular dredging to maintain navigation depths.
An analysis of historical maintenance dredging volumes at the approach channel was undertaken to
assess the nature and rate of infilling at this facility. This analysis involved examination of historical
dredging volumes and pre- and post-dredging surveys.
In recent years, the following maintenance dredging works have been conducted in the approach
channel by Council (pers. Comm. P Young, January 2013):
3



2003:

approx. 4,000m



2008:

approx. 10,000m

3



2010:

approx. 25,000m

3



2011:

approx. 580m

3

In addition, frequent clearing of the boat ramp is being carried out by Council (multiple times per week
during summer). The volume of sand that is being removed from the boat ramp through these
3

clearing works is estimated to be at least 1,000m per year.

2.4.4

Water Levels Variations
Variations in sea level significantly influence coastal behaviour by altering the level at which waves
attack the shoreline as well as affecting various wave phenomena such as refraction, shoaling and
breaking. Beaches generally obtain an equilibrium profile for given water level and wave conditions. It
is therefore important to have an understanding of the sea water levels which can occur in the area.
This appreciation not only relates to day-to-day tidal influences, but also to storm events that can be
experienced along the shoreline. Water levels are likely to be elevated above normal conditions
during storm events due the interaction of tide and storm surge.

2.4.4.1 Astronomical Tide
The tide at Rye is predominantly diurnal with a typical tidal range of between 0.2 and 0.8m. The
highest tidal range under astronomical conditions is about 1m. The tidal planes for Williamstown,
taken from The Victorian Tide Table (Port of Melbourne Corporation, 2010), are presented in Table
2-1. For the purposes of this study, these tidal planes are considered representative for the Rye area.
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Table 2-1

Tide Table for Williamstown

Tide

Height (mLAT)

Level (mAHD)

Highest Astronomical Tide (HAT)

1.04

+0.52

Mean Higher High Water (MHHW)

0.94

+0.42

Mean Lower High Water (MLHW)

0.64

+0.12

Mean Higher Low Water (MHLW)

0.44

-0.08

Mean Lower Low Water (MLLW)

0.14

-0.38

Lowest Astronomical Tide (LAT)

0.00

-0.524

2.4.4.2 Storm Tide Levels
The tidal planes are predictions based on the movements of celestial bodies. Local meteorological
conditions, which differ from the average, will cause corresponding differences between the predicted
and the actual tide. Variations in tidal heights are mainly caused by strong or prolonged winds and by
unusually high or low barometric pressure.
Elevated water levels occur during storm tide events due to the combination of decreased
atmospheric pressure, wind set-up and wave action. Storm tide levels represent still water levels due
to the combination of storm surge and astronomical tide variations.
Extreme storm tide levels for the region were assessed as part of a recent study by CSIRO (CSIRO,
2009) and are summarised in Table 2-2.
Table 2-2

2.4.5

Storm Tide Levels - From (CSIRO, 2009)

Average Reoccurrence Interval

Storm Tide Level
Excluding Wave
Setup (mAHD)

10 year ARI

0.89

50 year ARI

1.01

100 year ARI

1.04

Waves
The waves reaching the shoreline are dominated by waves generated within Port Phillip Bay by
local winds. Ocean swell entering the Bay through the Entrance are considered to have no
significant influence on the wave climate at Rye.
Waves at Rye are generally of low to moderate height and relatively short period (generally less than
4 seconds), although occasional larger waves associated with strong wind events may also occur.
Strong winds are mainly associated with the passage of mid-latitude low pressure systems in the
Southern Ocean, and blow predominately from the west and southwest during the summer and from
the north and northwest during the winter.
No suitable nearshore wave measurements are available for the Rye coastal area. Hence, wave
modelling using the numerical modelling tool SWAN was deployed to establish the nearshore wave
conditions within the study area.
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2.4.5.1 Wave Modelling
SWAN is a spectral wave model that estimates wave parameters in coastal regions from given wind,
wave and current conditions. SWAN is developed by Delft University of Technology and is widely
used by the coastal engineering community. The model used includes wave generation by wind,
refraction, shoaling, bed friction, white capping, wave breaking, the effect of currents and non-linear
wave-wave interaction.
A nested grid system was used to maximise model efficiency while minimising inaccuracies
associated with model input or boundary definitions. Following the approach, the finest-scale grid
surrounds the nearshore areas of interest and its boundary conditions are obtained from a
encompassing coarser grid model.
The model domains are presented in Figure 2-2 and described below:


A coarser (250m grid resolution) regional model covering the entire Port Phillip Bay;



A medium-scale (100m grid resolution) model of the coastal water of Nepean Peninsula,
extending approximately 10km offshore, which was nested in the coarser model; and



A fine-scale (50m grid resolution) model representing the nearshore regions around the study
area, which was nested in the medium-scale model.

Various bathymetrical data sources, including high-resolution bathymetric LiDAR surveys and
hydrographic charts have been layered and gridded to prepare a detailed Digital Elevation Model,
which was utilised to provide the bathymetry for the SWAN wave models.
The SWAN wave models were used to simulate wave generation/propagation under a large number
of wind and water level combinations.
Wind and water level input data were utilised to generate a continuous time series of local wave
conditions at various nearshore locations along the Rye shoreline.
Wind input data was derived from wind observations at BoM's South Channel Pile weather station.
The South Channel Pile data set, obtained from the Bureau of Meteorology (BoM), covers a period
between May 1976 and June 2009. From May 2002, the data sets provides readings at 1 hourly
intervals. Before this date, it contains readings at 3 hourly intervals.
The water level data was derived from recordings at PoMC's tide gauge at Williamstown. The water
level data set, obtained from the Port of Melbourne Corporation, is a nearly continuous data sets of
hourly water level readings at Williamstown, covering a period between January 1966 and January
2011.
Figure 2-3 illustrates an example of SWAN simulation output, being the significant wave height
across Port Phillip Bay for a 10m/s (19 knots) northerly wind on a low tide.
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Figure 2-3
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Modelled Wave Generation in Port Phillip Bay by a Northerly Wind

2.4.5.2 Nearshore Wave Climate
The SWAN wave model system was run to generate a continuous hourly hindcast of local wave
conditions between 1 January 2003 and 31 December 2008.
Detailed analysis was undertaken on the time series hindcast for a nearshore location around the
mooring area of the Rye Pier and at the launching area of the Rye boat ramp. Time series hindcast of
these locations were analysed to derive yearly-averaged and seasonal-averaged wave statistics.
A wave rose, depicting the yearly-averaged wave climate at the mooring area of the Rye Pier, is
presented in Figure 2-4. Seasonal wave statistics for this location are included in Appendix B.

