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EXECUTIVE SUMMARY
Overall Summary
The following key points summarise this study:

This is the first coastal hazard assessment which has considered coastline other than
East Beach, encompassing the coastline from Cape Reamur to Cape Killarney (see
Figure 1.1);

The presence of existing rock seawalls indicates previous acknowledgement of coastal
hazards;

East Beach has been receding at 0.1 to 0.3 m/year over the past 150 years. While some
of this recession can be attributed to the Moyne River training walls, a portion of this is
likely to have occurred due to the prevailing wave climate and the planform of the bay.
Without the training walls, the river mouth would meander and migrate over a large
area;

Opening of the Southwest Passage is unlikely to restore a full sand supply to East Beach
sufficient to prevent or reverse the recession observed over the past 150 years;

With the East Beach revetment remaining in place, approximately 30 buildings are
vulnerable to the present day coastal erosion/recession hazard across the study area.
Should the East Beach revetment fail, this increases to approximately 120;

For the 2080 planning horizon with 0.8 m sea level rise, with the East Beach revetment
remaining in place, approximately 90 buildings are vulnerable to the 2080
erosion/recession hazard across the study area. Should the East Beach revetment fail,
this increases to approximately 200;

A localised erosion hazard assessment study was performed for the undeveloped site
located immediately next to the northern end of the rock revetment on East Beach. At
present, the risk of dune breaching over the study area is low. For the 2080 planning
horizon, the risk of a 400 m long breach of the dunes would be very high;

Approximately 271 buildings are vulnerable to the present day inundation hazard, which
would increase to 444 for the 2080 planning horizon; and

With the coastal hazards identified, adaptation planning is needed. This can broadly be
classified as Protect, Accommodate or Retreat.

ES.1 Introduction
This study is part of the Future Coasts Program, which is led by the Victorian Department of
Sustainability and Environment (DSE) in partnership with the Department of Planning and
Community Development (DPCD). The “Future Coasts – Port Fairy Coastal Hazard Assessment”
main objective was to provide Moyne Shire Council and other land and asset managers, with
information which will assist in planning and establishing effective adaptive management options
in response to present day coastal hazards and the projected impacts of climate change.
Specifically this information will assist management agencies in strategic and business planning,
infrastructure maintenance and replacement schedules, natural asset management and
budgetary processes.

ES.2 Data Compilation and Field Survey
A substantial body of literature in the form of technical reports exists for the Port Fairy coastal
area and was reviewed for this current study. However, most of the existing literature focused
only on the East Beach coastline section, with a limited amount of work published for Griffiths
Island and other beaches within the Moyne Shire. All relevant available literature addressing
coastal processes, coastal protection works and coastal management within the Port Fairy area
was reviewed.
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Formal site inspections were performed by WRL over the entire study area, which extended from
Cape Reamur in the west to Cape Killarney in the east, inclusive of Griffiths Island (Figure 1.1),
focusing on the visual assessment of the dune condition and condition of the coastal protection
works. A geotechnical data acquisition campaign was performed on East Beach in order to
assess bedrock depths, which will limit erosion and establish a more precise stratigraphy of the
complete barrier system. Sand samples were collected from the intertidal zone at numerous
locations over the whole study area in order to determine the particle size distributions which
influence the erodibility of the sand.

ES.3 Climate Change and Sea Level Rise
Global sea level rise is the climate change variable most relevant to coastal management for
which well accepted, quantified projections are available. Changes to atmospheric circulation,
storm intensity and frequency are also of high importance to the coastal zone; however, wellaccepted quantification of likely changes is not available. The latest Intergovernmental Panel on
Climate Change Report (IPCC, 2007a, b) provides numerous sea level rise scenarios for 2100.
The sea level rise scenarios adopted for this project were specified by DSE and are at the upper
end of IPCC scenarios (see Table ES.1). The maximum sea level rise scenario examined in this
study, over the planning period to 2100, is 1.2 m.
Table ES.1 Sea Level Rise Projections Adopted for this Study
Planning Period

Sea Level Rise

(year)

(m)

2050

0.40

2080

0.80

2100

1.20

ES.4 Coastal Processes
The following coastal processes were considered within the constraints of available data and
project resources for the Port Fairy Study area:

Astronomical tides (predicted tides);

Tidal anomalies, through barometric setup and wind setup;

Ocean swell waves;

Wave setup;

Wave runup on beaches and overtopping;

Longshore sand transport (littoral drift);

Offshore sand transport (beach erosion caused by storm demand); and

Influence of human activities.
The coastal processes around the Port Fairy coastline are complex due to the influence of the
Moyne River estuary, complex headland topography and the influence of human activities around
the Moyne River estuary. A summary of the main coastal processes is provided below:

The predominant wave climate is west to south-west with large average and extremes
on exposed coast;

Tide levels and associated storm surge are relatively small by Australian standards;

East Beach and most of the smaller pocket beaches on the Western coastline are zeta
planform, indicative of net littoral drift from west to east;

Most of the pocket beaches on the Western coastline are protected from wave action by
offshore rock platforms, resulting in relatively low erosion volumes caused by storm
demand;
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The unprotected section of East Beach has been receding at an underlying rate between
0.1 and 0.3 m/year, equivalent to 3,300 m3/year to 4,600 m3/year, measured over 150
years;
The Moyne River training walls have disrupted the natural sediment transport pathway
from the west; with substantial sediment accumulation on the southern mole;
Sediment budget analysis indicates that East Beach could still be naturally receding in
addition to the impacts of the training walls; and
Analysis of the accumulated sand volumes indicate that the predominant sediment
pathway is around the lighthouse headland on Griffiths Island.

WRL’s work has considered a wide range of variables and coastal processes across a study area
ranging from Cape Reamur to Cape Killarney. Localised modelling of relevant coastal processes
was performed to determine erosion and inundation hazards. As such, this report provides a
higher level of information than previous coastal studies focusing solely on East Beach, and can
be used for future planning and asset management purposes for East Beach and the entire
Moyne Shire.

ES.5 Coastal Erosion Hazard
The following coastal erosion hazards were considered within the constraints of available data
and project resources:

Beach erosion and dune stability;

Shoreline recession (long term change due to waves or sediment budget);

Rocky cliff or bluff instability (a generic setback was adopted for the study area).
The present day erosion hazard line was obtained by considering the erosion hazard due to
storm demand and allowing for slope instability. The future hazard line (for the 2050, 2080 and
2100 planning horizon) was estimated by adding the underlying shoreline recession and the sea
level rise induced shoreline recession.
A large section of East Beach is backed by a rock revetment. Assuming the rock revetment will
not fail during an extreme storm event, the present day and future planning horizons erosion
hazard lines will coincide with the present rock revetment location. Storm demand was also
calculated without the seawall in order to estimate the potential hazard should the seawall fail.
Modelling showed that in this event, erosion will progress inland and potentially impact a large
number of private properties and public assets.
A localised erosion hazard assessment study was performed for the undeveloped site located
immediately next to the northern end of the rock revetment on East Beach. At present, the risk
of dune breaching over the study area is low. For the 2080 planning horizon, contingent on
0.80 m sea level rise eventuating, the risk of a 400 m long breach of the dunes between the
ocean and Griffith Street, through to Belfast Lough, would be very high.

ES.6 Coastal Inundation Hazard
Coastal inundation hazards were assessed for the present day and the 2050, 2080 and 2100
planning horizons (with their associated sea level rise SLR). The inundation levels along the
coast were characterised using two different methods.
The first method is usually referred to as “bathtub” flood modelling. In this case, inundation
levels are derived from the maximum coastal elevated water levels due to tide, storm surge local
wave setup and sea level rise projection, and applied directly over inland areas. This method is
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more simple and economical and can still be accurate if local wave conditions are considered.
The “bathtub” method is usually conservative as it does not take into account the propagation of
flood waters inland and considers the flood to be driven by an “infinite” volume of water. In
some situations where wave runup and overtopping dominate inundation, the “bathtub” method
may not be conservative. However, this method generally provides a good initial estimate of
inundation level and extent; and was used over the whole Port Fairy study area.
The second method used in this study is referred to as “dynamic coastal inundation” numerical
modelling and was performed over the coastal area directly around the Port Fairy township. This
method allowed the estimation of the possible inundation under combined ocean and catchment
flooding. This specific coastal flood analysis considered dynamically both the coastal elevated
water levels (i.e. sea level rise projections, storm surge and wave setup) and the wave runup
overtopping of the foreshore and coastal structures. The modelling allowed consideration of the
variation of the coastal and riverine water levels over the duration of the flood event as well as
how would the flood waters propagate inland due to ground elevation or the obstacles.

ES.7 Vulnerability Assessment of Private and Public Assets
Figures showing potential inundation and erosion/recession have been derived from LIDAR
surveys and the modelling undertaken, to indicate possible properties at risk. Indicative
numbers of properties and public assets were provided as an order of magnitude estimate.
Individual properties that may have been identified at possible risk need to have a detailed
assessment undertaken, which (subject to triggers adopted) may be at the time of proposed
redevelopment. Some properties are at risk from both hazards; however, for this study, hazards
are treated separately, and may eventuate from different storm events.
Coastal Erosion Hazard
Indicative numbers of private properties and public assets at risk due to erosion/recession are
shown in Table ES.2.
Table ES.2 Indicative Numbers of Private Properties and Public Assets at Risk due to
Erosion/Recession from Cape Reamur to Cape Killarney
Scenario

Asset

Planning Horizon
Present

2080

East Beach Rock

Private Properties

31

88

Revetment In Place

Public Buildings

0

1

East Beach Rock

Private Properties

117

203

Revetment Failure

Public Buildings

2

4

With the rock revetment in place on East Beach, the areas most impacted by the recession and
erosion hazards for the 2080 planning horizon are located around Ocean Drive Beach and Pea
Soup Beach. In the case of the East Beach rock revetment failure, a significant number of
beachfront properties located along Griffith Street would likely be impacted.
Coastal Inundation Hazard
The presented inundation areas for the Port Fairy study area were derived from the combined
analysis of the results of the “bathtub” inundation levels (incorporating astronomical tide,
barometric setup and wave setup) and the “dynamic coastal inundation numerical modelling”
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assessment for the coastal area of the Port Fairy township (estimating combined ocean and
catchment flooding).
Indicative numbers of private properties and public assets potentially at risk due to coastal
inundation are shown in Table ES.3.
Table ES.3 Indicative Numbers of Private Properties and Public Assets at Risk due to Coastal
Inundation from Cape Reamur to Cape Killarney
Asset

Planning Horizon
Present

2080

Private Properties

271

444

Public Buildings

11

17

The areas most impacted by the coastal inundation hazard at present are located along Ocean
Drive, the Moyne River Channel and the south of the Belfast Lough. The inundation hazard
along Ocean Drive is mainly the result of wave run up, with the potential risk of wave impact to
buildings and hazard to the safety of people and vehicles. The inundation hazard along the
Moyne River Channel and the south of the Belfast Lough is due to elevated water levels resulting
from the tide, storm surge and catchment flooding. For the 2080 planning horizon, additional
properties would most likely be impacted along Ocean Drive due to increased wave overtopping
and south of the Belfast Lough due to riverine catchment influence.
The occurrence of inundation may result in no damage, or range from nuisance flooding for
some properties to major damage. The amount of damage is dependent upon the inundation
level, floor level and construction materials and fittings.

ES.8 Influence of Opening the Southwest Passage on Sediment
Transport
The main focus of this exercise was to assess the potential influence of opening the Southwest
Passage causeway on sediment transport under coastal storm conditions (i.e. 50 or 100 year ARI
coastal storm and coincident 10 or 20 year ARI riverine flood). The main results of this analysis
show that with the passage open:

Sediment transport was initiated in the Southwest Passage and the downstream section
of the Moyne River towards the river entrance under the modelled storm conditions;

Under such extreme environmental conditions, modelling results indicate that the Moyne
River would be self-flushing.
However, this was not demonstrated for ambient
conditions;

Under storm conditions, accumulated sand within the Southwest Passage could
potentially be scoured to bedrock levels and mobilised towards the Moyne River channel
and river entrance.
Other general comments on reopening the Southwest Passage include:

Increased wave climate, currents and water levels would reach the main channel,
impacting navigation conditions;

Probably increased sediment would enter the Moyne River main channel requiring
additional dredging effort;

Relatively minor contribution to East Beach sediment transport rate when compared to
sand trapped by southern training wall on South Mole Beach;
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Extra sand washed in from the opened Southwest Passage would probably keep getting
washed upstream under ambient conditions due to wave action and tidal asymmetry;
Facilitating sediment transport to East Beach on a frequent basis (i.e. ambient
conditions) may require the northern training wall to be removed.

ES.9 Assumptions and Limitations
Numerous assumptions and limitations are detailed in the body of this report. These relate
primarily to uncertainty and inaccuracy of the input data used, and limitations in the assessment
techniques arising from the complexity of the natural world. Furthermore, the scenarios
involving climate change (primarily sea level rise) are dependent on the specific climate
projection being realised.
Nevertheless, the study was undertaken to the best current coastal engineering practice within
the resources available to the project. The study was undertaken by highly experienced coastal
engineers from WRL, drawing upon over 50 years of corporate experience in coastal hazard
assessment, and underwent both internal and external peer review.
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1. Introduction
1.1. Study Background
The Water Research Laboratory (WRL) of the University of New South Wales was engaged by the
Moyne Shire Council (MSC) to undertake the study: “Future Coasts – Port Fairy Coastal Hazard
Assessment”.
This study was part of the Future Coasts Program which is led by the Victorian Department of
Sustainability and Environment (DSE) in partnership with the Department of Planning and
Community Development (DPCD). Climate change projections forecast that sea levels are likely
to rise over the coming century and potentially increase risks to coastal areas from storm
surges, flooding and erosion. The main purpose of the Future Coasts Program is to assist
Victoria in better understanding and planning for the risks associated with sea level rise and
storm surge.
Several priority locations along the coast, including Port Fairy, Bellarine Peninsula - Corio Bay,
Western Port and Gippsland Lakes - 90 Mile Beach, were also identified by the Victorian
Government for more detailed local coastal hazards assessments. The main goal of these local
assessments was to test a range of methods to analyse the impacts of sea level rise as well as to
provide practical information for planners and land and infrastructure managers to make
decisions on a local scale.
The “Future Coasts – Port Fairy Coastal Hazard Assessment” main objective was to provide
Moyne Shire Council and other land and asset managers, with information which will assist in
planning for and managing the projected impacts of climate change, encompassing the coastline
from Cape Reamur to Cape Killarney (Figure 1.1). Specifically this information will assist
management agencies in strategic and business planning, infrastructure maintenance and
replacement schedules, natural asset management and budgetary processes. Identification of
coastal hazards allows to perform adaptation planning which can broadly be classified as Protect,
Accommodate or Retreat (Figure 1.2).

Retreat involves no effort to protect the land from the sea. Land and structures in highly
vulnerable areas of the coastal zone are abandoned and inhabitants resettled elsewhere. The
strategy of accommodation involves conservation of ecosystems in harmony with continued
occupancy and use of vulnerable areas and adaptive management responses. Protection is
generally focused on defence of vulnerable areas, population centres, economic activities,
infrastructure and natural resources. It may involve hard and/or soft structural options.
Selecting an adaptation option should be done on a project specific basis and ought to consider
the circumstances of the threat, the vulnerability of the region, the tenure of the affected land
and the capacity of the responsible authority (NCCOE, 2004). When planning new engineering
activities, early allowance in design, development approvals and planning will significantly
reduce the total cost to the community and provide sustainable and even enhanced
environmental outcomes.

1.2. Study Tasks
Port Fairy is located approximately 300 km west of Melbourne. The study area extends
westward from Killarney Beach on the northern shoreline to the Moyne River entrance and
eastward from the entrance on the southern shoreline to Cape Reamur. The area extends
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sufficiently inland from the coast to cover all extents that may be affected by coastal processes
and extreme events between 2012 and 2100. Beaches along the Port Fairy coastline are
distributed in four (4) main geographically distinct sections, as shown in Figure 1.1:





Eastern Coastline (Reef Point to Cape Killarney);
East Beach;
Griffiths Island; and
Western Coastline (Cape Reamur to South Beach).

The present study was composed of the tasks summarised in Table 1.1.

Table 1.1 Summary of Tasks Undertaken
Task

Brief Description

No.
1

Coastal field survey of sandy beaches, existing seawalls and rocky foreshores. Inclusion of the
survey output in the numerical and analytical modelling.
Geotechnical survey to establish the stratigraphy of the East Beach barrier system.

2

Coastal hazards study including a description of the coastal processes and the nature and extent
of risks from coastal hazards for the present day, 2050, 2080 and 2100 planning periods
(incorporating sea level rise projections).

3a

Definition of coastal risk hazard lines for present day conditions and the 2050, 2080 and 2100
planning periods (incorporating sea level rise projections).

3b

Definition of coastal inundation levels incorporating sea level rise, wave setup and runup, and
catchment flooding for a range of ARI events for the present day, 2050, 2080 and 2100 planning
periods.

4
5
6

Dynamic coastal inundation modelling from coincidence of catchment and extreme sea events
using Mike Flood.
Assessment of the opening of the Southwest Passage on sediment transport.
Assessment of the vulnerability of existing/public assets and infrastructure to sea level rise for
the 2050, 2080 and 2100 planning periods (wave setup, wave run-up and catchment flooding
included).

7

Recommendation/advice for coastal risk monitoring options to assess the coastal changes and
the efficiency of existing coastal protection structures.
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1.3. Overview of Report














Section 2 lists the relevant literature to this study as well providing a review of the
datasets provided by MSC and DSE;
Section 3 describes coastal site inspections undertaken along the Port Fairy study area
as well as the results of the geotechnical survey performed on East Beach;
Section 4 presents climate change considerations for this study, in accordance with the
recommendations by the Victorian Coastal Hazard Guide (DSE, 2012);
Section 5 describes and assesses the influence of relevant coastal processes with
respect to coastal hazards;
Section 6 presents the coastal erosion and recession hazard lines;
Section 7 presents the coastal inundation zones and wave overtopping and runup;
Section 8 presents the results of the dynamic coastal inundation numerical modelling
study undertaken in the coastal area, assessing the combined effects of catchment and
coastal inundation;
Section 9 presents the results of an assessment of the likely impacts of opening the
Southwest Passage on sediment transport;
Section 10 provides a qualitative review of secondary coastal hazards within the Port
Fairy study area;
Section 11 lists the assets vulnerable to coastal risk;
Section 12 provides coastal risk monitoring options of existing coastal protection
structures to address the identified risks; and
Section 13 describes the assumptions and limitations of the study.
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2. Data Compilation
2.1. Literature Review
A substantial body of literature in the form of technical reports exists for the Port Fairy coastal
area. However, most of the existing literature focused on the East Beach coastline section only,
with a limited amount of work published for Griffiths Island. All relevant available literature
addressing coastal processes, coastal protection works and coastal management within the Port
Fairy area was reviewed. The most important literature in relation to the current studies is listed
below.
2.1.1. Coastal Hazard Definition Studies
A series of coastal hazard definition reports was prepared in relation to a proposed subdivision
located north of the rock revetment on East Beach. The reports provided information on a
specific section of East Beach (about 500 m long) with a focus on coastal erosion and coastal
recession due to sediment loss and sea level rise. The reports reviewed for the current study are
listed below:


Carley (2008c), Expert Witness Statement by James Carley regarding Coastal Processes and
Hazards for Proposed Subdivision at 228 Griffith Street, East Beach, Port Fairy, for Maddocks
Lawyers acting for the Department of Sustainability and Environment (DSE);



WBM (2006), East Beach Port Fairy Comparative Review of Coastal Process Studies, for DSE;



CES (2006a), Port Fairy Shoreline Stability Study, for Marcson Pty Ltd;



CES (2006b), Port Fairy Shoreline Stability Study – Supplementary Information, for Marcson
Pty Ltd;



CES (2007), Port Fairy Shoreline Stability Study – Supplementary Report, for Marcson Pty
Ltd; and



Environmental GeoSurveys (2005), Griffiths Street, Port Fairy – Geomorphology & Coastal
Processes in Relation to a Proposed Subdivision, for Paul Crowe.
2.1.2. Coastal Processes Studies and Coastline Management Studies

The following reports were available:


Aurecon (2010), East Beach Coastal Erosion Engineering and Feasibility Study – Peer Review
by Aurecon 2010, for DSE;



BMT WBM (2007), Port Fairy – East Beach Coastal Erosion Engineering & Feasibility Study,
for MSC; and



WBM Oceanics (1996), Coastal Study of East Beach Port Fairy, for MSC.
2.1.3. Coastal Protection Works Studies

Hyder Consulting prepared the following report:


Hyder (2011), Condition Assessment of Coastal Protection Assets, for DSE.
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This report was prepared for DSE, as part of the Future Coasts Program. It investigates and
assesses the condition of the coastal protection assets along the Victorian coastline. In the Port
Fairy area, the coastal protection assets investigated included the Moyne River training walls, the
East Beach rock revetment and the timber groynes. The condition of each asset is briefly
described and followed by a proposed remediation action.
Reports previously referenced in Sections 2.1.1 and 2.1.2 also report, somewhat briefly, on the
state of the coastal protection assets located on East Beach.
2.1.4. Additional Information
Water Technology Pty Ltd assessed flooding within the Port Fairy township for both catchment
and ocean (i.e. tidal) based flooding for the Glenelg Hopkins Catchment Management Authority
(GHCMA). The reports assessed were:


Water Technology (2008a), Port Fairy Regional Flood Study, for GHCMA; and



Water Technology (2008b), Port Fairy Regional Flood Study - Addendum, for GHCMA.

As part of the Future Coasts Program, CSIRO prepared a report for DSE providing data and
information about the potential inundation extents of extreme sea levels under a range of sea
level rise (SLR) scenarios. The report reference is:


McInness (2009), The Effect of Climate Change on Extreme Sea Levels along Victoria’s
Coast, for DSE.
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2.2. Aerial Photography and Photogrammetry Data
Aerial photography was provided for this study by the Department of Sustainability and
Environment (DSE). Photogrammetry data for a 600 m long section of East Beach was provided
by DSE and QASCO via Planning Panels Victoria. The analysis of aerial photography allowed the
assessment of the movement of the edge of dune vegetation.
The analysis of the
photogrammetry data, where available, including profile plotting and volumetric analysis,
allowed the determination of storm erosion demand, long term shoreline recession rates and the
validation of these as assessed in previous reports. The data analysed is summarised for each
beach in the study area in Table 2.1.

Table 2.1 Summary of Aerial Photography and Photogrammetric Data (source DSE)
Aerial

Location
(Figure 1.1)

Photography (years)

(1)

Photogrammetry

Cape Reamur

None

None

Unnamed 7 (VIC 521)

None

None

Unnamed 6 (VIC 520)

None

None

Unnamed 5 (VIC 519)

Partially covered

None

Unnamed 4 (VIC 518)

2003; 2010

None

Unnamed 3 (VIC 517)

1948; 1970; 1986; 2003; 2010

None

Unnamed 2 (VIC 516)

1948; 1970; 1986; 2003; 2010

None

Pea Soup + Ocean Drive

1948; 1970; 1986; 2003; 2010

None

South Beach

1948; 1970; 1986; 2003; 2010

None

Griffiths Island

1948; 1970; 1986; 2003; 2010

None

South Mole

1948; 1970; 1986; 2003; 2010

None

East Beach

1948; 1970; 1986; 2003; 2010

1947; 1969; 1977;
2002; 2007

Reef Point

2003; 2010

None

Killarney Beach

Partially covered

None

Notes: (1) Low resolution Google Earth images are available for all sites. This table refers specifically to
higher resolution aerial photographs.

Additionally, analysis of long term recession around East Beach was performed using historical
navigation maps from 1854 (Nautical chart established by John Barrow in 1854, provided by
MSC) and 1870 (Nautical chart established by Stanley in 1870, provided by MSC) in order to
track the evolution of the shoreline over a longer time period.
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2.3. Bathymetric and Topographic Data
Bathymetric and topographic sources are listed in Table 2.2. Note that Australian Height Datum
(AHD) is approximately Mean Sea Level (MSL) for the study area.

Table 2.2 Summary of Bathymetric and Topographic Data Sources
Dataset

Data Source

Offshore Contours

Geoscience Australia 9 arc second Bathy
and Topo Grid ausbath_09_v4

Grid Reference System

Datum

GCS_WGS_1984

AHD

DSE LIDAR 2007

Department of Sustainability and

MGA Zone54

(topography)

Environment (DSE)

GDA94

DSE LIDAR

Department of Sustainability and

MGA Zone54

2008(bathymetry)

Environment (DSE)

GDA94

East Beach GPS_RTK

Moyne Shire Council (MSC)

Survey (2011)

MGA Zone54
GDA94

AHD
AHD
AHD

The East Beach Survey data from 2011 was made available for the study. This survey focused
on East Beach and mainly reported the rock revetment toe and crest levels along East Beach, as
well as dune toe levels every 70 m. However, limited information regarding the dune crest level
was available in the final survey data. This additional information was used to verify the
calculated storm demand values used for this study as well as the underlying erosion rates. It
was also used to infer a present day front dune profile at multiple transect locations around the
potential dune breaching study area located at the northern end of the rock revetment (refer to
Appendix B).

Section 2 Key Findings



Most of the existing literature addressing coastal processes, coastal protection
works and coastal management within the Port Fairy area focused on the East
Beach coastline section only, with a limited amount of work published for Griffiths
Island.



Aerial photography was provided for this study by the Department of Sustainability
and Environment (DSE) covering a period from 1948 to 2010.



Photogrammetry data for a 600 m long section of East Beach was provided by DSE
and QASCO via Planning Panels Victoria.



The available bathymetric and topographic data consisted mainly in LIDAR data
from 2007.



Additional survey data was provided in the form of a GPS-RTK survey of East
Beach.

This survey reported the rock revetment toe and crest levels along East

Beach, as well as dune toe levels.
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3. Field Survey
3.1. Overview
Site inspections took place during the week of 2 – 5 April 2012 and were performed by
Dr F Flocard and Mr J Carley of WRL in the company of Dr R Mibus (MSC). The site inspections
focused on the visual assessment of the dune condition and condition of the coastal protection
works. Coastal protection works were inspected with regards to their location, extent and
engineering characterisation i.e. crest level, construction, present condition etc... The condition
of coastal protection works not maintained by MSC or DSE was assessed at a cursory level only.
The study area specifically includes the sub-sections of coastline itemised in Table 3.1 (with the
Victorian sub-section class ID, coastline type, length and the general orientation as per Short,
2007).
The area inspected comprises four geographical zones (refer to Figure 1.1):





Western Coastline (South Beach to Cape Reamur);
Griffiths Island;
East Beach; and
Eastern Coastline (Cape Killarney to Reef Point).

Table 3.1 Coastline Sub-sections Considered for the Study (Short, 2007)
Name
Cape Reamur
Unnamed 7 (VIC 521)
Unnamed 6 (VIC 520)
Unnamed 5 (VIC 519)
Unnamed 4 (VIC 518)
Unnamed 3 (VIC 517)
Unnamed 2 (VIC 516)
Pea Soup + Ocean Drive
South Beach
Griffiths Island
South Mole
East Beach
Reef Point
Killarney Beach

Class ID
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC
VIC

522
521
520
519
518
517
516
515
514
513
512
511
510
509

Beach Type
reflective
low tide terrace
low tide terrace
reflective / low tide terrace
reflective
reflective
reflective
low tide terrace
low tide terrace
reflective
low tide terrace
low tide terrace / transverse bar and rip
low tide terrace / transverse bar and rip
reflective / low tide terrace

Length

Facing

(m)

Direction

600
200
600
600
200
1000
800
400 + 300
500
100
200
5800
1700
1000

SE to SW
SE
S to SW
SW
S
SW
SW
SE
SW
SE
NE
S to E
SE
SE to SW

Sediment samples were collected from the intertidal zone at Killarney Beach, East Beach (three
locations), South Mole, Griffiths Island Beach, Southwest Passage, South Beach, Pea Soup,
Unnamed Beach 2 (VIC 516) and Cape Reamur (two locations). Photographs of each dried
sample are shown in Figure 3.1. The dried sediment samples were tested according to AS 1289
(2009) to determine the particle size distributions by mechanical sieving. The particle size
distribution for each sample is shown in Figure 3.2. The median particle size (d50) for the sand
fraction of sediment (60 μm to 2 mm) varies between 180 and 370 μm as shown in Table 3.2.
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Table 3.2 Median Sand Fraction Particle Sizes (60 μm to 2 mm)
d50 (μm)

d50 (mm)

Cape Reamur (West)

200

0.2

Cape Reamur (East)

200

0.2

Unnamed 2 (VIC 516)

200

0.2

Pea Soup

370

0.36

South Beach

190

0.19

Southwest Passage (north of causeway)

190

0.19

Griffiths Island Beach

310

0.31

South Mole

150

0.15

Name

East Beach South

290

0.29

East Beach Centre

180

0.18

East Beach North

320

0.32

Killarney Beach

190

0.19

Generally the sediment from each of the beaches is characterised as fine to medium grained
sand. However, it also important to note exceptions to this within the Port Fairy study area.
The sediment from South Mole (i.e. Lighthouse Beach) has a relatively high fraction of fine sand
(60 μm to 200 μm). Moderate shell content amounts were visible in the samples from Cape
Reamur, East Beach North. Sediment from Pea Soup has a relatively higher fraction of shell
content (0.5 to 1 mm) within the sample.

3.2. Environmental Conditions during Inspections
Inspections of the coastline sub-sections were undertaken during the week of 2 – 7 April 2012.
The predicted tides during the site inspections for Portland, with times adjusted for Port Fairy,
are presented in Table 3.3 (BoM). Elevations are provided relative to tide datum (Chart Datum)
and Australian Height Datum (AHD).

Table 3.3 Predicted Tides during Site Inspections – Port Fairy (source BoM)
Date and Time

Tidal Peak

Elevation

Elevation

(m CD)

(m AHD)

0.43
0.86
0.48
0.6
0.56
0.88
0.48
0.69
0.49
0.87
0.45
0.81

-0.17
0.26
-0.12
0.00
-0.04
0.28
-0.12
0.09
-0.11
0.27
-0.15
0.21

Type
(AEST)
02/04/2012
02/04/2012
03/04/2012
03/04/2012
03/04/2012
03/04/2012
04/04/2012
04/04/2012
04/04/2012
04/04/2012
05/04/2012
05/04/2012

08:56
23:38
07:29
13:10
16:39
23:48
06:46
12:23
17:40
00:02
06:24
12:20

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

A review of the BoM data from the Cape de Couedic wave buoy indicates that the offshore
significant wave height varied between 2.0 to 6.1 m during inspections, with a typical peak
spectral wave period between 12.0 and 16.5 s. A review of the BoM data from the Cape Sorell
wave buoy indicates that the offshore significant wave height varied between 2.7 to 4.9 m
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during inspections, with a typical peak spectral wave period between 12.0 and 16.0 s. These
wave heights were mostly above the annual average value of 2.7 m for Cape de Couedic, and
3.0 m for Cape Sorell (Hemer et al., 2008).
The winds measured during the inspections at Port Fairy are shown in Table 3.4. Except for the
first day, winds were mostly light in the morning with light to moderate southerly sea breezes in
the afternoons.

Table 3.4 Recorded Winds during Site Inspections – Port Fairy (source BoM)
Date and Time

Av Speed

Drn

(AEST)

(km/hour)

(TN)

13
20
7
9
9
9
11
9

NNE
NNW
NW
SW
N
S
NNE
S

02/04/2012
02/04/2012
03/04/2012
03/04/2012
04/04/2012
04/04/2012
05/04/2012
05/04/2012

08:00
14:00
08:00
14:00
08:00
14:00
08:00
14:00

3.3. Western Coastline
West of Port Fairy, the coast runs due west for 8 km to Cape Reamur. Low basalt points and
offshore reefs dominate the shore. In amongst the rocks are a number of embayments,
containing seven crenulated, sandy beaches. All these beaches are dominated by the rocks and
reefs and are backed by marram covered foredunes. At low tide, the reefs stop most waves
from reaching the shore. A shallow lagoon lies between the beaches and the outer reefs, with
patches of rocks and reefs in the lagoons. Urban development, consisting of detached houses, in
the lee of the beaches stops west of Ocean Drive Beach. The Princes Highway parallels the coast
1 km inland. However, most of the land between the highway and the coast is private property
and access is limited to walking along the shore.
3.3.1. Cape Reamur
Cape Reamur beach is a narrow 600 m long high tide beach facing south-east to south-west
(Figure 3.3). Access to the beach is very limited and only possible through private property.
The beach ends in the west at Cape Reamur, a low, basalt point capped by un-vegetated, mobile
dunes moving in from the west. The beach is protected from wave action by an outer reef and is
fronted by basalt boulders. On the day of the inspection, a sand veneer was observed in
between the boulders, indicating onshore sand transport at higher water levels. Cape Reamur is
the only beach in the study area where the presence of limestone was observed on the beach
face. The beach is relatively narrow and is backed by a highly vegetated dune, extending up to
approximately 10 m AHD. A low scarp in the dune face was visible at the western end of the
beach. At the time of inspection, the tide was low and the beach was fronted by a lagoon with
almost no wave action.
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The eastern part of the beach appears to be narrower with more visible basalt boulders. Much of
the dune system at Cape Reamur is intact and contains significant remnant coastal vegetation
that provides habitat for numerous native bird and mammal species (MSC, 2001).
3.3.2. Unnamed 7 (VIC 521)
Unnamed beach 7, identified as VIC 521 (Short, 2007) is a very protected, 200 m long crenulate
sandy beach deep inside an extensive shallow reef system (Figure 3.4), facing south-east to
south. Access to the beach is limited and possible only through private property.
At the time of the visit, the beach was fronted by a lagoon and almost completely sheltered from
waves by the multiple outer reefs, as opposed to the exposed rocky shoreline west of the beach.
The beach is backed by a wide dune with a typical elevation of 10 to 12 m AHD, which is
moderately vegetated (marram). A 2 m high scarp, lightly covered with vegetation, is visible
along most of the foredune face, becoming progressively higher towards the eastern end of the
beach due to a higher exposure to southern swell events. The only development in the lee of
the beach are two free standing buildings (private property) with typical ground elevations of
10 m AHD.
3.3.3. Unnamed 6 (VIC 520)
Unnamed beach 6, identified as VIC 520 (Short, 2007) is a curving, crenulate 600 m long sandy
beach facing south to south-west (Figure 3.5).
The western end of the beach is very protected by a rock platform from wave attack. Parts of
this western rock platform extend over the water level in the lagoon and are covered with light
vegetation. The western end of the beach is backed by a low-lying foredune (3 m AHD), with a
significant amount of windblown sand at the toe of the dune and few signs of erosion. There are
several breaks in the dune to allow for private pedestrian beach access. At the time of the visit,
almost no wave action was observable in the western part of the lagoon. When progressing
towards the eastern end of the beach, the dune height increases progressively to a typical
elevation of 7 to 9 m AHD.
From the central part of the beach to its eastern end, a 2 to 3 metre high clear scarp was
observed with remnant of vegetation still present indicating a recent erosion event. On the day
of the inspection, broken waves were observed to reach the eastern part of the beach through
the lagoon. The eastern end of the beach consists of a low, basalt point capped by light
vegetation on a veneer of sand. The sole development in the lee of the eastern end of VIC 520
is an aquaculture facility, consisting of several free standing buildings, with typical ground
elevations of 4.5 m AHD.
3.3.4. Unnamed 5 (VIC 519)
Unnamed beach 5, identified as VIC 519 (Short, 2007) is 600 m long, relatively straight beach
facing south-east (Figure 3.6). Access to the beach is limited and only possible through private
property or walking along the shoreline.
A 50 m wide partially trained creek entrance exists at the western end of the beach, in which an
aquaculture facility (Southern Ocean Mariculture Pty Ltd), releases brine water through a culvert
into the creek. Despite the presence of an outer reef, small to moderate wave action was
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observed at the time of the visit (high tide), with wave runup occasionally reaching the tow of
the foredune. The western end of the beach is backed by a wide dune with a typical elevation of
5 to 7 m AHD. A 2 to 3 metre high scarp was observed along most of the beach length.
The dune height tends to diminish locally towards the eastern end of the beach (3 m AHD). A
series of low-lying basalt points are found at the eastern end of the beach, partially covered by a
veneer of sand. An informal 4WD beach access through the dune was observed at the eastern
end of the beach.
3.3.5. Unnamed 4 (VIC 518)
Unnamed beach 4, identified as VIC 518 (Short, 2007) is a 100 m long pocket beach facing
south (Figure 3.7). Access to the beach is limited and possible through private property or
walking along the shoreline.
This beach is very well protected from wave attack being in the lee of rock platform, with almost
no waves reaching the shoreline at the time of the inspection. Several small fishing boats were
found beached on the lightly vegetated foredune, confirming the very sheltered aspect of the
beach. The beach is backed by a lightly vegetated 50 m wide dune with a typical elevation of 10
to 12 m AHD. There is no development in the lee of the dune. Basalt boulders can be seen
protruding from the sand at both the eastern and western ends of the beach, indicating the
possibility of a rock shelf located at a shallow depth below the beach sand. Analysis of aerial
photography revealed the former existence of an informal 4WD access cutting through the dune
which was not found on the day of the inspection.
3.3.6. Unnamed 3 (VIC 517)
Unnamed beach 3, identified as VIC 517 (Short, 2007) is 1000 m long, relatively straight beach
facing south-east to south, protruding slightly from the run of the coastline (Figure 3.8).
The western half of the beach is very well protected from wave attack by an outer reef,
consisting of basalt, running parallel to the shoreline. At the time of the visit (high tide), the
reef could be seen piercing through the water and created a shallow lagoon. The western half of
the beach is relatively narrow and backed by a dune with variable elevation. The dune is at its
highest at the western end of the beach (8 m AHD) and its elevation gently decreases to about 2
to 3 m AHD when progressing eastwards. A clear scarp the length of the foredune face was
observed. The presence of vegetation on the scarp and at the toe of the foredune was observed,
indicating that the erosion was not the result of a recent storm event.
The eastern half of the beach, facing south-east, is more exposed to wave action due to the
absence of a similar high rock platform. The eastern part of the beach is backed by a dune
ranging in elevation between 3 and 5 m AHD. Again, a clear and steep scarp was observed
along the foredune face with windblown sand stacked at the toe and little presence of
vegetation. Wave action was observed to be stronger on the eastern half of the beach, with
occasional wave runup reaching the toe of the dune. There is no development in the lee of the
dune.
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3.3.7. Unnamed 2 (VIC 516)
Unnamed beach 2, identified as VIC 516 (Short, 2007) comprises three arching crenulate sandy
beaches, over approximately 800 m, facing south-east to south (Figure 3.9).
The eastern end of the beach is backed by a relatively high dune, with a crest elevation of
approximately 10 to 12 m AHD, which shows a high degree of erosion. some of the erosion
appears to be relatively recent, with a clear scarp about 4 to 5 m high. The centre part of the
beach appears to be better sheltered from wave attack, with the presence of several basalt
points dominating the low tide area. The centre part of the beach is backed by a relatively
gradual vegetated dune, with private development in its lee at a typical ground elevation of 10
m AHD. There are several breaks in the dune to allow for private pedestrian beach access.
Erosion of the dune backing the eastern beach of VIC 516 is more apparent, with a 1 to 2 m
high scarp running along most of the unprotected foredune face. The site inspection revealed
the presence of two rock revetments at the western and eastern ends of the eastern beach. No
information was available on the design of these walls and construction details are unavailable.
These two rock revetments are not maintained by the MSC or DSE, and will not be considered in
the erosion hazard section of this study. The western rock revetment is in very poor condition, it
is partially buried with a typical crest level of 3 m AHD and is approximately 60 m long. WRL
estimated that the primary armour consists of basalt with a typical size of 1.0 m (2.7 tonnes)
and appears to have been built without any filter layers or toe protection. This revetment’s
condition can be considered sub-standard with damage failure occurring in places. The eastern
end rock revetment is also in poor condition, it is partially buried with a typical crest level of 3 m
AHD and is approximately 80 m long. WRL estimated that the primary armour consists of basalt
with a typical size of 0.5 to 1.0 m (0.5 to 2.7 tonnes) and appears to have been built without
any filter layers or toe protection. The average slope of this revetment is about 1V:1.5H. This
revetment’s condition can be considered sub-standard with damage failure occurring in places.
The ground levels for most properties within the eastern third of VIC 516 are above 8 m AHD.
There are several breaks in the dune to allow for private pedestrian beach access, some of them
crossing the rock revetments.
3.3.8. Ocean Drive (VIC 515)
Ocean Drive, classified as the westernmost beach of VIC 515 (Short, 2007) is a 320 m long, low
gradient reflective beach, facing south-east to south. It is fronted by continuous basalt reefs
lying 100 to 200 m offshore.
The beach consists of a relatively thin volume of sand perched on a basalt substrate estimated at
+0 m AHD (Figure 3.10). At the time of the inspection, which coincided with low tide, the beach
was completely protected from wave attack by the reef. The presence of a thick mattress of dry
seaweed in some locations indicated, however, that waves did reach the beach at high tide or
high elevated water levels. The beach is backed by a low-lying gently vegetated foredune on
basalt rock at a typical crest elevation 3.5 m AHD, with a small scarp in some locations. Two
concrete stormwater outlets are located at the western and the eastern ends of the beach and
were in good condition and un-obstructed at the time of the visit.
There are four breaks in the dune to allow for public pedestrian beach access and a car park also
exists at the eastern end of the beach. The beach is backed by residential development
(landward of Ocean Drive) with typical ground elevations of 3 to 4 m AHD. From discussions
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with members of the MSC and photographic records, overtopping of the low-lying dune and of
Ocean Drive has occurred several times in the past during heavy storms.
3.3.9. Powling Street
A pedestrian access to the shore exists at the intersection of Powling Street and Ocean Drive.
This access does not lead to a beach per-se, but allows access to the western end of Pea Soup
Beach and a coastal pedestrian track. The small track crosses low-lying well vegetated dune,
consisting of a half a metre deep sand veneer perched on a basalt substrate. A large stormwater
culvert outlet (800 mm diameter) is located just off the track (Figure 3.11). At the time of
inspection, the outlet appeared to be in good condition, despite being slightly obstructed by
seaweed. The invert is located at approximately 0.5m AHD and discharges into a natural creek
bed on the basalt platform.
3.3.10. Pea Soup (VIC 515)
Pea Soup, classified as the easternmost beach of VIC 515 (Short, 2007) is a 400 m long, low
gradient beach, facing south to south-west. It is fronted by continuous basalt reefs lying 100 to
200 m offshore
The sandy part of the beach is relatively wide (20 to 40 m) and is fronted by several basalt
points (Figure 3.12 and Figure 3.13). At the time of the inspection, which coincided with low
tide, the beach was completely protected from wave attack by the reef. There was almost no
wave action in the lagoon fronting the beach.
The eastern part of the beach is backed by a gently sloped dune with a crest elevation of 3 to
4 m AHD at the eastern end, which progressively rises and steepens to reach 9 m AHD high in
the centre of the beach.
The central part of the beach is backed by a highly vegetated steep dune with the presence of
windblown sand at the toe. A relatively small scarp (less than one metre high) was observed in
some locations. Pedestrian access to the beach is made possible by a wooden staircase in good
condition at this location.
A rock revetment is present over a distance of 80 m from the central part of the beach towards
the east, fronting a dune with a typical crest elevation of 11 m AHD. According to DSE, the rock
revetment is privately maintained and no information is available on its construction. This
coastal asset appears to have been constructed in the 1980s (first present on the 1986 aerial
photography). Being a privately managed asset, this rock revetment will not be considered in
the erosion hazard section of this study. WRL estimates that the primary armour is basalt with a
typical size of 0.5 to 1 m (approximately 0.5 to 2.7 tonnes). Determination of the crest
elevation was made difficult due to vegetation, it appears to be at a minimum of 4 m AHD in the
west, to over 6 m AHD in the centre. The average slope of the seawall had been estimated to be
between 1V:1H to 1V:1.5H. It was not possible to determine the presence of filter layers, but
larger basalt rocks (1.2 m size) at the toe seem to act as a rudimentary toe protection. The
overall condition of the rock revetment is fair and it appears to be functioning well but previous
damage has been reported.
The unprotected eastern part of the beach is backed by highly eroded dune with a typical crest
elevation between 5 and 7 m AHD. The dune appears to be particularly eroded directly east of
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the rock revetment, indicating a possible seawall end effect. A wooden ramp in good condition
provides public pedestrian access at this end of the beach. The eastern end of the tip is flanked
by a low basalt point.
A car park is located in the lee of the eastern dune, with typical ground elevation of 5 m AHD.
On the day of the inspection, only very limited amounts of windblown sand were visible in the
car park.
3.3.11. South Beach (VIC 514)
South Beach, identified as VIC 514 (Short, 2007) is a 600 m long, low gradient beach, facing
south to south-west (Figure 3.14). It is fronted by continuous basalt reefs lying 100 to 200 m
offshore. The beach was visited at both low and high tides and very small waves were noted to
reach the eastern part of the beach on both occasions.
The eastern part of the beach is flanked by two low-lying basalt points. The beach there is
backed by a well vegetated dune with a typical crest elevation of 7 m AHD. A clear scarp of one
to two metres high was observed at the toe of the dune along this eastern section, with the
occasional presence of buried basalt boulders. This section of the beach can be accessed by a
wooden staircase in good condition. A car park and public amenities are located directly in the
lee of the dune at a ground elevation of 7 m AHD.
From its centre to the western end, the beach is relatively wide (40 to 50 m) and is backed by a
wide dune system, with typical crest elevations ranging from 9 to 12 m AHD. Some clear
erosion in the dune was observed along the central section of the beach, with the dune scarp
reaching a height of over 3 m. When progressing west towards the rocky headlands ending the
beach, the dune appears to be less eroded and well vegetated. The wide dune system (between
50 and 100 m) is absent of any development and ends in the north on Ocean Drive. There are
several breaks in the dune to allow for public pedestrian beach access.