Figure 2-4

Wave Height and Direction Occurrence Frequency at Rye Pier (% of time)
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2.4.5.3 Wave Disturbance at Rye Boat Ramp
Where wave conditions exceed operational limits, the serviceability of a boat launching facility may be
compromised.
To assess how waves affect the serviceability of the Rye boat ramp, local wave statistics at the
launching area of the Rye boat ramp were compared with wave height limits recommended by the
Australian Standard 3962-2001 (AS 3962-2001: Guidelines for designs of marinas).
This comparison shows that wave heights at the existing facility exceed the recommended wave
height limit for approximately 8.7% of the year. During summer, the wave disturbance is significantly
less (approximately 4.4% of the time), and during winter significantly more (approximately 14.7% of
the time).

2.4.5.4 Extreme Wave Climate
The SWAN wave model was also used to estimate nearshore design wave conditions along the Rye
shoreline. Nearshore wave conditions were simulated using extreme wind statistics, derived from
long term wind measurements at South Channel Pile, and design storm tide levels, documented in
(CSIRO, 2009).
The long term wind records used for the extreme wind analysis covered a nearby continuous period
between May 1976 and June 2009 (generally every 3 hourly before August 2002, and hourly
thereafter).
As a conservative approach, the design wave event is assumed to be the result of a coincidental
design wind event and storm tide event (i.e. the 100 year ARI design wave condition is the result of a
100 year ARI design wind event occurring simultaneously with a 100 year storm tide event).
The predicted extreme wave conditions at nearshore location are presented in Table 2-3.
Table 2-3

Extreme Wave Height Estimates for Rye

ARI (years)

Significant Wave Height

10

1.94m

50

2.08m

100

2.11m
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Beach Profiles
The DEM derived from bathymetrical LiDAR data was used to assess the key morphological features
of the nearshore zone. With the exception of the area around the navigation channel of the Rye boat
ramp, the beach profile shows the following common morphological features (refer to Figure 2-5 as
an example):


A low lying dune system consisting of multiple parallel dune ridges. The front dune has a
typical crest elevation at aprox.1.7 to 2mAHD. The (older) dune ridges behind the front dune
are usually slightly higher (typically between 2.5 and 3mAHD).



A steep beach face (usually between 1 in 10 and 1 in 12).



A wide, gently-sloped sub-tidal terrace with typical width of 300 to 500m. This sub-tidal zone
features numerous small sand bars. These sand bars have a typical height of approximately
0.5m.



On the seaward edge of this terrace, the seabed generally drops steeply to about -12mAHD
(typical slope of about 1 in 10). Near White Cliffs, the slope of the seaward edge is
substantially milder (around 1 in 50) and the offshore seabed elevation significantly shallower
(around -7mAHD).

Figure 2-5

Beach Profile near Rye Yacht Club (Hygeia Street)
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2.4.7

Longshore Sediment Transport Modelling
Longshore sediment transport modelling was undertaken to determine the longshore sand transport
regime in the study area.
The net and gross wave-driven longshore sand transport potential was modelled using the CERC
formula, an industry standard empirical method, developed by the US Army Corps of Engineers and
described in the Coastal Engineering Manual (CEM, 2006). The longshore sand transport modelling
was performed using the modelled nearshore wave climate, discussed in Section 2.4.5.
Gross annual longshore transport is the total transport of sand occurring along the shoreline (i.e. the
sum of the temporal magnitudes of littoral transport irrespective of direction), while net annual
longshore transport refers to the net effect of the longshore transport of sand (i.e. transport of sand
from west to east minus that from east to west).
The longshore sand transport model used extends beyond the immediate bounds of the study area in
order to obtain a full understanding of the sediment transport pathways that influence the beach units
with the study area.
The deposition rate experienced at the Rye Pier in the 1950s and 1960s, following the construction of
the impermeable causeway, was utilised to calibrate the model
Longshore sand transport modelling involved calculation of hourly transport potentials for the period
between 1 January 2003 and 31 December 2008. Figure 2-6 shows the cumulative potential
longshore sediment transport volume movements at selected locations during the modelled period.
The modelled long-term average annual longshore transport potential rates at selected locations are
summarised in Figure 2-7.
It is noted that the presented transport rates represent transport potentials. Actual sand transport
rates may be restricted by the availability of sand.
Interpretation of the longshore sand transport modelling indicates the following:


The gross movement of sand along the shoreline increases towards the east from
approximately 5,000m

3

per year at Blairgowrie to approximately 9,500m

3

per year at

Tootgarook.


The modelled gross longshore sand movement at the Rye boat ramp is approximately
3

6,100m per year.


Generally, there is a net easterly average longshore sand transport potential along the
beaches of Rye and Blairgowrie and a slightly net westerly transport at Tootgarook. The net
average transport rate at Elgan Avenue (Rye Beach West) is modelled to be approximately
3

2,100m per year.


The magnitude of the net longshore transport varies seasonally with most of the easterly
transport occurring during the winter months.
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Figure 2-6

Modelled Cumulative Longshore Sand Transport

SKM (2010) documents estimates of net sand movement along Nepean Peninsula beaches by
various authors. These estimates are compared with the modelled sediment transport rates of the
present study in Table 2-4.
Table 2-4

Comparison of Modelled Net Longshore Sand Transport with Previous Studies
Reference

Location

Net Annual Movement

Hinwood (1988)

Rosebud

“A few thousand to the west”

CES (1996)

Rye

1,500 - 2,000m to the east

CES (2007)

Blairgowrie

1,000 – 1,500 m to the east

SKM (2010)

Blairgowrie

1,400 m to the east

Present Study

Blairgowrie

1,600 m to the east

Present Study

Rye (at Elgan Avenue)

2,100 m to the east
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2.4.8

Storm Erosion
Storm erosion occurs when increased wave heights and water levels, associated with a storm, result
in the erosion of sand from the upper beach ridge. The eroded sand is taken offshore where it is
deposited as a sand bar located in the vicinity of the wave break area. After the storm event the
sediment is slowly transported onshore, often over many months or several years, rebuilding the
beach.
To identify areas potentially affected by storm erosion, short-term erosion modelling was carried out
using the simple cross-shore equilibrium profile model of Vellinga (1983).