3.4. Griffiths Island
Griffiths Island is located immediately south of the mouth of the Moyne River entrance and is
separated from the western section of the coastline by the Southwest Passage. Griffiths Island
has been mapped since the 1920s as a single island but is formed from what were originally
(circa 1950) Goat, Griffiths and Rabbit Islands. These three islands were initially separated but
have been progressively joined together through the natural accumulation and deliberate
placement of sand since the construction of the Moyne River training walls. The island is only
accessible by a pedestrian footbridge. Griffiths Island has been recognised as a Coastal Reserve
due to the presence of bird colonies as well as historical and archaeological sites (MSC, 2001)
and is registered on the Victorian Heritage Register (VHR H1659).
3.4.1.

The Southwest Passage, Puddeny Grounds

Griffiths Island was attached to the mainland with the construction of the Moyne River harbour
moles and a second breakwater, to prevent water flowing around the back of the island and into
the harbour (Figure 3.15). This channel is commonly referred to as the Southwest Passage, with
typical bed levels ranging from 0 to -2 m AHD on the ocean side of the breakwater. At the time
of the visit, which coincided with low tide; waves were almost completely stopped by the rock
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shelf located at the entrance of the passage and barely reached the breakwater but have been
observed to propagate further at higher tides.
This breakwater today provides pedestrian access from a car park to the island and is reported
to have been constructed in its present configuration in 1969. It has an overall length of 40 m,
with a crest elevation of +2 m AHD. WRL estimates that the primary armour is basalt with a
typical size of 0.5 to 1.0 m (approximately 0.1 to 2.7 tonnes). The average slope of the
breakwater had been estimated to be between 1V:2H to 1V:3H. It was not possible to
determine the presence of filter layers. The overall condition of the rock revetment and of the
concrete cap located on its crest is good and it appears to be functioning well. It has been
observed that leaching of sand from the ocean side into the river takes place through the
breakwater.
This results in the presence of a substantial volume of sand in the river
immediately north of the breakwater, as the bottom depth is estimated today at 0 m AHD,
whereas this location was reported on historical nautical maps to a be a deep rock trench
(Dr Mibus, pers. comm.; WBM, 1996) before closure of the passage. Dredging was reported to
previously take place in this location until the late 1990s after which it was only performed in the
main channel of the Moyne River. The sand was reported to be placed intermittently in the
Puddeny Grounds until the early 1990s, after which it has been solely placed on the southern
end of East Beach.
The area enclosed between the training walls and the west coast of Griffiths Island, as shown on
Figure 3.16, is known as “Puddeny Grounds”. It mainly consists of a large flat and sandy area,
which gets flooded at high tides and during large wave events. A former quarry can be observed
in the south-west corner of the Puddeny Grounds, in the location that was previously referred to
as Goat Island. Part of the sand dredged from the river side of the Southwest Passage was
placed there up until the early 1990s. The training walls on the north side of Puddeny Grounds
consist of grouted basalt. They were in relatively good condition at the time of the visit, with no
significant sign of damage except for a 10 m long section close to the island shore where
significant erosion of the wall was observed. If no action is taken this damage could become a
hazard to pedestrian safety with the undermining of the concrete cap which acts as a public
walkway.
South of the breakwater, the training walls on the Griffiths Island side have been fitted with a
concrete cap, made of two metre long concrete slabs. The overall condition of the basalt part of
the wall is good; however, the concrete capping is severely damaged, with multiple concrete
slabs broken or missing. This could potentially represent a safety hazard as the wall is used by
pedestrians to access the south of Griffiths Island.
A second pedestrian access to Griffiths Island crosses Puddeny Grounds in the lee of the training
walls. This coastal asset consists also of a basalt rock revetment fitted with a concrete cap on its
crest. The typical rock size on the revetment is estimated to be between 0.5 and 1 m
(approximately 0.5 to 2.7 tonnes) and its crest has a typical elevation of 0.5 m AHD. The
footbridge is equipped in several locations with box culverts to help water drainage from the
northern part of Puddeny Grounds. The overall condition of this asset is fair, with some rock
displaced in multiple locations as well as localised undermining of the concrete capping.
However, this coastal asset appears to be functioning well due to the very mild wave conditions
it is subjected to most of the time.
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3.4.2. Griffiths Island Beach
Griffiths Island Beach, identified as VIC 513 (Short, 2007), is a 400 m long, low gradient
protruding beach, facing southeast. It is fronted by continuous basalt reefs lying 100 to 200 m
offshore. The beach lies on the south-east side of Griffiths Island. The remnants of two old rock
groynes, perpendicular to the beach alignment can be found in the northern section of the
beach, as well as an old basalt rock quarry (Figure 3.17). At the time of the inspection, which
coincided with low tide, the beach was well protected from wave action, as most waves were
breaking over the reef and the beach was fronted by a calm lagoon.
From its northern end to the centre (past the second rock groyne), the beach is relatively wide
(40 to 50 m) and is backed by a wide dune system, with typical crest elevations ranging from
12 to 15 m AHD. The dune along this section is well vegetated with the dune scarp reaching a
height of about 1 to 2 m. When progressing south towards the rocky headlands ending the
beach, the dune appears to be more eroded and less vegetated. The beach appears to be
narrower in the southern section, at about 20 m width. There are several breaks in the dune to
allow for public pedestrian beach access.
The rocky headlands located at the southern end of the beach are crossed by a concrete pipe,
which is the property of Wannon Water, and leads to an outfall about 100 m offshore from
Griffiths Island.
3.4.3. South Mole Beach (i.e. Lighthouse Beach)
South Mole Beach, identified as VIC 512 (Short, 2007) and also known as Lighthouse Beach, is a
200 m long, low gradient beach, facing north-east. The beach lies on the north side of Griffiths
Island and has formed during the past century, since the construction around 1870 of the
training walls at the mouth of the Moyne River at the northern end of the beach (Figure 3.18).
At the time of the inspection, which coincided with low tide, the beach was well protected from
wave action by the island, with near shore waves averaging about 0.2 m or less.
South Mole beach is backed by a low-lying and well vegetated dune, with a typical elevation of
2 m AHD. No breaks were observed in the dune system at the back of the beach as the area in
the lee is a nature reserve due to bird nesting and pedestrian access is highly restricted. Limited
erosion in the dune was observed along the central section of the beach, with the dune scarp
reaching a height of about 3 m. Some accretion of wind-blown sand at the toe of the dune was
also noted on the eastern part of the beach, due to south-east winds.
The Moyne River training walls extend about 200 m offshore from the beach and are made of
basalt with additional concrete grouting. The wall on South Mole Beach was in relatively good
condition at the time of the visit, with no significant signs of damage except for a 20 m long
section near the MSL mark, where large basalt blocks had been dislodged from their original
position. If no action is taken, this damage could become a hazard to pedestrian safety as the
walls are capped by a 2 m wide concrete cap, which acts as a public causeway. A few basalt
rocks are exposed on the beach in the vicinity of the training walls and are the remnant of an
historic buried breakwater.
It has been also reported by the Port Authority (Max Dumnesy, pers. comm.) that leaching of
sand from South Mole Beach into the river takes place underneath and through the training
walls, resulting in the presence of localised sand fans at the bottom of the river bed. Sand
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dredging regularly takes place in this location to maintain navigable depth within the river. The
sand is reported to have been placed on the southern end of East Beach since the mid-1990s.

3.5. East Beach
East Beach is 5.8 km long, extending in a broad arc from Reef Point in the east, where it faces
south, to the North Mole or harbour entrance wall in the south, where it faces east. In the
north-east section, the beach is backed by a dune which reaches typical elevations of 5 to
10 m AHD. Given the significant length of the beach and the diversity of the environment
encountered along the beach foreshore and development in its lee, it was decided to break up
the site visit report into nine sub-sections, starting from the southern of the beach and
progressing towards its north-eastern end, in the direction of Reef Point.
3.5.1. Moyne River Training Walls to Apex Park
The southern end of East Beach is flanked by the Moyne River training walls (moles) (Figure
3.19). These walls were initially built in the 1870s and are made of basalt with localised
concrete facing. The training wall on the East Beach side is typically 3 m wide at its crest with
an approximate height of 1.6 m above MSL. The training walls appear in fair condition overall,
with minor localised damage where rocks have been dislodged and facing concrete is cracked or
spalled.
Sand dredging of the Moyne River is performed by the Port Authority using a dredge barge.
Dredge pipes are visible from the wall and can be seen crossing the training walls in two
locations, in order to allow dredged sand to be deposited near the southern end of East Beach.
An old basalt breakwater can be seen where the eastern Moyne River training wall joins with
East Beach. This old breakwater was built in the 1910s to protect Battery Hill from erosion but
was outflanked over the course of time. This breakwater is in very poor condition and runs
parallel to East Beach for approximately 240 m (Figure 3.19). A 150 m long section remains
accessible and extends above the high tide water level, while the last 80 m has been severely
eroded and is mainly below mean sea level. Despite the poor condition of the breakwater and
water seeping through the rocks, the southern end of East Beach appears well nourished in
terms of sand, with signs of recent erosion. The site inspection revealed the presence of rocks
buried into the sand scarp located at the lee of the beach, the purpose of which would have
likely been to act as erosion protection. The foreshore in the lee of the old breakwater appears
to be well vegetated, with the presence of marram grass as well as relatively large bushes and
trees very close to the high water mark, indicating limited beach erosion over this 200 m long
section.
A rudimentary concrete boat ramp access is located towards the southern end of the beach and
is accessible from Battery Lane (Figure 3.20). A small car park is located in the lee of the beach
access with an average elevation of 3.5 m AHD.
The East Beach rock revetment can be observed to begin about 50 m south of the boat ramp
access. This structure has been constructed progressively over time, starting in the 1950s,
predominantly by the placement of rock directly on the dune face at the back of the beach. The
visible part of the construction appears to have been undertaken without considering
contemporary coastal engineering design principles, such as the use of filter layers, secondary
armour and toe protection. While the overall dimensions of the rock revetment vary greatly
across East Beach, the structure mainly consists of one or two rows of rocks placed on the
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beach, with typical rock sizes ranging from 0.3 to 0.7 m (approximately 0.1 to 1.0 tonnes),
resulting in typical crest elevation levels ranging from 0.5 to 1.5 m AHD. While the southern end
of the beach is typically subjected to a milder wave climate than the north-east part, slumping,
as well as rock displacement can be observed in multiple locations, indicating that the rock size
and/or design may not be suitable. It was also noted that the rock revetment was cut in
multiple locations by private beach access from the properties located on Griffiths Street, which
could increase the risk for localised breaching points during a coastal storm. The ground levels
for most properties along this southern section of East Beach are above 4.5 m AHD. The crest
height of the structure is not sufficient to prevent overtopping over the majority of this section
as erosion of the lee and the vegetation shows overtopping to be frequent.
3.5.2. Apex Park to Lydia Place
The exposed extent of the rock revetment can be observed to be discontinuous over a length of
approximately 40 m in the vicinity of the public beach access from Apex Park (Roger Place). The
beach access consists of a wooden ramp/stairs from the car park and public amenities located
directly in the lee of the dune at a ground elevation of 7 m AHD (Figure 3.21). While the
wooden ramp appears to be in fair condition overall, localised erosion is apparent over the lower
section and may result in an increased risk of undermining in the future. About 20 m west from
the ramp, the dune system can be observed to have significantly eroded, with a steep scarp
about 10 m wide extending deeper into backshore, in comparison to the surroundings. This
localised erosion could potentially cause a risk of undermining to the stability of the car park
located in the lee of the dune.
Progressing north from the Apex Park access, the rock revetment was observed to be in poor
condition. It was observed to be outflanked in multiple locations with the dune scarp as far as 2
m behind the rocks. Rock displacement was observed in multiple locations as well, indicating
that the rock size and/or design may not be suitable, and that the rock revetment may no longer
be able to provide protection from wave action. On this beach section, the rock revetment
generally consists of one or two layers of rocks, with typical crest elevation levels ranging from
0.5 to 1.5 m AHD. The ground levels for most properties along this section of East Beach are
above 6.0 m AHD.
The remnants of four wooden groynes, initially build in the 1970s can be observed at the
southern end on the beach. The groynes are approximately 30 m in length and spaced
approximately 90 m apart. All four structures were found to be heavily damaged from
weathering rot and fastener corrosion, with numerous timber piles missing. Multiple openings
have been purposely formed in all four groynes to facilitate public access along the beach, but
possibly further limiting their ongoing effectiveness to trap longshore sand. Due to their overall
poor condition, these structures present a public safety risk.
The size and the condition of the rock revetment can be observed to change past the northern
groyne. The structure appears to be composed of multiple layers of rock, with size ranging from
0.5 to 1 m in size (approximately 0.5 to 2.7 tonnes). The rock revetment appears to be
functioning well and subjected to limited overtopping, as grass can be observed on its crest. The
typical crest elevation ranges from 4 to 6 m AHD. Significantly larger rocks, with an average
size of about 1 m (2.7 tonnes) can be observed to have been placed in front of the rock
revetment, most probably to offer increased protection from wave action at high water levels.
WRL was informed by MSC that these larger rocks may have been installed in the 1990s,
whereas the original rock revetment is reported to have been built as early as 1953.
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3.5.3. Lydia Place to Richie Street
No significant change of the rock revetment was observed between Lydia Place and the boat
ramp of Surf Live Saving Club (SLSC). The typical crest elevation remained within a 4 to
6 m AHD range, with limited evidence of regular overtopping of the crest apparent. The ground
levels for most properties along this section of East Beach are above 6.0 m AHD. Localised
slumping of the structure was observed in one location over a length of 3 to 5 m. Despite the
fact that the structure cannot be considered to comply with contemporary coastal engineering
design principles, the rock revetment appears to be functioning well.
Port Fairy Surf Life Saving Club is located at the end of Hughes Avenue (see Figure 3.22). The
building is located at a typical ground elevation of 4 m AHD and is fronted by a concrete boat
ramp which extends down to the beach. The ramp has batter slopes on both sides, armoured
with basalt rock. The ramp is in good condition, without any noticeable cracks in its surface.
The rock protection on both sides seems to have been recently overtopped due to wave run up,
as some rock seems to have been displaced and the grass locally eroded. A concrete ramp
providing pedestrian access to the beach is located 10 m north of the boat ramp and crosses the
rock revetment over a 20 m width. Its exposed side is protected by basalt with concrete facing.
The concrete ramp and the rock protection both appear to be in good condition overall, with
minor localised damaged where facing concrete is cracked and spalled.
The rock revetment fronts a 200 m long sloped grass area, with a concrete pathway located on
its crest, at a typical elevation of 3.5 to 4 m AHD. Despite the fact that the structure cannot be
considered to comply with contemporary coastal engineering design principles, the rock
revetment appears to be functioning well. The grass area fronts a car park and a public
amenities building, all located at a typical ground elevation of 7 m AHD. Pedestrian access to
the beach is also made possible by a wooden staircase in good condition, which does not
interrupt the rock revetment. A third concrete ramp, which can be used for boat access, is
located at the level of the public amenities building and crosses the rock revetment. The
exposed side of the ramp is protected by basalt with concrete facing. The concrete ramp and
the rock protection both appear in good condition overall, with minor localised damage where
concrete is cracked and spalled. Half a dozen large rocks, with an average size of 1 m (2.7
tonnes) were observed to be precariously positioned on the rock revetment around this access
ramp, about 0.5 to 1 m above beach level, and could potentially pose a safety risk during storms
(Figure 3.22h and Figure 3.23a).
From the northern end of the SLSC car park to Ritchie Street, the rock revetment was observed
to be composed of multiple layers of rock, with size ranging from 0.3 to 1 m (approximately 0.1
to 2.7 tonnes), and occasionally larger rocks positioned near the toe (Figure 3.23). While the
typical crest elevation level of the structure was estimated by WRL to be around 4 to 5 m AHD,
the presence of a thick vegetation layer made this difficult to estimate in some places. The
presence of vegetation on the wall indicates that there is limited wave run up and overtopping
along this section of the beach. The rock revetment fronts Beach Street over 700 m with a
typical ground elevation of 7 m AHD. Public access to the beach at the southern end of Beach
Street is provided by a concrete ramp. Overall, the ramp is in fair condition with localised
cracking and spalling of the grouting; the last concrete steps near the bottom of the ramp have
been subject to erosion and could be at risk of undermining. Public access to the beach at the
northern end of Beach Street is provided by a set of wooden stairs which appeared in good
condition overall.
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3.5.4. Richie Street to Rock Revetment End
WRL was informed by MSC that this section of the rock revetment had been gradually extended
and modified over three decades. The condition of the rock revetment was observed to
deteriorate when progressing towards the northern end. Except for the last 40 m, the structure
appears to typically consist of multiple layers of rock armour with size ranging from 0.3 to 1 m in
size (approximately 0.1 to 2.7 tonnes), at slopes varying from 1:1.5 to 1:1.3. Significantly
larger rocks, with an average size of about 1 m (2.7 tonnes) can be observed to have been
placed in front of the rock revetment, to increase protection from wave action at high water
levels (Figure 3.24).
The typical crest elevation of the structure ranged from 2.5 to 3.5 m AHD and the ground levels
for most properties along this section of East Beach are above 6.0 m AHD. The presence of a
vertical scarp was observed in multiple locations, indicating overtopping of the structure and
erosion of the vegetated dune. Rock displacement was observed in multiple locations as well,
indicating that the rock size and/or design may not be suitable, and that the rock revetment may
no longer be able to provide protection from wave action. It was also noted that the rock
revetment was cut in multiple locations by private beach access from the properties located on
Griffiths Street. Public access to the beach from Connolly Street is provided by a set of wooden
stairs which appeared in good condition overall.
The shoreline was observed to have pronounced erosion/recession over the last 50 m at the end
of the rock revetment, as well as immediately adjacent to it, due to seawall end effects. The
extent of this localised erosion zone could be explained by the progressive extension of the rock
revetment fronting the last properties. The overall condition of the rock revetment across the
last 50 m was considered sub-standard, with inadequate crest height in several places (Figures
3.24g and 3.24h). Additional rock protection appears to have been placed recently at the rock
revetment end but does not appear constructed to contemporary coastal engineering practice.
Rock displacement can be observed in multiple places due to storm wave action. The northern
end of the rock revetment is almost completely outflanked with visible erosion of the dune
located immediately behind. Typical ground level for the last properties in the lee of the rock
revetment is about 6 to 7 m AHD.
3.5.5. From Potential Dune Breach to Night Soil Site
The dune located immediately adjacent to the end of the rock revetment is relatively steep with
a crest level of approximately 8 to 10 m AHD, with the presence of a localised low point of
5 m AHD (Figure 3.25) possibly due to pedestrian action and/or previous sand extraction. Over
the first 60 m north of the end of the rock revetment, the front dune is backed by a relatively
low-lying vegetated area, with typical ground elevation of 2 to 3 m AHD, which in turns is
backed by a secondary dune system with crest levels of 6 to 7 m AHD. This localised depression
may have been caused by wind action. No sand mining has been reported to have taken place
at this location, but this cannot be excluded as a cause.
Progressing north, the two dunes progressively merge together, resulting in a dune system
about 60 to 70 m wide at the Night Soil site. The foredune has a cover of marram grass and
some woody shrubs. The dune front can be observed to have been eroding/receding over the
whole extent of the study area with a clear and steep scarp extending from the beach level (1 to
2 m AHD) to the dune crest with typical elevation levels between 8 to 12 m AHD.
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The site referred to as the Night Soil or Night Depot is found about 500 m north from the rock
revetment end. This site has been used in the past as a landfill. The ongoing dune erosion, due
to the combined action of storm and underlying recession, was observed to be uncovering the
landfill, resulting in the release of contaminants and debris into the coastal environment
(Figure 3.25f) with consequent safety, environmental and aesthetic impacts.
The site is
currently closed off to the public with the noted presence of fencing on the previous road access
from Griffiths Street. Temporary fencing has also been installed on the crest of the dune as well
as on the beach in order to limit public intrusion.
3.5.6. From the Night Soil Site to Mills Reef Beach Access
The dune located immediately adjacent to the Night Soil site is relatively steep with a crest level
of approximately 8 to 10 m AHD. Over the first 200 m north of the Night Soil site, an
intermittent vertical scarp of about 2 to 3 m height could be observed. The front dune was
observed to be relatively lower, with typical crest elevation of 5 to 7 m AHD and fronted by a
less marked eroded scarp.
A site about 300 m south from the Mills Reef car access road was used as a landfill until the
1970s and is commonly referred to as the “Old Municipal Tip”. The ongoing dune erosion, due to
the combined action of storm and underlying recession, was also observed to be uncovering
some of the landfill as can be observed on the dune scarp (Figure 3.26c). The amount of debris
visible was less prevalent than at the Night Soil site, as the main landfill site is located further
inland.
There are a couple of breaks in the dune to allow for public pedestrian beach access from the
Mills Reef car park. Pedestrian access had been previously equipped with a board and chain
pathway which was observed to be currently in poor condition due to undermining of the dune.
3.5.7. From Mills Reef to Reef Point
Progressing north from Mills Reef car park, the beach is low gradient and faces south
(Figure 3.27). The dune height is approximately 5 m AHD in this part of the East Beach with no
apparent crossing. The dune is moderately vegetated (although highly variable) along its length,
with an intermittent scarp of about 1 m height. The northern end of the beach is backed by the
Port Fairy Golf Club. Accumulation of windblown sand along the northern section of the dune
was observed in multiple locations. Closer to the northern end, the beach is fronted by offshore
reefs, with additional rocks and reef on the beach. There is a continuous, shallow bar along the
beach with rips forming against some of the rocks.

3.6. Eastern Coastline
3.6.1. Reef Point
Reef Point is a 1700 m long beach with a low gradient, facing south-east (Figure 3.28). There
are several breaks in the dune to allow for public pedestrian beach access, mostly located
towards the eastern end of the beach. A car park is located in the lee of the dune, close to the
centre of the beach. The dune height is approximately 5 m AHD in the eastern part of the
beach, and relatively steep (over 45°). The dune is moderately vegetated (although highly
variable) along its length, with an intermittent scarp of about 1 m height. The southern end of
the beach is backed by the Port Fairy Golf Club, with a relatively lower dune height, of less than
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3 m AHD. A sand fence, made of plastic scaffold mesh and pine poles, installed in December
2010, fronts 350 m of this low-lying foredune. Accumulation of windblown sand along the
eastern part of the sand fence shows the system to be performing its intended function.
However, the scaffold mesh is now missing along the western part of the fence, probably due to
the action of high wave runup, with the presence of clear scarp (approximately one metre high)
in the foredune. Reef Point Beach is fronted by continuous offshore reefs, with additional rocks
and reef on the beach. There is a continuous, shallow bar along the beach with rips forming
against some of the rocks.
3.6.2. Killarney Beach
Killarney Beach is a 1000 m long beach with a low gradient, facing south-west to south-east
(Figures 3.29 and 3.30). A well vegetated and relatively steep and stabilised dune exists in the
centre of the beach with a crest level of approximately 6 m AHD. The dune crest decreases to
4 m AHD at the eastern and western ends, where a clear scarp can be observed. Windblown
sand accretion was noted at the foot of the dune scarp at the eastern end of the beach. There
are several breaks in the dune to allow for public pedestrian beach access. There are two car
parks, located at the eastern and western ends of the beach. A boat launching area is present at
the western car park, with a beach access consisting of concrete slabs. At the time of the
inspection, erosion was noted at the toe of the beach ramp. It was also possible to note the
presence of a crude rock wall buried in the dune scarp, which may had been installed before the
concrete boat ramp, as well as what appeared to be the remnants of an old wooden groyne. The
western end of the beach is backed by a protected mixed dune and wetland system (Lower Merri
River wetlands), part of the Belfast Lough Reserve. Development in the lee of Killarney Beach
consists of a caravan park at the western end (Killarney Beach Camping Reserve, over 70 sites),
several freestanding buildings as well as a sporting oval, with a ground level of approximately
3 m AHD. The beach is protected by continuous offshore reefs which result in a generally low
near shore wave climate.

3.7. Geological Survey
An existing key knowledge gap is the limited information regarding the stratigraphy of the East
Beach barrier system, as noted in the Background Data Assimilation and Gap Analysis (Water
Technology, 2011).
This is important because high bedrock levels would limit future
erosion/recession. WRL supervised a geotechnical data acquisition campaign from the 5th to 6th
April 2012, with the drilling of 21 shallow borehole survey wells, to assess bedrock depths and
establish a precise stratigraphy of the complete barrier system (Figure 3.31) The geotechnical
drilling work was performed by NUMAC (subcontractor to WRL).
The boreholes were drilled up to a maximum depth of 10 m or until reaching the bedrock depths.
The knowledge of the presence and location of shallow underlying bedrock, as well as the
present thickness of unconsolidated sediments will allow WRL to perform more precise erosion
modelling and adequately determine the setbacks over the 100 years planning horizon for the
study.
Bedrock was found 2.7 to 6.0 m below beach level in the southern part of East Beach with the
estimated bedrock levels shown in Table 3.5. Bedrock depth was found to increase progressively
in the direction of Port Fairy Surf Life Saving Club (SLSC). The bedrock was not found (i.e. was
located deeper than 10 m) from the northern end of the East Beach rock wall to the northern
end of the geotechnical survey (Mills Reef Beach access). An estimation of the elevation of the
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bedrock expressed in m AHD was calculated by using the beach surface elevation derived from
the 2007 LIDAR survey at the different borehole locations.
The drilling at Borehole#2 was performed in multiple locations in a radius of about 5 m in order
to ensure that the drilling rig was not hitting an isolated boulder. The four holes all showed the
presence of basalt (i.e. refusal of the auger-drill) in between -2.5 and -3 m below beach surface.
The last borehole was performed with a sampling tube and allowed a core sample to be brought
back to the surface, showing the presence of thin layer of compacted shells above weathered
basalt (Figure 3.32).
Table 3.5 Bedrock Depth on East Beach
Borehole

Coordinates

Depth below

Elevation

#

( ° WGS 84)

beach surface

(m AHD) (1)

Location

(m)
1

(142.2436,-38.387)

-5.7

-5.5

Seaward of 10 Griffith Street

2

(142.2432,-38.385)

-2.7

-2.0

Seaward of 42 Griffith Street

3

(142.243,-38.384)

-6.7

-6.0

Seaward of 56 Griffith Street

4

(142.2429,-38.3832)

-4.5

-3.5

Seaward of 70 Griffith Street

5

(142.2432,-38.3825)

-4.7

-4.0

Seaward of 80 Griffith Street

6

(142.2431,-38.3819)

-4.8

-4.0

Seaward of Lydia Place

7

(142.2433,-38.3807)

-5.6

-5.0

Seaward of Moyne Court

8

(142.2437,-38.3795)

-6.0

-5.0

Seaward of Hughes Avenue car park

9

(142.2451,-38.377)

-7.5

-6.5

Seaward of 121 Beach Street

10

(142.2457,-38.376)

-8.2

-7.0

Seaward of Richie Street

11

(142.271,-38.3626)

<-10

<-8.5

Mills Reef beach access

12

(142.2695,-38.3629)

<-10

<-8.5

150 m west of Mills Reef beach access

13

(142.2675,-38.3632)

<-10

<-8.5

300 m west of Mills Reef beach access

14

(142.2648,-38.3639)

<-10

<-8.5

Seaward of Old Municipal Tip site

15

(142.2643,-38.3639)

<-10

<-8.5

Seaward of Old Municipal Tip site

16

(142.2638,-38.3641)

<-10

<-8.5

Seaward of Old Municipal Tip site

17

(142.2558,-38.3672)

<-10

<-8.5

Seaward of Night Soil site

18

(142.2552,-38.3675)

<-10

<-8.5

Seaward of Night Soil site

19

(142.2544,-38.368)

<-10

<-8.5

Seaward of Night Soil site

20

(142.2507,-38.3704)

<-10

<-8.5

50 m north of rock wall end

(142.2504,-38.3708)

<-10

<-8.5

100 m north of rock wall end

21

Notes: (1) The estimation of bedrock elevation in m AHD is based on ground levels derived from the 2007
LIDAR and given with a precision of half a meter.

Along the southern section of East Beach, the location of the bedrock basalt shelf at depths
between -2 and -5 m AHD is consistent with the results of a previous geological survey campaign
performed in the Moyne River, in the vicinity of the Marina in the early 2000s. Drilling in
multiple locations found the top of the basalt layer at depth around -4 to -6 m AHD (Max
Dumnesy, pers. comm.), and in some locations with a thin cap of weathered calcarenite or
basalt.
The findings of this extensive survey on East Beach also corroborate well with the conclusions of
the study by Environmental GeoSurveys (2005), which did not find any consolidated calcarenite
or basalt in the central part of East Beach during their pit surveys (Boreholes 17 to 21).
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Section 3 Key Findings



Site inspections were performed for each of the beaches within the Port Fairy study
area. These site inspections focused on the visual assessment of the dune condition
and condition of the coastal protection works.



Coastal protection works were inspected with regard to their location, extent and
engineering characterisation i.e. crest level, construction, present condition etc.
The condition of coastal protection works not maintained by MSC or DSE was
assessed at a cursory level only.



Analysis of collected sediment samples showed the sediment from the beaches is
characterised as fine to medium grained sand with moderate shell content.



A geotechnical data acquisition campaign was performed on East Beach in order to
assess bedrock depths.



Bedrock was found 2.7 to 6.0 m below beach level in the southern part of East
Beach.



Bedrock was not found (i.e. was located deeper than 10 m) from the northern end
of the East Beach rock wall to the northern end of the geotechnical survey (Mills
Reef Beach access) so would not limit erosion in these areas.
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4. Climate Change
4.1. Overview of Key and Secondary Climate Change Variables
Engineers Australia (2012a) lists six key environmental variables applicable to coastal
engineering, namely:
1.
2.
3.
4.
5.
6.

Mean Sea Level;
Ocean Currents and Temperature;
Wind Climate;
Wave Climate;
Rainfall/Runoff;
Air temperature.

A growing body of research has found that ocean acidification (pH lowering) may be occurring,
and this could be considered an additional key variable.
Engineers Australia (2012a) also lists 13 secondary effects applicable to coastal engineering,
namely:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Local Sea Level;
Local Currents;
Local Winds;
Local Waves;
Effects on Structures;
Groundwater;
Coastal Flooding;
Beach Response;
Foreshore Stability;
Sediment Transport;
Hydraulics of Estuaries;
Quality of Coastal Waters;
Ecology.

The recommended methodology is to consider the relative likely importance of the considered
key environmental variable when subject to climate change and then consider the possible
secondary effect arising.
The key environmental variable and secondary effects can be combined into a matrix for project
assessment as shown in Table 4.1 and Table 4.2. Detailed assessment where indicated in Table
4.1 is presented in Sections 4 to 10.
It should be noted that there is high uncertainty in the quantification (or no quantification) of
many of the variables or their change. Therefore, the use of a high ARI event (e.g. 100 year)
and factors of safety (such as freeboard) need to be introduced to manage the risk of
uncertainty.
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4.2. Sea Level Rise
The Intergovernmental Panel on Climate Change (IPCC) have produced major reports in 1990,
1996, 2001 and 2007. Hence, the 2007 report is known as the Fourth Assessment Report
(AR4). The latest IPCC Summary for Policymakers Report (IPCC, 2007a) and Working Group 1
Report (IPCC, 2007b) provide numerous global average sea level rise scenarios for 2095
(relative to the baseline of 1980-1999) in the range of 0.18 to 0.79 m. The central estimate is
that the global average sea level will rise by about 0.55 m by the year 2100, with a range of
uncertainty of 0.20 to 0.85 m. More recent works (Rahmstorf, 2007; Vellinga, 2008) have
reviewed the high-end estimation for SLR around 2100 to be 0.55 to 1.2 m. Regional and local
changes in average sea level will vary from this global average. For planning purposes, most
Australian governments (federal and state/territory) have adopted formal sea level rise
allowances between 0.8 and 1.1 m on 1990 sea levels for the year 2100.
An increase in mean sea level will exacerbate the impact of the coastal hazards studied in this
study area. Sea level rise will result in higher water levels on the open coastline which will
correspond to an increased rate of shoreline recession. Increased still water levels will also allow
land in the lee of low-crested dunes or barriers to be episodically inundated due to wave run-up
and overtopping. The threat from tidal inundation around lower-lying estuarine foreshores will
be significantly increased with sea level rise. The stability of coastal watercourse entrances will
also be changed due to alterations to the dynamics of berm heights and break out conditions.
Under sea level rise projections, rock platforms currently protecting the base of coastal cliffs may
be submerged on a permanent or temporary basis resulting in undermining of cliff stability due
to wave attack (DECC, 2010). Throughout the study area, numerous rock platforms and reefs
reduce the wave height at the shore. This protection would be reduced with sea level rise. For
existing coastal structures, sea level rise will reduce freeboards, increase wave overtopping
(frequency and magnitude) and, at depth-limited locations, expose structural elements to larger
forces.
Where a long term, site specific water level record exists (such as a nearby tidal gauge), the
frequency of high storm surge water levels (tide plus anomaly) up to the length of the data
record is readily calculated. For example, if the record length is 35 years, average recurrence
intervals (ARI) of up to 35 years may be determined. However, to estimate more infrequent,
extreme water levels such as a 100 year ARI, a suitable probability density function (a
theoretical statistical distribution which closely fits the historic natural values) is required for
extrapolation. While the use of these functions to estimate extreme water levels and other
variables such as wind and waves is well established, limitations in their application do exist.
The uncertainty in extrapolated water level estimates increases with average recurrence interval
and care must be exercised when selecting the most appropriate fit as many different theoretical
distributions exist. The data used within extreme value analysis is also assumed to be
statistically stable, i.e. long term change (such as sea level rise) is negligible. To adjust present
day extreme value estimates to account for climate change, the modal value or “slope” of the
distribution or a combination of both may be used (NCCOE, 2012a). In practical terms for water
levels, this means shifting the theoretical distribution by a magnitude equivalent to sea level
rise. As such, the frequency of present day rare events will increase under climate change, i.e.
in some cases the present day 100 year ARI water level may occur approximately several times
a week in 2100 with sea level rise.
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4.3. Sea Level Rise Adopted in Australian States
A list of sea level rise values adopted in various State policies, or as accepted practice, is shown
in Table 4.3. This list is not exhaustive. It is subject to revision and there may be additional
State policies or legislation which contradict or supersede those shown. All are broadly based on
various interpretations or scenarios from recent IPCC projections. The values adopted for this
project are broadly consistent with those used in other States, although some States only specify
“mid” range rather than “high” range scenarios, as these represent the “best estimate”.
Local Governments are responsible for the protection of the community against any threat to its
safety and welfare:
“Local government provides for the health, safety and welfare of its community and if a council
cannot show that it has taken preventative action against any threat to the health, safety and
welfare of its community, it faces the possibility of liability costs – costs which can be reduced if
a council identifies the threats to its community and implements appropriate strategies to
prevent these threats” (LGAT, 2004).
Therefore, these responsibilities create a number of challenges for the Local Governments in the
context of climate change. As explained by Smith et al. (2008), Local Governments are
responsible for identifying potential natural hazards, including those associated with climatic
events, within their jurisdiction. This responsibility is now complicated as the Local Governments
have not only to consider historical climate variability but future climate change as well, and the
inherent uncertainty in regard to rate or magnitude of change.
To this effect, national and state sea level rise planning benchmarks have now been adopted, or
are still under consideration, throughout Australia, in order to assist local councils in coastal
hazard assessments. These benchmark values, defined as an increase above 1990 mean sea
levels, are provided in Table 4.3.

Table 4.3 Sea Level Rise Planning Benchmarks Summary
Government
Commonwealth
NSW(1)
Victoria
Queensland

2050 Benchmark

Source

-

1.1 m

(DCC, 2009)

0.4 m

0.9 m

(DECC, 2010)

-

No less than 0.8 m

(VCS, 2008; DSE, 2012)

0.3 m

0.8 m

(DERM, 2011)

There are currently no benchmarks in place.(2)

Tasmania
South Australia

2100 Benchmark

0.3 m

1.0 m

From 1991 policy on coast
protection and coastal development
(under review)

Northern Territory
Western Australia

There are currently no benchmarks in place
-

0.9 m

(DTCI, 2011)

Notes:
(1)

This benchmark was repealed by the NSW government in 2012.

(2)

Values from VIC and NSW are generally used in practice.
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4.4. Sea Level Rise Adopted for this Study
The sea level rise projections over the 2100 planning period adopted in this study were provided
by the MSC and DSE and consistent with the recommendations of the Victorian Coastal Hazard
Guide (DSE, 2012) and more recent CSIRO work for the Victorian coastline (McInness, 2009).
The sea level rise projections adopted for this study were selected after discussion with the
Project Team and the Technical Review Panel and are shown in Table 4.4.
Table 4.4 Sea Level Rise Projections Adopted for this Study
Planning Period

Sea Level Rise

(year)

(m)

2050

0.40

2080

0.80

2100

1.20

(1)

Notes:
(1)

increase above 1990 Mean Sea Level.

Indicative modelling performed in the early stage of this study showed that a 0.2 m sea level
rise produced similar impacts to the Present Day scenario (i.e. 0 m sea level rise). Therefore, it
was decided after discussion with the Project Team and the Technical Review Panel to use a
minimum sea level rise projection of 0.4 m over the 2050 planning period.
While the Victorian Coastal Hazard Guide (DSE, 2012) recommends a minimum sea level rise
benchmark of 0.8 m by 2100, more recent sea level rise studies (Rahmstorf, 2007; Vellinga,
2008) have reviewed the high-end estimation for SLR around 2100 to be 1.2 m. Therefore, it
was decided after discussion with the Project Team and the Technical Review Panel to associate
a 0.8 m sea level with the 2080 planning period and a 1.2 m sea level rise value 0.8 m with the
2100 planning period. This decision allows investigating the consequences on coastal flooding of
sea level rise higher than the current Victorian benchmark of 0.8 m and provide valuable
information in relation to risks and impacts associated with different SLR. Finally, it should be
noted that the association of a specific sea level rise value with a planning period has no
influence on the potential extent of the inundation mapping. Therefore. it is possible for planning
purposes to use the coastal inundation mapping results of the 0.8 m sea level rise scenario for a
2100 planning period.
These sea level rise benchmarks were established considering the most recent international
(Intergovernmental Panel on Climate Change, IPCC, 2007a) and national (McInnes, 2007)
projections. A revision may occur following the release of the next IPCC report in 2014.

4.5. Quantification of Other Climate Change Variables
4.5.1. Wind Climate Change Projections
At present, projections for wind and wave changes are not as well accepted as those developed
for mean sea level increases. Climate change may have a direct influence on the frequency,
magnitude and direction of local winds from storms. Any changes to wind climate will have a
direct effect on structural wind loadings but also a secondary effect on the distribution of the
wave-energy flux presently shaping the coastline.
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CSIRO (2007) stated that for 2030: “A consequence of global warming is for the westerlies
which are associated with the southern hemisphere storm track to strengthen but contract
further polewards. …... in the south-east of the continent where increases in wind speed occur
over southern Victoria, Tasmania and Bass Strait (-2% to +7.5% with a best estimate change of
+2% to +5%).” Preliminary projections indicate that trade winds may be weaker and that the
westerly wind stream may move further south (CSIRO, 2007).
The potential effect of climate change on wind speed and storm surges along the Victorian coast
has been reviewed in the CSIRO study (2009) and reported that storm surge heights in Bass
Strait responded linearly to changes in wind speed.
Changes to the local winds will also have a direct effect on sand dune mobility and direction.
Also, any increase in extreme wind speeds will result in increased storm surge at the shoreline
leading to higher wave run-up and overtopping.
While wind loads on structures are proportional to wind speed squared, it should be noted that
storm surge and extreme wave heights are a linear function of wind speed, and are therefore
less sensitive to potential changes in wind speed associated with climate change.
4.5.2. Wave Climate
Again, it should be emphasised that the scientific understanding of the projected changes to
storminess, and hence wave climate, are still developing (DECCW, 2010). Young et al. (2011)
considered observations of significant wave height from remote sensed altimetry and found a
weak global trend of increasing mean wave height and a stronger increasing trend at the 90th
and 99th percentile. However, Shand et al. (2011a) found that there was no significant change
in wave conditions for the present duration of reliable wave buoy records around Australia.
Regardless, it is reasonable to expect that any alterations to storminess (magnitude, frequency
and direction) due to climate change will in turn induce alterations in beach erosion patterns and
changes in mean wave direction may change the planform alignment of beaches. Also, any
increase in extreme wave heights will also result in increased wave setup at the shoreline
leading to higher wave run-up and overtopping in extreme events.
While changes to deep water wave climate will be critical for nearshore engineering activities,
depth-limited wave climate in inshore regions will increase as a result of mean sea level rise.
This will expose existing coastal structures in these regions to more energetic wave conditions.
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Section 4 Key Findings


The sea level rise projections over the 2100 planning period adopted in this study
were provided by the MSC and DSE and consistent with the recommendations of
the Victorian Coastal Hazard Guide (DSE, 2012) and more recent CSIRO work for
the Victorian coastline
Planning Period

Sea Level Rise

(year)

(m)

2050

0.40

2080

0.80

2100

1.20

(1)

Notes:
(1) increase above 1990 Mean Sea Level.


Indicative modelling performed in the early stage of this study showed that a 0.2 m
sea level rise produced similar impacts to the Present Day scenario (i.e. 0 m sea
level rise) so was not modelled in detail.



This decision allowed investigating the consequences on coastal flooding of sea level
rise higher than the current Victorian benchmark of 0.8 m and provides valuable
information in relation to risks and impacts associated with different SLR.



Because most inundation modelling was not coupled to future recession, the
association of a specific sea level rise value with a planning period has no influence
on the potential extent of the inundation mapping. Therefore. it is possible for
planning purposes to use the coastal inundation mapping results of the 0.8 m sea
level rise scenario for a 2100 planning period.
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5. Coastal Processes
5.1. Overview
Prior to assessing the coastal hazards, it was necessary to understand the coastal processes
relevant to the study area. Coastal hazards are a direct consequence of coastal processes,
which may affect the built environment and the safety of people.
The coastal processes listed below are most relevant for this investigation and are assessed in
the following sections.







Water levels;
Swells and local wind waves;
Wave setup;
Wave runup and overtopping;
Beach erosion and long-term shoreline recession;
Human activities.

The information presented in the following sections was acquired from the review of previous
coastal processes reports, as well as from research, analysis and modelling undertaken
specifically for this study.

5.2. Adopted Modelling Scenarios for the Coastal Hazards Study
Assessment of coastal erosion, shoreline recession, storm surge inundation and combined storm
surge inundation plus catchment flooding was carried out for present day conditions and a set of
future modelling scenarios.
The scenarios include a combination of environmental conditions for a range of average
recurrence interval (ARI) extreme events in the combinations set out in Table 5.1. The likelihood
of the coastal conditions and catchment flooding were defined using ARI.
Table 5.1 shows the four (4) different scenarios that were defined for the “Future Coasts – Port
Fairy Coastal Hazard Assessment”, with associated defined likelihoods for the present and 2050,
2080 and 2100 planning periods. This table suggests that the combination of events
characterised by a 50 year ARI coastal storm (storm surge and wave event) combining with a
Mean High Water Spring tide (MHWS) and 10 year ARI catchment event can be classed as likely
to occur currently, but will become virtually certain in 2050 as increased sea levels increase the
frequency of the impacts of this type of event occurring.
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Table 5.1 Modelling Scenarios Adopted for this Study
Combination of Environmental Conditions
SLR(1)
(m)

Coastal
Tide

Likelihood of Modelled Scenario over Specific
Planning Period

Catchment

storm

Flow

(year ARI)

(year ARI)(2)

Current

0

MHWS

50

10

Likely

0.4

MHWS

100

10

Unlikely

2050

2080

Virtually
Certain
About as
likely as

Likely

not
0.8

MHWS

1.2

MWHS

100

100

20

20

2100

Exceptionally
Unlikely

Virtually
Certain
About as
likely as
not
Unlikely

Notes:
(1)

Increase above 1990 Mean Sea Level.

(2)

The impact on flooding of combined extreme coastal and catchment events was investigated in

Section 8.

The use of 100 year ARI events for storm erosion is consistent with flood planning. While the use
of ARI is easier to conceptualise, in reality, a 100 year ARI event has a 1% chance of occurring
(or being exceeded) each year (1% AEP). There is no element of timing for extreme storm
events. The 100 year ARI (1% AEP) event could occur at any time, however, for Port Fairy it is
more likely to occur during winter months due to increased storminess.
Mean sea level is being monitored within national and international programs. Projections
regarding sea level rise are released by the IPCC at intervals of five (5) to seven (7)
years. Current IPCC projections and global measurements indicate that sea level rise is
presently in the range of 1 to 3 mm/year and may increase to approximately 10
mm/year. Under these scenarios, the findings of this WRL report should be reviewed and
compared with changes to measured and projected sea level within the IPCC revision cycle
and/or approximately every decade. Measured or projected sea level in excess of that used in
this WRL report would increase the estimated risk and should be a trigger for a revised/updated
study. Conversely, measured or projected sea level less than that used in this WRL report would
delay the realisation of future hazards presented by WRL.

5.3. Water Levels
Coastal inundation is caused by elevated water levels coupled to extreme waves impacting the
coast. Elevated water levels consist of (predictable) tides, which are forced by the sun, moon
and planets (astronomical tides), and a tidal anomaly. Tidal anomalies primarily result from
factors such as wind setup (or setdown) and barometric effects, which are often combined as
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“storm surge”. Water levels within the surf zone are also subject to wave setup and wave
runup. Figure 5.1 diagrammatically represents the different components contributing to coastal
inundation.
The CSIRO (McInness, 2009) have undertaken and reported on storm surge modelling along the
Victorian Coast for DSE as part of the ‘Future Coasts’ Program. The CSIRO report presents
predicted extreme sea levels under a number of different average recurrence intervals (ARI) and
climate change scenarios. The design elevated water levels for the range of average recurrence
intervals (ARI) considered in this investigation are presented in Table 5.2, using the results from
the CSIRO on extreme sea levels along Victoria’s coast (McInness, 2009).

Table 5.2 Design Water Levels Tide + Storm Surge
Average

MHWS

Recurrence

Storm Surge

Water Level Excl. Wave Setup

Height

and Runup

Interval ARI
(year)

(m AHD)

(m AHD)

(m AHD)

10

0.43

0.56±0.04

0.99±0.04

20

0.43

0.57±0.04

1.00±0.04

50

0.43

0.59±0.05

1.02±0.05

100

0.43

0.60±0.05

1.03±0.05

While these design water levels incorporate allowance for tides, barometric setup and wind setup
(i.e. storm surge), wave setup and wave runup are excluded and need to be accurately
determined through data and/or modelling. Wave setup and runup are intrinsically dependent
on nearshore wave conditions and foreshore geometry. Wave setup and runup were calculated
separately for individual locations along the Port Fairy coastline and are detailed in Sections 5.5
and 5.6. The design water levels used for this study were based on a combination of Mean High
Water Spring (MHWS) water elevation and the associated storm surge return height level (50
and 100 ARI), as well as the different SLR values detailed in Table 4.4, and adopted over the
2100 planning period.

5.4. Ocean Swell
5.4.1. Introduction
The Port Fairy coastline is subject to waves originating from offshore storms from the Southern
Ocean (swell) and produced locally (wind waves) within the nearshore coastal zone. Swell
waves reaching the coast may be modified by the processes of refraction, diffraction, wave-wave
interaction and dissipation by bed friction and wave breaking. Locally generated waves undergo
generation processes as well as the aforementioned propagation and dissipation processes.
The model SWAN (Simulating WAves Nearshore Delft Hydraulics, version 40.85) was used to
quantify the change in wave conditions from a deep-water boundary into the Port Fairy study
area coastline. Detailed information on the wave modelling is presented in Appendix A.
Model scenarios corresponding to 50 and 100 year ARI events from all directions between east
clockwise to west in 12.5° bins were simulated. Figure 5.2 shows contours of predicted
significant wave heights locally generated by a 100 year ARI south-westerly swell.
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The following sections provide the reader with information regarding the methodology used to
derive offshore wave conditions used to drive the SWAN model.
5.4.2. Wave Buoy Data and Analysis
The best available data source for wave data is wave buoys. The closest known wave buoys to
the site are:


Off Port Campbell, VIC, approximately 60 km to the east, operated for approximately 1
year by Sustainability Victoria;



Off Cape Bridgewater, VIC, approximately
approximately 1 year by Sustainability Victoria.

90

km

to

the

west,

operated

for

These buoys are directional and provided valuable information (Hs, Hmax, Tp, Dp) about the local
wave transformation processes along this particular section of the coastline. Presently, they are
not able to provide long term data.
Two additional buoys, which have been deployed for longer periods are:


Off Cape du Couedic, Kangaroo Island, SA, approximately 500 km to the west, operated
for approximately 9 years by the Bureau of Meteorology;



Off Cape Sorell, TAS, approximately 500 km to the south-east, operated for
approximately 7 years by CSIRO and a further 12 years by the Bureau of Meteorology,
giving a total of 19 years of data.

Both these buoys are non-directional. Although these wave buoys are somewhat remote from
Port Fairy, Hemer et al. (2008) found that for large storm events in the Southern Ocean, there
was often a relationship between waves recorded at Cape Sorell and Cape du Couedic. Recent
work by WRL (Coghlan, 2008) compared the wave records for Cape du Couedic, Cape Sorell and
a short term (3 month) wave instrument deployment off Portland, Victoria, and found a good
correlation between all three.
Analysis of the available data from the four buoys was performed to derive offshore extreme
wave data as well as to verify the accuracy of the data provided by numerical global wave
models, which were then used to supplement the measured data.
5.4.3. Numerical Global Wave Models
Major numerical global wave models include ERA-40, and WW3. As stated above, wave buoy
data is considered the most reliable source of wave information, but these models also provide
wave direction, whereas many wave buoys are non-directional. Furthermore, some of these
models provide continuous information for the last 50 years and do not have data gaps.
ERA-40
The ERA-40 dataset originates from the ECMWF (European Centre for Medium Range Weather
Forecasting) and was generated by reanalysing meteorological variables over the entire globe
between September 1957 and August 2002. Wave variables were derived from a coupled
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atmospheric wave model and averaged over 1.5º x 1.5º latitude-longitude grids cells at a
temporal resolution of 6 hours (0h, 6h, 12h and 18h GMT/UT). A subset of the complete ERA-40
dataset (including significant wave height, mean period and mean direction) is freely available
from the ECMWF at the same 6-hourly time-step, but at a coarser spatial resolution of 2.5º x
2.5º.
WW3
The WAVEWATCH III global wave model originates from the US National Centre for
Environmental Protection (NCEP), the US National Oceanic and Atmospheric Administration
(NOAA) and the US Navy Fleet Numerical Meteorology and Oceanography Forecast Centre. The
WW3 dataset commenced in 1997. The WW3 model runs at resolutions as small as 0.5º x 0.5º,
but only outside the surf zone. WW3 is a third generation wave model developed at NOAA/NCEP
in the spirit of the WAM model. It is a further development of the model WAVEWATCH I, as
developed at Delft University of Technology and WAVEWATCH II, developed at NASA, Goddard
Space Flight Centre.
Recent work by WRL (Flocard, 2011) compared the output of the WW3 model with the data
obtained from a mid-term (9 months) wave instrument deployment off Port Fairy, and found a
good correlation between the two.
Data sets from both global wave models were extracted at the closest model output point to the
Port Fairy shoreline and used to derive the offshore directional extreme wave climate.
5.4.4. Extreme Value Analysis
Large, low probability wave events are generally defined in terms of an average recurrence
interval (ARI). The commonly used approach to derive extreme wave height for a particular ARI
is to fit a theoretical distribution to historical storm wave data. If the record is of insufficient
length to provide the event magnitude for the ARI of interest, the distribution is extrapolated.
Calculation of extreme wave height was performed using the methodology recommended by You
(2007) and Shand et al. (2010). The raw wave data was first analysed to obtain statistically
independent storm wave heights. The buoy data analysis provided reliable non-directional data
based on relatively long time intervals, while the analysis of data extracted from the global wave
models provided directional perspective as it could be split into four directional ensembles (i.e.
East to South; South-South-West; South-West and West-South-West to West). The FT-I
(Gumbel) distribution was used to fit the data and estimate the wave height for the required
ARI, as recommended by You (2007) and Goda (1988).
5.4.5. Results
The 1 hour exceedance Hs for all buoys and both global wave models for average recurrence
intervals of between 1 and 100 years is summarised for the 1, 10, 50 and 100 year ARI in Table
5.3.
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Table 5.3 Summary of One Hour Exceedance Hs (Non-Directional Analysis)
Data Source

Hs (m)

Duration of
data set
(year)
1 year

10 year

50 year

100 year

ARI

ARI

ARI

ARI
12.6

Cape Sorell Buoy

19

8.6

10.6

12.0

Cape du Couedic Buoy

9

7.3

8.5

9.4

9.8

7.9

9.6

10.7

11.2

Average Buoys
Cape Bridgewater Buoy

1

7.3

8.8

-

-

Port Campbell Buoy

1

7.3

8.7

-

-

NWW3 Model

14

8.9

10.7

12.0

12.5

ERA-40 Model

45

7.0

8.4

9.4

9.9

8.0

9.6

10.7

11.2

Average Models

Given the location of Port Fairy approximately half way between Cape Sorell and Cape du
Couedic, in the absence of local measurements, an average of the two buoys is suggested for
deep water waves offshore from Port Fairy. The obtained average of these two long term
deployed buoys is very close to the values obtained by averaging the outputs of the two global
wave models, which contain directional data.
As explained in the previous section, a directional extreme wave analysis was then performed on
four distinct data sets obtained from each of the global model outputs and classified according to
the peak wave direction. The 1 hour exceedance Hs for the directional global wave model
outputs for average recurrence intervals of between 1 and 100 years is summarised for the 1,
10, 50 and 100 year ARI in Table 5.4.
Table 5.4 Summary of One Hour Exceedance Hs (Directional Analysis)
Data Source & Direction

Direction

Bin

(° TN)

Hs (m)
1 year

10 year

50 year

100 year

ARI

ARI

ARI

ARI

NWW3 Model
East to South

90 - 180

4.3

6.1

7.2

7.6

South-South-West

202.5

6.0

8.1

9.2

9.6

South-West

225

8.2

10.0

11.1

11.6

West-South-West to West

247.5 - 270

8.8

10.6

11.8

12.3

ERA-40 Model
East to South

90 - 180

3.9

5.7

7.0

7.5

South-South-West

202.5

4.5

6.0

6.8

7.2

South-West

225

5.9

7.4

8.3

8.7

West-South-West to West

247.5 - 270

7.0

8.4

9.4

9.8
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It should be noted that Hemer et al. (2007) have reported that ERA-40 did underestimate peak
wave conditions due to synthetic biases and trends resulting from altimeter data. On the other
hand previous comparisons of extreme sea states between buoy data and NWW3 data have
indicated the NWW3 data resulted in more extreme sea states (Abadie et al., 2006; Hemer et
al., 2007). A possible explanation of this trend is due to the fact that NWW3 records are usually
provided at greater depths than the buoys depths, resulting WW3 statistics are more energetic
than the buoy derived values. Nonetheless, the results of this analysis allowed to establish
offshore wave conditions, similar to the conditions derived from the buoy records, ranging from
east to west swell directions, in 22.5º increments, as described in Table 5.5.

Table 5.5 Adopted One Hour Exceedance Wave Climate Conditions
Direction Bin

Hs (m)

Direction
(° TN)

E
ESE

1 year

10 year

50 year

100y ear

ARI

ARI

ARI

ARI

90.0

4.1

5.9

7.1

7.6

112.5

4.1

5.9

7.1

7.6

SE

135.0

4.1

5.9

7.1

7.6

SSE

157.5

4.1

5.9

7.1

7.6

S

180.0

4.1

5.9

7.1

7.6

SSW

202.5

5.2

7.1

8.0

8.4

SW

225.0

7.1

8.7

9.7

10.2

WSW

247.5

7.9

9.5

10.6

11.1

W

270.0

7.9

9.5

10.6

11.1

The results of the SWAN modelling, presented in Appendix A, performed to quantify the change
in wave conditions from the deep-water into the Port Fairy study area coastline showed that:



The predominant wave climate is west to south-west with large average and extremes
on exposed coast;
The most extreme wave climate in East Beach embayment was found to be originating
from the southeast, due to sheltering effect from Griffiths Island on the south-west
swell, and confirmed by a desktop diffraction analysis.

5.5. Wave Setup
Wave setup is defined as the local quasi-steady increase in water level inside a surf zone due to
transfer of wave momentum. The numerical surf zone model of Dally, Dean and Dalrymple
(1984) was implemented using SWAN wave modelling output to calculate local wave setup at
twenty representative locations along the coastline of the study area (see Figures 5.3 to 5.8).

5.6. Wave Runup and Overtopping
The majority of beaches within the Port Fairy study area are backed by sand dunes or seawalls.
During storm events, waves frequently impact these features backing the beach and overtopping
of the crests occurs in the form of bores of water being discharged inland or splashes of water
being projected upwards and eventually transported inland by onshore winds. Wave overtopping
can cause damage to the seawall crest and to beachfront structures.
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Overtopping also constitutes a direct hazard to pedestrians and vehicles in the proximity of the
seawall during storm events.
Wave runup is defined as the extreme level the water reached on a structure slope by wave
action. Unlike wave setup, wave runup is a highly fluctuating and dynamic phenomenon and it is
commonly described using the runup parameter R2% which is the runup level exceeded by 2%
of the waves.
Wave overtopping depends on the:



hydraulic parameters such as water level, wave height and period; and
structural parameters such as the seawall construction (sandstone masonry, precast
concrete blocks, rock revetments etc.), slope of the seawall or the dune and crest levels.

Wave overtopping was calculated for twenty representative locations along the Port Fairy
coastline based on:




the extreme water levels incorporating storm surge and wave setup;
the nearshore wave parameters (significant wave height and peak wave period) as derived
from SWAN numerical wave modelling; and
the seawall structural features (crest level, slope etc.) as derived from the field survey.

The representative locations were chosen taking into consideration the local wave and water
level conditions and the dune or seawall characteristics.
Wave overtopping was calculated for the 50 and 100 year ARI storm events for present day
conditions and for the required future SLR scenarios. Wave overtopping was reported as the
volume of water discharged above the crest level on average over the duration of the storm, and
expressed in L/s per m. In this form, wave overtopping could be related to published tolerable
rates (CEM, 2006, EurOtop, 2007) with regard to structural and people safety.

5.7. Beach Erosion and Shoreline Recession
5.7.1. Introduction
For the purposes of this study, the coastal hazard components can be described as
follows:


Short Term Storm Erosion – refers to the short-term response of a beach to changing
wave and water level conditions during ocean storms. This response is generally
manifested in a “storm bite” from the sub-aerial beach moving offshore during the
storm; and



Shoreline Recession – refers to the long-term trend of a shoreline to move landwards
in response to a net loss in the sediment budget over time (Ongoing Underlying
Recession). Shoreline recession is also predicted to result from sea level rise (Sea Level
Recession).

It is important to differentiate the processes of erosion and recession as they occur on very
different time-scales. For instance, the dune retreat which can be observed in recent times on
East Beach is the result of the combination of these two processes. As explained in Sections
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5.7.3 and 5.9, it is clear that the evolution of East Beach is influenced by long-term recession
due to natural coastal processes and the effects of human activities at the river entrance.
However, the total retreat of the dune system is also influenced by storm demands of recent
coastal storms, such as the storms in June and July 2011, with offshore wave conditions
evaluated as 40 year ARI events (Carley, 2011; Shand, 2011b).
The resulting setbacks from Short Term Storm Erosion and Sea Level Rise erosion are presented
in detail in Section 6. The analysis of Ongoing Underlying Recession and the different methods
used to derive the evolution rates at the different locations within the study area are presented
in Section 5.7.3.
5.7.2. Short Term Storm Erosion
Beach erosion is defined as the erosion of the beach above mean sea level by a single extreme
storm event or from several storm events in close succession. The amount of sand (above 0 m
AHD) transported offshore by wave action is referred to as “storm demand” and expressed as a
volume of sand per metre length of beach (m3/m). This can be converted to a horizontal “storm
bite” which is easier to visualise.
Around the Port Fairy coastline, storm demand varies depending on several factors such as:








exposure of the beach;
protection by offshore reefs and rock shelves;
nature of the coastline;
wave conditions (i.e. wave height, period and direction relative to the beach alignment);
water levels;
steepness of the profile offshore from the beach; and
sand grain size and the state of the beach prior to the storm.

Design storm demands for the beaches of the Port Fairy study area were assessed through
SBEACH numerical modelling (Carley and Cox, 2003). These are presented for each beach in
Section 6.2.
5.7.3. Ongoing Underlying Recession
Ongoing underlying recession is the progressive onshore shift of the long term average land-sea
boundary which may result from sediment loss. It is expressed in terms of change over years in
volume of sand within the beach fronting the seawalls (m3/m/year) and/or corresponding
landward shoreline movement (m/year).
It should be noted that the shape of East Beach and most of the smaller pocket beaches on the
Western Coast is termed crenulated or zeta planform. The asymmetry indicates a net littoral
drift from west to east, which is consistent with the predominant west to south-west wave
climate (see Figure 5.9).
Recession rates due to sediment loss around the Port Fairy coastline were mostly derived
through the analysis of long term changes in the location of the vegetation line using the
available aerial photography. These analyses were generally undertaken using the long term
linear trend in all available data, not just the difference between the start and finish date (except
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for the 1870 to 2010 analysis). The use of long term average over multiple dates helps to filter
out the effects of short term storm erosion.
An analysis was performed by assessing the horizontal movement of the vegetation line between
the 1948, 1970, 1986 and 2010 aerial photography plates (see Figure 5.10). The 2003 aerial
photography could not be used as the resolution was significantly lower and ortho-rectification of
the provided photography seemed to be problematic.

Evan and Hanslow (1996) estimated the following accuracy for aerial photography in NSW:



Pre-1960 ± 1 to 1.5 m horizontal;
Post-1960 ± 0.5 m horizontal.

Table 5.6 Underlying Recession Rates Based on Vegetation Line Analysis (1948-2010)

Underlying
Representative Profile
Location
Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

recession(1)
(m/year)
na(3)
na(3)
na(3)
na(3)
na(3)
0.02
0.03
0.00
0.02
0.04

Griffiths Island Beach
South Mole

0.06
0

East
East
East
East
East
East

0.00
0.00
0.35
0.10
0.10
0.00

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach (2)
Night Soil Site (2)
Old Municipal Tip
North

Reef Point
Killarney Beach

0.18
na(3)

Notes:
(1)

For beaches accreting, recession was conservatively considered to be nil.

(2)

The analysis was only performed on the 1970, 1986 and 2010 aerial photography plates.

(3)

No recession rate could be calculated due to the lack of available data.

A more precise analysis was performed over a 600 m stretch of East Beach (see Figure 5.11),
immediately north of the northern end of the rock revetment, based on the photogrammetric
analysis (Carley, 2008c). Carley reported that the vertical accuracy for the photogrammetry was
lower for the 1948, 1969 and 1977 data (± 1 m). The horizontal movement of the +4 and +6 m
AHD contours were tracked over the years 1969, 1977, 2002 and 2007. It was found that the
horizontal movement was generally similar for both +4 and +6 m AHD contours. The recession
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was greatest at the southern part of the study area (100 m and 200 m transects), grading to a
negligible change at the northern end (400 m and 500 m transects). The higher rate of
recession at the southern end is likely to be due to end effects from the seawall. The average
rate of recession over the 600 m stretch of study area was 0.10 m/year (recession) over the 38
years.

Table 5.7 Underlying recession rates based on photogrammetry analysis (1969-2007)
Underlying
Representative Profile
Location
East
Beach

East Beach Night Soil Site
East Beach Dune Breach

recession(1)
(m/year)
0.05
0.25

Additionally, a quantification of longer term change was performed by comparing the evolution
of the shoreline location extracted from the chart of Stanley (1870) with the vegetation line
obtained from analysis of the 2010 aerial photography (Figure 5.12). This analysis was
performed only on East Beach. This exercise indicated that shoreline recession over the period
from 1870 until 2010, was approximately 60 m at the northern end of the rock revetment and
reduced northward to 25 m at the Night Soil and the Old Municipal Tip sites. The shoreline
evolution at the northern end of East Beach varied from 10 m recession to none.
The analysis of recession rates along the southern section East Beach was complicated by the
progressive construction of the rock revetment since the 1960s and the basalt breakwater at the
southern end in the 1920s. Based on the assumption that the rock revetment position is
representative of the shoreline position in 1960, it was possible to estimate the recession at the
Port Fairy SLSC and the East Beach South transect locations. The associated recession rates are
given in Table 5.8.
Table 5.8 Underlying Recession Rates Based on Long Term Analysis (1870-2010)
Underlying
Representative Location

recession(1)
(m/year)

East
Beach

East
East
East
East
East
East

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

0.4.0
0.35
0.42
0.18
0.18
0.10

The recession values obtained from this long term analysis are relatively similar to the one
obtained from the vegetation line analysis. It should be noted that the geo-rectification of the
Stanley Map was mostly performed by using available control points located within the Port Fairy
township. This implies that error in the 1870 shoreline position would potentially increase with
distance from the Port Fairy township, such as for the northern end of East Beach.
The recession rates are further complicated by the construction of the training walls in the 1870s
and 1880s and the rock revetment on the southern part of the beach from the 1960s. These
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structures can be expected to have altered the rates of shoreline change both updrift and
downdrift of the structures.
A detailed erosion/recession analysis of this stretch of East Beach was performed as part of an
additional task in order to assess the risk of dune breaching and is provided in Appendix C.
5.7.4. Summary of Assessment of Ongoing Underlying Recession
There is considerable uncertainty in projecting ongoing underlying recession forwards for 100
years, because it is not certain that past trends will continue. Nevertheless, in the absence of
any definitive guidance on changes to long term trends, extrapolation into the future is the only
defensible option. Using the available data and range of different methods, measurements of
long term coastal change were analysed in Section 5.7, and extrapolated for a nominal 100 year
planning period.
The adopted recession rate for this study, based on the results of the different methods and
taking a conservative approach, are provided in Table 5.9.
Table 5.9 Adopted Underlying Recession Rates
Underlying
Representative Profile
Location
Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

recession(1)
(m/year)
na(2)
na(2)
na(2)
na(2)
na(2)
0.05
0.05
0.00
0.05
0.05

Griffiths Island Beach
South Mole

0.05
0.00

East
East
East
East
East
East

0.00
0.00
0.35
0.10
0.10
0.00

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach

0.20
na(2)

Notes:
(1)

For beaches accreting, recession was conservatively considered nil.

(2)

No recession rate could be calculated due to the lack of available data.

Very minor recession rates were found for beaches on the western coastline on the open ocean.
On East Beach, no recession rate was applied over the stretch of coastline presently protected by
the rock revetment as it was considered that this coastal protection would be maintained. Minor
recession rates were observed at the northern end of East Beach. Higher recession rates were
observed in the vicinity of the northern end of the rock revetment due to seawall effects. The
projected recession would not eventuate if protection works were undertaken, such as if a
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properly engineered rock revetment was extended northward, or if a major sand nourishment
and/or groyne construction was undertaken. It should be noted that a northward extension of
the rock revetment would result in end effects being transferred to the new northern extent of
the rock revetment.
The long term recession rates for East Beach presented in Table 5.8 are consistent with the rates
presented in previous assessments by Rosengren (Environmental GeoSurveys, 2005) and Carley
(2008c). Over the very long term (1854-1992), Rosengren suggested 20 to 40 m recession
based on comparison of imagery/maps, which translates to recession rates of 0.15 to
0.29 m/year. Carley found similar recession rates over this period (1854-1992) and slightly
higher rates of 0.23 to 0.31 m/year over the 1870-1992 period.

5.8.Human Activities
The aim of this section is to establish a brief history of the development of the port facilities at
Port Fairy and identify some of the possible causes of the erosion/recession problems on East
Beach.
5.8.1. Port Development
The purpose of this section was to establish a chronology of the development and maintenance
of the port of Port Fairy as well as of the various coastal protection works on East beach. The
authors would like to thank Mr Marten Syme and Mr Max Dumnesy for their invaluable
contributions on the history of Port Fairy.
The Aboriginal people have been living in south-eastern Australia for at least 40,000 years and in
the Port Fairy area about 10,000 years (MSC, 2004). Port Fairy is part of the traditional
landscape of two Aboriginal clans of the Dhauward wurrung (Gundidjmara) Language Area. This
tribe extended from the Glenelg River in the west to the Hopkins River in the east. These two
clans, Mallun gundidj and Pyipgil gundidj occupied the Port Fairy Township and Griffiths Island
areas and were Peekwoorroong speakers. The first Europeans that the Peekwoorroong met were
probably whalers and sealers who seasonally frequented the coast. Sealers had been on the
coast as early as 1810 and were soon joined by whalers (MSC, 2004).
Port Fairy was established as a whaling station in the early 1800s and operated until the 1850s,
after which the activity was reported to decline. James Atkinson, who had purchased the
freehold of the three islands (Goat, Griffiths and Rabbit Islands), arranged in 1847 for the
construction of a basalt breakwater between the northern coastline of Griffiths and Rabbit
Islands, along the river channel. This protection work was however destroyed during a storm
before its completion. The Victorian Colonial Government purchased the islands from Atkinson
around 1858 and arranged for the erection of a lighthouse on the eastern coast of Griffiths
Island (Rabbit Island at the time), completed in 1859. A new breakwater, joining Griffiths and
Rabbit Islands on the Moyne River side, was constructed from quarried basalt rocks during the
same period. The construction of this breakwater is believed to have progressively led to a
build-up of sediment in between the two islands, a change which was accelerated by depositing
the spoil from the dredging of the Moyne River.
Following a first survey of the port in 1853 by John Barrow, it was proposed by Moriarty
(Engineer of NSW) that training walls be built on the Moyne River in order to improve navigation
conditions. The construction of the walls did not begin until 1869, with initial work localised
around Goat Island and extending into the bay. Additional work also consisted of removing a
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limestone and rock reef from the river bed as well as dredging through a sand bar at the mouth
of the river. It is reported that most of the basalt rock used for the construction of the training
wall came from quarries located on Griffiths Island. Transportation of the quarried rock and
dredge spoils from the mainland to the island was facilitated by the construction of a wooden
bridge and viaduct around 1869 (see Figure 5.13).
In 1878, Sir John Coode (Chief Engineer of the British Admiralty) proposed modifications to the
design of the entrance works consisting of deepening and widening of the river channel and the
swing basin near the entrance. Another major modification was to change the alignment of the
walls on the southern side of the river, in the vicinity of Goat Island, in order to improve the
merging of the currents from the Southwest Passage into the Moyne River, as well as to facilitate
the flushing of the river silt into the bay. The new alignment of the walls led to the
establishment of the low lying area referred to as “Puddeny Grounds”.
Following a subsequent visit of Coode in 1886, it was decided to extend the training walls further
into the bay as well as to change their alignment. It is reported that Coode’s recommended
alignment of the walls was never respected, and that the final construction led to the walls
pointing almost 20 degrees south from Coode’s recommended design. Coode also recommended
partially closing the Southwest Passage with the installation of sluice gates which would improve
navigation by reducing wave-induced currents.
While the extension work of the training walls was reported to take place as early as in 1888, it
would appear that no work concerning the closure of the Southwest Passage was undertaken
until the early 1910s, with a first mention of the Southwest Passage being sealed off from the
river by a causeway in 1911. It is believed that the main reason for the closure of the
Southwest Passage was due to the running aground in 1909 of the Eumeralla steamer, caused
by the surging currents of the passage. Additional work on the Southwest Passage causeway
and the Puddeny Grounds was reported in 1914 to prevent sand migration through the walls in
the river. (see Figures 5.14 and 5.15).
Erosion/recession on East Beach foreshore appeared to be already problematic before the closing
of the Southwest Passage, as extensive erosion near Battery Hill was reported as early as 1881
and again 1898. As a result, the building of a basalt breakwater extending from the northern
training wall, was recommended by the Ports and Harbours in 1910. The 250 m long breakwater
was reported to be completed by 1911. Severe erosion events are reported to have occurred in
the 1920s and 1930s. Photographs of East Beach in the 1920s and 1930s are provided on
Figure 5.16.
East Beach was found to temporarily accrete after the Southwest Passage was partially opened
in 1946, with an accidental breach of about 3 to 4 m width. However, due to the persistent
problem of the river silting up as well as access to Griffiths Island, the Southwest Passage was
sealed off once more by 1954. The causeway joining Griffiths Island to the mainland was rebuilt
in its current design in 1969 to protect the crossing of a sewerage outfall pipe. It is important to
note, that numerous public petitions were signed in the 1950s to keep the passage open in the
belief that this would improve both the erosion/recession problem on East Beach and have
potential benefits for fishing.
The building of the rock revetment on East Beach began in 1953 around Bourne Avenue with the
placement of about 100 tons of stone by the Port Authority and continued further south, near
Battery Hill in 1954 (600 tons of rock). While some localised work was performed along East
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Beach, the next major work on East Beach began in 1962 and continued until the 1970s with the
placement of over 2000 tons of rock placed on the beach. The wall was progressively extended
north until the 1980s and locally reinforced with larger basalt rocks. Extensive work was
performed in 1993 on the foreshore of the SLSC, with placement of additional rock on the
seawall and levelling of the dune in its lee (see Figure 5.17).
Further south from the SLSC, four wooden groynes were installed on East Beach in 1970 along a
300 m stretch between Roger Place and Lydia Place (see Figure 5.17). While they were reported
to function well in the early 1980s, no maintenance work was performed on these assets and
they now stand in poor condition.
5.8.2. Sand Accumulation around the Moyne River Entrance
As explained in Section 5.8.1, both Griffiths Island and East Beach have experienced
considerable changes since the development of the Port Fairy township from 1850 and the
building of the Moyne River training walls, as well as the closure of the Southwest Passage. The
construction of the training walls most likely had an influence on overall sediment transport
along East Beach and around Griffiths Island.
This section reports on the outcomes of a volumetric analysis of the sand accumulation in the
Moyne Rover entrance. The analysis compared the 1854 Barrow Chart (see Figure 5.18), the
1870 Stanley Chart (see Figure 5.19), available aerial photography and 2007 LIDAR data.
The earliest recorded important modification to the shoreline configuration was the joining of
Griffiths and Rabbit Islands, as early as 1870, as can be observed on Stanley Chart. As
mentioned in the chronology of the port development, it is believed that a significant proportion
of the sediment in the location that was originally the channel in between Rabbit Island and
Griffiths Island, is the result of the placement of the dredge spoils from the Moyne River channel.
Estimation of the total volume of accumulated sand on Griffiths Island is a complex exercise due
to the limited available information concerning this precise area and the potential combined
influence of offshore sediment transport and the early placement of dredge spoils. The area
previously located between Griffiths and Rabbit Island is approximately 12,000 m2 and, based on
average sand depth of 3 m, contains 36,000 m3 of sand.
The analysis of the historical nautical charts and aerial photography revealed that the
construction of the Moyne River training walls caused considerable sediment build up on South
Mole Beach from the 1850s. This is mainly due to the blocking effect of the walls on the
longshore sediment transport around Griffiths Island, resulting in a potential net loss in sediment
transport along East Beach. South Mole Beach has been estimated to have increased in area by
90,000 m2 and, based on an average sand depth of 3 m, contains 270,000 m3.
A result of the construction of the training walls in the Southwest Passage has been the
enclosure of an area west of Griffiths Island, referred to as Puddeny Grounds. Records show
that sand has progressively accumulated here due to the combined influence of wind, seepage
below and through the walls, as well as the deposition of dredge materials. The area of Puddeny
Grounds is approximately 45,000 m2 and, based on average sand depth of 2 m, contains
90,000 m3 of sand.
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The area within the Southwest Passage, on either side of the causeway, has not been dredged in
recent years. Based on the analysis of the nautical charts and 2007 LIDAR, it has been
estimated that approximately 60,000 m3 of sand has accumulated here over the years.
The area nowadays referred to as Sandy Cove Reserve was once a shallow inlet, probably
subjected to tidal flooding, connecting the Moyne River mouth and the ocean. Extensive works
in the 1980s resulted in the area being filled and Ocean Drive constructed as a sealed road. The
area of the previous Sandy Cove inlet is approximately 150,000 m2 and, based on an average
sand depth of 1.5 m, contains 230,000 m3 of sand.
Analysis of the charts and aerial photography shows that the area around Battery Hill on the
northern side of the Moyne River has considerably evolved across the years. Extensive works
were reported at the turn of the twentieth century to prevent erosion, resulting in the
construction of the breakwater. It was, however, not possible to estimate the total volume of
accumulated sand due to the combined effects of civil works and coastal erosion.
Table 5.10 Estimation of Accumulated Sand Volumes (between 1854-1870 and 2010)

Area (m2)

Volume (m3)

Between Griffiths and Rabbit
Island

12,000

36,000

South Mole Beach

90,000

270,000

Puddeny Grounds

45,000

90,000

-

60,000

Location

Southwest Passage
Sandy Cove
TOTAL

150,000

230,000
686,000

The total volume of accumulated sand around the Moyne River entrance has been estimated at
700,000 m3 or 500,000 m3 if Sandy Cove is not considered. These volumes of accumulated sand
are consistent with the volumes presented in WBM (1996 and 2007). It is likely that most of this
sand would have naturally been supplied to East Beach in the absence of the Moyne River
training walls and can be considered to have been lost from the East Beach system. The
associated loss in yearly sand transport rate to East Beach, averaged over the 150 years period,
is estimated to range from 3,300 m3/year to 4,600 m3/year.
5.8.3. Moyne River Dredging
Dredging of the river is reported to have been undertaken as early as the 1870s and continues
to be required throughout much of the year so that navigable depths are maintained. The main
sources of sand building up within the Moyne River are the following:





Sand entering through the river entrance;
Sand seeping through causeway closing the Southwest Passage;
Sand seeping through the training walls along Griffiths Island, South Mole Beach and
Battery Hill;
Windblown sand from Griffiths Island.
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Dredging is nowadays usually undertaken 6 months of the year along the river entrance and
previously in the Southwest Passage. While no detailed report exists, it was estimated by the
Port Authority that 30,000 to 50,000 m3 of sand are dredged from the river each year, mostly
from sand bars near South Mole Beach (BMT WBM, 2007). It should be noted that these
numbers are only estimates and no exact volumes were available at the time of the study.
Historically, this sand has been predominantly placed at the southern end of East Beach. While
sand dredged from the river side of the Southwest Passage was initially placed within the
Puddeny Grounds, this practice was stopped in the early 1990s and the dredged sand is now
placed at the southern end of East Beach.

5.9. East Beach Sediment Budget Analysis
5.9.1. Previous Investigations
Coastal Engineering Solutions (CES, 2006) performed extensive modelling of the longshore
sediment along East Beach. The modelling was undertaken for a period of 7.5 years at three
locations (i.e. Port Fairy SLSC, near the Night Soil site and near the Old Municipal Tip). The
yearly gross volume of sand transport was observed to vary greatly between the different
locations, ranging from 43,000 m3/year at Port Fairy SLSC to 132,000 m3/year eastwards near
the Old Municipal Tip. The net yearly movement of sand was found to be constant along East
Beach and estimated at 20,000 m3/year eastwards.
BMT WBM completed sand transport modelling of the East Beach embayment and of the offshore
areas using the RMA10S software (BMT WBM, 2007).
This software primarily calculates
sediment transport due to currents rather than waves. The main conclusions from the modelling
were that there was a net drift of sand towards the north east of East Beach. The modelling
showed that the predominant pathway for the sand supply into East Beach was around the
lighthouse headland on Griffiths Island, with the Southwest Passage being only a secondary
pathway. The sand supply on East Beach was found to be partially obstructed by the training
walls on South Mole Beach and by the Moyne River.
In their peer review of the 2007 BMT WBM coastal erosion study of East Beach, Aurecon (2010)
assessed the sediment losses along East Beach to range from 3,500 m3/year to 7,900 m3/year.
The lower end of this range was reported to be consistent with the accretion rate observed on
Lighthouse Beach, while the higher end of the range suggested a potential background recession
of 0.05 to 0.1 m/year in addition to the training wall induced recession.
5.9.2. Sediment Budget Analysis
Based on the results of the long term recession analysis in Section 5.7.3, the recession rates
along East Beach were estimated to be at 0.1 and 0.4 m/year over the 1870 to 2010 period. By
assuming that the bulk of the recession is currently occurring between the northern end of the
rock revetment up to the Mills Reef beach access, an overall length of approximately 3 km, the
total sand volume losses are estimated to be of the order of 2,100 m3/year to 8,400 m3/year.
A comparison of these volumetric recession rates with the potential loss in sediment transport
due to the sediment accumulation at the Moyne River entrance, indicates a deficit of up to
5,000 m3/year in sand supply on East Beach. This implies that underlying recession of up to

WRL Technical Report 2012/21 April 2013 FINAL

50

0.20 m/year is currently occurring at East Beach and that the shoreline evolution is potentially
not only the result of the construction of the Moyne River training walls.
Such underlying recession can be explained by the fact that the shape of East Beach Port Fairy
Beach is termed a crenulate or zeta planform. The asymmetry indicates a net littoral drift from
west to east, which is consistent with the predominant west to south-west wave climate. The
qualitative long term evolution of a zeta planform is shown in Figure 5.9. The maximum
indentation of the East Beach embayment between the two main coastal control points of the
lighthouse point on Griffith Island and Reef Point is about 1.7 km. If the bay is assumed to have
formed over the past 6000 years, this gives a recession rate of 0.28 m/year. This is somewhat
speculative, but appears consistent with the estimate established from the volumetric recession
rates.
It is not possible to further assess the validity of the previously estimated net sediment transport
rates along East Beach in the absence of reliable sand dredging data.