This erosion model

requires an input initial beach profile and sediment characteristics as well as wave and storm surge
conditions during the storm event.

The model predicts the volume of dune erosion and the

corresponding shoreline recession that will result from these storm conditions.
Table 2-5 lists the storm parameters used for the storm erosion assessment. Initial beach profile data
was derived from Future Coasts' bathymetric Lidar data. For the storm erosion assessment, a median
sediment grain size of 0.28mm was used.
Table 2-5

100 year ARI Design Wave Conditions at Rye

Design Parameter

100 year ARI wave event

Significant Wave Height

2.1m

Peak Wave Period

5.2s

Storm Tide Level
(including Wave Setup)

1.4mAHD

The Vellinga model results indicate that a 1% AEP storm event may result in short-term dune erosion
3

volume of about 21 m /m. Depending on the beach slope, this may translate to a short-term
recession of the dune toe of about 12 to 15m. Allowing for a reasonable safety factor, this indicates a
dune buffer width requirement of 20m.
It is noted that the estimates for the 100 year ARI storm erosion potential above are based on the
assumption that the entire beach profile consists of sand only. At locations where the shoreline
benefits from shoreline protection structures (eg. a seawall), the extent to which shoreline recession
can occur during a severe storm will be smaller.

2.4.9

Climate Change Impacts
Current scientific research, including by the Intergovernmental Panel on Climate Change (IPCC,
2007) and CSIRO (CSIRO, 2009), indicates that future climate change resulting from global warming
is likely to affect extreme sea water levels at Port Phillip Bay in the following ways:


Mean sea level rise; and



Changes to storm occurrences and storm wind intensity.

2.4.9.1 Future Sea Level Rise
Global-average temperatures increased at about 0.7 degrees Celsius since 1900 and the globalaverage sea-level has risen 1.7 mm per year since 1900 (Church and White, 2006). Due to
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anthropogenic greenhouse gas emissions the rates of both temperature increase and Sea Level Rise
(SLR) are likely to be presently increasing and are expected to further accelerate in the future (IPCC,
2001; IPCC, 2007).
There are significant uncertainties as to the actual magnitude and rate of future sea level rise. This
has led to various scenarios being adopted by the Intergovernmental Panel on Climate Change
(IPCC), based on the range of model results available and dependent upon the amount of future
emissions assumed.
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2007)
reports that global sea level rise is projected to be 18–59 cm by year 2100 relative to 1990 levels.
These projections do not include a contribution from ice flow rates, however if these were to continue
to grow linearly with global warming, then the upper ranges of sea level rise would increase by a
further 10 to 20 cm (by year 2100 relative to 1990) (IPCC, 2007). There is an acknowledged risk that
the contribution of ice sheets to sea level rise this century may be substantially higher than this.
In summary the mean sea level rise at Rye is estimated to be in the range 28–79 cm to the year
2100. This will occur gradually at first as we continue to accelerate from the historic rate of 1.7 mm
per year and then more rapidly as the year 2100 is approached.
Black et al. (1990) showed through a hydrodynamic modelling study that an increase in mean sea
level may result in an increase in the tidal range within Port Phillip Bay due to the reduced frictional
attenuation of tidal flows through the entrance. He suggested that a 0.5m sea level rise could lead to
a 7% increase in the tidal range. This increase in tidal range may affect future storm tide levels
The Victorian Coastal Strategy (2008) recommends that a sea level rise value of not less than 0.8m
by 2100 be considered for coastal planning and development. This is approximately equal to the
high-end of the IPCC estimates.

2.4.9.2 Changes to Storm Occurrences
Little is known about likely changes to prevailing winds or extreme storm behaviour, although it is
possible that ambient and extreme wind speeds change into the future.
The effect of changed storm occurrences on storm tides in Port Phillip Bay has been investigated by
McInnes et al (CSIRO, 2009). This CSIRO study suggests that extreme wind speed may increase by
up to 19% by 2100, which could result in an additional increase in 1 in 100 year storm tide level of
0.3m (in addition to increases due to mean sea level rise).
Changes in storm conditions and sea level rise may impact on the severity of storm erosion due to
more intense or more frequent storms. This is likely to exacerbate existing issues with storm erosion.

2.4.9.3 Beach Response due to Climate Change
Both mean sea level rise and intensification of the storm occurrences are likely to have an impact on
the present configuration of the beach and the maintenance requirements of the Rye shoreline. For
the development of management strategies, as a minimum, recognition is therefore required that this
may affect the shoreline and any shoreline management action will need to cater for these potential
changes.
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Analysis of climate change projections suggest that the low lying parts of the Rye Foreshore will be
subject to both flooding and erosion in the medium term. Rising sea levels will lead to increased
foredune damage and recession.
Further, as sea levels rise further in the future, the wave climate at Rye may change as the influence
of the Great Sands on the wave propagation in Port Phillip Bay is likely to be altered. It is possible
that the wave climate becomes more energetic and changes occur to the energy distribution over the
wave directions.
The beach system will respond to changed water levels and wave conditions and likely move towards
a new equilibrium, which causes a redistribution of sand over the active beach profile with erosion of
the foreshore and deposition of sand offshore, generally leading to shoreline recession.
Long term changes in wave climate may also cause re-alignment of the shoreline resulting in
accretion at one end of the beach and erosion at the other. In addition, sediment supply to the
beaches of the study area may be affected as the various coastal structures at Blairgowrie and the
headland of White Cliff will tend to interrupt the longshore sand transport more on a receding
shoreline.
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SHORELINE MANAGEMENT CONSIDERATIONS
Options for future management of the shoreline should be a response to identified issues and
objectives, and form the basis of sustainable management of the coastal zone.
This section outlines the major considerations relevant for management of the shoreline at Rye.