5.10.

Summary of Coastal Processes in the Port Fairy Study Area

The following coastal processes were considered within the constraints of available data and
project resources for the Port Fairy Study area:









Astronomical tides (predicted tides);
Tidal anomalies, through barometric setup and wind setup;
Ocean swell waves;
Wave setup;
Wave runup on beaches and overtopping;
Longshore sand transport (littoral drift);
Offshore sand transport (beach erosion caused by storm demand);
Influence of human activities.

The coastal processes around the Port Fairy coastline are complex due to the influence of the
Moyne River estuary, a complex headland topography and the influence of human activities
around the Moyne River estuary. A summary of the main coastal process is provided below:










The predominant wave climate is west to south-west with large average and extremes
on exposed coast;
The most extreme wave climate in East Beach embayment was found to be originating
from the southeast, due to sheltering effect from Griffiths Island on the south-west
swell;
Tide levels and associated storm surge are relatively small by Australian standards;
East Beach and most of the smaller pocket beaches on the Western coastline are zeta
planform, indicative of net littoral drift from west to east;
Most of the pocket beaches on the Western coastline are protected from wave action by
offshore rock platforms;
This resulting in relatively low erosion volumes caused by storm demand;
The un-protected section of East Beach is receding at an underlying rate between 0.1
and 0.3 m/year over 150 years;
Sediment budget analysis indicate that East Beach could still be naturally receding in
addition to the impacts of the training walls;
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The Moyne river training walls have disrupted the natural sediment transport pathway
from the west; with substantial sediment accumulation on the southern mole;
Analysis of the accumulated sand volumes indicate that the predominant sediment
pathway is around the lighthouse headland on Griffiths Island.

Section 5 Key Findings













The predominant wave climate is west to south-west with large average
and extremes on the exposed coast;
Tide levels and associated storm surge are relatively small by Australian
standards;
East Beach and most of the smaller pocket beaches on the Western
coastline are zeta planform, indicative of net littoral drift from west to
east;
Most of the pocket beaches on the Western coastline are protected from
wave action by offshore rock platforms, resulting in relatively low erosion
volumes caused by storm demand;
The unprotected section of East Beach has been receding at an underlying
rate between 0.1 and 0.3 m/year, equivalent to 3,300 m3/year to
4,600 m3/year, measured over 150 years;
The Moyne River training walls have disrupted the natural sediment
transport pathway from the west; with substantial sediment accumulation
on the southern mole;
Sediment budget analysis indicates that East Beach could still be naturally
receding in addition to the impacts of the training walls; and
Analysis of the accumulated sand volumes indicates that the predominant
sediment pathway is around the lighthouse headland on Griffiths Island.
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6. Coastal Erosion Hazards Setbacks
6.1. Introduction
In accordance with the recommendations within the Victorian Coastal Hazard Guide (DSE, 2012),
coastal hazard lines were identified for the present condition and for the 2050, 2080 and 2100
planning horizons including sea level rise projections (0.4 m for 2050, 0.8 m for 2080 and 1.2 m
for 2100 respectively).
Figure 6.1 presents the method for estimation of the present day and future position of the
coastal hazard lines diagrammatically for the sandy beaches investigated in the present study.
The landward limit of the coastline hazard zone corresponds to the estimated position of the
backshore erosion scarp for the subject planning period. The present day hazard line position
was obtained considering the erosion hazard due to storm demand and allowing for slope
instability. The future hazard line (for the 2050, 2080 and 2100 planning horizon) was
estimated by adding the underlying shoreline recession and the sea level rise induced shoreline
recession.
As shown in Figure 6.1, four key components of coastal setback were defined in this study and
incorporated into the hazard line, namely:





S1: Allowance for short term storm erosion (storm demand);
S2: Allowance for dune stability (Zone of Reduced Foundation Capacity – ZRFC as defined by
Nielsen et al., 1992);
S3: Allowance for ongoing underlying recession; and
S4: Allowance for recession due to future sea level rise.

The total design setback (S) for three planning horizons comprises:


Present day:

S = S1 + S2;



2050:

S = S1 + S2 + S3(2050) + S4(2050);



2080:

S = S1 + S2 + S3(2080) + S4(2080); and



2100:

S = S1 + S2 + S3(2100) + S4(2100).

A large section of East Beach is backed by a seawall. Assuming the seawall will not fail during
an extreme storm event, the erosion hazard lines will coincide with the present seawall location.
Storm demand was also calculated at two locations (East Beach SLSC and East Beach South)
without the seawall in order to estimate the potential hazard should the seawall fail. As noted in
Section 3.3, while rock revetments were observed to be present on Pea Soup Beach and VIC 516
beach, they were not considered to be present during the determination of the coastal erosion
hazard lines, as these assets are not maintained by the MSC or DSE.
Stormwater erosion is a relatively minor hazard in Port Fairy. There are no large conveyance
structures discharging directly onto sandy beaches. There are several mid sized discharge
structures on Ocean Drive Beach and near Pauling Street (Figures 3.10 and 3.11), however, the
additional erosion resulting from these is minor as they extend into the water and/or the
shoreline is generally rocky. Water quality from discharged stormwater is likely to be a hazard,
but is beyond the scope of this study.
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It is recognized that the coastline around the Port Fairy study area can be subdivided into two
distinct sub-groups:


sandy beach systems, and



bluffs and cliffs comprising rock or other consolidated material.

Rocky cliff instability and potential geotechnical hazards were not considered in this study as
these would involve a geotechnical and geological assessment, which was beyond the present
scope of works. The stretches of coastline consisting of rocky cliffs were highlighted in the
coastal hazard mapping in order to clearly indicated coastal zone requiring further specific
geotechnical investigation. The landward extent of the highlighted zone for rocky cliff shoreline
was based by recommended setbacks values for the Victorian coastline (Carley and Cox, 2008)

6.2. Short Term Storm Erosion (S1)
6.2.1. Overview
Beach erosion relates to the erosion of the beach by a single extreme storm event or from
several storm events in close succession (see Section 5.7.2). Design storm demands for the
beaches of the Port Fairy study area were assessed by SBEACH numerical modelling (Carley and
Cox, 2003).
6.2.2. Profiles
SBEACH was applied to the beach profiles obtained from the LIDAR 2007 data at the transect
locations provided in Figures 5.3 to 5.8. While these profiles provide a snapshot of the beach
profile, the profile would in fact be changing in time. Ideally, the model would be calibrated and
verified against field measurements of erosion in the study area. However, these were not
available. Nevertheless, WRL has successfully utilised SBEACH at numerous locations – the
model considers all the main physical processes relevant to storm erosion. SBEACH has been
verified extensively for measured storm erosion on the Australian east coast, including at
Warilla, Narrabeen and Wamberal (Carley, 1992), and at the Gold Coast (Carley et al., 1998).
The influence of underlying bedrock on erosion estimates was accounted for by including a “hard
bottom” in SBEACH (Figure 6.5). The position of this hard bottom relative to present ground
levels was determined using the geotechnical survey of East Beach (see Section 3.7) and the
analysis of 2010 aerial photography and LIDAR data for other locations. Conservatively, a shore
wave normal direction was considered when implementing the SBEACH model.
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Table 6.1 Bedrock Depths Used in SBEACH
Bedrock
Representative Profile
Location

Western Coastline

Griffiths Island

East Beach

Eastern Coastline

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

Griffiths Island Beach
South Mole
East
East
East
East
East
East

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach

Depth

Source

(m AHD)
0
0
0
0
0
0
0
1
0
-1

Site/LIDAR
estimate

0
-3

Site/LIDAR
estimate

-5
-5.5
-8.5
-8.5
-8.5
-4

Geological
Survey

-5
-2.5

Site/LIDAR
estimate

6.2.3. Water Levels
For storm erosion modelling purposes, a Mean High Water Spring (MHWS) tide time series was
assumed, to which a tidal anomaly was added, such that the peak water level corresponded to
the ARI of the storm (1.03 m AHD for 50 year ARI, 1.02 m AHD for 100 year ARI). For
modelling purposes a symmetrical shape of the anomaly was assumed, with the peak in
predicted tide and tidal anomaly assumed to coincide with the peak wave height of the storm.
These assumptions are somewhat conservative but not unreasonable since intense low pressure
systems are responsible for large waves, strong winds and storm surge. The assumptions could
be revised with additional data and joint probability analyses.
6.2.4. Wave Heights
The peak significant wave height for each location is shown in Appendix A Table A-10. Duration
and temporal characteristics of the design storms used in SBEACH were based on the results of
the analysis by Shand et al., (2011a) for the Cape Sorell and Cape du Couedic buoys.
Synthetics storms for the 50 year ARI and for the 100 year ARI events were created for each of
the offshore wave climate conditions given in Table 5.5 and propagated to the nearshore using
the SWAN model, at each of the transects locations. Examples of the offshore synthetic storms
for two of the directions used in SWAN are provided in Figure 6.4. As described below, two 100
year ARI storm events were run back to back to determine a design erosion volume.
Conservatively, a shore wave normal direction was considered when implementing the SBEACH
model.
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6.2.5. Design Erosion Event and Storm Clustering
Carley and Cox (2003) found that SBEACH could model recorded erosion events for which data
was available, but when a rational 100 year ARI (1% AEP) design storm was applied, the
predicted erosion volumes were less than reported values (for which reliable wave data was not
available (Gordon, 1987; Thom and Hall, 1991). Further investigation indicated that this was
due to sequences (clusters) of storms causing major erosion rather than a single storm.
Storm clustering has a significant impact on both the interpretation of the ARI of storm waves,
but more importantly on the cumulative impact upon beaches, dunes and estuarine inlets. The
relationship between the ARI of storm characteristics to the ARI of physical storm impacts is
likely to be statistically heterogeneous between individual and clustered storm events. The ARI
magnitude of the first storm in a sequence of storms preconditions the sediment storage on the
beach and shoreface for the impact of the subsequent storms. When extreme storm sequences
occur within short time-scales of a few weeks to a month, beach and upper shoreface recovery
to initial storm erosion is minimal. Hence, a 1 in 10 year ARI storm may produce a 1 in 100 year
ARI beach erosion if preceded by an equivalent or more extreme storm. Storm clusters that
occur over a longer time-scale such as a season may have a less extreme physical impact since
there is time for the shoreface to reach an equilibrium with the persistent storm wave energy.
Additional studies of clustering could be undertaken, but are not part of this study and no
analysed data is readily available to feed into erosion modelling. There have been some
attempts at other locations to determine appropriate design storm clusters (Gold Coast and
Sydney), but these are not applicable for Port Fairy.
This same issue led the WA Government (2003) to specify that three back to back “design”
storms (nominally 100 year ARI, 1% AEP) be run through SBEACH (or similar models) to
determine the storm erosion component setback for coastal planning, with a default value of
40 m for this component.
Within the realms of the modelling undertaken and the paucity of historical data, there are three
suggested options to define the “design” erosion event from storms:




A single 50 or 100 year ARI storm event;
2 x 50 or 100 year ARI events (less erosion than a doubling of single storm due to
asymptotic behaviour);
3 x 50 or 100 year ARI events (WA, 2003 policy).

Based on the experience of this report’s authors, their engineering judgement, and consultation
with Port Fairy’s Technical Review Panel for this project, it was elected to model “design” erosion
volumes using 2 x 50/100 year ARI storm events. This is a balanced position, between the use
of a single storm and three storms.
Subject to the assumption made on storm clustering, the actual ARI of two closely spaced 100
year ARI storms could range from 200 to 100,000 years. However, the purpose of using two
closely spaced 50/100 year ARI storms in SBEACH modelling is to model a sequence of lesser
storms which have been observed to cause “design” erosion volumes on well monitored beaches
(e.g. Gordon, 1987; Thom and Hall, 1991), while still properly considering the wave exposure of
each beach.

WRL Technical Report 2012/21 April 2013 FINAL

56

6.2.6. SBEACH Model Results
An example of model input and output is shown in Figure 6.5. The results are presented for
each beach in Table 6.2 and Table 6.3 for the 50 and 100 year ARI events respectively.

Table 6.2 Design Storm Demands for 50 Year ARI Event

Volume of Storm Demand
(m3/m)
Representative Profile
Location

SBEACH Modelling

Adopted

1×50 year

2×50 year

3×50 year

ARI Event

ARI Event

ARI Event

50 year
ARI
Storm

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

Griffiths Island Beach
South Mole
East
East
East
East
East
Tip
East

Beach South (1)
Beach SLSC (1)
Beach Dune Breach
Beach Night Soil Site
Beach Old Municipal
Beach North

Reef Point
Killarney Beach

40
2
121
66
4
0
34
48
12
65

79
6
140
40
6
2
67
78
21
100

91
6
163
57
7
3
93
100
27
131

Erosion
80
10
140
40
10
5
65
80
25
100

30
54

40
92

48
101

40
95

37
32
30
24

39
74
65
51

46
94
105
64

40
75
65
55

9
2

67
3

112
4

70
5

26
106

104
123

147
147

105
125

Notes:
(1)

Storm demand was calculated without the presence of the existing rock revetment backing the beach.
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Table 6.3 Design Storm Demands for 100 Year ARI Event
Volume of Storm Demand
(m3/m)
Representative Profile
Location

SBEACH Modelling

Adopted

1×100 year

2×100 year

3×100 year

ARI Event

ARI Event

ARI Event

100 year
ARI
Storm

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

Griffiths Island Beach
South Mole
East
East
East
East
East
East

Beach
Beach
Beach
Beach
Beach
Beach

South (1)
SLSC (1)
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach

46
4
122
66
4
1
53
48
26
76

66
6
153
40
6
2
81
78
22
120

85
6
185
57
7
3
101
100
30
154

Erosion
80
10
155
40
10
5
80
80
25
120

31
82

42
103

49
161

40
100

37
32
34
30
11
1

47
74
68
51
42
3

57
94
98
88
103
4

50
75
70
60
70
5

37
97

114
126

123
156

115
130

Notes:
(1)

Storm demand was calculated without the presence of the existing rock revetment backing the beach.

The erosion volumes shown in Table 6.2 and Table 6.3 are low by Australian open coast
standards (Gordon, 1987; NSW Government, 1990; Carley and Cox, 2003; Mariani et al., 2012).
Mariani et al. (2012) assessed numerically storm erosion volumes on open coast, sandy beaches
along the Australian coastline. Their suggested design storm erosion volumes for beaches on the
open coastline between Port Campbell and Portland was of 200 m3/m and 150 m3/m for the
coastline from Lonsdale to Lorne Coast.
The lower volumes and variability across the study area may be due to the following factors:






The protection from wave action offered by offshore rock platforms on the open-coast,
which act as natural submerged breakwaters during coastal storms;
The relatively smaller wave conditions reaching East Beach and other beaches facing
towards the east in comparison to beaches exposed to more energetic south-west swell;
The small tidal range and low extreme storm surge level compared with other locations;
The large store of sand high in the dune which feeds the eroding base;
The low gradient surf zone with fine grained sand (for volumes less than 50 m3/m).

The volumes calculated for the East Beach sites near the end of the rock revetment are larger
than the estimates of CES (2006) and Carley (2008), which were around 30 m3/m. This
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difference may be explained by the more precise surf zone bathymetry used in the present study
as well as the more complex wave transformation modelling providing an improved estimate.
It should also be noted that for some locations modelled in SBEACH, the 50 year ARI conditions
ended with slightly larger storm demands than the 100 year ARI conditions (i.e. Cape Reamur,
East Beach Old Municipal Tip, Reef Point). This result can be explained by the offshore rock
platform acting as a natural breakwater triggering wave breaking for the 100 year ARI
conditions. A conservative approach was adopted for these specific cases, with the storm
demand of the 50 year ARI conditions kept for the 100 year ARI conditions.

6.3. Zone of Reduced Foundation Capacity and Stable Foundation Zone
(S2)
The Zone of Reduced Foundation Capacity hazard for each studied site was calculated by the
method of Nielsen, Lord and Poulos (1992). This method delineates a Stable Foundation Zone
and a Zone of Reduced Foundation Capacity as shown in Figure 6.2. In this method, buildings
constructed seaward of the Stable Foundation Zone (SFZ) need to be constructed on piles due to
the reduced bearing capacity in the Zone of Reduced Foundation Capacity (ZRFC). The
indicative width of the Zone of Reduced Foundation Capacity (S2 ZRFC) is provided for a range
of ground levels in Table 6.4.

Table 6.4 Width of Zone of Reduced Foundation Capacity at Each Coastline Sub-Section
Dune Crest Level

Width of ZRFC

(m AHD)

at Surface

Cape Reamur
Unnamed 7 (VIC 521)
Unnamed 6 (VIC 520)
Unnamed 5 (VIC 519)
Unnamed 4 (VIC 518)
Unnamed 3 (VIC 517)
Unnamed 2 (VIC 516) West (1)
Unnamed 2 (VIC 516) East (1)
Ocean Drive
Pea Soup
South Beach

9.0
13.0
7.0
10.0
9.0
6.0
10.0
8.0
3.5
8.0
10.0

17.0
23.0
14.1
18.5
17.0
12.6
18.5
15.6
9.6
15.6
17.0

Griffiths Island Beach
South Mole

6.0
3.5

12.6
8.9

East Beach South
East Beach SLSC
East Beach Dune Breach
East Beach Night Soil Site
East Beach Old Municipal Tip
East Beach North

5.0
3.5
9.0
8.0
9.0
9.0

11.1
8.9
17.0
15.6
17.0
17.0

Reef Point
Killarney Beach

5.0
6.0

11.1
12.6

Representative Profile
Location

(m)

Notes:
(1)

Due to the difference in the crest elevation of the dune system in the lee of the beach, ZRFC width at

VIC 516 was calculated for two specific beach sections; East refers to the beach section backed with
development, West refers to the beach section with no development (see Figure 6.3).
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Note that a more detailed site specific geotechnical study, which may include soil testing, may
determine a different value for the setback associated with the ZRFC than the generic values
used in this report.

6.4. Ongoing Underlying Recession (S3)
Ongoing underlying recession is the progressive onshore shift of the long term average land-sea
boundary which may result from sediment loss. It is expressed in terms of change over years in
volume of sand within the beach fronting the seawalls (m3/m/year) and/or corresponding
landward shoreline movement (m/year). This component of the coastal erosion was developed
in Section 5.7.
Recession rates due to sediment loss around the Port Fairy coastline were mostly derived
through the analysis of long term changes in the location of the vegetation line using the
available aerial photography, photogrammetry analysis and analysis of long term shoreline
evolution using historical charts.
The adopted recession rates for this study are given in Table 5.9. The resulting horizontal
setbacks due to underlying recession (S3) were calculated for each beach and for the different
planning periods. No discounting of ongoing underlying recession (S3) due to sea level rise
recession (S4) has been performed over the monitoring period.

6.5. Sea Level Rise Recession (S4)
6.5.1. Bruun Rule
The most widely known model for beach response is that of Bruun (1962). The Bruun model (as
separately defined from the Bruun Rule) assumes that as sea level rises, the equilibrium profile
is moved upward and landward conserving mass and the original beach shape (Figure 6.6). This
occurs by the following assumptions (SCOR, 1991):
1.
2.
3.

The upper beach is eroded due to the landward translation of the profile;
The material eroded from the upper beach is transported immediately offshore and
deposited, such that the volume eroded is equal to the volume deposited and,
The rise in the nearshore bed as a result of this deposition is equal to the rise in sea
level.

This rule is based on the concept that the existing beach profile is in equilibrium with the incident
wave climate and existing average water level. It is a simple concept, which assumes that the
beach system is two-dimensional and that there is no interference with the equilibrium profile by
headlands and offshore reefs. The Bruun rule is typically expressed as:

R
where

SLR * X
h  dc

R is horizontal recession (m);
SLR is sea level rise (m);
X is the horizontal distance between h and dc;
h is active dune/berm height (m);
dc is profile closure depth (m, expressed as a positive number).
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This is frequently simplified to

R  BF * SLR
where

R is horizontal recession (m);
BF is the Bruun Factor, being a function of X, h and dc.

As the rule is governed by simple, two-dimensional conservation of mass principles it is limit in
its application by a number of aspects:
1.
2.
3.
4.

5.

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 storm-influences 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 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.

The next section briefly describes a number of shoreline response models in use in Australia
before describing the model adopted for this study, the methodology employed and the model
results. Readers are referred to SCOR (1991) and Ranasinghe et al. (2007) for more complete
reviews of available methods.
6.5.2. Profile Closure Depth and Bruun Factor Calculations
For a given sea level rise and profile, the only contentious variable in the Bruun rule is the
closure depth (dc) for which various formulations and methods exist.
The method of Hallermeier (1978, 1981, 1983) is one of the most widely accepted for defining
closure depths, as it is based on site specific physical characteristics and processes. Hallermeier
(1983) defined three profile zones, namely the littoral zone, buffer zone and offshore zone, and
surmised that the actual closure depth falls somewhere between the seaward limit of the littoral
zone (dinner) and the offshore zone (di). Hallermeier suggests that the inner closure depth, dinner,
is a function of sediment characteristics and local wave climate:

d inner  2 .28 H s ,t  68 .5( H s2,t / gT s2 )
Where dinner is the closure depth below mean low water spring, Hs,t is non-breaking significant
wave height exceeded for 12 hours in a defined time period, nominally one year, and Ts is the
associated period. In the experience of WRL, where field data is not available, the most
commonly used parameter for closure depth for application of the Bruun Rule in Australia is the
seaward limit of the littoral zone dinner by Hallermeier (1981, 1983).
Birkemeier (1985), based on the analysis of numerous beach profiles, evaluated Hallermeier’s
relationship and found a more appropriate relationship for his field data expressed as:
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d inner  1 .75 H s ,t  57 .9 ( H s2,t / gT s2 )
The Komar Geometric Model of Foredune Erosion (1997) was developed primarily for
determining storm erosion during periods of elevated water level on the United States West
Coast. However, the model is often also quoted with respect to assessing longer-term shoreline
response to sea level rise. The general rule is similar to the Bruun Rule in that it is a twodimensional, geometric translation model which conserves mass.

DEmax 

(WL  H J )  BL
tan

Where WL-HJ is the elevation of water level (WL) above the dune toe level (HJ), ∆BL is the
potential lowering of the profile due to storm erosion and tanθ is the slope of the beach face
(Figure 6.7). This equation essentially reduces to the Bruun rule except the beach face slope is
adopted rather than the slope to profile closure.
An additional method was investigated to determine the Bruun Factor based on the seaward
extent of the sediment obtained from the combined analysis of the 2010 aerial photography and
bathymetry levels from the LIDAR. For this method, referred to as Sand Extent, the closure
depth was taken as the depth of the outer boundary of the beach relative to MSL.
The use of the Komar’s method and analysis of the Sand Extent method allowed to take in
account the potential influence of rock platform in the calculations for adopting an appropriate
Bruun Factor.
After discussion with the Project Team and the Technical Review Panel and based on the nature
of the local coastline and bathymetry, a unique Bruun Factor value was adopted for each of the
considered location.
The calculated closure depths and associated Bruun Factor by the various methods are shown in
Table 6.5.
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Table 6.5 Calculated Bruun Factors for the Study Area
Calculated BF (-)

Representative
Profile Location

Hallermeier
Inner

Birkemeier

Komar

18
35
36
32
24
22
27
43
29
28

18
40
34
35
26
24
30
50
33
30

Griffiths Island Beach
South Mole(2)

34
67

East Beach South(2)
East Beach SLSC(2)
East
Beach
Dune
Breach(2)
East Beach Night Soil
Site(2)
East
Beach
Old
Municipal Tip(2)
East Beach North(2)
Reef Point(1)
Killarney Beach(1)

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

BF
Sand

Adopted
(-)

40
33
20
20
20
20
25
40

Extent
13
20
12
14
45
21
23

40
40
35
35
25
25
30
50
35
40

37
61

36
20

39
-

40
40

28
31

25
35

40
55

-

40
40

30

28

65

-

40

38

34

74

-

40

42
42

39
41

74
74

-

40
40

73
57

79
62

40
40

28
35

40
40

Notes:
(1)

Due to significant differences in values obtained between the different methods, the results from

Komar (1997) were adopted, as they are more suitable for the local bathymetry (offshore reef and rock
platform).
(2)

A unique BF value was chosen for all locations on East Beach and South Mole Beach as this is

consistent with the fact that an embayment is characterised by a unique Bruun Factor value.

6.6. Coastal Erosion Hazard Lines
In order to calculate setback distances, contour levels were first established based on the
elevation of the upper section of the frontal dune at each beach. These contours were calculated
from the 2007 LIDAR topographic dataset obtained from DSE as presented in Table 6.6. Where
appropriate, the +6 m AHD contour was used as a reference as it was considered to represent
the coastal alignment reasonably. The crest of the rock revetment was used as the reference
contour on the southern half of East Beach. For low-lying dune systems the +2 m AHD contour
was used.
The Storm Demand volumes (S1) were converted to horizontal distance setbacks hazard for
each studied site using the method of Nielsen, Lord and Poulos (1992).
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Table 6.6 Contour Levels for Frontal Dune Top at Each Coastline Sub-Section
2007 Contour Level Used
Representative Profile Location

for Relative Setbacks
(m AHD)

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516)

Griffiths Island Beach
South Mole
East
East
East
East
East
East

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach

6
6
6
6
6
6
2
6
6
2
2
l
Rockwall
Rockwall
6
6
6
6
2
2

The allowances for short term storm erosion and dune stability (S1 and S2) are shown in Table
6.7 for the 50 year ARI and Table 6.8 for 100 year ARI events respectively. The Tables also
summarise the present day horizontal setback distances from the 2007 contour levels for these
two different ARI events.
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Table 6.7 Allowances for S1 (50 year ARI), S2 and Present Day Associated Setbacks
S1

Representative Profile
Location

Griffiths Island Beach
South Mole
East
East
East
East
Site
East
Tip
East

Beach South (2)
Beach SLSC (2)
Beach Dune Breach
Beach Night Soil

S =S1 + S2

Average

Equivalent

ground

horizontal

level

distance

behind

relative to

beach

2007 contour

80
10
140
40
10
5

(m AHD)
9
13
7
10
9
6

(m)
9
1
20
4
1
1

17
23
14.1
18.5
17
12.6

26
24
34
23
18
13

65

10

7

18.5

25

65
80
25
100

8
3.5
8
10

8
20
3
11

15.6
9.6
15.6
17

24
25
19
28

40
95

6
3.5

7
27

12.6
8.9

19
36

40
75
65

5
3.5
9

8
21
7

11.1
8.9
17

19
30
24

55

8

7

15.6

22

70
5

9
9

8
1

17
17

105
125

5
6

21
21

11.1
12.6

25
18
0
32
33

Storm
Demand
(m3/m)

Cape Reamur
Unnamed 7 (VIC 521)
Unnamed 6 (VIC 520)
Unnamed 5 (VIC 519)
Unnamed 4 (VIC 518)
Unnamed 3 (VIC 517)
Unnamed 2 (VIC 516)
West (1)
Unnamed 2 (VIC 516)
East (1)
Ocean Drive
Pea Soup
South Beach

S2

Width
of ZRFC
at
surface
(m)

Present day
horizontal
setback
(m)

Beach Old Municipal
Beach North

Reef Point
Killarney Beach

Notes:
(1)
Due to the difference in the crest elevation of the dune system in the lee of the beach, ZRFC width at
VIC 516 was calculated for two specific beach sections; East refers to the beach section backed by
development, West refers to the beach section with no development (see Figure 6.3).
(2)

Storm demand was calculated without the presence of the existing rock revetment backing the beach.
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Table 6.8 Allowances for S1 (100 year ARI), S2 and Present Day Associated Setbacks
S1

Representative Profile
Location

S2

S =S1 + S2

Average

Equivalent

ground

horizontal

level

distance

behind

relative to

beach

2007 contour

80
10
155
40
10
5

(m AHD)
9
13
7
10
9
6

(m)
9
1
22
4
1
1

17
23
14.1
18.5
17
12.6

26
24
36
23
18
13

Storm
Demand
(m3/m)

Width
of ZRFC
at
surface
(m)

Present day
horizontal
setback
(m)

Cape Reamur
Unnamed 7 (VIC 521)
Unnamed 6 (VIC 520)
Unnamed 5 (VIC 519)
Unnamed 4 (VIC 518)
Unnamed 3 (VIC 517)
Unnamed 2 (VIC 516)
West (1)
Unnamed 2 (VIC 516)
East (1)
Ocean Drive
Pea Soup
South Beach

80

10

8

18.5

27

80
80
25
120

8
3.5
8
10

10
20
3
13

15.6
9.6
15.6
17

26
25
19
30

Griffiths Island Beach
South Mole

40
100

6
3.5

7
29

12.6
8.9

19
37

50
75
70

5
3.5
9

10
21
8

11.1
8.9
17

21
30
25

60

8

8

15.6

23

70
5

9
9

8
1

17
17

115
130

5
6

23
22

11.1
12.6

25
18
0
34
34

East
East
East
East
Site
East
Tip
East

Beach South (2)
Beach SLSC (2)
Beach Dune Breach
Beach Night Soil
Beach Old Municipal
Beach North

Reef Point
Killarney Beach

Notes:
(1)
Due to the difference in the crest elevation of the dune system in the lee of the beach, ZRFC width at
VIC 516 was calculated for two specific beach sections; East refers to the beach section backed by
development, West refers to the beach section with no development (see Figure 6.3).
(2)
Storm demand was calculated without the presence of the existing rock revetment backing the beach.
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The allowances for ongoing underlying (S3) and SLR (S4) recession for the 2050, 2080 and 2100
planning horizon are described in Table 6.9.

Table 6.9 Allowances for Underlying and SLR Recession
S3
Representative Profile
Location

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

521)
520)
519)
518)
517)
516) West
516) East

Underlying
recession(1)
(m/year)
na(2)
na(2)
na(2)
na(2)
na(2)
0.02
0.03
0.03
0
0.02
0.04

S4

2050

2080

2100

(m)

(m)

(m)

na
na
na
na
na
1
1
1
0
1
2

na
na
na
na
na
1
2
2
0
1
3

na
na
na
na
na
2
3
3
0
2
4

BF

2050

2080

2100

(m)

(m)

(m)

40
40
40
35
35
25
25
30
50
35
40

16
16
16
14
14
10
10
12
20
14
16

32
32
32
28
28
20
20
24
40
28
32

48
48
48
42
42
30
30
36
60
42
48

Adopted

(-)

Griffiths Island Beach
South Mole

0.06
0

2
0

4
0

5
0

40
40

16
16

32
32

48
48

East
East
East
East
East
East

na
na
0.35
0.1
0.1
0

na
na
14
4
4
0

na
na
25
7
7
0

na
na
32
9
9
0

40
40
40
40
40
40

16
16
16
16
16
16

32
32
32
32
32
32

48
48
48
48
48
48

0.18
na(2)

7
na

13
na

16
na

40
40

16
16

32
32

48
48

Beach
Beach
Beach
Beach
Beach
Beach

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach
Notes:
(1)

For beaches accreting, recession was conservatively considered nil.

(2)

No recession rate could be calculated due to the lack of available data.
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Table 6.10 summarises the present day, 2050, 2080 and 2100 horizontal setback distances from
the 2007 (relative to LIDAR topographic data set obtained from DSE) contour levels.
Table 6.10 Horizontal Setbacks for Present Day, 2050, 2080 and 2100 Planning Periods
S(1) = S1+S2

S(1) = S1+S2+S3+S4

Representative Profile
Location

Present Day

2050

2080

2100

(m)
26
24
34
23
18
13
25
24
25
19
28

(m)
42
40
52
37
32
23
37
38
45
33
46

(m)
58
56
68
51
46
33
47
50
65
47
62

(m)
74
72
84
65
60
43
57
62
85
61
78

Griffiths Island Beach
South Mole

19
36

35
53

51
69

67
85

East
East
East
East
East
East

19
30
24
22
25
18

37
46
41
39
41
34

53
62
57
55
57
50

69
78
73
71
73
66

32
33

50
50

66
66

82
82

Cape Reamur
Unnamed 7 (VIC
Unnamed 6 (VIC
Unnamed 5 (VIC
Unnamed 4 (VIC
Unnamed 3 (VIC
Unnamed 2 (VIC
Unnamed 2 (VIC
Ocean Drive
Pea Soup
South Beach

Beach
Beach
Beach
Beach
Beach
Beach

521)
520)
519)
518)
517)
516) West
516) East

South
SLSC
Dune Breach
Night Soil Site
Old Municipal Tip
North

Reef Point
Killarney Beach
Notes:
(1)

Horizontal distance is relative to 2007 LIDAR contour levels.

Coastal erosion hazard lines for sandy beaches in the Port Fairy study area are shown for each
sub-section in Section 11 (Coastal Hazards Mapping and Vulnerability Assessment) on Figures
11.1 to 11.19. Both the scenarios, namely with rock revetment in place and rock revetment
failure, were considered on the southern section of East Beach.
The risk of salient loss on erosion hazard is highlighted at Cape Reamur (Figure 11.1), Unnamed
4 (VIC 518) beach (Figures 11.3 and 11.4) and Reef Point (Figures 11.15 and 11.16). A salient
is a localised sediment accretion, typically in the lee of an offshore structure such as a reef,
island or breakwater, whereby the sediment build-up does not connect sub-aerially to the
structure. While the extent and position of a salient can fluctuate according to tides, storms and
seasonal variations in wave climate, future sea level rise is likely to have a greater impact on the
shoreline alignment in the lee of the offshore structure. Future higher water levels could reduce
the protective nature of the offshore feature causing the loss of the coastal area composing the
salient. The well-established methods that are currently used to predict shoreline response to
emergent structures, such as breakwaters (e.g., empirical relationships, desktop numerical
models) are not suitable to investigate shoreline response to increased submergence of offshore
reefs. Furthermore, the traditional methods used to estimate recession and erosion, such as the
Bruun Rule or storm bite calculations, may underestimate the recession involved in salient loss.
The areas highlighting the risk of salient loss were obtained by using the overall surrounding
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beach alignment, as this would likely be the natural position to which the shoreline would revert
in the eventuality of salient loss.
The risk of watercourse entrance instability has been highlighted at the western end of Unnamed
5 Beach (VIC 519) (Figure 6.10).
The stretches of coastline dominated by rocky cliffs were highlighted in the coastal hazard
mapping in order to clearly indicate coastal zone requiring further specific geotechnical
investigation. A total setback value of 50 m was used throughout the study area based on the
recommended values by Carley and Cox (2008) for Victorian coastal land. This setback distance
comprised an allowance for erosion of cliff/rocks (0.04 m/year from Gill (1973)) and an
allowance for slope stability using values recommended by the Australian Geomechanics Society
(AGS, 2007). Due to the lack of warning for landslides, and the potentially severe consequences
of failure, it is recommended that professional advice from a Geotechnical Engineer be sought
where existing development exists on rocky coasts within the default setbacks setback zones.
It should be noted that the presence of private seawalls at Pea Soup Beach and Unnamed 2
Beach (VIC 516) have been ignored as these coastal protection works are not maintained by
MSC or DSE. In the event of rock revetment failure on East Beach, erosion will progress inland
and allowances for this scenario were calculated and shown on Figures 11.18 and 11.19. Note
that the erosion calculated adjacent to the northern end of the rock revetment included the
influence of seawall end effects based on the current location of the rock revetment. Erosion
would change should the rock revetment be extended further north.

Section 6 Key Findings


The following coastal erosion hazards were considered within the
constraints of available data and project resources:
-

Beach erosion and dune stability;

-

Shoreline recession (long term change due to waves, sea level or sediment
budget);

-

Rocky cliff or bluff instability (a generic setback was adopted for the study
area).



Four key components of coastal setback were defined in this study and incorporated
into the hazard line, namely:



-

S1: Allowance for short term storm erosion (storm demand);

-

S2: Allowance for dune stability (Zone of Reduced Foundation Capacity);

-

S3: Allowance for ongoing underlying recession; and

-

S4: Allowance for recession due to future sea level rise.

Modelling was performed with and without with the present rock revetment on East
Beach. This showed that in the event of revetment failure, erosion will progress
inland and potentially impact a large number of private properties and public
assets.
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7. Coastal Inundation Determination
7.1. Overview
Coastal inundation is the flooding of coastal areas by ocean waters. The inundation is due to
elevated water levels coupled with extreme waves impacting the coast.
Consequently,
inundation levels along the coast are characterised by two components:



A “quasi-static” component, which includes the effects of elevated water levels due to tide,
storm surge and wave setup; and
A “dynamic” component, which includes the effects of wave runup and wave overtopping
caused by the direct impact of waves on the coastal structures.

The “bathtub” inundation level is the most representative inundation level for areas located away
from direct impact of the overtopping waves (generally those properties which are not in the
front row facing the water) and based on the “quasi-static” component of the water levels.
Wave runup and overtopping are a predictor of the wave impacts beachfront structures are likely
to suffer during extreme storm events.

7.2. Coastal Inundation Zones
Design water levels incorporating tide and storm surge were presented in Section 5.3 and
derived from the CSIRO study on extreme water levels along the Victorian coast Guide (CSIRO,
2010). Wave setup varies along the Port Fairy beaches as it is intrinsically dependent on the
wave conditions at each beach. For instance, East Beach will present a lower wave setup during
west to south-west storms compared to the ocean beaches due to the typically lower incident
wave conditions.
Wave setup was calculated by implementing the Dean, Dally and Darlymple surf zone model
(1984) locally at every representative location within the Port Fairy coastline using the nearshore
wave modelling outputs as described in Section 5.5. Bathtub inundation levels were then
derived by adding the calculated wave setup to the design water levels.
The peak inundation events would persist for approximately 2 hours with the peak of the tide,
however, subjected to topography, substantial ponding my remain in some areas after the peak.
Predicted inundation levels incorporating astronomical tide, barometric setup, and wave setup
for present day conditions are presented in Table 7.1.
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Table 7.1 Summary of Present Day Inundation levels (50 year ARI)
Representative Profile

Wave

Present Inundation

setup (m)

Level (m AHD)

SWL



SWL + 

Killarney Beach
Reef Point

1
1

1.2
1.1

2.2
2.1

East
East
East
East
East
East

1
1
1
1
1
1

0.9
0.8
0.8
0.7
0.7
0.8

1.9
1.8
1.8
1.7
1.7
1.8

Location

Eastern
Coastline

East Beach

Still water level

Beach
Beach
Beach
Beach
Beach
Beach

(excluding wave
setup) (m AHD)

North
Old Municipal Tip
Night Soil
Dune Breach
SLSC
South

Griffiths
Island

South Mole
Griffiths Island Beach

1
1

0.9
1.4

1.9
2.4

Western
Coastline

South Beach
Pea Soup
Ocean Drive
Unnamed 2 (VIC
Unnamed 3 (VIC
Unnamed 4 (VIC
Unnamed 5 (VIC
Unnamed 6 (VIC
Unnamed 7 (VIC
Cape Reamur

1
1
1
1
1
1
1
1
1
1

1.4
1.3
1.4
1.5
2.1
1.7
1.4
1.6
1.5
1.5

2.4
2.3
2.4
2.5
3.1
2.7
2.4
2.6
2.5
2.5

516)
517)
518)
519)
520)
521)

Notes:
(1)

These inundation levels are excluding wave runup and overtopping.
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Inundation levels for the different future SLR scenarios are presented in Table 7.2. Based on
these inundation levels, mapping of inundation was undertaken using the 2007 LIDAR
topographic data (provided by DSE) and GIS modelling. Inundation zones along the Port Fairy
coastline for the 50 year ARI present day and 100 year ARI for the 2050, 2080 and 2100
planning horizon are shown in Appendix C, based on “bathtub” inundation levels incorporating
astronomical tide, barometric setup, and wave setup.

Table 7.2 Summary Inundation Levels for 2050, 2080 and 2100 Planning Horizons
Wave
setup
Representative Profile Location

Eastern
Coastline

East
Beach

Future Inundation Levels (m AHD)(2)
SLR = 0.4 m

SLR = 0.8 m

SLR = 1.2 m

(m)


100 year

100 year

100 year

Killarney Beach
Reef Point

1.2
1.1

ARI Event
-(1)
-(1)

ARI Event
3.1
3.0

ARI Event
-(1)
-(1)

East
East
East
East
East
East

0.9
0.8
0.8
0.7
0.7
0.8

2.3
2.3
2.2
2.2
2.1
2.2

2.7
2.7
2.6
2.6
2.5
2.6

3.1
3.1
3.0
3.0
2.9
3.0

Beach
Beach
Beach
Beach
Beach
Beach

North
Old Municipal Tip
Night Soil
Dune Breach
SLSC
South

Griffiths
Island

South Mole
Griffiths Island Beach

0.9
1.4

2.4
2.8

2.8
3.2

3.2
3.6

Western
Coastline

South Beach
Pea Soup
Ocean Drive
Unnamed 2 (VIC
Unnamed 3 (VIC
Unnamed 4 (VIC
Unnamed 5 (VIC
Unnamed 6 (VIC
Unnamed 7 (VIC
Cape Reamur

1.4
1.3
1.4
1.5
2.1
1.7
1.4
1.6
1.5
1.5

2.8
2.8
2.9
3.0
3.6
-(1)
-(1)
-(1)
-(1)
-(1)

3.2
3.2
3.3
3.4
4.0
3.7
3.2
3.4
3.3
3.3

3.6
3.6
3.7
3.8
4.4
-(1)
-(1)
-(1)
-(1)
-(1)

516)
517)
518)
519)
520)
521)

Notes:
(1) After discussion with the Project Team and based on the amount and quality of available data, it was
decided to create two distinct categories of coastline sub-sections. Determination of the coastal hazard and
inundation zones was assessed for all three sea-level rise (SLR) scenarios on the coastline sub-sections
between East Beach North and Unnamed 3 (VIC 516); while the remaining coastlines sub-sections were only
studied for the present day and 0.8 m SLR scenarios only.
(2) These inundation levels are excluding wave runup and overtopping.
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7.3. Wave Runup and Overtopping
The majority of sandy beaches within the Port Fairy study area are backed by sand dunes, with
the exception of a long section of East Beach, backed by a sloped rock revetment.
For the beaches backed by a dune, wave runup was quantified using the method of Mase (1989)
and expressed as run up levels in m AHD. For wave runup on beaches, the R2% values is the
most commonly used, which is the runup exceeded by 2% of the waves. That is, two waves out
of 100 will exceed the runup limit quoted.
Wave runup at the rock revetment present on East Beach was quantified using best practice
empirical prediction methods based on the most current published literature (EurOtop, 2007).
Overtopping was quantified in terms of volume of water being discharged above the dune or rock
revetment crest and expressed in L/s per metre length of crest.
Wave overtopping was quantified for each structure taking into account the following factors:




Structural characteristics of the rock revetment (construction type, crest level, slope etc.) or
dune characteristics derived from the site inspection and the 2007 LIDAR;
Nearshore wave conditions i.e. wave height and period as derived from the wave modelling
exercise; and
Elevated water levels calculated at each representative location incorporating tides, storm
surge and wave setup.