3.1

Erosion/Accretion Issues
The foreshore area provides an important recreational function to the residents of the Mornington
Peninsula and the wider community, and a key requirement for the area is to preserve the
recreational amenity of the beaches and provide recreational boating opportunities.
From the analysis of the historical shoreline behaviour, it is evident that the coastal zone of Rye has
experienced considerable change in recent decades. These changes are the result of prevailing
physical processes and man-made efforts to control the effects of these processes.
Overall the Rye beach system has gained a substantial volume of sand since the mid-1950s, which
has resulted in a seaward movement of the shoreline along the entire study area, at least 30m at
most locations. The volume gains are primarily due to the various beach nourishment works
undertaken since the 1970s. However, the beach system has also a natural tendency to gain sand as
there is a sand supply surplus to the beach system. Sand transport modelling undertaken have
indicated that there is a net supply of sand from Blairgowrie beach, as well as from Tootgarook
beach.
The net sand longshore transport direction is eastwards. The regional long term net transport rate
3

along the beaches of Rye is in the order of 2,000m per year.
Locally, the transport of sand has been strongly influenced by the coastal structures and the dredged
approach channel of the boat ramp. The land reclamation around the Rye Pier continues to intercept
the net easterly sand transport, resulting in a tendency to accumulate sand on the western side of the
boat ramp and ongoing loss of sand on the eastern side of the rock groyne at Lyons Street. The
present long term sand loss at the beach east of the Lyons Street groyne is estimated to be in the
3

order of 1,000 to 1,500 m per year.
The Rye boat ramp and associated dredged approach channel act as a sediment trap and intercept a
large portion of the sediment transport that is occurring in the littoral zone. As implied by historical
3

maintenance works, the gross accumulation rate at the facility is in the order of 5,000 m of sand per
year.
The beaches of Rye are subject to occasional erosion events associated with storm, but most coastal
development is located outside the short-term storm erosion zone (the zone 20m landward of the
frontal dune potentially affected by storm erosion of a 1 in 100 year ARI event). The available dune
buffer width in front of the boat trailer car park, west of the boat ramp, is less than 20m, indicating that
the car park may become subject to erosion during a severe storm event.
The ongoing accumulation of sand, superimposed on short-term fluctuations of the beach shape, has
resulted in issues related to infilling of a number of stormwater drains that flow out onto the beach.
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Climate change effects are likely to have an impact on the beaches of Rye, and as such affect beach
maintenance requirements of the study area. The potential effects of climate change on the beaches
of Rye are discussed in Section 2.4.9. For the development of shoreline management strategies,
these potential effects need to be taken into consideration.

3.2

Generic Options for Responding to Coastal Erosion
There are two basic strategic approaches for dealing with the joint problems of erosion threat to
development and loss of beach, namely:


Allow natural erosion processes to occur and remove assets from areas prone to erosion; or



Hold or improve the present coastal alignment by implementation of coastal protection in one
of many ways.

Protections options
A range of generic erosion management options are available for consideration, which may be
classified in terms of their consistency with natural coastal and environmental processes and the
natural character and values of the coastline as follows:
“Soft” Options: Options which restore and/or preserve the natural character, behaviour and values
of the coastal system. These will ensure the sustainable existence and natural character of the sandy
beaches and dunes such that future erosion, both during short term storms and over the longer term,
can be accommodated in a coastal buffer zone without threat to development requiring engineering
works.
Soft options may include works aimed at restoration of the beach/dune system such as beach
nourishment with sand or planning solutions that require development to be outside the zone of
potential erosion.
“Hard” Options: Options that involve construction of works either to form a barrier to natural coastal
erosion to protect development (seawalls) or to alter the natural processes to change the way in
which the beach behaves (groynes and breakwaters).
Combinations of options or “hybrid” management approaches are also possible.
The most common feasible works options for overcoming shoreline problems include the following
and are discussed in more detail below:


beach nourishment with sand to restore the beach and dune system;



seawalls to protect coastal infrastructure;



groynes to control the longshore movements of sand; and



offshore breakwaters or submerged reefs to modify wave processes which erode the beach.

Such works options are generally costly, and the ‘hard’ structural options typically may have adverse
side effects on the beach system. Ongoing maintenance requirements must be considered in both
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the design and financing. Experience indicates that careful design in full cognisance of the prevailing
coastal and ocean processes and the short and longer term effects is essential for success and costeffectiveness of such works.
An overview of the characteristics and general considerations associated with these protection
options is provided below.

3.2.1.1 Beach Nourishment
Beach nourishment refers to the direct placement of additional sand onto the beach by pumping or by
conventional earthmoving techniques, with the primary intent to offset sand volumes that have been
lost from the beach unit. The main driver for beach nourishment can be to preserve the existence of a
recreational beach or restore an adequate buffer zone width to accommodate natural beach
fluctuations.
Beach nourishment is in particular an effective measure to control erosion at shorelines that suffer
from a progressive loss of beach material. In these situations, the nourished sand effectively replaces
the deficit of sand that is causing the erosion.
The quantity of sand required will be dependent on the design philosophy with respect to the level of
initial and ongoing protection and the use of structures to enhance the longevity of the works.
Sufficient sand should ideally be provided to be able to accommodate short term (storm) erosion and
a period of long term recession associated with longshore sediment transport differentials and sea
level rise.
The design of any nourishment program must be undertaken carefully, recognizing that renourishment may be required from time to time to provide ongoing protection. Provision should be
made for the placed sand to extend across the full beach profile to nourish depleted nearshore areas
as well as the upper beach, the total quantity of sand being determined accordingly. If the sand is
placed only on the upper visible portion of the beach, redistribution will quickly occur to establish an
equilibrium beach profile giving the impression that the sand is ‘lost’ and the project is a failure. In
such a case, the sand is, in fact, not ‘lost’ but remains in the active system providing an overall net
gain commensurate with the quantity placed after cross-shore distribution.
Dune construction and stabilisation works to prevent sand loss due to wind erosion usually needs to
form part of any substantial beach nourishment scheme aimed at restoring the beach and dune
system. In that case, it would incorporate design provisions to prevent dune overtopping and oceanic
inundation as well as to accommodate the effects of climate change including sea level rise. Where
the aim of the nourishment is to re-establish a beach in front of an existing seawall without provision
of a dune, the need for stabilisation works such as establishment of native dune vegetation would
depend on the potential for wind erosion resulting from the works.
While beach nourishment may affect the ecological values of the beach and nearshore areas, it
needs to be recognised that the nourishment sand would be placed in the active zone where the
natural environment is one of substantial fluctuations and disturbances to which the ecological
communities adapt naturally. The nourishment would effectively rebuild the beach. As such, while
there may be some short term ecological impacts, in the longer term the environment will generally
adapt and recolonise to behave as a natural beach system.
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One of the inherent advantages of beach nourishment is that it maintains the natural character and
recreational amenity of a beach while also providing protection to coastal assets . As such, where the
beach is severely depleted, it provides many intangible benefits to the general community, as well as
a direct economic benefit to those businesses that rely on tourism and the presence of a usable
beach
A disadvantage of beach nourishment is that sand will continue to be eroded if the shoreline
recession is progressive and ongoing maintenance nourishment may be required to maintain the
beach. This may be seen by some as a temporary solution and a waste of resources.
Furthermore, identification and access to sources of suitable nourishment sand is often a key issue,
as is cost (dependent on the applied volume, the sand source and method of placement). Transport
of sand to the beach is generally most cost-effectively achieved by dredging procedures. The use of
trucks to import large volumes of sand is usually slow and costly, with adverse impacts on the local
community and road infrastructure.

3.2.1.2 Structural Protection Options
Structural options provide protection of property against ongoing erosion either directly through the
construction of a seawall or by rebuilding of the beach through the construction of groynes. They are
options that could be considered in the event that sufficient beach nourishment sand is not available
and/or retreat options are not viable. However, there are always some adverse impacts of such an
approach where no additional sand is provided, as outlined below.
Such structures would typically be of flexible rubble mound design with rock being sourced and
trucked to the site from quarries in the region. While they may be effective in protecting property or
providing a localized wider beach, they are generally accompanied by associated costs related to
adverse impacts on the adjacent beaches. This cost is typically made up of direct costs associated
with lost income from the tourist industry and other intangible costs associated with the natural
coastal amenity, beach access, loss of recreational beach area and degradation of ecological values.
Revetments
Revetments are a common feature around Port Phillip Bay and are built with the intent of providing
terminal protection against shoreline erosion. Revetments are robust structures constructed along the
shoreline which provide a physical barrier separating the erodible material immediately behind the
structure from wave and current forces acting on the beach itself. They are typically constructed of
loosely placed rock or as a masonry/concrete (vertical) wall.
Revetment walls are generally successful at controlling shoreline recession. However, revetments
can transfer erosion of the adjoining beach by locking up sand reserves in the dunes, and prevent a
new beach from building up.
By constructing a revetment wall along the existing erosion escarpment, sand landward of the wall is
isolated from the active beach system and the volume of sand available for normal beach movements
is limited to that seaward of the wall. During storm events, when sand is transported offshore, limited
sand volume stored in the upper beach can be quickly eroded, resulting in the reduction of beach
levels. When waves break against the wall, the loss of sand is further hastened due to increased
turbulence at the toe of the seawall, leading to further lowering of beach. Scour and lowering of the
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beach in front of the wall ultimately exposes it to higher wave attack. This may compromise the
accumulation of sand during periods of accretion and prevent the re-establishment of a beach in front
of the seawall all together.
Furthermore, on a receding shoreline, a seawall becomes progressively further seaward on the
beach profile over time. This leads to a gradual increase in the quantity of sand effectively lost from
the beach system, with:


lowering and eventual loss of the beach in front of the wall; and



exacerbation of the erosion on the downdrift end of the wall where the losses are transferred and
concentrated.

Figure 3-1

Seawalls on Eroding Shorelines Cause Loss of Usable Beach

Groynes and Artificial Headlands
Groynes and artificial headlands are impermeable structures constructed at right angles to the
shoreline and extend across the beach and the nearshore surf zone. Their function is to trap sand
moving along the shoreline under longshore transport processes to build up and stabilise the
alignment of the beach on the updrift side. By necessity they starve the beach of sand supply on the
downdrift side causing erosion.
The sand trapped on the updrift side provides a buffer of sand to accommodate short term storm
erosion and a recreational beach. The shoreline alignment will also change providing greater stability
and reduced long term erosion immediately updrift of the structure. The extent of accretion and
length of shoreline affected is dependent on the length of the structure as well as the characteristics
of the longshore transport processes. Generally, the longer the groyne, the more sand it will trap over
a longer distance with decreasing influence away from the structure.
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However, there is a physical limit to the length of shoreline affected and therefore a number of
structures may be needed if substantial benefit or protection is required over a long stretch of
shoreline. In such a case, there is a balance between the length and spacing of groynes that needs
to be optimised as part of a detailed design process.
An artificial headland is a substantial groyne type structure that has a physical width at its head in
comparison to a conventional narrow groyne. It is believed that this width alters the mechanisms of
sand transport past the end of the structure and may allow a wider/longer beach to be retained on the
updrift side for the same protrusion offshore. This could have the benefit of minimising the need for,
or maximising the spacing of, additional structures to provide protection for a long stretch of coastline.
However, such headland type structures would be larger and more expensive to construct.
Groynes or artificial headlands can thus be used to rebuild a beach and stabilise the shoreline
against ongoing recession on the updrift side. However, in the absence of other works such as
beach nourishment, this comes at the cost of exacerbated erosion on the downdrift side to where the
erosion trend is transferred.
Another consideration associated with groynes is their potential visual intrusion to the vista of a long
sweeping beach and interruption to direct access along the beach. There are various design options
with respect to the style and crest height of the structures that could be considered to minimise such
adverse effects.

3.3

Material Sources and Costing Considerations
The implementation of coastal protection works is dependent on suitable material being able to be
obtained and placed in a practical, economical and environmentally acceptable manner. General
considerations associated with sourcing, cost and applicability of different material types are
discussed below, including preliminary estimates in terms of unit costs for capital and ongoing
maintenance works provided on the basis of available information.
Cost estimates for the various options are based on these unit rates for comparison purposes.
Specific recommended works would be subject to detailed design, impact assessment and tendering
processes that may influence the final cost. There will also be on costs associated with the design,
impact assessment and approval processes for the recommended options.

3.3.1

Beach Nourishment
The feasibility of beach nourishment is dependent on the practical and cost-effective availability of a
suitable source of sand. Sand should be of suitable quality (grain size and colour) and would ideally
match the existing beach sand. When nourishment sand is imported from outside the beach system,
sufficient quantities of sand should be available for both initial and ongoing nourishment.
Sand for beach nourishments should be able to be obtained and placed without adverse
environmental impacts. In environment sensitive areas, this may be challenging. Potential
nourishment sand sources have been considered in terms of their location as discussed below.
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3.3.1.1 Offshore Sand Sources
Possible offshore sand sources have not been investigated as part of this study, but suitable marinebased sand sources are known to exist in Port Phillip Bay. Potential sand sourcing sites include the
Rye Boat Ramp site, the Rosebud boat mooring grounds or offshore areas within Port Phillip Bay.
Sand from offshore areas is typically dredged with a trailing arm suction hopper dredge that also
transports the material to the deposition site where it would be pumped ashore or discharged to a
nearshore area. The precise logistics for delivery depend on the location and how close the dredge
can approach the shore. Ideally, the dredge would pump sand onto the beach, where it would be
moved directly into design profiles by earthmoving machinery.
If the transport distance is less than about 1.0-1.5 km, small suction dredges may be used. Costs of
3

such sources, if viable, are typically around $10 - $12/m .