The estimated overtopping rates refer to the zone immediately behind the structure crest and
can be related to the published tolerable rates (CEM, 2006, EurOtop, 2007) in regards to
structure and safety of people. The range of mean tolerable overtopping rates for hazards
relevant to the study area are presented in Table 7.3 (EurOtop, 2007). Crest levels are given as
a range of values for the majority of locations in order to better assess the potential overtopping
rates at low points along the dune or rock revetment crest.
Table 7.3 Limits for Tolerable Mean Wave Overtopping Discharges (EurOtop 2007)
Hazard type

Code for Asset at
Risk

Mean Overtopping Discharge
Limit
(L/s per m)

Aware pedestrian and or trained staff expecting

P

0.1 to 10

Damage to grassed promenade behind seawall

GP

50

Damage to paved promenade behind seawall

PP

200

Structural damage to seawall crest

S

200

Structural damage to building

B

1(1)

to get wet

Notes: (1) this limit relates to the effective overtopping defined at the building.

It should be noted that all wave runup calculations implicitly include wave setup.
The wave setup value listed in Section 7.2 is the most representative inundation level for areas
located away from the foreshore, such as the properties which are not in the front row facing the
ocean. The wave runup value is a predictor of rock revetment or dune overtopping and wave
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impact on beach structures. Therefore, if the dune crest is maintained above the wave runup
level, is continuous, and contains sufficient sand buffer, the seaward water level (wave setup
level) will not extend to the landward side of the dunes.
The wave runup and overtopping calculations were performed based on the 2007 LIDAR dune or
rock revetment wall levels. Should the rock revetment or dune be allowed to fail or breach then
these values may increase. Wave runup levels and associated overtopping rates are provided
for the present day, 2050, 2080 and 2100 planning period in Table 7.4 to Table 7.7.
Table 7.4 Present Day Predicted Wave Overtopping Discharge (50 year ARI)

Representative Profile
Location

Eastern
Coastline

East
Beach

Wave

Mean

Runup

Overtopping

(R2%)

(2)

the beach
(m AHD)

(m AHD)

(L/s per m)
0

6 (4-8)
5 (2.57.1)

3.3
3.1

East
East
Tip
East
East
East

Beach North
Beach Old Municipal

Dune
Dune

8 (6–10)
9 (6.5–10)

3.8
3.6

0

Beach Night Soil Site
Beach Dune Breach
Beach SLSC

Dune
Dune
Sloping
Rocks - Grass
DuneSloping
Rocks

8 (6–10)
8 (7-15)
3.5-7

3.8
3.5
2.8

0
0

5 (3.5–7)

2.3

South Mole
Griffiths Island Beach

Ocean Drive
Unnamed 2 (VIC516)

Unnamed 3 (VIC517)
Unnamed 4 (VIC518)
Unnamed 5 (VIC519)
Unnamed 6 (VIC520)
Unnamed 7 (VIC521)
Cape Reamur

Risk(3)

0 (0-1)

-

P

0

0-1

P

0

Dune
Dune

4
6.5 (3-9)

3.0
4.6

Dune
DuneSloping
Rocks
Dune

12 (7-14)
7 (5–12)

4.8
4.7

DuneSloping
Rocks
Dune
Dune
Dune
Dune
Dune
Dune

Asset at

Discharge

Dune
Dune

South Beach
Pea Soup

Western
Coastline

Crest
Level(1)

Killarney Beach
Reef Point

East Beach South

Griffiths
Island

Feature at
the back of

3.5 (3.3–
4.1)
9 (6.5–11)

10 (4–12)
9
10
7
13
9

5.0

0 (0-2)

P, B

0
0 (0-1)

P

6 (2-9)

P, B

0

P

0 (0-1)
0
0
0
0
0

P

5.2

4.1
4.3
4.1
5.0
6.1
4.9

Notes:
(1) For a majority of locations, the dune crest height values are provided as a mean value followed by the
minimum and maximum crest values around the transect used to represent this location.
(2) For a majority of locations, the overtopping discharges values are provided as a main value and two
extreme values, associated with the crest levels defined in (1).
(3) Refer to Table 7.3 for asset classification.

WRL Technical Report 2012/21 April 2013 FINAL

74

Table 7.5 Future Predicted Wave Overtopping Discharge (SLR = 0.4 m; 100 year ARI)
Feature at

Crest

Wave

Mean

Asset at

Representative Profile

the back of

Level(2)

Runup

Overtopping

Risk(3)

Location

the beach

(R 2%)

Discharge

(m

(L/s per m)

-

P

(m AHD)

AHD)
Eastern
Coastline

East
Beach

Killarney Beach
Reef Point

Dune
Dune

6 (4-8)
5 (2.5-7.1)

3.6

0 (0-4)

East
East
Tip
East
East
East

Beach North
Beach Old Municipal

Dune
Dune

8 (6–10)
9 (6.5–10)

4.1
4.1

0

Beach Night Soil
Beach Dune Breach
Beach SLSC

Dune
Dune
Sloping
Rocks Grass
DuneSloping
Rocks

8 (6–10)
8 (7-15)
3.5-7

4.4
4.2
4.8

East Beach South

Griffiths
Island

South Mole
Griffiths Island Beach
South Beach
Pea Soup

Ocean Drive
Western
Coastline

Unnamed 2 (VIC516)

Unnamed 3 (VIC517)
Unnamed 4 (VIC518)
Unnamed 5 (VIC519)
Unnamed 6 (VIC520)
Unnamed 7 (VIC521)
Cape Reamur

0
0
0
0-14

5 (3.5–7)

2.9
0

Dune
Dune

4
6.5 (3-9)

3.5
5.2

0
0 (0-7.5)

Dune
DuneSloping
Rocks

12 (7-14)
7 (5–12)

5.4
5.4

0

Dune
DuneSloping
Rocks
Dune
Dune
Dune
Dune
Dune
Dune

P, B

3.5 (3.3–
3.5)
3.5(3.7-4.1)
9 (6.5–11)

5.6

P

0 (0-1)

P

15-21

P, B

3-10

P

5.8
0

10 (4–12)
9
10
7
13
9

4.5
-

0 (0-1)
-

P

Notes:
(1) For a majority of locations, the dune crest height values are provided as a mean value followed by the
minimum and maximum crest values around the transect used to represent this location.
(2) For a majority of locations, the overtopping discharges values are provided as a main value and two
extreme values, associated with the crest levels defined in (1).
(3) Refer to Table 7.3 for asset classification.
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Table 7.6 Future Predicted Wave Overtopping Discharge (SLR = 0.8 m; 100 year ARI)
Feature at

Crest

Wave

Mean

Asset at

Representative Profile

the back of

Level(2)

Runup

Overtopping

Risk(3)

Location

the beach

(R 2%)

Discharge

(m

(L/s per m)

-

P

(m AHD)

AHD)
Eastern
Coastline

East
Beach

Killarney Beach
Reef Point

Dune

East Beach North
East
Beach
Old
Municipal Tip
East Beach Night Soil
East Beach Dune Breach

Dune

East Beach SLSC
East Beach South

Griffiths
Island

South Mole
Griffiths Island Beach
South Beach
Pea Soup

Ocean Drive
Western
Coastline

Dune

Unnamed 2 (VIC516)

Unnamed 3 (VIC517)
Unnamed 4 (VIC518)
Unnamed 5 (VIC519)
Unnamed 6 (VIC520)
Unnamed 7 (VIC521)
Cape Reamur

Dune

6 (4-8)
5(2.5-4.5)
5(5-7.1)

4.1
4.1

0 (0-1)
0-12
0

8 (6–10)
9 (6.5–10)

4.7

0

4.5

0

4.8
4.7

0
0
4-16
1-2
0-1

P, B
P, B
P

0

P

1
3-18
0-3

P
P
P

Dune
Dune
Sloping
Rocks Grass
DuneSloping
Rocks

8 (6–10)
8 (7-15)
3.5-4
4-5.-5
5.5-7.5
5 (3.5–7)

Dune

4
6.5 (3-4)
6.5 (4.5-9)

Dune
Dune
DuneSloping
Rocks
Dune
DuneSloping
Rocks
Dune
Dune
Dune
Dune
Dune
Dune

12 (7-14)
7 (5–12)

3.5 (3.3–3.5)
3.5 (3.7-4.1)
9 (6.5–11)

10 (4–12)
9
10
7
13
9

5.6
3.3

4.0
5.7
5.9
5.9

6.1

0
0 (0-1)

P

28-37
13-22

P, B
P, B

0

P

0 (0-3)
0
0
0
0
0

P

6.4

5.2
5.5
5.3
6.2
7.6
6.1

Notes:
(1) For a majority of locations, the dune crest height values are provided as a mean value followed by the
minimum and maximum crest values around the transect used to represent this location.
(2) For a majority of locations, the overtopping discharges values are provided as a main value and two
extreme values, associated with the crest levels defined in (1).
(3) Refer to Table 7.3 for asset classification.
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Table 7.7 Future Predicted Wave Overtopping Discharge (SLR = 1.2 m; 100 year ARI)

Representative Profile
Location

Eastern
Coastline

East
Beach

Wave

Mean

Asset at

Runup

Overtopping

Risk(3)

(R 2%)

Discharge

(m AHD)

(m AHD)

(L/s per m)

-

6 (4-8)
5 (2.5-4.5)
5(5-7.1)

-

1-26
0-1

P, GP
P

the beach

Dune

Reef Point

Dune

East
East
Tip
East
East

Beach North
Beach Old Municipal

Dune
Dune

8 (6–10)
9 (6.5–10)

5.2
5.0

Beach Night Soil
Beach Dune Breach

Dune
Dune

8 (6–10)
8 (7-15)
3.5-4
4-5.-5
5.5-7.5
5 (3.5–7)

5.3
5.3

East Beach SLSC

South Mole
Griffiths Island Beach

South Beach
Pea Soup

Ocean Drive
Western
Coastline

Crest
Level(2)

Killarney Beach

East Beach South

Griffiths
Island

Feature at
the back of

Unnamed 2 (VIC516)

Unnamed 3 (VIC517)
Unnamed 4 (VIC518)
Unnamed 5 (VIC519)
Unnamed 6 (VIC520)
Unnamed 7 (VIC521)
Cape Reamur

Sloping
Rocks - Grass
DuneSloping
Rocks

4.6

5.8

0
0
0
0
40-120
4-15
0-2

3.7

P, GP, B
P, GP, B
P
P

0 (0-1)

Dune
Dune

4
6.5 (3-4)
6.5 (4.5-9)

4.5
6.3

3
11-37
0-10

P
P, GP
P

Dune
DuneSloping
Rocks

12 (7-14)
7 (5–12)

6.5
6.5

0

P
P

Dune
DuneSloping
Rocks
Dune
Dune
Dune
Dune
Dune
Dune

0 (0-4)
3.5 (3.3–3.5)
3.5 (3.7-4.1)
9 (6.5–11)

6.6

50-63
25-40

6.9

P, GP, B
P, GP, B
P

0 (0-1)
10 (4–12)
9
10
7
13
9

5.6
-

0 (0-11)
-

P

-

Notes:
(1) For a majority of locations, the dune crest height values are provided as a mean value followed by the
minimum and maximum crest values around the transect used to represent this location.
(2) For a majority of locations, the overtopping discharges values are provided as a main value and two
extreme values, associated with the crest levels defined in (1).
(3) Refer to Table 7.3 for asset classification.

For the present day planning horizon, Ocean Drive Beach was predicted to be the most heavily
overtopped (about 6 L/s/m) for the present day 50 year ARI storm event. Based on FEMA
guidelines (FEMA, 2000), the resulting overtopping bores were predicted to travel inland
distances of the order of 12 m. Considering that the properties behind Ocean Drive Beach are
located at an average setback distance of 15 m, it is expected that buildings around Ocean Drive
Beach could be impacted by present day wave overtopping starting from the 1 in 50 year ARI
event. This would only increase for 2050, 2080 and 2100 planning horizons. Based on the
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tolerable limits presented in Table 7.3, wave overtopping at this location is likely to be a hazard
for pedestrian and traffic safety as well as the integrity of buildings.
It should also be noted that the rock revetment on East Beach, based on average crest height of
3.5 m AHD, would be expected to be overtopped in the 2050 planning period. The calculated
wave runup levels and overtopping rates indicate that grassed promenades and/or gardens
behind the rock revetment could sustain damage. Overtopping at low points along the rock
revetment, such as pedestrian accesses and concrete ramps would be a hazard for pedestrian
safety by the 2050 planning horizon.

Section 7 Key Findings


Coastal inundation mapping was performed over the entire study area based on
“bathtub” inundation levels (Appendix C);



The inundation water levels (including storm surge and wave setup) were calculated
for each of the coastal subsections for the four (4) different scenarios;



“Bathtub” inundation level is the most representative inundation level for areas
located away from direct impact of the overtopping waves (generally those
properties which are not in the front row facing the water);



Wave runup levels and associated overtopping rates were calculated for each of the
coastal subsections for the four (4) different scenarios;



Overtopping rates refer to the zone immediately behind the structure or the dune
crest and were evaluated in regard to the safety of people and built assets.
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8. Dynamic Flood Modelling
8.1. Introduction
Section 8 presents the results of the “dynamic coastal inundation numerical modelling”
assessment for the coastal area of the Port Fairy township undertaken to estimate the possible
inundation under combined ocean and catchment flooding. While the inundation assessment
performed in Section 7 considered only static elevated water levels (i.e. sea level rise
projections, storm surge and wave setup), the coastal flood analysis in Section 8 considers
dynamically both the elevated water levels (i.e. sea level rise projections, storm surge and wave
setup) and the wave runup overtopping of the foreshore and coastal structures.
The modelling of the combined effects of riverine and oceanic flooding within the study area was
achieved by modifying the existing 2008 MIKE flood model with the implementation of updated
dynamic ocean boundaries. These downstream boundaries (along the coastline) were comprised
of time series of elevated water levels at the Moyne River entrance and the Southwest Passage,
and wave overtopping rates at identified high risk locations along the coastline. The locations of
the adjusted model boundary locations are highlighted on Figure 8.1.
The coastal area covered in this dynamic inundation assessment extends from the northern end
of East Beach to VIC 516 Beach in the west.
The inundation modelling is further described in Sections 8.2 - 8.4. Section 8.2 describes the
2008 Water Technology MIKE Flood model, as it confirms that WRL was able to reproduce the
2008 results for one flood event (100 year ARI) and highlights the limitations of the 2008 MIKE
Flood model in relation to dynamic coastal inundation modelling. Section 8.3 presents the
updated 2012 MIKE Flood model, which was used to assess the combined effects of riverine and
oceanic flooding for the coastal area of the Port Fairy township. Section 8.3 also provides a
rationale for the adopted combination of riverine and coastal boundary conditions. Section 8.4
provides a description of the predicted flooding behaviour for the various modelled flood
scenarios for a number of key locations in this study area.

8.2. Review of the 2008 MIKE Flood Model
8.2.1. Introduction
The 2008 Port Fairy Regional Mike Flood model (Water Technology, 2008) has been previously
used for the 2008 Port Fairy Regional Flood Study for the Glenelg Hopkins Catchment
Management Authority (GHCMA). The model has been compiled as a 1D/2D hybrid model using
MIKE Flood software version 2008.
The two-dimensional (2D) model component was configured to represent the overbank
floodplain flows, while the coupled one-dimensional (1D) model was utilised to explicitly model
waterway channels (in bank) flows, bridge and culvert crossings within the study area.
The two-dimensional hydraulic model was based on a 10 m resolution topographic grid derived
from a merge of aerial laser survey data, bathymetric data and field survey. Bridge and culvert
crossings within the study area were modelled as one-dimensional structures and dynamically
coupled with the two-dimensional model (see Figure 8.1 for bridge and culvert locations). Headloss through the structures and the associated influence on flood levels was therefore explicitly
accounted for within the model.
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The model development approach has been to represent the floodplain along the main flow
channels (Moyne River, Murray Brooke, Reedy Creek and Holcombe’s Drain) and tributaries. The
influence of obstacles to flow, such as buildings, on overland flows was partially accounted for by
applying a specific hydraulic roughness coefficient under the “footprint” of these obstacles. This
approach has the advantage of providing model inundation maps with potential inundation inside
building footprints and enable estimation of properties flooded above or below floor level.
Upstream inflows to the model were via predicted design flow rainfall runoff hydrographs
developed using a RORB catchment model and applied to the two-dimensional model in the
locations of the main flow channels (see Figure 8.1). The ocean boundaries, located at the
Moyne River mouth and at the South West Passage entrance, were held at a prescribed constant
elevation sea level condition.
8.2.2. 2008 MIKE Flood Model Calibration
The 2008 MIKE Flood model was calibrated to three historical flood events (March 1946, August
1978, August 2001). However, due to limited historical data, the model calibration relied heavily
on matching anecdotal flood behaviour. It is reported that the model exhibited “reasonably good
agreement with the pattern and extent of historical inundation observed for floods ranging from
approximately the 30% AEP up to approximately the 0.5% AEP flood”.
Additional calibrations of the model’s key hydraulic characteristics were performed through the
verification of the model’s ability to reproduce observed tidal and meteorological water level
variations in the port and the estuary using recorded data from two pressure sensors deployed
on the Port Fairy Breakwater and in the Belfast Lough.
The Moyne River channel capacity, upstream of the Belfast Lough, was calibrated against
qualitative flooding observations undertaken by GHCMA, in order to reproduce a minor local
inundation of the floodplain. This exercise also allowed calibration of the Moyne River channel
roughness, which required a differentiation between the roughness within the Belfast Lough
(Manning’s n = 0.033) and the Moyne River channel (Manning’s n = 0.025).
8.2.3. 2008 Mike Flood Model Run Verification
WRL successfully re-simulated the provided 2008 MIKE Flood model results after some minor
adjustments to files due to a recent change in MIKE software file standards. The comparison
test by WRL was performed using MIKE Flood V2011 Service Pack 4, the latest version of the
MIKE Flood software. This model is referred to in this report as the “2012 Mike Flood Model”,
whereas the available result files from the 2008 study are referred to as the “2008 Mike Flood
model”. A comparison of the modelled flood extent (Figure 8.2) and maximum water levels
available for the 2008 Mike Flood model (Figure 8.3) for the 100 year ARI catchment flood event
with the 2012 Mike Flood model results is provided in Table 8.1.
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Table 8.1 Comparison of Modelled Designed Water Levels (mAHD)
Location

WL (mAHD)

WL (mAHD)

WL difference

(refer to

(Water Technology,

(WRL, 2012)

(m)

Figure 8.3)

2008)

1

12.98

12.99

0.01

2

7.56

7.57

0.01

3

8.35

8.35

0.00

4

7.65

7.65

0.00

5

7.60

7.64

0.04

6

6.89

6.88

-0.01

7

5.47

5.47

0.00

8

5.50

5.50

0.00

9

2.57

2.59

0.02

10

2.56

2.59

0.03

11

4.44

4.44

0.00

12

2.39

2.42

0.03

13

2.25

2.29

0.04

14

1.68

1.73

0.05

15

1.22

1.27

0.05

Analysis of the flood extent shows that the 2012 Mike Flood Model generally reproduced the
flood extent and peak flood levels reported in the 2008 Flood Study to an acceptable level.
The exact coordinates of the 15 key locations for comparison from the 2008 Flood Study were
not provided and based on an orthorectified image for this exercise. The majority of the
locations exhibited a water level difference of 0.05 m or less. WRL believes that the differences
between the 2008 and 2012 modelled water levels are largely due to a difference in the exact
location of the water level measurement and is of no significance for the purpose of this
verification.

8.3. Development of the 2012 MIKE Flood Model
As mentioned in Section 8.1, the 2008 MIKE Flood model required adjustment in order to enable
the combined influences of catchment and coastal flooding within the Port Fairy study area to be
assessed.
8.3.1. Extension of the Topography in the Coastal Area
The extent of the 2008 MIKE Flood model in the coastal area was mainly derived from an initial
estimation of the catchment runoff Probable Maximum Flood (PMF) extent. This resulted in
some of the coastal areas required for assessment of ocean events being left out of the 2008
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MIKE Flood topographic grid. An overview of the additional areas required for coastal analysis is
presented in Figure 8.4. In order to accurately propagate the coastal inundation resulting from
overtopping waves, WRL extended the existing topography grid in the required coastal areas,
using the 2007 LIDAR data provided by DSE. These topography extensions are presented in
Figures 8.5 to 8.7.
8.3.2. Extension and Modification of the Hydraulic Roughness Grid
The 2008 MIKE flood model (Figure 8.8) used a map of model roughness coefficients to account
for the influence of various land uses on the flood plain including built infrastructures such as
buildings by assigning a specific roughness to each land use. In particular, each building foot
print within the PMF area was modelled individually. This information did not however cover the
coastal area and needed to be expanded for the dynamic modelling task. WRL modified the
hydraulic roughness map at a street block scale to take into account the influence of urban
development on water flow (Figure 8.9). The hydraulic roughness implemented in the 2012
MIKE Flood Model for the street block areas was verified against values found in flood modelling
literature.
Table 8.2 provides a summary of the adopted values throughout the 2012 Mike Flood model.
Table 8.2 Adopted Roughness Values for the 2012 MIKE Flood Model
Description
Buildings blocks

Adopted Manning’s ‘n’
0.15

Roads

0.015

Upstream Moyne River Channel

0.040

Belfast Lough

0.030

Moyne River section with piers

0.033

Downstream Moyne River

0.040

Remaining areas (lightly vegetated,
pastures)

0.050

The 2008 and 2012 MIKE Flood roughness maps are presented in Figure 8.8 and Figure 8.9.
8.3.3. Design Flood Modelling Conditions
Dynamic flood modelling was considered for four (4) different scenarios combining terrestrial and
coastal flood events of different ARI as presented in Table 8.3.
The boundary conditions for the terrestrial riverine inflows for the 10 and 20 year ARI events
were unchanged from the previous modelling undertaken for the 2008 Port Fairy Regional Flood
Study.
The coastal boundary conditions were based on 50 and 100 year ARI coastal storm events and
the sea level rise predictions for the present day, 2050 and 2080 planning periods as detailed in
Sections 5.3 and 5.4. The wave overtopping rates calculated for the coastal boundary conditions
factored the influence of present day and future erosion/recession on the coastline levels. An
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additional scenario, referred to as Scenario 5, investigated the potential influence of an extended
dune breach in the area immediately north of the end of the rock revetment on East Beach. The
characterisation of the extent of this specific potential dune breach event was based on the
results of the study presented in Appendix B. The ocean boundary conditions are discussed
more in detail in Section 8.3.4.
Table 8.3 Overview of Boundary Conditions
Riverine

Ocean

Planning Period

Boundary

Boundary

& SLR

Conditions

Conditions

1

10 year ARI

50 year ARI

2

10 year ARI

100 year ARI

3

20 year ARI

100 year ARI

Scenario #

5

20 year ARI

100 year ARI

Comments

Present Day
0 m SLR
2050
0.4 m SLR
2080

Dune breach extent (180 m) next to

0.8 m SLR

East Beach rock revetment end

2080

Extended dune breach (385 m) next

0.8 m SLR

to East Beach rock revetment end

Note: WRL in agreement with MSC and DSC did not perform Scenario 4 due to its similarity to Scenario 1.

Note that the flood modelling assumed coincidence of peak riverine flood flows and coastal storm
surge heights. While this assumption is considered conservative, a lack of historical information
limits the ability to assess the probability of joint occurrence of ocean and catchment events. In
the absence of further information this conservative approach was adopted.
Flooding in coastal catchments can sometimes result from the combination of both runoff
generated by an extreme rainfall event and elevated water levels due storm surge, as these
flood-producing processes are often the result of common meteorological conditions. The results
of the study Interaction of Coastal Processes and Sever Weather Events (Draft) (Engineers
Australia, 2012d), for three (3) sites (Sydney, Brisbane, Mackay) around Australia showed that
there was “… statistically significant dependence between extreme rainfall and storm surge…” at
all three sites. However, the joint dependence of riverine and coastal flooding regionally around
the Australian coastline is still an active research area and has not yet been assessed for the
Victorian coast.
In the absence of more precise guidelines for coastal flooding, it should be noted that the
modelled scenarios are consistent with the best practice guidelines for floodplain management
recommended in Floodplain Management in Australia: Best Practice Principles and Guidelines
(SCARM, 2000).
“Thus, if an extreme rainfall situation is adopted for analysis (e.g. 1% AEP rainfalls), a
considerable less extreme accompanying storm surge situation is typically selected (e.g.
10% AEP storm surge) and vice versa.” (SCARM, 2000).
Note that it is standard engineering practice in Australia to use the 100 year ARI event for
design of “permanent” coastal structures (Pilgrim, 1987). The USA Federal Emergency Agency
Management Authority (FEMA) in its Coastal Construction Manual (FEMA, 2000) also
recommends a 100 year design event for a “coastal residential building”.
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Inundation from coastal processes alone is likely to be at peak levels for durations of up to only
two hours due to tidal water level fluctuations. Coastal inundation resulting from combined
catchment and coastal flooding can potentially persist for longer periods, due to the more
random nature of hydrological processes and individual catchment response.
8.3.4. Implementation of Dynamic Coastal Boundaries
Two types of downstream boundaries (along the coastline) were implemented in the 2012 Mike
Flood model to simulate model dynamic coast flooding.
o

Dynamic water levels at the Moyne river entrance and in the Southwest Passage

The first boundary type was the implementation of dynamic water levels at the Moyne River
entrance and within the Southwest Passage. The ocean boundary at the Moyne Rive entrance
was created by using a Mean High Water Spring (MHWS) tide time series as a base, to which a
tidal anomaly was added such that the peak water level corresponded to the ARI of the storm
(1.03 m AHD for 100 year ARI) as can be observed on Figure 8.10. For modelling purposes a
symmetrical shape of the anomaly was assumed, with the peak in predicted tide and tidal
anomaly assumed to coincide with the peak wave height of the storm. These assumptions are
somewhat conservative but not unreasonable since intense low pressure systems are responsible
for large waves, strong winds and storm surge. The assumptions could be revised with
additional data and joint probability analyses. No wave set-up was considered at the Moyne
River entrance due to limited depth-limited wave breaking. The appropriate SLR water level
offset was added to the resulting water level time series for each considered future flood
scenario.
Dynamic water levels were also implemented at the southern entrance of the Southwest Passage
and included the influence of wave setup within this narrow and shallow channel. The dynamic
water levels for the Southwest Passage were generated using the water levels time series used
for the Moyne River entrance in combination with the 50 or 100 year ARI near shore wave
conditions propagated within the passage. The resulting water levels in the Southwest Passage
were found to be on average 1 m to 1.5 m higher than the ocean levels due to wave setup, as
can be observed on Figure 8.10.
The resulting water level time series adopted for all considered scenarios are provided in
Appendix C.
o

Wave overtopping along the Port Fairy coastline

The purpose of the second type of dynamic coastal boundary implemented in the 2012 MIKE
Flood model was to assess the influence of water overtopping on inundation due to wave runup
on ocean beaches in the coastal area.
The effects of wave runup overtopping the foreshore and sections of East Beach rock revetment
were considered.
Inundation caused by wave runup was assessed by first calculating
overtopping volumes at nominated high risk locations along the coastline using the recognised
best practice methods described in the EurOtop Overtopping Manual (2007) and the Coastal
Engineering Manual (2003). These overtopping volumes were then implemented as flow time
series boundaries at the appropriate locations in the 2012 MIKE Flood model
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Based on the results of the coastal erosion study in Section 6, local inflow boundaries were
implemented in the extended 2012 MIKE Flood model topographic grid at locations identified as
at risk of wave overtopping due to wave runup. The extents of these flow entries were
dependent on the considered planning period (i.e. Present day, 2050 or 2080), taking into
account the impact of erosion/recession on the coastline, and are presented in Table 8.4 . The
locations of these specific zones vulnerable to wave runup and overtopping are shown in Figures
8.11 and 8.12.

Table 8.4 Wave Overtopping Boundary Extents and Peak Discharges

Location

Feature

Scenario 1

Scenario 2

Scenario 3/5

at the

(50 year ARI; Present

(100 year ARI;

(100 year ARI;

back of

Day; 0 m SLR)

2050; 0.4 m SLR)

Breach

Peak

Breach

Peak

Breach

Peak

beach

Extent

Overtopping

Extent

Overtopping

Extent

Overtopping

(m)

Discharge

(m)

Discharge

(m)

Discharge

(m3/s)
Ocean Drive
West
Ocean Drive
East

2080; 0.8 m SLR)

the

(m3/s)

(m3/s)

Dune

300

1.43

300

3.23

300

5.66

Dune

115

0.45

115

0.93

115

1.61

Pea Soup

Dune

0

0

0

0

10

0.01

South Beach

Dune

0

0

60

0.00

100

0.02

The Passage

Dune

150

0.81

150

1.81

150

3.14

East Beach
South

Sloping
Rocks

0

0

0

0

10

0.03

East Beach
Apex Park

Sloping
Rocks

0

0

0

0

20

0.01

East Beach
SLSC

Sloping
Rocks

0

0

0

0

20

0.02

East Beach
Bourne Ave

Sloping
Rocks

0

0

0

0

20

0.01

East Beach
Dune Breach

Dune

0

0

50

1.47

180

4.05

East Beach
Dune Breach
Extended

Dune

0

0

0

0

385

7.87

Reef Point

Dune

300

0.4

300

1.44

550

6.31

The dynamic overtopping flow rates were calculated using a methodology similar to the one
presented in Section 7.3. For the beaches backed by a dune, wave runup was quantified using
the method of Mase (1989), whereas wave runup on East Beach rock revetment was quantified
using best practice empirical, prediction methods based on the most current published literature
(EurOtop, 2007). The elevated water level time series used to calculate wave runup at each
representative location incorporated tides, storm surge and wave setup based on nearshore
wave conditions, i.e. wave height and period as derived from the wave modelling exercise.
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Overtopping was first quantified in terms of volume of water being discharged above the dune or
rock revetment crest and expressed in m3/s per metre length of crest. This unit crest length
rate was then multiplied with the appropriate length extent based on the analysis of the eroded
crest level and used as a dynamic boundary condition for the 2012 MIKE Flood model. This
resulted in discharge rates for each considered scenario due to the combined influence of
erosion/recession and sea level rise, as illustrated on Figure 8.13 for the flow entry located at
the potential dune breaching site next to the northern end of the rock revetment on East Beach.
The resulting water discharge rate time series due to wave overtopping for all considered
scenarios are provided in Appendix C.

8.4. Design Flood Simulation Results
Maximum design flood extent results from all design simulations are presented in Figures 8.14 to
8.17.
8.4.1. Comparison with 2008 Model for Present Day Conditions
A comparison of the maximum flood extent for Scenario 1 with the results of the 2008 Port Fairy
Regional Flood Study is provided on Figure 8.18. The effects of the dynamic ocean water levels
applied at the Moyne River entrance and the Southwest Passage are variable, but a large
increase in level can be observed in the Sandy Cove area. Under Scenario 1 conditions, it should
be noted that the Southwest Passage causeway is overtopped as well as sections of the Ocean
Drive road near The Passage car park. Such coastal flood behaviour has been reported in the
past by MSC (see Figure 12.3), which suggests that the 2012 MIKE flood model provides an
improved estimate of overall flood risk in this specific area of Port Fairy.
A comparison of maximum water depths for Scenario 1 with the results of the 2008 10 year ARI
flood is provided at the key locations (Figure 8.3) in the coastal area (i.e. Points 9 to 15) in Table
8.5.
Table 8.5 Comparison of Modelled Designed Water Depths (m) for 10 year ARI Flood Event
Location
(refer to
Figure 8.3)

WL (m)
(WRL, 2012)

WL (m)

WL difference

(Water

(m)

Technology,
2008)

9

0.51

0.55

-0.04

10

2.52

2.56

-0.04

11

0.56

0.51

0.05

12

1.91

1.85

0.06

13

2.37

2.26

0.11

14

1.59

1.32

0.27

15

2.21

1.90

0.31

This comparison highlights that the modelled water levels are relatively higher within the lower
part of the Moyne River channel (Points 13, 14 and 15) when using dynamic coastal boundaries.
This trend can be in part explained by the influence of the elevated water levels modelled within
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the Southwest Passage due to wave setup. On the other hand, it should be noted that the
overall water levels are slightly lower in the Belfast Lough, which is likely caused by the timing
differences between the riverine peak flows and tidal peak water levels in this area.
The other significant difference in the overall flood extent is due to the inclusion in the 2012
MIKE Flood model of coastal inundation caused by wave runup at the western end of Ocean
Drive. Under present day water level conditions (i.e. no SLR) and a 50 year ARI coastal storm
event (Scenario 1), it has been estimated that about 400 m of coastline could potentially be
subjected to wave overtopping. The relatively high flow rates, close to 4 L/s/m, indicate the
possibility of damage to beachfront houses based on the EurOtop classification (see Table 7.3).
Under the assumption of no infiltration, the flooding could extend inland in the lower
undeveloped zones located behind the western end of Ocean Drive and around the developed
lower sections of Powling Street.
8.4.2. Dynamic Flood Modelling Results
The flood extent analysis for Scenario 1 shows that flood flows are mostly contained within the
Moyne River channel and have localised impact on development along the port. North of Gipps
Street Bridge, the flooding within the Belfast Lough extends on the northern side of Gipps Street
and impacts developments along Ritchie Street. The flood extent around the eastern part of the
Belfast Lough is relatively well contained, with the potential for localised and limited breaching of
Skenes Road near the Port Fairy Golf Course.
Further analysis of the different design modelled floods with dynamic coastal boundaries was
performed by selecting additional locations within the coastal area (see Figure 8.19). A brief
description of the predicted flood behaviour over the range of the design dynamic flood scenarios
is provided for these locations. An overview of maximum water levels all modelled scenarios is
provided at the key locations (Figure 8.19) in the coastal area in Table 8.6. Comments are given
on the predicted water depths at the different key locations, based on the recommended
maximum water depth stability criteria for adult pedestrian (0.8 m) and cars (0.3 m to 0.5 m)
provided in the Australian Rainfall and Runoff Revision (Engineers Australia, 2010a and 2010b).
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The flood extent is relatively marginal for the floodplain area located at the back of VIC 516
beach (Figure 8.15) for the present day planning period (Scenario 1) and the wave overtopping
in the western part of Ocean Drive. Under the modelled future SLR scenarios 2, 3 and 5 (0.4 m
SLR and 0.8 m SLR), the flood extent increases due to the influence of wave overtopping on
Ocean Drive and results in predicted water levels breaching the two access roads (Points A and
B). For Scenario 2, the predicted water depths on Thistle Place road are less than 0.3 m but
increase to maximum water depths of 0.5 m to 0.7 m for Scenarios 3 and 5, potentially limiting
the access from/to the properties located on the beachfront.
The flood levels at the western end of Ocean Drive (Figure 8.15) are predicted to be lower than
0.2 m near Anna Catherine Drive (Point C) for the present day planning period. Due to the
increase in wave overtopping volumes associated with potential future sea level rise and
breaching of the dune system, the maximum predicted water depths in this area of the township
could reach 0.5 m for Scenarios 3 and 5 (0.8 m SLR) and result in potential damage to
properties.
The predicted flood extent in the lee of the central part of Ocean Drive (Points D and E, see
Figure 8.15) stays relatively contained in the low areas located between Powling Street and Mills
Crescent for Scenario 1 (no SLR), with predicted water depths lower than 0.1 m. For Scenario 2
(0.4 m SLR), the lower parts of Powling Street and Mills Court are predicted to be flooded with
maximum water depths of 0.3 m, increasing to 0.4 m for Scenarios 3 and 5 (0.8 m SLR),
indicating potential flood hazards for vehicles.
Due to the increase in wave overtopping volumes associated with potential future sea level rise
and additional breaching of the dune system, the flood extent is predicted to gradually progress
east of Mills Court and reach the Russell Clark Reserve and Southcombe Park (Point F) for
Scenarios 2, 3 and 5 (Figure 8.15). The eastwards progression of the flood caused by wave
overtopping is mainly the result of the topography, with ground levels dropping from 2.3 m AHD
near Mills Court (Point E) to 1.3 m AHD at the Southcombe Caravan Park, and additional dune
breaching locations (South Beach) under future elevated water levels. The resulting maximum
water depths are predicted to reach up to 1 m for Scenario 3 (0.8m SLR), indicating serious
impact to development in this low area of the township as well as hazard to the safety of people
and vehicles.
The lower section (1.3 m AHD) of Ocean Drive near the Southwest Passage (Point G) is predicted
to be impacted by coastal flooding for all modelled scenarios (Figure 8.15). The predicted water
levels of 1.5 m AHD (equivalent to a water depth of 0.2 m) for the present day planning period
indicate potential flood hazards for vehicles on this road. These water levels are predicted to
increase by 0.6 m for Scenario 2 (0.4 m SLR) and 1.1 m for Scenarios 3 and 5 (0.8 m SLR). It
should be noted that the flooding in this area results from the combined effects of increased
wave setup within the Southwest Passage breaching the western side of the channel and also
significant wave overtopping in the vicinity of The Passage car park.
The Southwest Passage causeway (average elevation of 2.1 m AHD at Point H) is predicted to be
overtopped for all modelled scenarios due to the additional influence of wave setup on the
elevated water levels in the Southwest Passage channel (Figure 8.15). The predicted water
levels on the causeway are about 2.3 m AHD for the present day planning period, indication
moderate overtopping. Such water levels would likely overtop the training walls separating the
passage from the Puddeny Grounds. The water levels are predicted to increase by 0.2 m (2.4 m
AHD) for Scenario 2 (0.4 m SLR) and by 0.4 m (2.6 m AHD) for Scenarios 3 and 5. The
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difference between the SLR levels and the resulting flood levels in this area can be explained by
the fact that part of the flood is predicted to breach the western bank of the channel, south of
the causeway, limiting the flows reaching this coastal structure.
Flood flows are mostly contained within the Moyne River channel between Martin’s Point and
Gipps Street Bridge for all design conditions (Figure 8.16). However, flooding is observed for the
areas on the western bank, located between the Moyne River and Gipps Street for the planning
period. Near the marina footbridge (Point J), water levels in the river are predicted to reach
1.33 m AHD for the planning period, with limited impact to properties on the river banks. The
water levels in the river are predicted to increase to 1.93 m AHD for Scenario 2, and 2.57 m
AHD for Scenarios 3 and 5. The predicted flood levels for Scenarios 3 and 5 would result in
water depths close to 1 m on the western banks of the river and an could impact greatly the
properties south of the marina footbridge. On the other bank, localised flooding is predicted on
the southern part of Griffith Street. Buildings currently at risk of inundation are mainly located
next to the Port Fairy Harbour and Marina. The water levels are predicted to reach 2.58 m for
AHD for Scenarios 3 and 5 (0.8 m SLR), resulting in maximum water depths of 0.3 m on sections
of Gipps Street near Apex Park, indicating potential flood hazards for vehicles.
The increased encroachment of flood waters in the western part of the Belfast Lough is predicted
to impact existing development in the areas located between Regent Street and Osmond Lane
(Figure 8.16). Water depths on Osmonds Lane are predicted to stay below 2 m AHD for the
planning period, with limited flood impact to properties on Marine Court. The increased flood
levels in this area are predicted to result in maximum water depths of about 0.2 m around
Marine Court, increasing to 0.8 m AHD for Scenarios 3 and 5, indicating potential flood hazards
for vehicles as well as damage to existing properties.
Gipps Street Bridge (Point K) is not predicted to be completely overtopped before the 2080
planning horizon (Scenarios 3 and 5, 0.8m SLR), with a maximum water depth of 0.1m over the
bridge but reaching depths of 0.4 m on the lower side of the bridge near Gipps Street Corner
(Figure 8.16). The water levels on the lower sections of the road immediately west of the bridge
(Griffith Street) are predicted to reach 2.6 m AHD (0.5 m water depth) indicating potential flood
hazards for vehicles.
The flood extent on the western side of the Belfast Lough is not predicted to breach Regent
Street (Point I), thereby limiting the flood impact in the southern parts of the Port Fairy township
(Figure 8.16).
The flood extent on the eastern side of the Belfast Lough is observed to be relatively contained
for present day conditions (Figure 8.16). Limited flooding is observed west of Griffiths Street,
with water levels of 1.5 m AHD on Bourne Avenue in the present planning period. However,
water levels increase more significantly in the 2050 planning period (Scenario 2, 0.4 m SLR) with
potential impact to existing development, with predicted water depths of 0.5 m on the lower
section of Bourne Avenue, indicating potential hazard to existing properties. This would result as
well in potential flooding of Griffith Street (Point L), with water levels above 1.9 m AHD resulting
in maximum water depths of 0.1 m of the road. Due to the combined influence of increased sea
level rise, additional locations subjected to wave overtopping (SLSC, Bourne Avenue) and an
increase in ARI for the catchment flood (20 year ARI), the water levels are predicted to reach
2.6 m AHD for the Scenarios 3 and 5. This would result in Griffith Street and large sections of
Skenes Road being overtopped, with water depths higher than 0.7 m, with potential
consequences for evacuation of properties in these areas due to pedestrian and traffic hazard.
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Further north along Griffith Street (Figures 8.16 and 8.17), the flood extent on the eastern side
of the Belfast Lough is predicted to cause limited overtopping of Griffiths Street (Point M) with
water levels of 1.58 m AHD resulting in water depth lower than 0.04 m for the present planning
period (Scenario 1). The water levels are predicted to increase by 0.4 m for Scenario 2 (1.99 m
AHD) due to the main influence of the 0.41 m SLR, and indicate potential flood hazards for
vehicles. Due to the combined influences of an increase intensity for the catchment flood (20
year ARI), the increased extent of the dune breach and higher sea level rise, the water levels are
predicted to increase by 1.04 m for Scenarios 3 and 5 (2.62 m AHD), resulting in water depth of
1.0 m on sections of the road, with potential consequences for evacuation of properties in these
areas.
Limited influence of the extended dune breach (Scenario 5) on the overall flood extent and water
levels (increase by 0.01m in water depths), in comparison to Scenario 3, was observed along
Griffith Street and Skenes Road, due to the effect of riverine flooding within the Belfast Lough
(Figures 8.16 and 8.17). It should however, be noted that the overtopping of Griffith Street was
observed to take place approximately 4 hours earlier in Scenario 5 than in Scenario 3, due to the
increased water flow influx associated with the larger dune breaching area.
North of the Port Fairy township, on Skenes Road (Point N), overtopping of the road is predicted
in the 2050 planning period (Scenario 2, 0.4 m SLR) with water levels of 2.01 m AHD increasing
to 2.63 m AHD for Scenarios 3 and 5 (Figure 8.17). This would result in predicted water depths
of 0.2 m on the road, indicating potential hazard for vehicles, increasing to 0.8 m for Scenarios 3
and 5.
Water levels of 1.61 m AHD are predicted near the Port Fairy Golf Club (Point O), resulting in
water depths of 0.1 m on the car park and Skenes Road(Figure 8.17). The predicted water
levels would increase to 2.01 m AHD in the 2050 planning period (Scenario 2, 0.4 m SLR) and to
2.63 m AHD for Scenarios 3 and 5 (0.8 m SLR).
This increase of 0.6 m in water levels between Scenario 2 and the Scenarios 3 and 5 can be
explained by the combined influence of higher sea level rise (from 0.4 m to 0.8 m) and increased
intensity in catchment flood (from 10 to 20 year ARI). This could be expected as the catchment
flood can be expected to have a higher influence on overall flood behaviour this far from the
river entrance, and confirmed by the 0.4 m modelled increase in water levels at the Port Fairy
Golf Club (Point O) between Scenario 1 and Scenario 2, which had identical riverine flooding
conditions and a 0.4 m SLR increase.
8.4.3. Comparison of Bathtub and Dynamic Flood Modelling Results
A comparison between the water levels obtained in Section 7 with the results of the dynamic
flood modelling was performed at the different key locations depicted on Figure 8.19. Table 8.7
provides a comparison between both methods for Scenario 1 (50 year ARI coastal storm, No
SLR) and Scenario 3 (100 year ARI, SLR=0.8 m). As expected, this exercise showed that
“bathtub” flood modelling provided a conservative estimate in areas not directly impacted by
direct wave overtopping.
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For the present day planning period, the greatest difference in modelled maximum water levels
is observed on the car park next to the Southwest passage, where bathtub levels are 0.7 m
higher. This can be explained by the fact that the flood is predicted to breach the western bank
of the channel, south of the causeway, limiting the flows reaching this coastal structure, as well
as the influence of lower water levels within the Moyne River Channel in comparison with the
water levels in the Southwest Passage.
The water levels predicted by the dynamic flood model for the floodplain area located at the back
of VIC 516 beach (Points A and B) are 0.5 m lower than the bathtub levels, due to the limited
effect of propagated wave overtopping in the western part of Ocean Drive. This difference
increase to 0.8 m for the 2080 m planning period (0.8 m SLR).
The influence of wave overtopping in the coastal areas of Ocean Drive (Points C and D) result in
higher water levels due to the peak wave run up values resulting in a breach of the dune crest in
this low-lying part of the coast for the present day conditions. On the other hand, for the 2080
planning period, the maximum water levels predicted using dynamic flood modelling along the
most of the oceanic coastline along Ocean Drive are significantly lower (0.4 m to 0.8 m) than the
“bathtub” results, as breaching of the dune and resulting wave overtopping is only intermittent
and mainly associated with the tidal cycle.
The water levels predicted by the bathtub modelling are only marginally higher for the other key
locations, as the flood water levels are mainly driven by Moyne River and the Belfast Lough,
which are tidal-dominated environments.