3.3.1.2 Land-based Sand Sources
Possible onshore sand sources have not been investigated as part of this study, but previous sand
for beach nourishment purposes have been sourced from the Rye Refuse facility on Boneo Road,
and more recently from an onshore sand pit in Warragul for beach nourishment works undertaken by
DSE on the beach around Lyons Street in 2010.
Sand from the sand pit at Warragul is slightly yellower than the sand that occurs naturally at the Rye
beaches and has a significantly larger grain size (1mm versus. 0.28mm), making it less susceptible to
sand transport processes.
Based on the costs of previous works, the cost to supply, deliver and place sand from Warragul is
3

estimated to be around $40 per m .

3.3.2

Coastal Structures
Coastal protection structures are typically of a flexible mound construction type to allow for some
movement and to absorb some of the wave energy. Rock is the dominant material used in such
structures and is dependent on suitable local sources being available.

Alternative construction

materials such as concrete armour units and sand filled geotextile bags could also be considered for
such structures but have limitations such as high cost and poor visual amenity of concrete units and
short practical life due to decay, failure and vandalism of geotextile units.
Rock armour units would need to be obtained from local hard rock quarries. While the specific extent
and limitations of the available resource is not known, it is evident that sufficient rock would be
available but would need to be sourced by truck from quarries at substantial distance and cost. A
significant constraint associated with rock armour is the need to truck the material to the site over
local roads. For large projects, this can mean frequent truck movements over an extended time
frame.
Indicative cost estimates for the supply and transport to site of rock based on typical experience are
as follows:


Armour rock supply to site: $30 - $40 / tonne
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Quarry run rock supply to site: $20 - $30 / tonne

On this basis, typical coastal structure costs including design costs and on-site placement are
estimated as follows:


Groyne (Rock, crest +2.0m AHD) ~ $1,500 / m



Seawall (Rock, toe -1.0m AHD, crest +3.0m AHD) ~ $1,000 / m



Breakwater (toe 1m below seabed, crest +3.0m AHD, length of 400m) ~ $3.0 million

Rock structures by their nature are subject to movement and settlement over time. They are also
subject to damage during storm events although they are designed to withstand major wave attack.
A typical design criterion is for less than 5% damage during a 50 year storm. As such, ongoing
maintenance will be required to ensure the structural stability is not compromised.
This will necessitate maintaining access to the top of any seawall to allow ‘top up’ works to be carried
out.

Minor slumping of groyne and offshore breakwater structures after initial construction is

generally not such an issue provided that the function and structural stability are retained.

An

ongoing maintenance cost of 1% per year is typically adopted for rock structures subject to storm
wave attack.
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MANAGEMENT OPTIONS AND RECOMMENDED STRATEGY FOR
RYE FORESHORE

4.1

Introduction
Based on the evaluation of the existing shoreline and the assessment of the coastal processes,
MPSC identified two priority areas for which management options were to be assessed as part to this
Study.
These two specific areas were:


The Rye boat ramp and associated approach channel; and



The beach east of immediately east of the Lyons Street groyne

In the following sections, management options considered for these areas are discussed and the
recommended management strategy is presented.

4.2

Management Options for Rye Boat Ramp
In principal, three fundamental approaches are available for dealing with sedimentation at boat
launching facilities with a dredged approach channel, namely:


Relocate the facility to an area less susceptible to sedimentation;



Minimise sedimentation by controlling the movement of sand through implementation of hard
engineering structures; or



Allow sedimentation to occur, but remove accredited sediment through maintenance
dredging works

At Rye, it is considered that the only practicable option to maintain the Rye Boat Ramp is to
undertake regular maintenance dredging.
Due to the lack of suitable alternative locations, relocation of the Rye boat ramp is not considered to
be viable. The prevention of sedimentation through the implementation of hard engineering structures
is considered to be impractical and economically inappropriate.
To effectively minimise sedimentation within the Rye approach channel, the approach channel would
need to be re-aligned and two comprehensive breakwaters, each approximately 400m in length,
would need to be built. The indicative capital cost of implementing these breakwaters is estimated to
be about $6M.

4.3

Management Options for Beach East of Lyons
Street Groyne
There are a range of options available to the Council to manage the ongoing erosion at the shoreline
to the east of the rock groyne at Lyons Street. These are detailed below with the pros and cons of
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each provided. Specific recommendations on the preferred management option are provided in
Section 4.4.
The management options considered for this beach are:

4.3.1



Do Nothing;



Beach Nourishment via Sand Bypassing;



Beach Nourishment with Imported Sand;



Construction of a Revetment; and



Construction of a Groyne Field.

Do Nothing
The “Do Nothing” option means no works are undertaken to stabilise the beach or dunes and natural
erosion/accretion processes are allowed to continue unhindered.
East of the Pier
Without replenishments, the beach east of the rock groyne would experience progressive erosion as
the supply of sand from around the rock groyne is less than the capacity of the waves to transport
sand to the east. As a result, shoreline recession will be experienced along the beach east of the rock
groyne.
Initially, the erosion would be concentrated at the shoreline section around Lyons Street, but as the
erosion process continues, the erosion will progressively spread in eastern direction towards the Rye
Yacht Club building. In the medium term, a range of coastal infrastructure would become subject to
the threat of erosion, including the bicycle path and the caravan park. The beach would become
significantly narrower that the existing beach and lose landscape and aesthetic value.
West of the Pier
The implication of the “Do Nothing” option would be that the beach between the boat ramp and White
Cliff would continue to accrete and significant sedimentation would occur at the boat ramp and in the
approach channel, which would prohibit safe use of the facility.
The accretion of the beach between the boat ramp and White Cliff is expected to continue for several
decades until the shoreline alignment of the entire beach has adjusted itself to become more or less
parallel to the shoreline prior to the 1950s (which was approximately parallel to the highway).