Section 8 Key Findings


“Dynamic coastal inundation numerical modelling” assessment for the
coastal area of the Port Fairy township was undertaken to estimate the
possible inundation under combined ocean and catchment flooding;



Modelling was undertaken to best contemporary practice and assumed
coincidence of coastal storm surge heights and catchment peak flood
flows;



The coastal areas most impacted by wave overtopping were located
around Ocean Drive and the Southwest Passage;



Under present day conditions (Scenario 1), flood flows are mostly
contained within the Moyne River channel and have localised impact on
development along the port;



Under future modelling conditions (Scenarios 2, 3 and 5), inundation due
to wave overtopping could potentially impact the Russell Clark Reserve
and Southcombe Park;



Modelling of dune breaching on East Beach was observed to have limited
influence on flooding extent as flood levels are mainly driven by the Moyne
River and the Belfast Lough.
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9. Influence of the Opening of the Southwest Passage on
Sediment Transport
9.1. Introduction
Section 9 presents the results of an analysis of sediment transport potential within the Moyne
River entrance and Southwest Passage. The main focus of this exercise was to assess the
potential influence of opening of the Southwest Passage causeway on sediment transport under
coastal storm conditions.
This task was completed using the MIKE Flood model used for dynamic coastal inundation
numerical modelling, presented in Section 8. The existing MIKE Flood model topography grid
was modified to represent removal of the Southwest Passage causeway. Modelling assessed two
different ocean boundary condition scenarios, provided by the MSC and DSE.
The hydraulic analysis provided maps of flow speed and direction, which combined with
knowledge of the local sediment properties, enabled the determination of shear properties and
inferred characterisation of possible sediment transport during the modelled flood events.

9.2. Background Information
A detailed review of the Port Fairy and the Moyne River works since the 1850s is provided in
Section 5.8.1. The purpose of the following section is to establish a more specific chronology of
the different occasions when the Southwest Passage has been opened and sealed off. This
section also provides the results of an initial assessment of sand volumes present within the
Southwest Passage and the downstream sections of the Moyne River channel, using the 2007
LIDAR data and historical nautical charts.
9.2.1. Development Works Around the Southwest Passage
The construction of the Moyne River training walls is reported to have begun about 1869, with
initial work localised around Goat Island and extending into the bay. Additional work also
consisted of removing limestone and rock reef from the river bed as well as dredging through a
sand bar at the mouth of the river. Dredging is reported to have continued since that time, both
in the Moyne River Channel and in the Southwest Passage.
Following a visit of Sir John Coode (Chief Engineer of the British Admiralty) in 1886, it was
recommended that the Southwest Passage be partially closed with the installation of sluice gates
in order to improve navigation by reducing wave-induced currents. However no work concerning
the closure of the Southwest Passage was undertaken until the early 1910s, with a first mention
of the Southwest Passage being sealed off from the river by a causeway in 1911. It is believed
that the main reason for the closure of the Southwest Passage in 1909 was the running aground
of the Eumeralla steamer caused by surging currents.
Erosion/recession on East Beach foreshore appeared to be already problematic before the closing
of the Southwest Passage, as extensive erosion near Battery Hill was reported as early as 1881
and again in 1898. East Beach was found to temporarily accrete after the Southwest Passage
was partially opened in 1946, with an accidental breach of about 3 to 4 m wide. However, due
to the persistent problem of the river silting up as well as access to Griffiths Island, the
Southwest Passage was sealed off once more by 1954. The causeway joining Griffiths Island to
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the mainland was rebuilt in its current design in 1969 to protect the crossing of a sewerage
outfall pipe. It is important to note, that numerous public petitions were signed in the 1950s to
keep the Passage open in the belief that this would improve both the erosion/recession problem
on East Beach and have potential benefits for fishing.
9.2.2. Assessment of Sediment Volumes Around the Southwest Passage
A volumetric analysis of the sand accumulation in the Moyne Rover entrance was performed by
comparing the 1854 Barrow Chart (see Figure 5.18), the 1870 Stanley Chart (see Figure 5.19),
available aerial photography and 2007 LIDAR data.
The area within the Southwest Passage, on either side of the causeway, has not been dredged in
recent years. Based on the analysis of the 1854 and 1870 nautical charts and the 2007 LIDAR,
it has been estimated that approximately 60,000 m3 of sand has accumulated in the Southwest
Passage over the years since the 1870s.
Table 9.1 Estimation of Accumulated Sand Volumes (1870-2010)

Location
Southwest Passage
(Ocean Side)
Southwest Passage
(Moyne River Side)

Area (m2)

Volume (m3)

18,000

36,000

7,500

24,000

100,000

200,000

Moyne River Channel
(Gipps Street Bridge to
Moyne River Entrance)

An additional volumetric estimation of sediment deposited within the Moyne River channel
between Gipps Street Bridge and the river entrance has been performed. An average sediment
thickness was derived from the average channel depth (between -2.5 and -3.5 m AHD) obtained
from the 2010 LIDAR bathymetric data and from the known bedrock levels in the Moyne River.
The bedrock levels were obtained from a previous geological survey campaign performed in the
vicinity of the Marina in the early 2000s. Drilling in multiple locations found the top of the basalt
layer at depths around -4 to -6 m AHD (Max Dumnesy, pers. comm.). It has been estimated
that approximately 200,000 m3 of sand is nowadays present in this area of the Moyne River
channel.
It should be noted that this volume is an estimation and that it could vary significantly due to
the sand dredging undertaken in the river. Dredging is nowadays typically performed six (6)
months a year along the river entrance and previously in the Southwest Passage. While no
detailed report exists, it was estimated by the Port Authority that 30,000 to 50,000 m3 of sand
are dredged from the river each year, mostly from sand bars near South Mole Beach (WBM,
2007). It should be noted that these numbers are only estimates and no exact volumes were
available at the time of the study.
Based on an time interval of 140 years (1870 to 2010), the accumulated sand volume in the
Southwest Passage indicated a potential 500 m3/year sediment transport rate towards the
Moyne River channel, which could have under specific flow conditions and in the absence of the
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causeway, reached the East Beach embayment. It should be noted that the potential sediment
transport rate in the Southwest Passage is nearly five times smaller than the transport rate
(2500 m3/year) derived from the accumulated sand at South Mole Beach (approximately
300,000 m3). This indicates that long term sand supply in the Southwest Passage from offshore
can be considered as minor in comparison to the sand supply past the headland Griffiths Island
which is currently trapped by the southern training wall on South Mole Beach (i.e. Lighthouse
Beach). However, it is important to take in account that in the absence of any humandevelopment, part of the sand supply around Griffiths Island would have probably been
unavailable to East Beach as it would have naturally travelled upstream under ambient
conditions due to Lagrangian drift and ebb-tidal asymmetry in the Moyne river delta.
9.2.3. Previous Investigations
WBM (1996) investigated the potential benefits from an opening of the Southwest Passage on
sediment transport towards East Beach. The reported modelling was performed under 35 knot
wind conditions for both southwest and south east directions and did not include wave forcing.
WBM indicated “a potential for a strong current and associated sand transport through the
Southwest Passage if it were open” for the southwest wind case. Review of this report indicates
that the opposite current and associated sediment transport from the Moyne River mouth to the
Southwest Passage has the potential to occur for the southeast wind case. WBM also indicates
that the opening of the Southwest Passage could potentially have impacts on navigation and
dredging requirements in the Moyne River.
Additional investigation of the opening of the southwest Passage on the erosion on East Beach
was performed by WBM (2007) in the “Port Fairy East beach Coastal Erosion Engineering and
Feasibility Study”. The effects of the opening of the Southwest Passage were assessed in a
preliminary manner by modelling the combined influence of southwest waves and southwest
wind on the flow within the Moyne River channel. The results discussed in the report were
obtained for 3 m waves and 30 knot winds, which were described as “relatively severe but
reasonably common prevailing conditions”. WBM reported that under such environmental
conditions, “the current along the downstream part of the river channel may be continuously
seawards with sufficient strength to carry sand out of the river. That is, in such circumstances,
the river may be self-flushing and any sand deposited in the channel would tend to be forced out
through the mouth.” It was highlighted that this effect was unlikely to occur under southwest
and southeast typical wave conditions.
In its peer-review of the 2007 study by WBM, Aurecon (2010) commented that the wave and
wind conditions used for the sediment transport modelling exercise could not be considered as
common and that typical wave and wind conditions could potentially not induce sufficient
outflowing current, resulting in additional sediment deposition in the entrance channel between
the training walls. It also reported that comments from Harold Dempsey (ex. Moyne Shire
Engineer) suggest that “when the passage was partially opened in the late 90’s and early 50’s
sand that migrated through the Passage was not carried through the entrance channel”. This
tendency of sediment to get washed upstream is not uncommon in untrained estuary
environments, due to the combined influence of Lagrangian drift caused by the waves at the
river entrance and tidal asymmetry. Aurecon’s conclusion regarding the potential benefits from
the opening of the Southwest Passage on the erosion problem on East Beach, is that “it is
unlikely to provide the benefits thought”.
Based on the analysis of an offshore wave monitoring instrument (Flocard, 2012), WRL has
estimated the average significant wave height on the western coastline of the Port Fairy study
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area, located 1 km offshore of VIC 519 beach, to be 1.9 m. Professor Andy Short, one of
Australia’s most esteemed coastal scientists (Short, 2007), estimated the average significant
wave height to be 0.5 m at the southern end of East Beach and 1.7 m at Reef Point. It should
also be noted that these wind conditions cannot be considered as typical as the long term
average wind speeds measured at the closest meteorological station (Port Fairy AWS, BOM,
http://www.bom.gov.au/climate/averages/tables/cw_090175.shtml) are estimated at around
10-12 knots.

9.3. Model Development and Assumptions
For this exercise, WRL used the MIKE Flood model developed for the dynamic coastal flooding
assessment exercise and presented in Section 8. Previously calibrated riverine flow boundaries
(Water Technology, 2008) and ocean model boundaries calculated for this study were used to
drive the MIKE Flood model and allowed to perform an indicative assessment of the influence of
opening the Southwest Passage on sediment transport, for the two modelled scenarios.
This section first details the modelling process including initial set-up and a brief description of
the scenarios tested. The remainder of this section details the MIKE Flood outputs and the
applied methodology used to infer sediment transport rates.
9.3.1. Model Setup
A detailed description of the MIKE Flood model used for this specific exercise can be found in
Section 8.
The model’s main features of interest in the Southwest Passage area for this exercise were the
following:



Dynamic tidal water level boundary at the Moyne River entrance including astronomical
tide, storm setup and sea level rise; and
Dynamic tidal water level boundary at the Southwest Passage ocean entrance including
astronomical tide, storm setup, sea level rise and wave setup.

The only modification performed on the MIKE Flood model used in Section 8 was the removal of
the Southwest Passage causeway. This was implemented in the model by adjusting the
elevation of the grid cells representing the causeway to elevation levels of the adjacent grid cells
in the Passage (Figure 9.1). This modification was performed under the assumption that the
removal of the causeway would be performed independently of sand dredging in the Passage,
resulting in the modified cells elevation based on the bed levels including accreted sand on top of
underlying bedrock.
9.3.2. Design Modelling Conditions
Sediment transport modelling was considered for two (2) different scenarios combining
terrestrial and coastal flood events of different ARI as presented in Table 9.2.
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Table 9.2 Overview of Boundary Conditions

Scenario #

6
7

Riverine

Ocean

Planning Period

Boundary

Boundary

& SLR

Conditions

Conditions

Comments

Present Day

Southwest Passage causeway
removed from MIKE topographic grid

10 year ARI

50 year ARI

0 m SLR
2080

Southwest Passage Causeway

20 year ARI

100 year ARI

0.8 m SLR

removed from MIKE topographic grid

The boundary conditions for the terrestrial riverine inflows for the 10 and 20 year ARI events
were unchanged from the previous modelling undertaken for the 2008 Port Fairy Regional Flood
Study.
The coastal boundary conditions were based on 50 and 100 year ARI coastal storm events and
the sea level rise predictions for the present day and 2080 planning period detailed in Sections
5.3 and 5.4.
The first boundary type was the implementation of dynamic water levels at the Moyne River
entrance and within the Southwest Passage. The ocean boundary at the Moyne Rive entrance
was created by using a Mean High Water Spring (MHWS) tide time series as a base, to which a
tidal anomaly was added such that the peak water level corresponded to the ARI of the storm
(1.03 m AHD for 100 year ARI) as can be observed on Figure 8.10.
Dynamic water levels were also implemented at the southern entrance of the Southwest Passage
and included the influence of wave setup within this narrow and shallow channel. The dynamic
water levels for the Southwest Passage were generated using the water levels time series used
for the Moyne River entrance in combination with the 50 or 100 year ARI near shore wave
conditions propagated within the passage. The resulting water levels in the Southwest Passage
were found to be on average 1 m to 1.5 m higher than the ocean levels due to wave setup, as
can be observed on Figure 8.10.
The resulting water level time series adopted for all considered scenarios are provided in
Appendix C.
This significant difference in water levels between the ocean side of the Southwest Passage and
the Moyne River channel has been observed during coastal storms in the last decade and can be
corroborated through anecdotal evidence (Figure 12.3).
Under existing conditions, with the Southwest Passage causeway in place, this water level
difference during storm conditions can be expected to result in overtopping of the causeway and
the surrounding training walls, but only to induce limited flow from the ocean side of the passage
towards the river channel.
On the other hand, the water level difference caused by the oceanic wave setup can be expected
to induce flow velocities from the Southwest Passage towards the Moyne River channel in
absence of the causeway. This increase in flow velocities within the passage can be expected to
induce sediment transport within the Southwest Passage. During the modelled catchment
flooding conditions, the opening of the Southwest Passage causeway is predicted to result in an
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increased flow rate within the downstream section of the Moyne River channel and to increase
the potential for sediment transport towards the river entrance.
9.3.3. Methodology for Sediment Transport Characterisation
The hydraulic analysis performed using the MIKE Flood model provided grids of flow speed and
direction.
Based on the results of the sediment distribution analysis presented in Section 3.1, the sediment
deposited within the Southwest Passage and the Moyne River channel was characterised by a
median particle size (d50) 0.2 mm. Using Shield’s diagram for particle motion, and the average
particle diameter (i.e. d50) of 0.20 mm, critical shear stresses above which particle transport is
initiated were calculated for the median sediment particles.
The analysis involved generating maps of modelled depth averaged velocities for each scenario
to compute shear velocities. The underlying analysis relates to a turbulent boundary layer where
the velocity distribution can be considered to be approximately logarithmic and related to a
shearing velocity.
A boundary layer approximation (Chow, 1959) was used to assess the shear stress, which can
be expressed as follows:
∗

∗

Where:






∗

= Friction Velocity
= Average Velocity
= Von Karman Constant, taken as 0.4 (Chow 1959)
= Height
Boundary roughness

Note that a boundary roughness of 0.5 mm was chosen for the exercise, in order to account for
the effect of large particles on flow resistance, based on (Leopold et al., 1964; Limerinos,1970).
It was determined that velocities greater than 0.5 m/s are sufficient to generate particle
transport within the Southwest Passage.
This allowed the identification of areas where
sediments were potentially mobilised during the modelled flood event. The net direction of
sediment transport was assessed by inferring the net direction of flow over the model runtime.
This was performed by post processing depth averaged speed in the x and y planar directions
from the MIKE Flood model results to generate maps of sediment transport direction.

9.4. Characterisation of Sediment Transport
The sediment composition in the Southwest Passage and the Moyne River channel is dominated
by fine to medium grained marine sands.

WRL Technical Report 2012/21 April 2013 FINAL

99

Figure 9.2 and 9.3 provide the average velocity over the entire duration of the flood event for
the two modelled scenarios. It can be observed that in both cases, the highest velocities
experienced during the flood event are most prevalent at the junction of the Southwest Passage
and the Moyne River channel and near the river entrance.
The velocities experienced during both flood events are sufficient to generate sediment transport
(see Figures 9.4 and 9.5). As such, sand particles are likely to be in suspension throughout the
flood events for much of the Moyne River channel downstream of Gipps Street Bridge as well as
within the Southwest Passage. The velocities experienced during Scenario 6 (50 year ARI
coastal flood, 10 year catchment flood, no SLR) were assessed to be sufficient to generate
sediment transport, as they exceed the 0.5 m/s threshold for over 90% of the duration of the
flood within the Southwest Passage and over 50% of the duration of the flood within
downstream section of the Moyne River channel. The velocities experienced during Scenario 7
(100 year ARI coastal flood, 20 year catchment flood, 0.8 m SLR) were assessed to be sufficient
to generate sediment transport, as they exceed the 0.5 m/s threshold for over 95% of the
duration of the flood within the Southwest Passage and over 85% of the duration of the flood
within downstream section of the Moyne River channel. An analysis of the mean transport
direction for both modelled scenarios showed that the sediment particles are likely to be
transported downstream towards the river entrance during the modelled storm events.
A comparison of the average depth velocity was performed for the case with the causeway in
place (using the results of the flood modelling performed in Section 8) and for the case where it
was removed. This comparison was performed for each design modelled conditions (i.e. 50 or
100 year coastal storm conditions respectively associated with a 10 or 20 year ARI catchment
flood) and is presented in Figures 9.6 and 9.7. An average increase of 1.0 to 1.3 m/s was
predicted in the Southwest Passage north of the causeway, reducing to 0.3 to 0.5 m/s in the
downstream section of the Moyne River channel for the 50 year ARI coastal storm conditions
with no SLR (comparison between Scenario 6 and Scenario 1). An average increase of 0.7 to
1 m/s was predicted in the Southwest Passage north of the causeway, reducing to 0.4 to 0.7 m/s
in the downstream section of the Moyne River channel for the 100 year ARI coastal storm
conditions with a 0.8 m SLR (comparison between Scenario 7 and Scenario 3). The increase in
flow velocities when removing the causeway under a 0.8 m SLR scenario is observed to be less
marked than for conditions with no SLR, as significant overtopping is expected to occur even
with the causeway in place, and resulting in a flow rate from the Southwest Passage towards the
Moyne River channel.
An assessment was made of the potential scouring that could occur during a flood in the
Southwest Passage to determine the potential extent to which the accumulated sand could be
flushed into the river channel. A range of assumptions were made for these calculations.
Firstly, the width of the passage was assumed to be a fixed distance between Martin’s Point’s
training wall and the Puddeny Grounds training wall. Secondly, it was assumed that the majority
of the floodwater would be conveyed via the Southwest Passage channel, with limited influence
of the overtopping taking place in Puddeny Grounds. Thirdly, the depth of the bedrock was set
at 3 m below the water level (and approximately 2 m below the sand bed). Finally, it was
assumed that once sand was removed from the site no sand was available for infill. Based on
the above assumptions, and using the 50 year average recurrence interval (ARI) coastal
flooding event in combination with the 10 year ARI catchment event (Scenario 6), it was
determined that the Southwest Passage has the potential to scour down to the bedrock levels.
Indeed, even with the increased cross-sectional area provided by the scoured section, discharge
velocities would be greater than 0.5 m/s during the 50 year ARI flooding event.
WRL Technical Report 2012/21 April 2013 FINAL

100

9.5. Summary of Effects Opening the Southwest Passage
The main focus of this exercise was to assess the potential influence of opening of the Southwest
Passage causeway on sediment transport under coastal storm conditions.
An analysis of the long term accumulated sand volumes in the Southwest Passage and on South
Mole Beach shows that the benefit in term of sediment transport rate to East Beach resulting
from the opening of the Southwest Passage (500 m3/year) can be considered as minor compared
to the loss in sediment transport rate (2,500 m3/year) trapped by the training walls, which could
potentially reach East Beach.
The main results of this analysis show that:





Sediment transport was initiated in the Southwest Passage and the downstream section
of the Moyne River towards the river entrance under the modelled storm conditions.
Under such extreme environmental conditions (i.e. 50/100 year ARI coastal storm and
10/20 year ARI riverine flood), modelling results indicate that the Moyne River would be
self-flushing for a sediment characterised by a median particle size (d50) 0.2 mm; and
Under these conditions, accumulated sand within the Southwest Passage could
potentially be scoured to bedrock levels and mobilised towards the Moyne River channel
and river entrance. Increased scour within the downstream section of the Moyne River
channel could also undermine the moles and training walls.

The modelling exercise was only able to assess the potential for sediment transport within the
Moyne River channel and could not provide any indication of sediment transport within East
Beach embayment. While the present analysis indicates the potential for sediment transport
from the Southwest Passage and the Moyne River channel towards East Beach during a storm
event, the net volume of mobilised sand exiting through the river entrance during typical wave
and riverine conditions was not investigated. It has been reported (Aurecon, 2010) that some of
sediment from the passage migrated upstream under ambient conditions when the causeway
was previously removed. Another potential consequence of the predicted sediment transport
behaviour would probably be an increased accumulation of sediment in the downstream section
of the Moyne River channel, requiring additional dredging effort in order to maintain navigable
depths. Another major requirement for optimising the sediment pathway from the Southwest
Passage to the southern end of East Beach would involve removing the north mole along the
downstream section of the Moyne River.
It should also be noted that the opening of the Southwest Passage is likely to have an impact on
navigation conditions caused by a potential increase in surging currents within the downstream
section of the Moyne River, and could increase the risk of navigation hazards.
The consequences of the opening of the passage on sediment transport to East Beach can be
summarised as follows:

Increased wave climate, currents and water levels in the main channel, impacting
navigation conditions;

Probably increased sediment into Moyne River main channel requiring additional
dredging effort;

Relatively minor contribution to East Beach sediment transport rate when compared to
sand trapped by southern training wall on South Mole Beach;
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Extra sand washed in from the opened passage will probably keep getting washed
upstream under ambient conditions due to Lagrangian drift and tidal asymmetry; and
Facilitating sediment transport to East Beach on a frequent basis (i.e. ambient
conditions) would require the northern training wall to be removed.

Additional modelling for ambient coastal and riverine conditions and/or sediment tracer studies
would be needed to further assess the influence of the opening of the Southwest Passage on
sediment transport and increase the certainty of the above postulations.
The opening of the Southwest Passage would require the additional consideration of the following
works:

Modification of the Wannon Water sewage outfall currently located underneath the
causeway;

Design and construction of a permanent crossing over the Southwest Passage to provide
pedestrian and vehicle access to Griffiths Island; and

Raising of the crest of the Puddeny Grounds training walls to ensure pedestrian safety
due to increased water levels caused by additional wave setup in the Southwest Passage.
DSE has advised that the Department of Transport would require a full cost-benefit analysis of
any work, which would have the potential to impact upon the functioning of the port of Port
Fairy.
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Section 9 Key Findings
If the Southwest Passage was opened:


Sediment transport was initiated in the Southwest Passage and the downstream
section of the Moyne River towards the river entrance under the modelled storm
conditions;



Under such extreme environmental conditions, modelling results indicate that the
Moyne River would be self-flushing.

However, this was not demonstrated for

ambient conditions;


Under storm conditions, accumulated sand within the Southwest Passage could
potentially be scoured to bedrock levels and mobilised towards the Moyne River
channel and river entrance;



Increased wave climate, currents and water levels would reach the main channel,
impacting navigation conditions;



Increased sediment would probably enter the Moyne River main channel requiring
additional dredging effort;



The contribution to East Beach sediment transport is relatively minor when
compared to sand trapped by southern training wall on South Mole Beach;



Extra sand washed in from the opened Southwest Passage would probably keep
getting washed upstream under ambient conditions due to wave action and/or tidal
asymmetry.
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10. Review of Additional Coastal Hazards
10.1.

Windblown Sand

Site visits and analysis of aerial photos indicate that there are no substantial hazards due to
windblown sand (aeolian drift) in Port Fairy study area. A quantity of windblown sand will reach
the built environment during strong winds, but as all dunes are vegetated, this quantity is
anticipated to be minor and mobile dunes are not expected to threaten the built environment.
The exception is some beach access points where pedestrian traffic has removed vegetation,
lowered the sand levels and has formed a potential dune breach point.
For a typical Port Fairy median sand grain size of 0.15 mm to 0.31 mm, sand movement is
initiated for the following velocities referenced to an anemometer elevation of 10 m (CEM,
2002):


Dry sand

~5.5 to 6.5 m/s (~11 to 13 knots, 20 to 23 km/hour)



Wet sand

~10.5 to 11.5 m/s (~21 to 23 knots, 38 to 41 km/hour)

Note that much higher wind speeds are required to mobilise wet sand compared to dry sand.
Sand can become wet through waves and tide, or through precipitation. Therefore, reduced
rainfall due to climate change has the potential to increase windblown sand volumes. The
modelling of this is beyond the scope of this study.
Note that a future adaptive response may require dunes to be raised, in which case detailed
vegetation management plans and dune designs would need to be prepared. Works for dune
reconstruction may need to involve detailed studies of aeolian mobilisation during the
revegetation phase. Future climate change may alter the range of viable dune vegetation
species.

10.2.

Stormwater Erosion

Stormwater erosion is a relatively minor hazard in Port Fairy as there are no large conveyance
structures discharging directly onto sandy beaches. There are several mid-sized discharge
structures on Ocean Drive Beach. However, the additional erosion resulting from these is minor
and limited to within several metres of the structure as they are located on a mainly rocky
platforms. The discharge pipes in the Southwest Passage extend into the water and the
shoreline is generally rocky.
The design of future stormwater outfalls needs to consider coastal processes, such as:


The effect of elevated ocean water levels on the hydraulic performance of the system; and



Local erosion caused by stormwater discharge and/or wave scour around the outfall.

Water quality from discharged stormwater is likely to be a hazard, but is beyond the scope of
this study to consider this issue.
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10.3.

Seawater Intrusion into Groundwater

Saline intrusion is one of several impacts on groundwater systems that may be associated with
sea-level rise and climate change in the Port Fairy study area.
Climate change could impact on both groundwater quantity and quality. Sea-level rise that
contributes to saline intrusion or inundation is likely the most direct impact of climate change for
coastal aquifer systems, particularly for shallow sandy aquifers. As noted in Section 4.1 of this
report, the NCCOE (20012a) lists groundwater as one of 13 secondary process variables
applicable to coastal engineering.
In broad terms, sea-level rise and climate change can impact on groundwater equilibrium in a
number of ways as follows (Crosbie, 2007; Ghassemi et al., 1991):




Change in recharge e.g. rainfall, land use, river stage;
Change in discharge e.g. demand for extraction, river stage;
Change in storage e.g. sea-level rise, change in recharge or extraction.

Table 10.1 summarises a range of other climate related processes and potential secondary
impacts that could also occur. On the basis of very limited data, it is considered that seawater
intrusion, seawater flooding and inundation could be relevant to the Port Fairy area. The
relevance of other potential impacts of climate change on groundwater systems in the Port Fairy
area cannot currently be quantified but may include flooding of bore heads, changing recharge
and discharge patterns and associated risks to groundwater dependent ecosystems. There is
also a possibility that subsidence of the land surface could occur as a secondary impact of
changing groundwater balance.
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Table 10.1 Potential Impacts of Climate Change on Groundwater Systems
Potential Impact

Examples and Comments

Raised water table causing
inundation of septic systems
Seawater intrusion and lateral
migration of the fresh-saline
interface
Seawater flooding and inundation
of unconfined aquifers
Flooding and saline contamination
of bore heads
Changing recharge in the aquifer
catchment due to variable rainfall
and evapotranspiration
Increased groundwater extraction
and decreased groundwater levels

Denmark (Andersen et al., 2003, 2006, 2007)

Changing discharge patterns that
may impact on surface waters
and groundwater dependent
ecosystems
Subsidence of land surface

Possible
Relevance to
Port Fairy Area
High

Saline intrusion reflects a change in
groundwater balance in the catchment. E.g.
Burdekin Delta (Narayan et al., 2003)
Denmark (Andersen et al., 2003, 2006, 2007)

High

Tsunami affected areas, New Orleans (Carlson
et al., 2007)
May be increased or decreased recharge
depending on actual climatic variability
(Mudd et al. 2006; Crosbie 2007)
May occur if alternative water sources to
drinking
water
are
encouraged
and
groundwater
usage
is
not
capped
(Commander, 2000; Yesertnener, 2003)
Spring flow and baseflow in rivers and stream
could increase or decrease (UKWIR, 2007)

Moderate

Secondary effect that may be related to
increased groundwater extraction in areas
with
compressible
sediments
(Sun et al. , 1999)

Unknown

High

Moderate

Unknown

Unknown

In many coastal areas such as Port Fairy, the development and management of fresh
groundwater resources are seriously constrained by the presence of seawater intrusion (Pittock,
2004). Seawater intrusion is a natural phenomenon that occurs as a consequence of the density
contrast between fresh and saline groundwater. If conditions remain unperturbed, the saline
water body will remain stationary unless it moves under tidal influences.
However, when there is sea level change, pumping of freshwater, or changing recharge
conditions, the saline body will gradually move until a new equilibrium condition is achieved
(Ghassemi et al., 1996). Sustainable yield estimates for coastal aquifer systems need to
account for possible seawater intrusion, which may limit increased usage of groundwater in
some systems. If the sea level rises to higher predicted values (Section 4) over the next
century, this would significantly increase intrusion of seawater into coastal aquifers.
Recommendations for Monitoring and Investigation
The key recommendation is to establish a network of groundwater bores in East Beach and
around Ocean Drive which are instrumented to measure groundwater levels (to AHD) and
salinity – both average and extremes. As there are existing bores in the area, coordination of
the data being collected needs to be undertaken in light of the recommendations in this study.
Analysis of this data then needs to be undertaken.
There are a number of recommendations for a more detailed assessment of possible sea level
rise and climate change impacts on local groundwater systems which may not be the
responsibility of Council. Priority desktop assessments are recommended that include the
following tasks:

Assessment of groundwater usage to determine current dependencies and strategic
water supplies for future use;
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Mapping of groundwater bore locations and stratigraphic relationships to identify the
most vulnerable bores in unconfined sandy aquifers;
Mapping the projected areas over aquifer systems that may be impacted under various
scenarios of sea-level rise and storm events.

Baseline conditions for the saline-freshwater interface for important groundwater supply areas
should be established. This work would involve installation of a transect of nested monitoring
piezometers perpendicular to the shoreline and monitoring of groundwater levels and salinity.
New and existing groundwater bores close to the coastline should be sampled for electrical
conductivity (EC), pH, and major ions to establish baseline conditions. An assessment of cation
concentrations would also enable an assessment of how the saline-fresh interface has been
moving in the past.
Increased groundwater management may be required in the future should groundwater
extraction increase. Groundwater status reports at that time should consider groundwatersurface connectivity, recharge patterns, groundwater-dependent ecosystems and the potential
for subsidence associated with groundwater extraction that may exacerbate the impacts of sealevel rise in coastal areas.

Section 10 Key Findings


No substantial hazards due to windblown sand (aeolian drift) in the Port Fairy study
area have been identified;



Future adaptive response may require dunes to be raised, in which case detailed
vegetation management plans and dune designs would need to be prepared;



Stormwater erosion was identified as a relatively minor hazard in Port Fairy as there
are no large conveyance structures discharging directly onto sandy beaches;



Water quality from discharged stormwater is currently the highest priority hazard
associated with the stormwater network in the coastal area;



Saline intrusion is one of several impacts on groundwater systems that may be
associated with sea-level rise and climate change in the Port Fairy study area;



Increased groundwater management may be required in the future in response to
increased extraction or decreased supply.
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11. Coastal Hazards Mapping and Vulnerability Assessment
11.1.

Risk Areas for Coastal Erosion and Recession Hazards

The erosion and recession hazard lines were estimated using the methodology presented in
Section 6. Predicted coastal erosion hazard lines for sandy beaches in the Port Fairy study area
are shown in Figures 11.1 to 11.19 for each area for a 50 year ARI (2% AEP) erosion event with
present day conditions and also for a 100 year ARI (1% AEP) erosion event with the 2050, 2080
and 2100 planning horizons. Both the scenarios, namely with rock revetment in place and rock
revetment failure, were considered on the southern section of East Beach. Detailed assessment
for individual properties may generate slightly different hazard line locations.
The stretches of coastline dominated by rocky cliffs were highlighted in the coastal hazard
mapping in order to clearly indicate coastal zone requiring further specific geotechnical
investigation. Due to the lack of warning for landslides, and the potentially severe consequences
of failure, it is recommended that professional advice from a Geotechnical Engineer be sought
where existing development exists on rocky coasts within the default setbacks setback zones.
An estimate of the number of private properties (defined by the allotment extent on provided
cadastral boundaries) and public assets affected by the erosion and recession hazard lines is
shown in Table 11.1.
This is an approximate estimate only, and does not consider building type or any specific
protection works. A property is considered potentially affected by erosion if the erosion hazard
line is within or intersects the property boundaries (and not necessarily the house or building).
These assets would only be damaged or lost if the sea level rise and coastal change projections
in this report eventuate and if adaptation was not undertaken or emergency action was not
taken.
Roads and other infrastructure such as sewer and stormwater lines, water mains and pumping
stations, coastal reserves were also considered in the assessment.

Table 11.1 Indicative Assets Potentially Impacted by Erosion and Recession

Area

Asset

Planning Horizon
Present

Cape Reamur
(Figure 11.1)

2050

2080

2100

Private Properties

0

-

0

Public Buildings

0

-

0

-

Sealed Road

no

-

no

-

Unsealed Road

no

-

no

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Beach Access
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Area

Asset

Planning Horizon
Present

Unnamed 7
(VIC 521)
(Figure 11.2)

(VIC 520)
(Figure 11.2)

(VIC 519)
(Figure 11.3)

2100

-

2

-

Public Buildings

0

-

0

-

Sealed Road

0

-

0

-

Unsealed Road

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

Beach Access

no

-

no

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Private Properties

4

-

4

-

Public Buildings

0

-

0

-

no

-

no

-

Unsealed Road

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

Beach Access

no

-

no

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Private Properties

2

-

2

-

Public Buildings

0

-

0

-

Sealed Road
Unnamed 5

2080

2

Sealed Road
Unnamed 6

2050

Private Properties

0

-

0

-

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

Beach Access

no

-

no

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Unsealed Road
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Area

Asset

Planning Horizon
Present

Unnamed 4
(VIC 518)
(Figure 11.3)

(VIC 517)
(Figure 11.4)

2

-

Public Buildings

0

-

0

-

Sealed Road

0

-

0

-

Unsealed Road

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

Beach Access

no

-

no

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Private Properties

4

5

6

6

Public Buildings

0

0

0

0

no

no

no

no
yes

Unsealed Road

yes

yes

yes

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

no

no

no

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Private Properties

11

11

11

11

0

0

0

0
yes

Sealed Road

(VIC 516)
(Figure 11.5)

2100

-

Public Buildings

Unnamed 2

2080

1

Sealed Road
Unnamed 3

2050

Private Properties

yes

yes

yes

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

no

no

no

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no
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Area

Asset

Planning Horizon
Present

(incl. Powling St)
(Figure 11.6)

37

Public Buildings

0

0

0

0

yes

yes

yes

yes

Unsealed Road

(Figure 11.7)

no

no

no

no

yes

yes

yes

yes

Unsealed Car Park

yes

yes

yes

yes

Parks/Reserves

yes

yes

yes

yes

Beach Access

3

3

3

3

Water Mains

no

yes

yes

yes

no

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

Private Properties

1

4

18

21

Public Buildings

0

0

0

0

no

yes

yes

yes

Unsealed Road

no

no

no

no

Sealed Car Park

no

yes

yes

yes

Unsealed Car Park

yes

yes

yes

yes

Parks/Reserves

yes

yes

yes

yes

3

3

3

3

yes

yes

yes

yes

Beach Access
Water Mains
Sewer Mains

no

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

Private Properties

0

0

0

0

Public Buildings

0

1

1

1

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

3

3

3

3

Water Mains

yes

yes

yes

yes

Sewer Mains

no

yes

yes

yes

Stormwater Lines

no

no

no

no

Sealed Road
Unsealed Road
South Beach

Sealed Car Park
Unsealed Car Park

(Figure 11.8)

65

Sealed Car Park

Sealed Road

Beach

2100

13

Sewer Mains

Pea Soup

2080

0

Sealed Road
Ocean Drive Beach

2050

Private Properties

Parks/Reserves
Beach Access
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Area

Asset

Planning Horizon
Present

Beach
(Figure 11.9)

South Mole Beach
(Figure 11.10)

East Beach (from
Moyne River walls
to SLSC)
ROCK REVETMENT
IN PLACE
(Figure 11.11)

Moyne River walls
to SLSC)
ROCK REVETMENT
FAILURE
(Figure 11.18)

2100

0

0

0

Public Buildings

0

0

0

0

no

no

no

no
no

Unsealed Road

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

yes

yes

yes

yes

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Private Properties

0

0

0

0

Public Buildings

0

0

0

0

Sealed Road

no

no

no

no

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

yes

yes

yes

yes

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Private Properties

0

0

0

0

Public Buildings

0

0

0

0

Sealed Road

no

no

no

no

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

Parks/Reserves

no

no

no

Beach Access

3

3

3

3

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Private Properties

41

42

49

67

Public Buildings
East Beach (from

2080

0

Sealed Road
Griffiths Island

2050

Private Properties

0

1

1

2

Sealed Road

yes

yes

yes

yes

Unsealed Road

yes

yes

yes

yes

Sealed Car Park

yes

yes

yes

yes

Unsealed Car Park

yes

yes

yes

yes

no

no

yes

yes

3

3

3

3

Water Mains

yes

yes

yes

yes

Sewer Mains

no

yes

yes

yes

Stormwater Lines

no

no

no

no

Parks/Reserves
Beach Access
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Area

Asset

Planning Horizon
Present

East Beach (from
SLSC to Rock
Revetment End)
ROCK REVETMENT
IN PLACE
(Figure 11.12)

SLSC to Rock
Revetment End)
ROCK REVETMENT
FAILURE
(Figure 11.19)

0

0

Public Buildings

0

0

0

0

Sealed Road

no

no

no

no

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

no

no

no

Beach Access

11

11

11

11

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

45

66

Public Buildings
Sealed Road
Sealed Car Park

2

2

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

Beach Access

11

11

11

11

Water Mains

yes

yes

yes

yes

Sewer Mains

yes

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

End to Reef Point)

5

5

5

5

0

0

0

0

no

no

no

yes

Unsealed Road

yes

yes

yes

yes

Sealed Car Park

no

no

no

no

Unsealed Car Park

yes

yes

yes

yes

Parks/Reserves

yes

Sealed Road

(Figures 11.13-15)

95

2

Unsealed Car Park
Parks/Reserves

66

2

Unsealed Road

Public Buildings

Rock Revetment

2100

0

Private Properties

East Beach (from

2080

0

Private Properties
East Beach (from

2050

Private Properties

yes

yes

yes

Beach Access

3

3

3

3

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no
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Area

Asset

Planning Horizon
Present

Killarney Beach
(Figure 11.17)

11.2.