4.3.2

Beach Nourishment via Sand Bypassing
In this option, the persistent erosion at the beach to the east of the rock groyne is mitigated by
pumping a portion of the sand that is dredged from the approach channel directly onto the beach on
the eastern side of the rock groyne. The quantity that would be placed onto the eastern beach would
3

be equivalent to the long term sand supply deficit, which is about 1,000 to 1,500 m per year under
present day climate conditions.
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This option would in effect restore that natural regional sand transport regime along the coast to its
pre-1950s condition. The present long term shoreline alignment and the amenity of the beach would
be maintained in this option.
The sand supply to the eastern beach would occur episodically during regular maintenance dredging
works of the approach channel. These maintenance dredging works occur generally every 2 to 4
years and involves the removal of sand that has been deposited in the channel under natural coastal
3

processes. An equivalent of about 4,000 m of sand per year is being dredged from the channel to
maintain the safe access to the boat ramp.
A small cutter suction dredger (CSD), similar to that used in past maintenance dredging works of
approach channel, can be used to pump the dredged material directly onto the beach at the eastern
side of the rock groyne, albeit at a somewhat lower rate.
The cost of pumping a portion of the dredged material to the beach on the eastern side of the rock
groyne are expected to be slightly higher compared to the cost of placing the material onto the
beaches directly adjacent of the boat ramp, as has been done typically in the past.

4.3.3

Beach Nourishment with Imported Sand
In this option, the persistent erosion at the beach to the east of the rock groyne is mitigated by
replenishing the beach with imported sand. This option would maintain the beach at its current state
and preserve existing beach amenity.
Although not specifically investigated as part of this study, several suitable sand sources are known
to exist in the region. Potential offshore sand sourcing sites include the Rosebud boat mooring
grounds or offshore areas within Port Phillip Bay and possible land-based sites include the Rye
Refuse facility on Boneo Road and a sand pit in Warragul.
The costs of implementing a beach nourishment program with imported sand are estimated to be
between $40,000 and $60,000 per year, based on sand sourced from the sand pit in Warragul.
This option would not mitigate the sedimentation at the approach channel of the Rye boat ramp, and
regular maintenance dredging would be required to maintain this facility.

4.3.4

Revetment
Revetments (in the form of seawalls or rock walls) are commonly build with the intent of providing
terminal protection against shoreline erosion. However, at a beach that suffers from a deficit in the
sand supply such as the beach near Lyons Street, implementation of a revetment will not prevent the
ongoing loss of sand from the beach system and result in lowering , and eventual loss, of the beach
in front of the structure. Furthermore, the beach to the downdrfit (eastern) end of the structure is likely
to experience erosion and become depleted.
This option would have significant adverse effects on the recreational amenity of the beach, and
therefore construction of a revetment without ongoing beach replenishment is not recommended for
this beach.
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4.3.5

Groyne Field
As discussed in Section 3, groynes can be used to rebuild a beach and stabilise the shoreline against
ongoing recession on the updrift (western) side, but, in the absence of other works such as beach
nourishment, this comes at the cost of additional erosion on the downdrift side to where the erosion
trend is transferred.
If a shoreline management strategy based on groynes was adopted for Rye Beach, a groyne field
would need to be established that extends from the existing rock groyne at Lyons Street to
Government Road (section of approx. 700m) to ensure that recession immediately downdrift of the
groyne does not threaten infrastructure in the future.
This option would see the beach to the east of the rock groyne being separated into individual
compartments with limited transfer of sand along the beach.
The groyne lengths and spacing has to be such that there is always an acceptable width of beach
between groyne structures and an adequate storm erosion buffer is provided to significant coastal
infrastructure. The groynes need to be long enough to prevent, or significantly limit, sand movement
around the structure.
For Rye, this means that a groyne field of four groynes, as shown in Figure 4-1, would be required.
The indicative costs involved in the implementation of such a groyne field are estimated to be around
$500,000. In addition, there should be a minimum provision of about $5,000 per year for ongoing
maintenance and repair of damage of the groynes.
The groyne field would not mitigate the sedimentation at the approach channel of the Rye boat ramp,
and regular maintenance dredging would be required to maintain this facility.

4.4

Recommended Management Strategy for Rye
Foreshore
After assessment of the options, it is recommended that the beach nourishment through sand
bypassing option be implemented at the Rye Foreshore. Implementation of this shoreline
management option will stabilise the shoreline to the east of the existing rock groyne at a relatively
low cost with no significant adverse consequences to adjacent beaches, and provide ongoing safe
boat access via the existing boat ramp facility.
In the recommended strategy, the boat launching facility at Rye is maintained through regular
maintenance dredging and the persistent erosion at the beach to the east of the rock groyne
mitigated by pumping a portion of the sand dredged from the approach channel during regular
maintenance dredging directly onto the beach near Lyons Street.
The recommended bypassing rate (i.e. the annual volume that is dredged from the approach channel
3

and placed onto the beach near Lyons Street) is 1,000 to 1,500 m per year. The remaining volume
of regular maintenance dredging should be placed onto the upper beach of the beaches adjacent to
the boat ramp, approximately an equal amount on each side.
The frequency at which sand is placed onto the beach will primarily be influenced by the need for
dredging at the approach channel to maintain safe access to the boat ramp and is envisaged to
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generally occur every 2 to 4 years. Following works, sand placed on the eastern beach will gradually
erode, and consequently the local beach width will vary over time. With a maintenance dredging
interval of 4 years, the beach width is likely to vary up to about 30m, depending on the adopted beach
configuration during placement.
Ongoing monitoring of the beaches should be undertaken to evaluate the response to the works. If
this monitoring indicates that the adopted bypassing rate does not provide a sufficient long term
supply of sand to the beach to the east of the rock groyne, sand bypassing should be supplemented
with importation of sand from a suitable external sand source.
In addition, an effective dune management program should be implemented to help to build the
foredune through the trapping ability of native dune plants and wind fences. The dune management
program should include:


Stabilisation of foredune areas subject to natural sand transport processes by primary dune
vegetation species, and wind fences if required;



Excluding pedestrian and other traffic from vulnerable vegetated or potentially vegetated
foredune areas where such traffic poses a threat to vegetation establishment and stability;
and



Establishment and maintenance of controlled public access paths to and from the beach at
suitably spaced locations.