2100

Private Properties

1

-

1

0

-

0

-

no

-

no

-

Unsealed Road

(Figure 11.16)

2080

Public Buildings
Sealed Road

Reef Point

2050

-

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

yes

-

yes

-

Beach Access

3

-

3

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Private Properties

0

-

0

-

Public Buildings

0

-

0

-

Sealed Road

yes

-

yes

-

Unsealed Road

yes

-

yes

-

Sealed Car Park

yes

-

yes

-

Unsealed Car Park

yes

-

yes

-

Parks/Reserves

yes

-

yes

-

Beach Access

3

-

3

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Parks/Reserves

Risk Areas for Coastal Inundation

Areas subject to inundation under 50 year ARI (2% AEP) conditions for present day and 100
year ARI (1% AEP) for the 2050, 2080 and 2100 planning horizons are shown in Figures 11.20
to 11.36.
The presented inundation areas for the Port Fairy study area were derived from the combined
analysis of the results of the “bathtub” inundation levels (incorporating astronomical tide,
barometric setup and wave setup) and the “dynamic coastal inundation numerical modelling”
assessment for the coastal area of the Port Fairy township (estimating combined ocean and
catchment flooding).
As explained in Section 7, the inundation levels obtained using “bathtub” inundation modelling
were derived from the maximum coastal elevated water levels due to tide, storm surge wave
setup and sea level rise projection, and applied directly over inland areas. While this method is
usually conservative as it does not take into account the propagation of flood waters inland and
consider the flood to be driven by an “infinite” volume of water, it does allow an initial estimate
of inundation level and extent and was used over the whole Port Fairy study area (i.e. from Cape
Reamur to Cape Killarney).
The second method used in this study is referred to as “dynamic coastal inundation” numerical
modelling and was presented in details in Section 8. This method allowed the estimation of the
possible inundation under combined ocean and catchment flooding, through hydrodynamic
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modelling of the Moyne River and the Belfast Lough. This specific coastal flood analysis
considered dynamically both the coastal elevated water levels (i.e. sea level rise projections,
storm surge and wave setup) and the wave runup overtopping of the foreshore and coastal
structures. The modelling allowed consideration of the variation of the coastal and riverine water
levels over the duration of the flood event, as well as how the flood waters would propagate
inland due to ground elevation or obstacles. This modelling exercise was only performed over
the coastal area directly around the Port Fairy township (i.e. western end of Ocean Drive to
eastern end of East Beach, due to modelling limitations.
After preliminary presentation of the results for “bathtub” and “dynamic” modelling and
discussion with MSC, DSE and GHCMA, it was agreed WRL would provide a unique set of
inundation mapping for this report. This mapping output was based on information derived from
both inundation methods, taking into consideration the geographic coverage extent, planning
period investigated, potential influence of stormwater network and qualities of each inundation
modelling method.
Inundation mapping for the coastline sub-section between Cape Reamur and Unnamed 3 Beach
(VIC 516) was solely derived from “bathtub” modelling, as this area was not covered by the
MIKE Flood model. Inundation mapping for the coastline sub-section between Ocean Drive Beach
(VIC515) and the eastern end of East Beach was based on the results from the “dynamic”
modelling in order to take into account the influence of coincident catchment flooding along the
Moyne River and the Belfast Lough. Potential connectivity through the stormwater network was
taken into consideration locally around Powling Street, Southcombe Park and the Russell Clarke
Reserve, with limited inclusion of the “bathtub” modelling outputs. Inundation mapping for the
coastline sub-section between Reef Point Beach and Cape Killarney was solely derived from
“bathtub” modelling, as this area was not covered by the MIKE Flood model. Finally, inundation
mapping for the whole Port Fairy study area for the 2100 planning period (0.8 m SLR) was solely
derived from “bathtub” modelling, as this scenario was not investigated by the “dynamic coastal
inundation” numerical modelling exercise.
The inundation areas were mapped based on ground elevation (the “bare earth” 2007 LIDAR
layer) and do not consider flow paths and velocities. The potential for inundation does not
necessarily preclude new development, but such inundation potential should be considered in the
design of buildings and infrastructure, and in emergency planning. The peak of inundation
events would persist for approximately two (2) hours with the peak of the tide. However,
subject to topography, substantial ponding may remain in some areas well after the storm level
peak.
An estimate of the number of private properties (defined by the allotment extent on provided
cadastral boundaries) and public assets potentially affected by the coastal inundation is shown in
Table 11.2. This is an approximate estimate only, and does not consider building type or any
specific protection works. A property is considered potentially affected by inundation if the
inundation extent is within or intersects the property boundaries (and not necessarily the house
or building).
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Table 11.2 Indicative Assets Potentially Impacted by Coastal Inundation
Area

Asset

Planning Horizon
Present

Cape Reamur
(Figure 11.20)

(VIC 521)
(Figure 11.21)

2080

2100

0

-

0

-

Public Buildings

0

-

0

-

Sealed Road

no

-

no

-

Unsealed Road

no

-

no

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

-

Beach Access

Coastal protection work

Unnamed 7

2050

Private Properties

Not applicable

Private Properties

1

-

1

Public Buildings

0

-

0

-

Sealed Road

no

-

no

-

Unsealed Road

no

-

no

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Beach Access

Coastal protection work

WRL Technical Report 2012/21 April 2013 FINAL

Not applicable

116

Area

Asset

Planning Horizon
Present

(Figure 11.21)

5

-

Public Buildings

0

-

0

-

no

-

no

-

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

-

Beach Access

Coastal protection work

Unnamed 5
(VIC 519)
(Figure 11.22)

Not applicable

Private Properties

2

-

2

Public Buildings

0

-

0

-

Sealed Road

no

-

no

-

Unsealed Road

no

-

no

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Beach Access

Coastal protection work

Unnamed 4
(VIC 518)
(Figure 11.22)

2100

-

Unsealed Road
(VIC 520)

2080

5

Sealed Road
Unnamed 6

2050

Private Properties

Not applicable

Private Properties

2

-

2

-

Public Buildings

0

-

0

-

Sealed Road

no

-

no

-

Unsealed Road

no

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

Parks/Reserves

no

-

no

-

0

-

0

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Beach Access

Coastal protection work
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Area

Asset

Planning Horizon
Present

(Figure 11.23)

7

7

Public Buildings

0

0

0

0

no

no

no

no

yes

yes

yes

yes

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

no

no

no

0

0

0

0

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

11

Beach Access

Coastal protection work

10

11

0

0

0

0

yes

yes

yes

yes

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

Parks/Reserves

no

no

no

no

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Sealed Road
Unsealed Road
(VIC 516)
(Figure 11.24)

Not applicable
10

Private Properties
Public Buildings

Unnamed 2

Coastal protection work
Private Properties
Public Buildings
Sealed Road
Ocean Drive Beach
(incl. Powling St)

Not applicable
47

47

51

57

0

0

0

0

yes

yes

yes

yes

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

yes

yes

yes

yes

yes

yes

yes

3

3

3

3

Water Mains

yes

yes

yes

yes

Sewer Mains

yes

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

Parks/Reserves
(Figure 11.25)

2100

5

Unsealed Road
(VIC 517)

2080

5

Sealed Road
Unnamed 3

2050

Private Properties

Beach Access

Coastal protection work
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Area

Asset

Planning Horizon
Present

Private Properties
Public Buildings
Sealed Road

Pea Soup Beach
(Figure 11.26)

2050

2080

59

73

74

0

0

0

0

yes

yes

yes

yes

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no
yes

Parks/Reserves

yes

yes

yes

Beach Access

3

3

3

3

Water Mains

no

no

no

yes

Sewer Mains

no

no

no

yes

Stormwater Lines

no

no

no

yes

Coastal protection work

South Beach
(Figure 11.27)

Not applicable

Private Properties

0

0

0

Public Buildings

0

0

0

0

Sealed Road

no

no

no

yes

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

yes

yes

yes

yes

Beach Access

3

3

3

3

Water Mains

no

no

yes

yes

Sewer Mains

no

no

yes

yes

Stormwater Lines

no

no

yes

yes

Parks/Reserves

Coastal protection work

Griffiths Island
Beach

0

Not applicable

Private Properties

0

0

0

0

Public Buildings

0

0

0

0

Sealed Road

no

no

no

no

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no
yes

Parks/Reserves
(Figure 11.28)

2100

45

yes

yes

yes

Beach Access

2

2

2

2

Water Mains

no

no

no

no

Sewer Mains

yes

yes

yes

yes

Stormwater Lines
Coastal protection work
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no

no

yes

yes

yes
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Area

Asset

Planning Horizon
Present

and Southwest
Passage causeway
(Figure 11.29)

0

0

Public Buildings

1

1

2

2

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

no

no

no

no
yes

Unsealed Road
Sealed Car Park
Unsealed Car Park
Parks/Reserves

yes

yes

yes

Beach Access

2

2

2

2

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

no

no

no

no

yes

yes

yes

yes

47

113

128

134

4

5

8

9

Sealed Road

yes

yes

yes

yes

Unsealed Road

yes

yes

yes

yes

Sealed Car Park

yes

yes

yes

yes

Unsealed Car Park

yes

yes

yes

yes

Parks/Reserves

yes

yes

yes

yes

Coastal protection work
Private Properties
Public Buildings

Moyne River walls
to SLSC)
(Figure 11.30)

Beach Access

3

3

3

3

Water Mains

yes

yes

yes

yes

Sewer Mains

yes

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

Coastal protection work

yes

yes

yes

yes

98

112

155

157

0

1

1

2

yes

yes

yes

yes

Private Properties
Public Buildings
Sealed Road
East Beach (from
SLSC to Rock
Revetment End)
(Figure 11.31)

2100

0

Stormwater Lines

East Beach (from

2080

0

Sealed Road
South Mole Beach

2050

Private Properties

Unsealed Road

no

no

no

no

Sealed Car Park

no

no

no

yes

Unsealed Car Park

no

no

no

no

Parks/Reserves

yes

yes

yes

yes

Beach Access

yes

yes

yes

yes

Water Mains

yes

yes

yes

yes

Sewer Mains

yes

yes

yes

yes

Stormwater Lines

yes

yes

yes

yes

Coastal protection work

yes

yes

yes

yes

WRL Technical Report 2012/21 April 2013 FINAL

120

Area

Asset

Planning Horizon
Present

East Beach (from
Rock Revetment
End to Reef Point)
(Figure 11.32-34)

4

Public Buildings

0

0

0

0

Sealed Road

yes

yes

yes

yes

Unsealed Road

(Figure 11.36)

5

yes

yes

yes

yes

Sealed Car Park

no

no

no

no

Unsealed Car Park

no

no

no

no

yes

yes

yes

yes

Beach Access

no

no

no

no

Water Mains

no

no

no

no

Sewer Mains

no

no

no

no

Stormwater Lines

no

no

no

no

Coastal protection work

no

no

no

no

Private Properties

1

-

1

-

Public Buildings

0

-

0

-

no

-

no

-

yes

-

yes

-

Sealed Car Park

no

-

no

-

Unsealed Car Park

no

-

no

-

yes

-

yes

-

Beach Access

3

-

3

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

yes

-

yes

-

Private Properties

4

-

4

-

Public Buildings

6

-

6

-

Sealed Road

yes

-

yes

-

Unsealed Road

yes

-

yes

-

Sealed Car Park

yes

-

yes

-

Unsealed Car Park

yes

-

yes

-

Parks/Reserves

Parks/Reserves

Parks/Reserves

Coastal protection work

Killarney Beach

2100

4

Unsealed Road

(Figure 11.35)

2080

4

Sealed Road

Reef Point

2050

Private Properties

yes

-

yes

-

Beach Access

3

-

3

-

Water Mains

no

-

no

-

Sewer Mains

no

-

no

-

Stormwater Lines

no

-

no

-

Coastal protection work
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11.3.

Assessment of Individual Beaches

The individual beach assessment was developed on the basis of the erosion projections and the
table of assets provided in Sections 11.1 and 11.2, under 50 year ARI (2% AEP) conditions for
present day and under 100 year ARI (1% AEP) for the 2050, 2080 and 2100 planning horizons.
The assessment includes discussion of the private properties and/or public assets affected by
inundation caused by “static inundation” (i.e. including storm surge and wave setup) as well as
wave run up.
A property is considered potentially affected by inundation/erosion if the inundation/erosion
extent is within or intersects the property boundaries (and not necessarily the house or
building). However, it should be noted that the occurrence of inundation may result in no
damage, or range from nuisance flooding for some assets to major damage for others.
11.3.1. Cape Reamur
There are no identified publicly managed assets or infrastructure at risk of coastal inundation or
erosion, in the present to 2100 planning period.
11.3.2. Unnamed 7 Beach (VIC 521)
There are 3 allotments on VIC 521 beach. Due to setbacks, these 3 allotments are at risk for the
present day . The 3 allotments are in potentially inundated areas for the present day. There are
no identified publicly managed assets or infrastructure at risk of coastal inundation or erosion, in
the present to 2100 planning period.
11.3.3. Unnamed 6 Beach (VIC 520)
There are 5 allotments on VIC 520 beach. Due to setbacks, 4 allotments are at risk for the
present day . The 5 allotments are in potentially inundated areas for the present day. There are
no identified publicly managed assets or infrastructure at risk of coastal inundation or erosion, in
the present to 2100 planning period.
11.3.4. Unnamed 5 Beach (VIC 519)
There are 2 allotments on VIC 519 beach. Due to setbacks, the 2 allotments are at risk for the
present day . These 2 allotments are in potentially inundated areas for the present day. There
are no identified publicly managed assets or infrastructure at risk of coastal inundation or
erosion, in the present to 2100 planning period.
11.3.5. Unnamed 4 Beach (VIC 518)
There are 2 undeveloped allotments on VIC 518 beach. Due to setbacks, the 2 allotments are at
risk by 2100. These 2 allotments are in potentially inundated areas for the present day. The
only identified public infrastructure at immediate risk of inundation, in the event of dune
breaching is a gazetted unsealed road. This risk would continue to increase to 2100. It should be
noted that this gazetted road could be at present risk of erosion in the event of a salient loss.
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11.3.6. Unnamed 3 Beach (VIC 517)
There are 5 undeveloped beachfront allotments on VIC 517 beach and 3 additional developed
allotments located further inland. Due to setbacks, 3 of the beachfront allotments are at risk
from present day erosion, increasing to 6 by 2100. 5 of these allotments are in potentially
inundated areas for the present day, increasing to 7 by 2100. The only identified public
infrastructure at immediate risk of inundation, in the event of dune breaching is a gazetted
unsealed road. This risk would continue to increase to 2100. It should be noted that this
gazetted road could be at present risk of erosion in the event of a salient loss.
11.3.7. Unnamed 2 Beach (VIC 516)
There are approximately 11 beachfront allotments on VIC 516 beach. Due to setbacks, all of
these are at risk from present day erosion. These 11 allotments are in potentially inundated
areas for the present day. The only identified public infrastructure at immediate risk of
inundation, in the event of dune breaching is Thistle Place Road. This risk would continue to
increase to 2100.
11.3.8. Ocean Drive Beach and Powling Street
No coastal structure is present at the back of Ocean Drive Beach. No developed allotment is
considered at risk from present day erosion. The total number of allotments at risk of erosion
hazard would increase to 13 by 2050 and to 65 by 2100, due to the erosion hazard line crossing
Ocean Drive roadway. The main public assets and infrastructure considered at present risk from
coastal erosion are the Ocean Drive unsealed car park and the two concrete stormwater pipes
crossing the beach. This risk would increase with time and include multiple roads (Ocean Drive,
Steven Street, Philip Street, Jehu Street and Powling Street), as well as the stormwater, water
supply and sewerage infrastructure in the 2050 planning period and onwards.
There are 47 allotments in potentially inundated areas affected by elevated water levels and
wave run up for the present day along Powling Street, Brophy Street, Ocean Drive and Anna
Catherine Drive, increasing to 57 by 2100 with high sea level rise. At present, the public
infrastructure at increasing risk of coastal inundation (i.e. wave setup and wave runup) is Ocean
Drive and parts of the sewerage, stormwater and water supply infrastructure landward of Ocean
Drive. This risk would continue to increase to 2100.
Additionally, infrastructure, including road, sewerage, stormwater and water network, could be
at immediate risk of inundation, in the event of dune breaching, wave runup or back flow
through the stormwater network and would be located around the lower sections of Powling
Street and northwest of Philip Street.
11.3.9. Pea Soup Beach
No publicly managed coastal structure is present at the back of Pea Soup Beach. A large rock
wall fronting a private property is present on the eastern part of Pea Soup Beach was not
included in the erosion study as it is privately managed. This developed allotment is considered
at risk from present day erosion. The total number of allotments at risk of erosion hazard would
increase to 21 by 2100, due to the hazard line crossing Ocean Drive. The main public assets and
infrastructure considered at present risk from coastal erosion are the Pea Soup Beach turf car
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park and timber stair access. Ocean Drive road, Pea Soup Beach sealed car park and the
stormwater, water supply and sewerage infrastructure would be considered at risk of erosion in
the 2050 planning period, with increasing risk to 2100.
There are 45 allotments in potentially inundated areas affected by elevated water levels and
wave run up for the present day along Mills Crescent, Reardon Street, Singleton Street and Hill
Street, increasing to 74 by 2100 with high sea level rise.
Additionally, infrastructure including road, sewerage, stormwater and potable water network,
could be at immediate risk of inundation in the event of dune breaching or back flow through the
stormwater network and would be located around the lower sections of Powling Street and Mills
Crescent.
11.3.10. South Beach and Sandy Cove Area
No coastal structure is present at the back of South Beach. The main public assets and
infrastructure considered at present risk from coastal erosion are the South Beach car park and
the adjacent section of Ocean Drive. This risk would increase with time and include the public
amenities block located on the other side of Ocean Drive, as well as the stormwater, water
supply and sewerage infrastructure in the 2050 planning period.
At present, the main infrastructure at increasing risk of inundation is the section Ocean Drive in
the Sandy Cove area. The Southcombe Park and the adjacent caravan park, the Russell Williams
Reserve, sewerage, stormwater and water supply infrastructure landward of Ocean Drive would
be immediately at risk of inundation and this risk would continue to increase to 2100.
It should also be noted that The Passage car park on Ocean Drive as well as South Beach car
park would be at risk of wave run up inundation in the 2080 and 2100 planning periods.
11.3.11.

Griffiths Island Beach

No coastal structure is present at the back of this section of this beach. The only public asset at
risk of present and future erosion and/or inundation would be part of the natural ecological
reserve, including pedestrian tracks, located in the lee of the beach.
It should be noted that the main sewerage line to the offshore outfall is located immediately
west of Griffiths Island Beach and that it could be potentially impacted by erosion and/or coastal
inundation, but (subject to detailed engineering analysis) is probably sufficiently robust to
withstand occasional inundation.
11.3.12.

South Mole Beach and Southwest Passage

No working coastal structure is present at the back of South Mole Beach (i.e. Lighthouse Beach).
An old buried breakwater is present next to the Moyne River training wall and would be further
exposed due to future erosion/recession. The other public asset at risk of present and future
erosion would be part of the natural ecological reserve, including pedestrian tracks, located in
the lee of South Mole Beach. It should be noted that recession of South Mole Beach would
increasingly expose the southern part of the Moyne River mole and would require monitoring of
the newly exposed sections for potential damage.
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The natural ecological reserve located in the lee of the beach is at immediate and increasing risk
of coastal inundation. The lighthouse is at risk of wave runup inundation for the 2080 and 2100
planning periods.
The area around the Southwest Passage causeway has been included in this subsection. The car
park, information building, main causeway and pedestrian access along the Moyne River training
walls are under immediate risk of overtopping.
11.3.13.

East Beach (From Moyne River Training Walls to SLSC)

Along the southern section of East Beach, with the rock revetment in place, the assets at risk of
coastal erosion/recession are the multiple beach accesses, some of them consisting of timber
stairs.
If the rock revetment was removed or failed, the access roads (i.e. Lydia Place, Roger Place and
Battery Lane) from Griffiths Street to East Beach and Apex Park would be considered at risk of
erosion for the present day planning horizon. Approximately 41 developed allotments would be
considered at risk from present day erosion, increasing to 67 by 2100. In the 2050 planning
period, additional public assets under risk of coastal erosion would include the amenities block
located at Apex Park as well as part of the water and sewerage network. The Battery Hill
Reserve would be exposed to increasing erosion risk over time, with the Battery Hill monument
affected by 2100.
There are approximately 80 allotments on the western side of the Moyne River channel located
on Gipps Street. There are approximately 28 allotments in potentially inundated areas for the
present day, increasing to 80 by 2100 with high sea level rise. No allotments are at risk under
present day conditions alongside Griffiths Street on the eastern bank of the Moyne River.
Approximately 40 allotments alongside Griffiths Street on the eastern bank of the Moyne River
are in potentially inundated areas by 2050, increasing to 54 by 2100 with high sea level rise.
The public infrastructure currently at risk of inundation from the Moyne River side includes
sections of Griffiths Street, stormwater and water lines, and part of the sewerage network. The
buildings currently at risk of inundation are mainly located next to the Port Fairy Harbour. There
would be an increasing risk to buildings over time with four buildings at immediate risk, three
further buildings at risk by 2080 and a total of eight buildings affected by 2100. Some of these
building host equipment from the Port Authority. The playground and amenities block located at
Martin’s Point, on the western side of the Moyne River would be at risk of inundation for the
present day planning horizon, extending to the playground and amenities block in the 2050
planning period.
The car parks located at Battery Lane would be at limited risk of wave runup inundation in the
2100 planning period. Most of the rock revetment would be at increased risk of wave runup
overtopping by the 2050 planning period. The Moyne River moles on the ocean side of East
Beach are considered at risk of overtopping for the present day planning horizon.
11.3.14. East Beach (From SLSC to Rock Revetment End)
Along the central section of East Beach, where the rock revetment is in place, the assets at risk
of coastal erosion/recession are the multiple beach accesses, some of them consisting of timber
stairs.
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If the rock revetment was removed or failed, the SLSC building, the SLSC car park and public
amenities building, as well as Beach Street would be at risk of coastal erosion for the present
day planning horizon. This would also put approximately 45 developed allotments at risk from
present day erosion. The stormwater and potable water lines behind the rock revetment and the
sewerage servicing the SLSC and amenities block would also be at risk. Additionally, all access
roads (i.e. Hughes Avenue, Bourne Avenue, Richie Street, Hanley Crescent, Manifold Street,
Connolly Street) from Griffiths Street to East Beach would be at risk from erosion for the 2050,
2080 and 2100 planning horizons, which would increase the total number of allotments at risk of
erosion to approximately 95 by the 2100 planning horizon.
There are additionally approximately 101 allotments on the Belfast Lough side of Griffiths Street.
There are approximately 93 houses in potentially inundated areas for the present day, increasing
to 101 by 2100 with high sea level rise. Approximately 3 allotments on the eastern side of
Griffiths Street are in potentially inundated areas for the present day, increasing to 56 by 2100
with high sea level rise.
The public infrastructure currently at risk of inundation from the Moyne River side includes
sections of Griffiths Street, stormwater and potable water lines, and part of the sewerage
network. This would extend to the lower sections of the access roads (i.e. Hughes Avenue,
Bourne Avenue, Richie Street, Hanley Crescent, Manifold Street, Connolly Street) from Griffiths
Street to East Beach for the 2050, 2080 and 2100 planning horizons. The SLSC building would
be considered at risk of wave runup inundation in the 2050 planning horizon. The SLSC car park
and amenities block would be at risk of wave runup inundation in the 2100 planning horizon.
Most of the rock revetment would be at increased risk of wave runup overtopping in the 2050
planning period.
11.3.15.

East Beach (From Rock Revetment End to Reef Point)

No coastal structure is present at the back of this section of East Beach. The public assets and
infrastructure considered at risk from coastal erosion are located around Mills Reef beach access.
They include the presently damaged chain and board beach access, the unsealed car park as
well as the unsealed road access from Skenes Road. The results of the erosion study, at what is
referred to as the Dune Breach site, has shown that the dune system could be at a very high risk
of breaching by the 2080 planning horizon. Additionally, there are five (5) undeveloped
allotments located immediately north of the rock revetment which are all considered at
immediate risk from coastal erosion. There is currently one (1) developed allotment on the
northern side of Skenes Road, which is not at risk from present day and future erosion. At
present, the main infrastructure at risk of inundation is Skenes Road, due to elevated water
levels in the Belfast Lough. The risk of inundation of this road and of the developed allotment
would be increased in the eventuality of dune breaching. It should be noted that the turfed
airstrip is presently under the risk of flooding from the Belfast Lough.
It should also be noted that the existing risk of contaminant release due to erosion at the Night
Soil Site and the Old Municipal Tip site will likely increase with time if no rehabilitation or
protection work, either temporary or permanent, is implemented.
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11.3.16.

Reef Point

No coastal structure protects the back of this beach. The public assets and infrastructure
considered at risk from coastal erosion and inundation consist of the multiple public beach
accesses, a section of the unsealed road access from Skenes Road, as well as part of the Belfast
Lough Reserve. It should be noted that part of the golf course and the existing sand fence are
also considered at risk from coastal erosion and inundation. The Port Fairy Golf Club buildings
are in potentially inundated areas for the present day and under increased risk by 2080 with
high sea level rise. It should also be noted that Reef Point is also potentially at risk from
increased coastal erosion due to salient loss.
11.3.17.

Killarney Beach

No coastal structure protects the back of this beach. The public assets and infrastructure
considered at risk from coastal erosion consist of the multiple public beach accesses (including a
concrete boat ramp), the two car parks and road accesses from Mahoneys Road, as well as part
of the Belfast Lough Reserve. The caravan park and the multiple public amenities buildings, as
well as the sport oval, are considered to be at risk from immediate and future coastal
inundation. There are currently five (5) developed allotments on the unsealed section of Skenes
Road. Due to setbacks, none of these are at risk from present day and future erosion. Four (4)
of these allotments are in potentially inundated areas for the present day and under increased
risk by 2080 with high sea level rise.
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Section 11 Key Findings
Coastal Erosion Hazard


Mapping of predicted coastal erosion hazard lines was performed over the Port Fairy
study area for sandy beaches and rocky cliffs with present day conditions and for
the 2050, 2080 and 2100 planning horizons;



Both the scenarios, namely with rock revetment in place and rock revetment failure,
were considered on the southern section of East Beach;



With the rock revetment in place on East Beach, the areas most impacted by the
recession and erosion hazards for the 2080 planning horizon are located around
Ocean Drive Beach and Pea Soup Beach. In the case of the East Beach rock
revetment failure, a significant number of beachfront properties located along
Griffith Street would likely be impacted;



An estimate of the number of private properties (defined by the allotment extent on
provided cadastral boundaries) and public assets affected by the erosion and
recession hazard lines is provided below:
Scenario

Asset

Planning Horizon
Present

2080

East Beach Rock

Private Properties

31

88

Revetment In Place

Public Buildings

0

1

East Beach Rock

Private Properties

117

203

Revetment Failure

Public Buildings

2

4

Coastal Inundation Hazard


The presented inundation areas for the Port Fairy study area were derived from the
combined analysis of the results of the “bathtub” inundation levels and the
“dynamic coastal inundation numerical modelling” assessment for the coastal area
of the Port Fairy township;



The areas most impacted by the coastal inundation hazard at present are located
along Ocean Drive, the Moyne River Channel and south of the Belfast Lough;



For the 2080 planning horizon, additional properties would most likely be impacted
along Ocean Drive due to increased wave overtopping and the south of the Belfast
Lough;



An estimate of the number of private properties (defined by the allotment extent on
provided cadastral boundaries) and public assets affected by the inundation hazard
is shown in:
Asset

Planning Horizon
Present

2080

Private Properties

271

444

Public Buildings

11

17
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12. Coastal Risk Monitoring Options
This section first provides the reader with an introduction to the concepts of maintenance and
monitoring of coastal structures as well as adaptation options to climate change. This is followed
by a review of the suitability of the existing protection structures over the two identified planning
timeframes (present day and 2080). The hazards and subsequent risks as applied through this
study over the various timescales are then analysed to assess the suitability of these structures
and to assist Council in identifying opportunities to upgrade/replace those structures at some
future time.

12.1.

Monitoring and Maintenance of Onshore Coastal Structures

Over the life of a coastal protection structure, the structural components are susceptible to
damage and deterioration. Damage is usually thought of as structure degradation that occurs
over a relatively short period such as a single storm event. Deterioration is a gradual aging of
the structure and its components over time, it can progress slowly, and often goes undetected
because the seawall continues to function as originally intended. However, if left uncorrected,
continual deterioration can lead to partial or complete failure of the structure.
The implementation of an adequate maintenance program is therefore critical in order to ensure
that a seawall continues to operate during its designed life. USACE (2003) defines the goal of a
seawall maintenance program as “to recognize potential problems and to take appropriate
actions to assure the project continues to function at an acceptable level”.
Coastal defence structure maintenance consists of the following essential elements:




Structure inspection and monitoring of both environmental conditions and structure
response;
Evaluation of inspection and monitoring data to assess the structure’s physical condition
and its performance relative to the design specifications;
Determining an appropriate response based on evaluation results. Possible responses are
no action, rehabilitation, or repair, of all or portions of the structure.

The main monitoring issues are to assess what parameters of the coastal protection structure to
monitor, how to evaluate the monitoring data and consequently if preventive or corrective action
needs to be undertaken.
The key structural parameters of existing coastal structures to monitor include:







Structure Toe and Crest Levels;
Armour composition;
Structural integrity of the structure;
Wave overtopping;
Beach scour and bedrock levels; and
Water table levels.
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The following documents provide guidance on monitoring and maintenance of coastal structures:





CIRIA (2007), The Rock Manual: the use of rock in hydraulic engineering, 2nd edition,
CIRIA C683, London.
Coastal Engineering Manual (USACE, 2003), Chapter 8 Monitoring, Maintenance and
Repair of Coastal Projects, EM 1110-2-1100 (Part VI) 1 June 2006, US Army Corps of
Engineers.
Bray, R N, Tatham, P F B (1992). Old Waterfront Walls: Management, maintenance, and
rehabilitation. E. & F.N. Spon (Imprint of Chapman and Hall), London, 1992, ISBN 0419-17640-3, 267 pp.

There are numerous Australian Standards which cover materials involved in coastal structures,
but there are none which specifically address the design of coastal structures.
AS4997 (2005) “Guidelines for the design of marine structures” excludes rubble coastal
engineering structures but contains valuable information on probability and the choice of a
design event. It is noted that the design life of a “normal” coastal structure is 50 years.
The Institution of Engineers Australia (Engineers Australia) has published the following series of
three relevant guidelines for effectively considering climate change and ecological sustainability:






Engineers Australia (2012a), Guidelines for Responding to the Effects of Climate Change
in Coastal and Ocean Engineering. First published 1991, updated 2012, revised and
published September 2012. Prepared by the NCCOE of Engineers Australia, published by
EA Books, PO Box 588, Crows Nest, NSW;
Engineers Australia (2012b), Coastal Engineering Guidelines for Working With the
Australian Coast in an Ecologically Sustainable Way. First published 2004, revised and
published September 2012. Prepared by the NCCOE of Engineers Australia, published by
EA Books, PO Box 588, Crows Nest, NSW; and
Engineers Australia (2012c), Climate Change Adaptation Guidelines in Coastal
Management and Planning Published September 2012. Prepared by the NCCOE of
Engineers Australia, published by EA Books, PO Box 588, Crows Nest, NSW.

Coastal structures monitoring can typically be divided between condition monitoring and
performance monitoring.
Condition monitoring is the basis for the implementation of a successful preventive maintenance
program.
Coastal structures condition monitoring should always involve at least visual
inspection of the structure, and in some cases the inspection can be augmented with
measurements to quantify the current structure condition relative to the baseline condition. As
described in Bray & Tatham (1992), such inspections can be described according to the following
terminology:



Superficial Inspections: this type of inspection should be carried out multiple times a
year and reports any defects changes or unusual features of the structure;
General Inspections: this type of inspection, carried out by trained technical staff, is
more formal and detailed, and is recommended to take place approximately every two
years. Monitoring of specific locations can be carried out;
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Principal Inspections: Principal inspections include a detailed examination of all aspects
of the structure, including any areas underwater or with difficult access.
These
inspections should be carried out at intervals of between two to ten years, depending of
the age of the structure and are carried out by qualified engineers;
Special Inspections: These investigations are carried out following specific events such
as extreme events, floods, storms or when any other inspection indicates a cause for
major concern.

Performance monitoring of a structure should mainly focus on the assessment of the principal
function of preventing or alleviating overtopping and flooding of the land and the structures
behind the seawall due to storm surge and waves. This would typically be undertaken during
large wave or high sea level conditions, and preferably when both combine.

12.2.

Adaptation of Coastal Structures to Climate Change

Local Governments are generally responsible for the maintenance of coastal protection
infrastructure, such as seawalls which they are constructed on Council managed land in order to
provide a level of protection to the community. These responsibilities create a number of
challenges for Local Governments in the context of climate change, as they have not only to
consider historical climate variability but potential additional variability due to future climate
change.
The response to climate change requires a dual approach (DEWR, 2007):



Management and reduction of our contribution to climate change (defined as mitigation);
and
Making adjustments to existing activities and practices so that vulnerability to potential
impacts associated with climate change can be reduced and opportunities realised (defined
as adaptation).

Mitigation involves actions to reduce greenhouse gas emissions and/or enhance greenhouse gas
sinks in order to offset or reverse the effects of climate change. Local governments have
already made significant progress towards mitigation with councils engaged in efforts to reduce
greenhouse gas emissions and waste (Smith et al. 2008).
Adaptation to climate change aims to reduce the risks associated with future changes in climate.
However, it additionally seeks to harness beneficial opportunities that may arise under a
changed future climate system. Adaptation is a mechanism to manage risks and adjust
economic activity to reduce vulnerability. In regard to existing infrastructure, the recommended
adaptation action by a Local Government Authority can be summarised as:






Monitor any changes to the condition in structures so that any modifications/retrofitting
occurs in a timely manner and prior to failure;
Identify alternative options should the existing buildings and infrastructure be impacted
upon in order to maintain services and connections, e.g. to minimise isolation of
communities during an adverse storm event that puts the infrastructure at higher risk;
Design retrofitting to a higher standard than the minimum required where possible and
practical; and
Progressively incorporate higher design standards into asset management plans and
rolling capital works programs.
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Adaptation measures are often prioritised and driven by the vulnerability of a system to climate
change. Vulnerability is the degree to which a system is susceptible to, or unable to cope with,
the adverse effects of climate change. Vulnerability represents the potential for an adverse
impact to occur but does not necessarily indicate the magnitude of the impact or its probability.
The main forcing parameters on a coastal protection structure can be separated into the
hydraulic responses of the waves and the structural response of the structure. There are three
(3) main hydraulic responses that need to be considered for the design of a seawall: wave runup
level; wave overtopping; and wave reflection.
The main failures modes of coastal structures are:








Undermining, in which the sand or rubble toe level drops below the footing of the wall,
causing the wall to subside and collapse into the hole (over 70% of UK seawalls fail
partially or totally by this mechanism (CIRIA, 1991));
Sliding, in which the wall moves away from the retained profile;
Overturning, in which the wall topples over;
Slip circle failure, in which the entire embankment fails due to geotechnical instability;
Loss of structural integrity, due to wave impact; or
Erosion of the backfill, caused by wave overtopping, high water table levels, or leaching
through the seawall.

The failure modes described above are mainly caused by three types of coastal hazards, listed
below:




Erosion of sand in front of the structure during storm events;
Wave overtopping (inundation) of the structure due to elevated water levels and large
wave conditions; and
Wave impacts directly on the structure itself.

Generally mean sea level increase, wind climate change and wave climate change are the major
concerns for coastal defence structures due to climate change.
In regard to structures, such as those present in Port Fairy, the main impacts of climate change
will result in:




Increased wave loading;
Increased overtopping and flooding of the seawall (erosion of the backfill); and
Increased scouring at the toe of seawall.

The potential increase in wave loading will typically require an increase in the mass of the
structure to prevent displacement or movement. Modification to the existing seawall crest may
be necessary to avoid overtopping exceeding acceptable levels. Adequate toe levels are critical
to prevent undermining failure of the structure due to the potential increase of scour and
resulting lowering of the beach levels.
Coastal structures typically have design and operational lives spanning many decades and
therefore climate change is an important consideration for both design of new coastal defence
structures and adaptation of existing coastal defence structures. Typically, two main approaches
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can be applicable to the adaptation of coastal defence structures to climate change. One
approach is to consider the complete sea level rise expected to occur over the life of the
structure in the initial design of the adaptation plan. This is referred to as the Precautionary
Approach (Headland et al., 2011). Potential limitations to this approach are that it has the
potential to:




Result in unnecessarily overbuilt structures for the earlier years in the design life of the
structure with associated costs issues;
Have greater environmental and social impacts (i.e. larger footprint); and
Be under-designed in the event that sea level rise proves greater than that projected or
accounted for in the design over a set time horizon.

A more favoured approach nowadays, referred to as the Managed Approach (DEFRA, 2006),
allows for staged adaptation in the future, and is appropriate in the majority of cases where
ongoing responsibility can be assigned to track the change in risk, and manage this through
multiple interventions.
This approach provides flexibility to manage future uncertainties
associated with climate change, during the whole life of a structure (Figure 12.1 a). To consider
a precautionary approach only, could lead to greater levels of investment at some locations. A
managed approach therefore allows the flexibility to ensure best value for money from public
investment.
Adaptive Management approaches have proven to be potentially economical for the adaptation
of rubble mound breakwaters (Headland et al., 2011) even for cases where sea level rise
scenarios are modified over the lifetime of the structure.
Likewise, Carley et al. (2008), investigated the benefits of an adaptive management approach
compared to precautionary management approach to the existing coastal flood scenarios in
Clarence Council, Tasmania. It was shown that (within the limitations of the analysis technique)
designing for a 100 year ARI (1% AEP) event in 2100 (with high range sea level rise) would
provide a present day protection against an event of approximately 850,000 year ARI, which,
depending on the cost of such an adaptation, may be excessively conservative. Similarly, a
present day risk level of 100 year ARI (1% AEP) would reduce to approximately three (3) days
ARI if no intervention was taken by 2100 with a high range sea level rise scenario, indicating the
potential risk of no adaptation in the long term (Figure 12.1 b).

12.3.

East Beach Rock Revetment

12.3.1. Review of Existing Protection
The East Beach rock revetment is a 2.5 km long coastal structure that protects public assets and
private properties. It is located at the toe of an eroded dune system of varying crest height
(ranging from 3.5 to over 7 m AHD). The rock revetment was constructed and modified over an
extended period, starting in the 1960s. Most of the structure construction appears to consist of
the placement of rock directly on the dune face at the back of the beach. The part of the
construction visible today appears to have been undertaken without considering contemporary
coastal engineering design principles, such as the use of filter layers, secondary armour and toe
protection. The overall dimensions of the rock revetment were observed to vary greatly across
East Beach. It should be noted that the realistic design life for such coastal protection structure
is usually estimated to be about 50 years.
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From the southern end of the beach to Lydia Place, the structure mainly consists of one or two
rows of rocks placed on the beach, with typical size ranging from 0.3 to 0.7 m (approximately
0.1 to 1.0 tonnes), resulting in typical crest elevation levels ranging from 0.5 to 1.5 m AHD.
Slumping, as well as rock displacement, was observed in multiple locations indicating that the
rock size and/or design may not be suitable. The crest height of the structure is not sufficient to
prevent overtopping over the majority of this section under design conditions as erosion in the
lee shows overtopping to be frequent.
In front of Lydia Place, the size and the condition of the rock revetment was observed to improve
significantly. The structure here appears to be composed of multiple layers of rock, with size
ranging from 0.5 to 1 m in size (approximately 0.5 to 2.7 tonnes). The rock revetment appears
to be functioning well and subjected to limited overtopping, as grass can be observed on its
crest. The typical crest elevation ranges from 4 to 6 m AHD. Significantly larger rocks, with an
average size of about 1 m (2.7 tonnes) were observed to have been placed in front of the rock
revetment, most probably to offer increased protection from wave action at high water levels. It
was not possible to determine whether there were filter layers present.
No significant change of the rock revetment was observed between Lydia Place and Ritchie
Street, and the structure appears to be functioning well. It should be noted that half a dozen
large rocks, with an average size of 1 m (2.7 tonnes) were observed to be precariously
positioned on the rock revetment, about 0.5 to 1 m above beach level, next to the ramp at the
SLSC public amenities block. These large rocks could potentially pose a safety risk to the public
during and after storms.
The rock revetment’s overall condition was observed to deteriorate north of Ritchie Street.
Except for the last 40 m, the structure appears to consist of multiple layers of rock armour with
size ranging from 0.3 to 1 m in size (approximately 0.1 to 2.7 tonnes), at a slope varying from
1:1.5 to 1:1.3. Significantly larger rocks, with an average size of about 1 m (2.7 tonnes) can be
observed to have been placed in front of the rock revetment, to increase protection from wave
action at high water levels. Lower crest elevation of the structure was observed and ranged
from 2.5 to 3.5 m AHD while the presence of a vertical scarp was observed in multiple locations,
indicating overtopping of the structure and erosion of the vegetated dune. Rock displacement
was observed in multiple locations as well, indicating that the rock size and/or design may not
be suitable, and that the rock revetment may not be able to provide protection from wave action
anymore.
The shoreline was observed to have pronounced erosion/recession over the last 50 m at the end
of the rock revetment, as well as immediately adjacent to it, due to seawall end effects. The
extent of this localised erosion zone could be explained by the progressive extension of the rock
revetment fronting the last properties over time. The overall condition of the rock revetment
across the last 50 m was considered sub-standard, with inadequate crest height in several
places. Additional rock protection appears to have been placed recently at the end but does not
appear constructed to contemporary coastal engineering practice. Rock displacement was
observed in multiple places due to storm wave action. The northern end of the rock revetment is
almost completely outflanked with visible erosion of the dune located immediately behind.
Typical crest elevation of the structure ranged from 2.5 to 3.5 m AHD while the ground levels for
most properties along this section of East Beach are above 6.0 m AHD. The presence of a
vertical scarp was observed in multiple locations, indicating overtopping of the structure and
erosion of the vegetated dune. Rock displacement was observed in multiple locations as well,
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indicating that the rock size and/or design may not be suitable, and that the rock revetment may
not able to provide sufficient protection from wave action.
12.3.2. Recommended Immediate Actions
As mentioned in the above section and previous studies (BMT, 2007; Aurecon, 2010), the rock
revetment does not comply with contemporary coastal engineering design principles, which
limits the number of options for maintenance and adaption strategies to future climate change.
The zone at the highest risk of erosion is located next to the northern end of the rock revetment,
resulting in the outflanking of the structure. It is WRL’s understanding that MSC is in the early
stages of tendering repair/extension work on this rock revetment. Repair work to the northern
end of the rock revetment should be performed so that it complies with current coastal
engineering practices. It is critical to ensure that the new design of the rock revetment allows
for it to be extended to ensure immediate protection from potential dune breaching. Finally, it
should be verified that any work on the rock revetment does not exacerbate the erosion hazard
at the Night Soil Site or at the Old Municipal Tip site.
WRL recommends that an initial reshaping of the seawall be undertaken in the locations where
rock displacement has been observed due to wave action. Additional rock should first be placed
in the locations where slumping or outflanking has been observed. If available, additional rock
should also be placed on the crest of the northern section of the rock revetment to limit further
erosion due to overtopping.
WRL recommends the large, precariously positioned rocks next to the ramp near the SLSC public
amenities block be removed and repositioned so that the risk to safety from falling rocks is
addressed.
WRL recommends regular beach surveying and analysis to quantify changes since previous
surveys in 2007 and 2011. The survey should extend into the foredune area and map the
present dune crest levels, as well as focus on the beach level at the toe of the rock revetment.
WRL recommends the establishment of a condition and performance monitoring program for the
East Beach rock revetment based on the methodology described in Section 12.1.
12.3.3. Adaptation Strategies for Future Conditions
Except for the rock revetment section between Lydia Place and Ritchie Street, WRL recommends
that the best practice would involve the reconstruction of the rock revetment to contemporary
standards to better ensure that the dune is protected from further erosion.
It is acknowledged that such resources may not be immediately available. Therefore, WRL
recommends that Council prepare designs and plans for installation of emergency protection
works should they be required. Un-planned emergency coastal protection has been widely
assessed as having long-term negative impacts on beaches around Australia. If emergency
protection works are well conceived and appropriate materials are stockpiled, there is no reason
why the works cannot become a permanent well engineered final line of defence against coastal
erosion, with minimal additional work.
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As revetments have already been constructed at the rear of a significant length of East Beach,
establishing a design for a continuous emergency protection revetment is advised. This is
expected to involve further assessment of the location, alignment, and details of existing
sections of structure in order to plan for additional sections of structure to be integrated. When
planning the new sections of revetment, aspects that should be taken into consideration include
(but are not limited to):









Community consultation and beach/foreshore uses;
Achieving a uniform and continuous plan alignment;
Minimising abrupt changes in alignment or structure details (crest level, toe level,
slope);
Cross section design for different stretches of the beach;
Beach access ways through the revetment;
Alignment that maximises future opportunity for the beach to recover seaward of
structure, and that will allow the terminal revetment to be buried within a vegetated
dune if possible; and
Location of key infrastructure or property to be protected.