4.4.1

Cost
The indicative cost of regular maintenance dredging works of the approach channel, including the
recommended placement strategy to maintain the beach east of the Lyons Street rock groyne, is
estimated to be around $40,000 to $50,000 per year.
In addition, there should be a provision for beach monitoring, implementation of a dune management
program and ongoing clearing works at the boat ramp.
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1939

Figure A-2
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Figure A-4
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Figure A-5
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Figure A-6
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Figure A-7
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APPENDIX B: WAVE CLIMATE TABLES FOR RYE PIER
Table B-1

Wave Climate at Rye Pier -All Year

Season: All Year
Frequency of Occurrence (% of time) - Significant Wave Height vs. Direction

Hs (m)
Wave Direction Sector
Lower Upper WNW
NNW
N
< 0.1
0.7%
0.4%
0.1
0.3
2.0%
1.4%
0.3
0.5
4.2%
1.7%
0.5
0.7
3.0%
1.9%
0.7
0.9
1.2%
1.2%
0.9
1.1
0.2%
0.4%
1.1
1.3
0.0%
0.1%
1.3
1.5
0.0%
> 1.5
0.0%
TOTAL
11%
7%

Table B-2

0.7%
2.1%
1.5%
3.0%
3.4%
2.6%
1.1%
0.2%
0.0%
15%

NNE
ENE
E
0.8%
1.1%
3.1%
2.7%
2.6%
1.9%
1.8%
1.4%
0.6%
0.5%
0.2%
0.1%
0.1%
0.0%
0.0%
0.0%
9%
8%

Other
TOTAL
0.3%
49.4%
53.5%
11.3%
12.0%
11.2%
7.0%
3.6%
1.3%
0.2%
0.0%
0%
49% 100.0%

Wave Climate at Rye Boat Ramp - Summer

Season: December - February
Frequency of Occurrence (% of time) - Significant Wave Height vs. Direction

Hs (m)
Wave Direction Sector
Lower Upper WNW
NNW
N
< 0.1
0.4%
0.3%
0.1
0.3
1.0%
0.6%
0.3
0.5
2.1%
0.5%
0.5
0.7
1.3%
0.4%
0.7
0.9
0.4%
0.4%
0.9
1.1
0.1%
0.1%
1.1
1.3
0.0%
1.3
1.5
> 1.5
TOTAL
71%
5%

0.5%
1.1%
0.6%
1.1%
0.8%
0.6%
0.2%
0.0%
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2%

NNE
ENE
E
0.7%
0.7%
2.1%
2.5%
2.4%
2.3%
1.9%
1.8%
0.6%
0.8%
0.1%
0.2%
0.0%
0.0%
0.0%
5%

8%

Other
TOTAL
0.2%
71.4%
74.1%
7.3%
7.8%
6.5%
3.0%
1.0%
0.3%
0.0%
8%

71%

100.0%
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Table B-3

Wave Climate at Rye Boat Ramp -Autumn

Season: March - May
Frequency of Occurrence (% of time) - Significant Wave Height vs. Direction

Hs (m)
Wave Direction Sector
Lower Upper WNW
NNW
N
< 0.1
0.8%
0.5%
0.1
0.3
1.8%
1.2%
0.3
0.5
4.0%
1.4%
0.5
0.7
2.4%
1.8%
0.7
0.9
1.2%
1.4%
0.9
1.1
0.2%
0.4%
1.1
1.3
0.0%
0.0%
1.3
1.5
> 1.5
TOTAL
10%
7%

Table B-4

0.6%
2.4%
1.5%
2.4%
2.7%
2.2%
0.9%
0.1%
0.0%
13%

NNE
ENE
E
0.8%
1.5%
3.2%
2.9%
3.2%
2.1%
2.0%
1.7%
0.5%
0.9%
0.2%
0.0%
0.1%
0.0%
0.0%
0.0%
10%
9%

Other
TOTAL
0.5%
50.4%
55.0%
11.6%
12.3%
10.3%
6.7%
2.9%
1.0%
0.2%
0.0%
0%
50% 100.0%

Wave Climate at Rye Boat Ramp - Winter

Season: June - August
Frequency of Occurrence (% of time) - Significant Wave Height vs. Direction

Hs (m)
Wave Direction Sector
Lower Upper WNW
NNW
N
< 0.1
0.9%
0.7%
0.1
0.3
3.1%
2.4%
0.3
0.5
5.9%
3.0%
0.5
0.7
4.7%
3.6%
0.7
0.9
1.9%
1.8%
0.9
1.1
0.4%
0.6%
1.1
1.3
0.0%
0.1%
1.3
1.5
> 1.5
0.0%
TOTAL
17%
12%

1.1%
3.3%
2.7%
5.9%
7.2%
6.1%
2.8%
0.6%
0.0%
30%
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NNE
ENE
E
1.1%
1.1%
3.8%
2.6%
2.5%
1.3%
1.4%
0.7%
0.7%
0.0%
0.3%
0.1%
0.0%
0.0%
10%
6%

Other
TOTAL
0.3%
25.6%
30.6%
15.1%
15.4%
16.3%
11.6%
7.4%
3.0%
0.6%
0.0%
0%
26% 100.0%
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Table B-5

Wave Climate at Rye Boat Ramp - Spring

Season: September - November
Frequency of Occurrence (% of time) - Significant Wave Height vs. Direction

Hs (m)
Wave Direction Sector
Lower Upper WNW
NNW
N
< 0.1
0.6%
0.3%
0.1
0.3
2.3%
1.3%
0.3
0.5
4.7%
2.0%
0.5
0.7
3.5%
1.8%
0.7
0.9
1.5%
1.2%
0.9
1.1
0.3%
0.4%
1.1
1.3
0.0%
0.1%
1.3
1.5
0.0%
> 1.5
TOTAL
13%
7%

0.6%
1.7%
1.4%
2.7%
2.7%
1.7%
0.6%
0.1%
0.0%
12%
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NNE
ENE
E
0.7%
1.2%
3.2%
2.7%
2.4%
1.9%
2.0%
1.4%
0.8%
0.4%
0.4%
0.0%
0.1%
0.0%
0.0%
10%

8%

Other
TOTAL
0.3%
50.8%
54.5%
11.2%
12.3%
11.5%
6.6%
2.9%
0.9%
0.1%
0.0%
0%
51% 100.0%
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