Based on the results of the wave transformation and overtopping, the following approximate
design values can be used as an initial guide:








Rock armour size: 1500 kg to 4500 kg, with median 3000 kg (SPM, 1984);
Crest level: 5 m AHD to 5.5 m AHD if possible, no less than 4.5 m AHD;
Toe level: -0.5 m AHD to -1.0 m AHD;
Slope: no steeper than 1V:1.5H;
Geotextile filter layer;
Two layer thickness of rock primary armour minimum; and
Two layer thickness of rock secondary armour minimum.

Figures 12.2 shows a cross-section for a conceptual emergency protection terminal revetment
structure.
While the rock revetment section between Lydia Place and Ritchie Street appears to be
functioning well and has not been overtopped recently, WRL recommends increasing the
thickness of the primary armour layer to ensure protection against increased wave loading. It is
also recommended that the overall crest level be raised to a minimum level of 5 m AHD to
ensure protection of wave overtopping in the 2050 planning period. This could be achieved by
the addition of armour rock and the reclamation of the concrete promenade and/or the turf
esplanade. The addition of a concrete vertical or curved wall on the crest would further reduce
the risk of overtopping. This work should be performed in a stepped approach, as the sea level
rise is a gradual phenomenon, and allow for further raising of the grade to accommodate for
potential higher SLR value if necessary.
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Adequate toe levels are critical to prevent undermining failure of rock revetments due to the
potential increase of scour and resultant lowering of the beach levels. Possible solutions to
prevent scour failure include:







Changing wave conditions which caused erosion (installation of groynes or offshore
breakwater, beach nourishment);
Installation of rubble-toe protection;
Reinforcing of existing rubble-toe protection;
Gabions;
Concrete mattresses; and
Geotextile sand containers.

12.4.

East Beach Wooden Groynes

12.4.1. Review of Existing Protection
The remnants of four (4) wooden groynes, initially built in the 1970s can be observed along the
southern end of the beach, between Roger Place and Lydia Place (see Figure 3.8). The groynes
are approximately 30 m in length and spaced approximately 90 m apart. All four (4) structures
were found to be heavily damaged from weathering, rot and fastener corrosion, with timber piles
missing. Multiple openings have been purposely formed in all four (4) groynes to facilitate public
access along the beach, possibly further limiting their ongoing effectiveness to trap longshore
sand. Due to their overall poor condition, these structures present a public safety risk and
provide minimal to no stabilisation of the beach.
12.4.2. Recommended Immediate Actions
WRL recommends the removal of the four (4) groynes as their ongoing effectiveness appears to
be very limited due to their poor condition and that they present a risk to public safety.
Removal should ensure at minimum that no hazard remains for all beach users, due to splintered
wood or fasteners just below the surface.
12.4.3. Adaptation Strategies for Future Conditions
In the medium term (i.e. 2 to 5 years), a trial of multiple geotextile groyne structures with prefill nourishment and associated beach monitoring to assess the effectiveness of the design is
recommended prior to more extensive works.

12.5.

Moyne River Moles

12.5.1. Review of Existing Structures
The southern end of East Beach is flanked by the northern Moyne River mole (Figure 3.6).
These walls were initially built around the 1870s and are made of basalt with localised concrete
facing. The training wall on the East Beach side is typically 3 m wide on its crest with an
approximate height of 1.6 m above MSL. The training walls appear in fair condition overall, with
minor localised damage where rocks have been dislodged and facing concrete is cracked or
spalled.
The northern end of South Mole beach is flanked by the southern Moyne River mole (Figure 3.6).
They extend about 200 m offshore from the beach and were found to be in relatively good
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condition at the time of the visit, with no significant sign of damage except for a 20 m long
section near the MSL mark, where large basalt blocks had been dislodged from their original
position. If no action is taken, this damage could become a hazard to pedestrian safety, as the
walls are capped by a 3 m wide concrete cap which acts as a public causeway. A similar
damaged area was observed at the eastern end of the Puddeny Grounds.
It has been also reported by the Port Authority (Max Dumnesy, pers. comm.) that leaching of
sand from South Mole beach into the river takes place underneath and through the mole. This
results in the presence of localised sand fans at the bottom of the river bed and requires regular
sand dredging in this location to maintain navigable depth within the river. This was also
observed by WRL engineers on their site visits.
12.5.2. Recommended Immediate Actions
WRL recommends repairs on both structures at the locally damaged areas. These repairs would
mainly consist of replacing the dislodged rocks, or addition of rocks of similar characteristics and
concrete grouting.
In the absence of reliable data concerning the sand dredging volumes, it is not possible to assess
the importance of sand leeching below and/or through the mole. Potential work to avoid sand
leeching would typically need to be carried out underwater and this being the case the following
methods of repair could be considered:





Grout-filled bags;
Tremie concrete;
Injected grouted aggregate; and
Geotextile sand containers.

WRL recommends the establishment of a condition and performance monitoring program for the
Moyne River moles based on the methodology described in Section 12.1. The monitoring
program should also focus on the condition of the concrete causeway located on the crest of the
structures and identify any potential hazards to pedestrian safety. The protection of the upper
surface of the revetments is of utmost importance to prevent exposure of the core material and
reduce overtopping. Concrete or asphalt capping are typical solutions to avoid this problem
where pedestrian or vehicle access is required. WRL engineers are aware that the presence or
absence of signage warning about potential wave impacts to pedestrians has been a key factor
in several legal cases involving injuries on breakwaters.
12.5.3. Adaptation Strategies for Future Conditions
The Moyne River moles primary role is to improve navigation conditions and additionally to serve
as a public amenity. Future upgrade strategies to accommodate for climate change should be
based on reducing hazards associated with their primary usage.
This would require a better understanding of current and future usage of these structures, based
on the input from such stakeholders such as:




Moyne Shire Council;
Port Authority;
Port Fairy Coast Guard;
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Port Fairy Marine Rescue Group;
Port Fairy Angling Club; and
Port Fairy Yacht Club.

The trigger points for actions should be associated with the loss of amenity for navigation and
pedestrian access (i.e. number of days per year) due to wave overtopping, wave transmission
over and past the structure.
An initially identified upgrade would involve the progressive raising of the crest and the addition
of rock armour on the ocean sides. WRL recommends the structure crest width of 3 m be
maintained to allow machinery access for maintenance or adaptation works.
Any modification to the Moyne River walls should consider the need for sand dredging pipe
crossing in multiple locations.

12.6.

Southwest Passage Breakwater and Puddeny Grounds Walls

12.6.1. Review of Existing Structures
The Southwest Passage breakwater provides pedestrian access from a car park to Griffiths Island
and is reported to have been constructed in its present configuration in 1969. It has an overall
length of 40 m, with a crest elevation of +2 m AHD. WRL estimates that the primary armour is
basalt with a typical size of 0.5 to 1.0 m (approximately 0.5 to 2.7 tonnes). The average slope
of the breakwater had been estimated to be between 1V:2H to 1V:3H. It was not possible to
determine whether there were filter layers present. The overall condition of the rock revetment
and of the concrete cap located on its crest are satisfactory.
The training walls on the north side of the Southwest Passage breakwater consist of grouted
basalt with a typical crest level of 1 m AHD. They were in relatively good condition at the time
of WRL’s site inspection, with no significant sign of damage except for a 10 m long section, close
to the island shore, where significant erosion of the wall was observed. If no action is taken, this
damage could become a hazard to pedestrian safety, with the undermining of the concrete cap
which acts as a public walkway.
South of the breakwater, the training walls on the Griffiths Island side have in the past been
fitted with a concrete cap made of two metre long slabs. The overall condition of the basalt part
of the wall is satisfactory; however, the concrete capping is severely damaged, with multiple
concrete slabs broken or missing. This could potentially represent a safety hazard as the wall is
used by pedestrians to access the south of Griffiths Island. The typical crest level for this section
of the training walls is about 1 m AHD.
A second pedestrian access to Griffiths Island crosses Puddeny Grounds in the lee of the training
walls. This coastal asset consists also of a basalt rock revetment fitted with a concrete cap on its
crest. The typical rock size on the revetment is estimated to be between 0.5 and 1 m
(approximately 0.5 to 2.7 tonnes) and its crest has a typical elevation of 0.5 m AHD. The
footbridge is equipped in several locations with box culverts to allow water passage from the
northern part of Puddeny Grounds. The overall condition of this asset is fair, with some rock
displaced in multiple locations as well as localised undermining of the concrete capping.
However, this coastal asset appears to be functioning well due to the very mild wave conditions
it is subjected to most of the time.
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12.6.2. Recommended Immediate Actions
Due to the potential trip hazard to pedestrians, WRL recommends that repairs be undertaken to
the damaged concrete causeway sections located on the vertical training walls on the southern
side of the Puddeny Ground.
WRL also recommends undertaking immediate repairs to the damaged area of the Moyne River
training wall on the northern corner of Puddeny Grounds, as undermining of the structure could
result in fall hazard or local failure of the wall.
WRL recommends the establishment of a condition and performance monitoring program for the
Southwest Passage structures based on the methodology described in Section 12.1. The
monitoring program should also focus on the condition of the concrete causeway located on the
crest of the structures and identify any potential hazards to pedestrian safety. The protection of
the upper surface of the revetments is of utmost importance to prevent exposure of the core
material and reduce overtopping. Concrete or asphalt capping are typical solutions to avoid this
problem where pedestrian or vehicle access is required. WRL engineers are aware that the
presence or absence of signage warning about potential wave impacts to pedestrians has been a
key factor in several legal cases involving injuries on breakwaters.
12.6.3. Adaptation Strategies for Future Conditions
It should be noted that the Southwest Passage breakwater and associated causeway’s primary
role is to improve navigation conditions and additionally to serve as a public amenity.
The results of preliminary desktop analysis of a 10 year ARI storm event show that such an
event would create a wave setup of nearly 2 m AHD within the Southwest Passage. The
occurrence of such water level values can be corroborated through anecdotal evidence as the
Southwest Passage causeway is reported to have been overtopped multiple times during the last
decade (Figure 12.3).
Any upgrade or modification to the structures located in the Southwest Passage primarily
depends on a better understanding of usage, requirement and amenity, of these structures and
such consideration was beyond the scope of this study.
In light of the overtopping risk at the Southwest Passage, a potential upgrade of the structure
would be to raise the crest level by a minimum of 0.5 m AHD to minimise the risk of damage to
the structure due to frequent overtopping in the near future. This upgrade could be achieved
through the addition of rock armour on both the river and ocean sides. It is recommended that
a structure crest width of 3 m be maintained to allow service vehicle access to Griffiths Island.
A similar analysis and upgrade approach could be undertaken on the vertical training walls
surrounding Puddeny Grounds. However, the associated costs would be significantly higher as
the current crest levels are 1 m AHD.
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12.7.

Further Recommendations for Monitoring

The following are recommended for the entire Port Fairy study area:










Regular beach surveys should be undertaken including analysis of the collected data.
Such a program is being initiated by Council in association with local community groups;
A detailed record of dredged sand volumes within the Moyne River and the Southwest
Passage and associated deposited sand volumes on East Beach should be undertaken.
This would enable a better understanding of sediment transport within the East Beach
embayment.
Regular bathymetric surveys should be undertaken to monitor changes within the
Southwest Passage and offshore areas;
Analysis and digitisation of the 1854 Barrow nautical chart in order to assess long-term
changes of East Beach embayment;
Vegetation management plans need to be prepared for all dune areas not currently
maintained by community groups;
An inventory of potential sand reserves for future beach nourishment needs to be
developed and investigated. Studies for access and in-principle approvals need to be
initiated;
Suitable quarries for rock protection need to be identified and the suitability of their rock
for coastal protection determined.

WRL Technical Report 2012/21 April 2013 FINAL

141

Section 12 Key Findings


This sections provides the reader with an introduction to the concepts of
maintenance and monitoring and adaptation to climate change of onshore coastal
structures;



A review of the suitability of the existing protection structures in the Port Fairy
Study area was performed over the two identified planning timeframes (present day
and 2080);





The reviewed structures were the following:
-

East Beach Rock Revetment;

-

East Beach Wooden Groynes;

-

Moyne River Moles;

-

Southwest Passage Causeway;

-

Puddeny Grounds.

The following additional monitoring actions are recommended:
-

Regular beach surveys;

-

A detailed record of dredged sand volumes within the Moyne River and the
Southwest Passage;

-

Regular bathymetric surveys within the Southwest Passage;

-

Vegetation management plans need to be prepared for all dune areas not
currently maintained by community groups;

-

An inventory of potential sand reserves for future beach nourishment needs
to be developed and investigated;

-

Suitable quarries for rock protection (for both emergency repairs and
structure repairs) need to be identified and the suitability of their rock for
coastal protection determined.
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13. Assumptions and Limitations
13.1.

Introduction

The methodology applied in this report for the Future Coasts – Port Fairy Coastal Hazard
Assessment was developed in consultation with Moyne Shire Council and the State of Victoria
Department of Sustainability and Environment, and conforms to the following documents:





Victorian Coastal Hazard Guide (DSE, 2012);
Victorian Coastal Strategy Guidelines (VCC, 2008);
NSW Coastline Management Manual (NSW PWD, 1990);
Coastal Risk Management Guide (DECCW, 2010).

The assumptions and limitations applicable to the analysis and the data used in this study are
described below.

13.2.

Field Survey

A visual assessment of the dunes and rock revetments allowed general and qualitative
observations of the present dunes and rock revetment conditions.
A detailed stability
assessment was not part of the scope of works and geotechnical investigation was not
undertaken for this study, apart from determining underlying bed rock levels on East Beach.
Representative crest levels and foreshore geometry were estimated by experienced coastal
engineers for each stretch of coast. However, in some locations these levels vary along the dune
or rock revetment.

13.3.

Sea Level Rise

The sea level rise projections adopted in this investigation were based on the Victorian Coastal
Hazard Guide (DSE, 2012). No further reassessment of these benchmarks was undertaken by
WRL. The sea level rise benchmarks are based on projections and actual sea level rise may be
higher or lower than these benchmarks over the planning period. The IPCC reviews and revises
sea level rise projections at 5-7 year intervals, with the most recent revision (Assessment Report
4) being in 2007, and the Assessment Report 5 due in 2013-2014.

13.4.

Water Levels and Wave Climate

For storm erosion modelling purposes, a Mean High Water Spring (MHWS) tide time series was
assumed, to which a tidal anomaly was added, such that the peak water level corresponded to
the ARI of the storm. For modelling purposes a symmetrical shape of the anomaly was
assumed, with the peak in predicted tide and tidal anomaly assumed to coincide with the peak
wave height of the storm.
The nearshore wave climate around the beaches of Port Fairy was determined using a numerical
wave propagation model (SWAN version 40.85). The model inputs were offshore boundary
conditions and bathymetric data. Offshore boundary conditions relied on extreme wave statistics
analysis undertaken by WRL.
Bathymetric data was obtained from DSE and Geoscience
Australia. Data collection and analysis was undertaken by reputable organisations, however,
minor survey errors are possible. Some temporal change in the seabed after surveys is almost
certain which adds further uncertainty to the impacts of coastal hazards.
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13.5.

Beach Erosion and Recession

The volumes of storm erosion adopted in this study ultimately relied on numerical SBEACH
modelling. This model has been calibrated and validated numerous places around Australia.
The sand grain size modelled at each beach was equivalent to the sediment samples acquired
during the site inspection. Bedrock location was implemented in SBEACH using the results of the
East Beach geotechnical survey and combined analysis of 2010 aerial photography and 2007
LIDAR. Based on the experience of this report’s authors, their engineering judgement, and
consultation with Port Fairy’s Technical Review Panel for this project, it was elected to model
“design” erosion volumes using 2 x 50/100 year ARI storm events. Note that changes to coastal
geomorphology since 2007 will not be fully captured.
The rates of recession adopted in this study ultimately relied on the analysis of temporal data
sets of aerial photography and photogrammetric data made available by DSE. The accuracy of
this information rests with DSE. The temporal resolution of the dataset limits the accuracy and
reliability of the estimates. It should be noted that the recession rates for the southern section
of East Beach were based on the assumption that the rock revetment position is representative
of the shoreline position in 1960.
Future shoreline recession as a result of sea level rise was estimated using the Bruun Rule and
the Victorian Coastal Hazard Guide (DSE, 2012). The limitations of this methodology are well
recognised (Ranasinghe et al., 2007) and were taken into consideration. However, no robust
and scientifically recognised alternative currently exists and the application of the Bruun Rule is
currently supported by the Victorian Coastal Hazard Guide (DSE, 2012). Where known or
obvious, the presence of underlying bedrock shelves was taken into account in this study.
However, there may be bedrock present in other areas where it is not generally visible.

13.6.

Wave Runup and Overtopping

Best practice empirical prediction methods based on the most current published literature (Mase,
1989; EurOtop, 2007) were applied to estimate wave overtopping and runup levels at the dunes
structures. Statistical and data uncertainties related to these methodologies are discussed in the
referenced literature (EurOtop, 2007). The effect of wind on overtopping rates was not
considered. Site specific physical modelling is the only available method offering greater
certainty than the methods used.

13.7.

Mapping of Coastal Hazard Lines

Mapping of coastal hazard lines was produced to provide general guidance for coastal planning
and to identify areas prone to coastal hazards. Mapping was undertaken using state-of-the-art
methodologies. Mapping was based on the discretisation of the coastline into mean profiles
which were obtained from the photogrammetric and /or LIDAR analysis. The limitations of the
temporal and spatial resolution of the available data applies to the mapping. Site specific
investigations and surveys are encouraged to overcome such limitations. WRL is not responsible
for the accuracy of the LIDAR data.
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13.8.

Modelling and Mapping of Coastal Inundation Zones

Assessment of coastal inundation was performed using a combination of two methods, that is
“bathtub” inundation modelling over the whole study area and “dynamic flood modelling” using a
MIKE Flood model specifically around the Port Fairy Township.
The Mike Flood modelling assumed the coincidence of coastal storm surge heights and
catchment peak flood levels as well as no infiltration. This may lead to conservative mapping
outputs.
Mapping of coastal inundation zones was produced to provide general guidance for coastal
planning and to identify areas prone to coastal inundation. Mapping was undertaken using
state-of-the-art and Government endorsed methodologies. Mapping of inundation was based on
the current shoreline location and did not include any allowance for future landward recession
beyond the boundaries of the dynamic flood modelling. Mapping assumed that both seawall
crest levels and topography remain as they were from the 2007 LIDAR data provided by DSE. A
qualitative check indicated that the LIDAR data was consistent with the observed land forms,
however, WRL is not responsible for the accuracy of the LIDAR data.

13.9.

Vulnerability Assessment

The vulnerability assessment undertaken for this study should be considered as preliminary as it
relies on the spatial accuracy of the mapping data available (LIDAR data provided by DSE) and
on the accuracy of the coastal hazard mapping. Site specific analysis should be undertaken to
obtain a detailed risk assessment.
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GLOSSARY

GLOSSARY
This glossary includes terms from this coastal hazards study that may be unfamiliar to some
readers. It has been adapted from “Climate Change Adaptation Guidelines in Coastal
Management and Planning” (Engineers Australia, 2012c).

ARI Average Recurrence Interval – time (years), on average, between occurrence of events
such as storms, tropical cyclones, wave overtopping, etc.
Bed friction Loss of wave energy in shallow water due interaction of wave motion with the sea
bed.
Bed shear stress Horizontal force (per unit area) due to near-bed water flow.
Boundary layer Region close to the sea bed or coast where the flow is significantly affected by
the interaction with the boundary.
Celerity Speed of wavecrest (as opposed to the speed of water particles).
Coastal compartment Length of coastline (often an embayment) at the boundaries of which
the sediment behaviour is clearly defined.
Continental shelf wave Very long waves (of order 1000 km) that travel anticlockwise around
Australia (including Tasmania) generating important coastal currents.
Currents Coastal currents derive from many sources, including tide, waves (particularly broken
waves), coastal trapped waves, ocean currents and density influences.
Diffraction When a part of a train of waves is interrupted by a barrier, such as a breakwater,
the effect of diffraction is manifested by propagation of waves into the sheltered region within
the barrier’s geometric shadow.
Downdrift In direction of alongshore current.
Geotextile Strong, resilient, porous fabric used to retain soil without building up water pressure.
Grid For a numerical model points in space where velocities, water elevations, sediment and
pollution concentration etc are computed.
Groyne A shore protection structure built (usually perpendicular to the shoreline) to trap littoral
drift or retard erosion of the shore.
Laminar Smooth flow (usually slow) dominated by viscosity with water molecules only slowly
changing relative position. Such flow is characterised by very slow mixing of sediment and
pollutants. (c.f. ‘turbulent’)
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Littoral drift The sedimentary material moved in the littoral zone (zone extending seaward from
the shoreline to just beyond the breaker zone) under the influence of waves and currents.
“Gross” littoral drift is the sum of all transport in any direction, while “net” littoral the average
over some time period (usually extended).
Morphological response Change of seabed or shoreline due to external influences (waves,
currents, wind, etc).
Overtopping Passing of water over the top of a structure as a result of wave runup or surge
action.
Progradation Growth of sediment deposit inside an estuary (flood tide) or outside as a delta
(ebb tide).
Random waves Waves with irregular successive heights and wavelengths.
Refraction (1) The process by which the direction of a wave moving in shallow water at an
angle to the contours is changed: the part of the wave advancing in shallower water moves more
slowly than that part still advancing in deeper water, causing the wave crest to bend toward
alignment with the underwater contours. (2) The bending of wave crests by currents.
Revetment A facing of stone, concrete, etc., built to protect a scarp, embankment, or shore
structure against erosion by wave action or currents.
Runoff Water flowing over land into streams, rivers and estuaries derived from rainwater that
has not soaked into the ground or been intercepted by leaves, ground depression, etc.
Salient Bulge in beach alignment forming behind an offshore obstruction.
Sand by-passing Hydraulic or mechanical movement of sand from the accreting updrift side to
the eroding downdrift side of an inlet or harbour entrance. The hydraulic movement may include
natural movement as well as movement caused by human action.
Seawall Structure separating land and water areas, primarily designed to prevent erosion and
other damage due to wave action.
Sediment transport Movement of sand, silt or clay due to combined waves and current.
Sheet pile Row of interconnected piles designed to retain soil and/or water on one side.
Shoal (n) Region of localised shallower water. (v) Process of getting shallower (and
consequential change in wave properties) as shore is approached.
Storm surge Rise in the sea water level on the open coast due to abnormal atmospheric
pressure and wind shear stress.
Tombolo A bar or spit that connects or “ties” an island to the mainland or to another island.
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Trained entrance Estuary entrance fixed by artificial rock or other armour material walls, often
extending seaward of the adjacent shoreline.
Transgressive dune Sand dune that creeps inland under the action of prevailing wind possibly
covering roads and property.
Transitional Water depths between “deep” (where the no wave motion is felt at the seabed)
and “shallow” (where wave motion is almost uniform from surface to seabed).
Tsunami A long-period wave caused by an underwater disturbance such as a volcanic eruption,
earthquake or landslide. Commonly miscalled “tidal wave”.
Turbulent flow (usually fast) characterised by eddies and rapid mixing of sediment and
pollutants. (c.f. “laminar”)
Updrift Against direction of alongshore current.
Validation Process of adjusting model parameters to match some measured field data.
Verification Testing ability of model to match field data independent of that used for validation.
Wave energy flux Rate at which wave energy passes any vertical lane of water bounded by the
seabed, sea surface and a metre width perpendicular to wave direction.
Waves Refers to water motion generated by wind whether local (wind waves) or remote (swell).
Zeta curve Looking from above, i.e. plan view, a log-spiral alignment curve often adopted
naturally in embayed beaches with a predominant wave direction.
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Figure 3.1

(a) Eastern Coastline, East Beach and Griffith Island

(b) Western Coastline
Sediment Sample Particle Size Distributions
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
(3) The land area delimited by the Potential Salient Loss dashed lines could be potentially
affected in the event of salient loss which cannot be fully quantified with contempary
desktop engineering techniques.
Cape Reamur Coastal Erosion Hazard Lines
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Figure 11.1
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
Unnamed 6 & 7 Beaches (VIC 520 & VIC 521) Coastal Erosion Hazard Lines
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Figure 11.2
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(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
(3) The land area delimited by the Potential Salient Loss dashed lines could be potentially affected in
the event of salient loss, which cannot be fully quantified with contempary desktop
engineering techniques.
(4) Water Course Entrance Hazard area indicates area subjected potential water course
entrance instability processes.
Unnamed 4 & 5 Beaches (VIC 518 & VIC 519) Coastal Erosion Hazard Lines
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Figure 11.3
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(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Potential Salient Loss dashed lines could be potentially
affected in the event of salient loss which cannot be fully quantified with contempary
desktop engineering techniques.
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Figure 11.4
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
Unnamed 2 (VIC 516) Coastal Erosion Hazard Lines
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Figure 11.5
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
Ocean Drive Coastal Erosion Hazard Lines
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Figure 11.6
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) Hazard lines behind seawall are indicative of erosion in the event of seawall failure.
Peasoup Beach Coastal Erosion Hazard Lines
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Figure 11.7
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
South Beach Coastal Erosion Hazard Lines
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Figure 11.8

Coastal Erosion Hazard Lines
2100 SLR (1.2 m SLR rel. 1990)
2080 SLR (0.8 m SLR rel. 1990)
2050 SLR (0.4 m SLR rel. 1990)
Present Day

Rocky Cliff Shoreline
Cadastre
Seawalls

0

62.5

125

Metres
250

Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
Griffiths Island Beach Coastal Erosion Hazard Lines
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Figure 11.9
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Rocky Cliff Shoreline dashed lines requires further specific
geotechnical investigation.
South Mole Beach Coastal Erosion Hazard Lines
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Figure 11.10
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
East Beach Coastal Erosion Hazard Lines: Moyne River Training Walls to Port Fairy SLSC
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Figure 11.11
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
East Beach Coastal Erosion Hazard Lines: Port Fairy SLSC to Rock Revetment End
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Figure 11.12

Coastal Erosion Hazard Lines
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) Hazard lines behind rock revetment are indicative of erosion in the event of rock revetment failure.
East Beach Coastal Erosion Hazard Lines: Rock Revetment End to Night Soil Site
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Figure 11.13
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
East Beach Coastal Erosion Hazard Lines: Night Soil Site to Old Municipal Tip
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Figure 11.14
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Potential Salient Loss dashed lines could be potentially
affected in the event of salient loss which cannot be fully quantified with contempary
desktop
engineering
techniques.

East Beach Coastal Erosion Hazard Lines: Old Municipal Tip to Reef Point
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Figure 11.15
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) The land area delimited by the Potential Salient Loss dashed lines could be potentially
affected in the event of salient loss which cannot be fully quantified with contempary
desktop
engineering
techniques.
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Figure 11.16
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
Cape Killarney Beach Coastal Erosion Hazard Lines
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) Hazard lines behind rock revetment are indicative of erosion in the event of rock revetment failure.
East Beach Coastal Erosion Hazard Lines: Moyne River Training Walls to Port Fairy SLSC
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Figure 11.18

Coastal Erosion Hazard Lines
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Notes:
(1) Landward movement of the shoreline could be modified by the presence of bedrock.
(2) Hazard lines behind rock revetment are indicative of erosion in the event of rock revetment failure.
East Beach Coastal Erosion Hazard Lines: Port Fairy SLSC to Rock Revetment End
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Figure 11.19
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Cape Reamur Coastal Inundation
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Figure 11.20
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Unnamed 6 & 7 Beaches (VIC 520 & VIC 521) Coastal Inundation
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Figure 11.21
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Unnamed 4 & 5 Beaches (VIC 518 & VIC 519) Coastal Inundation
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Figure 11.22
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Meters
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Unnamed 3 Beach (VIC 517) Coastal Inundation
WRL Technical Report 2011/21

Figure 11.23
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Unnamed 2 Beach (VIC 516) Coastal Inundation
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Figure 11.24
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Ocean Drive Coastal Inundation
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Figure 11.25
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Pea Soup Beach Coastal Inundation
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Figure 11.26
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
South Beach Coastal Inundation
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Figure 11.27
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2080 (100 year ARI with 0.8 m SLR rel. 1990)
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Griffiths Island Beach Coastal Inundation
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Figure 11.28
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
South Mole Beach Coastal Inundation
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Figure 11.29
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
East Beach Coastal Inundation: Moyne River Training Walls to Port Fairy SLSC
WRL Technical Report 2011/21

Figure 11.30
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
East Beach Coastal Inundation: Port Fairy SLSC to Rock Revetment End
WRL Technical Report 2011/21

Figure 11.31
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
East Beach Coastal Inundation: Rock Revetment End to Night Soil Site
WRL Technical Report 2011/21

Figure 11.32
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
East Beach Coastal Inundation: Night Soil Site to Old Municipal Tip
WRL Technical Report 2011/21

Figure 11.33
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
East Beach Coastal Inundation: Old Municipal tip to Reef Point
WRL Technical Report 2011/21

Figure 11.34
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Reef Point Beach Coastal Inundation
WRL Technical Report 2011/21

Figure 11.35
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Note: Please read in conjunction with Section 11.2, Table 11.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer).
WRL is not responsible for the accuracy of the LIDAR data.
Killarney Beach Coastal Inundation
WRL Technical Report 2011/21

Figure 11.36

a) Timing of adaptive management options [Source: DEFRA (2006)]

b) Change in risk of extreme coastal events on Clarence Coast [Source: Carley (2008)]
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Conceptual Emergency Protection Terminal Revetment Cross-Section
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Figure 12.3

APPENDIX A
WAVE MODELLING

APPENDIX A. Wave Modelling
The Port Fairy coastline is subject to extreme waves originating from offshore storms. Swell
waves reaching the coast may be modified by the processes of refraction, diffraction, wave-wave
interaction and dissipation by bed friction and wave breaking. The model SWAN (Simulating
WAves Nearshore) was used to quantify the change in wave conditions from a deepwater
boundary into the Port Fairy coastline. Details of SWAN can be found in Booij et al (1999a,
1999b) and is described in brief below.

1.1

SWAN Wave Model

SWAN (version 40.85) is a third-generation wave model that computes random, short-crested
wind-generated waves in coastal regions and inland waters. The SWAN model is based on the
wave action balance equation with sources and sinks and accommodates the process of wind
generation, white capping, bottom friction, quadruplet wave-wave interactions, triad wave-wave
interactions and depth induced breaking (Ris et al., 1994).
The formulation of the SWAN wave model imposes a number of restrictions which should be
acknowledged. While the model may be used on domains of any scale, its use in oceanic scale
domains is not recommended for reasons of computation efficiency compared to models such as
WAM and WaveWatchIII. Additionally, the spectral formulation of the model limits its ability to
accurately model wave diffraction and some surf zone processes such as wave setup (in a twodimensional simulation).
Despite these limitations, the SWAN model is considered an industry-standard spectral wave
generation and propagation model and, with appropriate acknowledgment and allowance for
such limitations, provides accurate and robust values.

1.1 Computational Domain
Correct representation of natural bathymetry within the model computational domain is critical
to simulating representative wave propagation and transformation processes.
1.1.1

Data Sources

Sources of bathymetric and topographic data of the Port Fairy study area used within this study
are presented within Table A- 1. Individual data sets are adjusted to a project co-ordinate
system (MGA Zone56 GDA94) and reduced level (AHD) and combined to derive a comprehensive
digital elevation model for the Port Fairy deep offshore and nearshore regions (i.e. Figure A- 1).
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Table A- 1

Sources of Bathymetrric and Topog
graphic Data
a Used to Con
nstruct the SWAN
S
omputationa
al Domain
Co

Dataset
O
Offshore Conto
ours

Data
a Source
Geos
science Austra
alia 9 arc second Bathy
9_v4
and Topo Grid
d ausbath_09

Grid
G
Referen
nce System

Datum

GCS_WGS
S_1984

AHD

D
DSE LIDAR 20
007

Department
D
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y and
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one54

(topography
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Environ ment (DSE)

GDA9
94
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R
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Environ ment (DSE)
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reso
olution of 250
2
m and was primarrily used as
s a transforrmation mo
odel to simu
ulate wave
prop
pagation from an offshore location t o the nearsh
hore domain.
s nearshore domain was
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d from three
e overlappin
ng grids at a finer 25 m resolution
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m
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p
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Table A- 2

Model Dom
main Parame
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Lower Left C orner

680
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5,650,000

Size

1,8
850,000

65,250

Resolution

250
0

250
0

N Cells

740
0

261
1

Nearshore

Easting

Northing

Lower Left C orner

333
3525
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Size

120
000

120
000
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25

25
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0
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0

o
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1.1.3

Output Locations

For each model simulation, spatial maps of wave height, period and direction have been
generated for the offshore and nearshore regions.
More detailed information including
significant wave height, mean and peak period and direction, wave breaking fraction, water
elevation, depth and wave setup have also been provided for 24 coastal locations of interest
within the Port Fairy study area. These locations are presented within Table A- 3 and Figure A- 3.
Rather than specify a single point offshore of a coastal location, information is extracted along
transect lines from pre-breaking to the shoreline. This is due to the significant amount of wave
transformation which occurs immediately prior to breaking. When an arbitrary output point is
specified, the location may be well offshore of the surf zone and will not include final, nearshore
transformation or may be inside the surf zone where some loss of spectral wave height through
offshore breaking of larger waves has already occurred. By extracting information along a
transect, wave conditions at the outer edge of the surf zone may be extracted using the wave
breaking fraction. The outer edge of the surf zone is assumed to occur when the wave breaking
fraction reaches 1% and wave conditions are extracted and output for that location.

Table A- 3

SWAN coastal output transects
Offshore Transect
End

Onshore Transect
Interval

End

(m)

Easting

Output Location

Easting

Cape Reamur

600194

5749584

25

600405

5750331

Unnamed 7 (VIC 521)

601660

5749640

25

601790

5750240

Unnamed 6 (VIC 520)

602625

5749495

25

602279

5750303

Unnamed 5 (VIC 519)

603095

5749230

25

603485

5750188

Unnamed 4 (VIC 518)

603520

5748902

25

604084

5750130

Unnamed 3 (VIC 517)

604507

5749200

25

604582

5749850

Unnamed 2 (VIC 516)

605595

5749175

25

605755

5750090

Ocean Drive Beach

606885

5749290

25

606410

5749980

Pea Soup Beach

606962

5749293

25

607200

5750065

South Beach

607463

5749295

25

607713

5750042

Northing

Northing

Ocean Drive - The Passage

607855

5747630

25

608012

5749862

Southwest Passage

607871

5749049

25

608565

5749895

Griffiths Island Beach

609600

5749064

25

608850

5749850

South Mole

610252

5751188

25

609062

5749944

East Beach South

611329

5751035

25

608482

5750358

East Beach SLSC

611000

5750820

25

608448

5751328

East Beach Dune Breach

611000

5750820

25

609050

5752500

East Beach Night Depot

611329

5751035

25

609493

5752777

East Beach Municipal Tip

611189

5750948

25

610481

5753330

East Beach North

611524

5750884

25

611937

5753462

Reef Point

614250

5751500

25

612755

5753553

Killarney Beach

613830

5751769

25

614629

5753998

Cape Reamur

600194

5749584

25

600405

5750331
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1.2

Environmental Conditions

Environmental conditions adopted for model scenario runs including extreme offshore wave
conditions, and water levels are described below.
1.2.1

Offshore Waves

The Port Fairy coastline is subject to waves originating from offshore storms (swell) or produced
locally (wind waves) within the nearshore coastal zone. Swell waves reaching the coast may be
modified by the processes of refraction, diffraction, wave-wave interaction and dissipation by
bed friction and wave breaking. Locally generated waves undergo generation processes as well
as the aforementioned propagation and dissipation processes.
1.2.2

Wave buoy data and analysis

The best available data source for wave data is wave buoys. The closest known wave buoys to
the site are:


Off Port Campbell, VIC, approximately 80 km to the west, operated for approximately 1
year by Sustainability Victoria;



Off Cape Bridgwater, VIC, approximately 100 km to the south-east, operated for
approximately 1 year by Sustainability Victoria.

These buoys are directional and provided valuable information in relation to the local wave
transformation processes along this particular section of the coastline but at present were not
able to provide long term data.
Two additional buoys, which have been deployed for longer periods are:


Off Cape du Couedic, Kangaroo Island, SA, approximately 500 km to the north-west,
operated for approximately 9 years by the Bureau of Meteorology;



Off Cape Sorell, TAS, approximately 500 km to the south-east, operated for
approximately 7 years by CSIRO and a further 12 years by the Bureau of Meteorology,
giving a total of 19 years of data.

Both these buoys are non-directional. Although these wave buoys are somewhat remote from
Port Fairy, Hemer et al. (2008) found that for large storm events in the Southern Ocean, there
was often a relationship between waves recorded at Cape Sorell and Cape du Couedic. Recent
work by WRL (Coghlan, 2008) compared the wave records for Cape du Couedic, Cape Sorell and
a short term (3 month) wave instrument deployment off Portland, Victoria, and found a good
correlation between all three.
Analysis of the available data from these four buoy was performed to derive offshore extreme
wave data as well as verify the accuracy of the data provided by numerical global wave models.
1.2.3

Numerical Global Wave Models

Major numerical global wave models include ERA-40, and WW3. As stated above, wave buoy
data is considered the most reliable source, but these models also provide wave direction,
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whereas many wave buoys are non-directional. Furthermore, some of these models extend for
up to almost 50 years and do not have data gaps.
ERA-40
The ERA-40 dataset originates from the ECMWF (European Centre for Medium Range Weather
Forecasting) and was generated by reanalysing meteorological variables over the entire globe
between September 1957 and August 2002. Wave variables were derived from a coupled
atmosphere wave model and averaged over 1.5º x 1.5º latitude-longitude grids cells at a
temporal resolution of 6 hours (0h, 6h, 12h and 18h GMT/UT). A subset of the complete ERA-40
dataset (including significant wave height, mean period and mean direction) is freely available
from the ECMWF at the same 6-hourly time-step, but at a coarser spatial resolution of
2.5º x 2.5º.
WW3
The WAVEWATCH III global wave model originates from the US National Centre for
Environmental Protection (NCEP), the US National Oceanic and Atmospheric Administration
(NOAA) and the US Navy Fleet Numerical Meteorology and Oceanography Forecast Centre. The
WW3 dataset commenced in 1997. The WW3 model runs at resolutions as small as 0.5º x 0.5º,
but only outside the surf zone. WW3 is a third generation wave model developed at NOAA/NCEP
in the spirit of the WAM model. It is a further development of the model WAVEWATCH I, as
developed at Delft University of Technology and WAVEWATCH II, developed at NASA, Goddard
Space Flight Centre.
Recent work by WRL (Flocard, 2011) compared the output of the WW3 model with the data
obtained from a mid-term (9 month) wave instrument deployment off Port Fairy, and found a
good correlation between the two.
Data sets from both global wave models were extracted at the closest model output point to the
Port Fairy shoreline and used to derive the offshore directional extreme wave climate.
1.2.4

Extreme Value Analysis

Large, low probability wave events are generally defined in terms of an average recurrence
interval (ARI). The commonly used approach to derive extreme wave height for a particular ARI
is to fit a theoretical distribution to historical storm wave data. If the record is of insufficient
length to provide the event magnitude for the ARI of interest, the distribution is extrapolated.
Calculation of extreme wave height was performed using the methodology recommended by You
(2007) and Shand et al (2010). The raw wave data was first analysed to obtain statistically
independent storm wave heights. The buoy data allowed to obtain reliable non-directional data
based on relatively long time intervals, while the data extracted from the global wave models
allowed to perform the analysis from a directional perspective by splitting it into four directional
ensembles (i.e. East to South; South-South-West; South-West and West-South-West to West).
As recommended by You (2007) and Goda (1998), the FT-I (Gumbel) distribution was used to fit
the data and estimate the wave height for the required ARI.
1.2.5

Results

The 1 hour exceedance Hs for all buoys and both global wave models for average recurrence
intervals of between 1 and 100 years is shown in Figure A- 4 and summarised for the 1, 10, 50
and 100 year ARI in Table A- 4.
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Table A- 4

Summary of One Hour exceedance Hs (Non-Directional Analysis)

Data Source

Duration of

Hs (m)

data set (yr)
1yr ARI

10yr ARI

50yr ARI

100yr ARI
12.6

Cape Sorell Buoy

19

8.6

10.6

12.0

Cape du Couedic Buoy

9

7.3

8.5

9.4

9.8

7.9

9.6

10.7

11.2

Average Buoys
Cape Bridgewater Buoy

>1

7.3

8.8

-

-

Port Campbell Buoy

>1

7.3

8.7

-

-

NWW3 Model

14

8.9

10.7

12.0

12.5

ERA-40 Model

45

7.0

8.4

9.4

9.9

8.0

9.6

10.7

11.2

Average Models

Given the location of Port Fairy approximately half way between Cape Sorell and Cape du
Couedic, in the absence of local measurements, an average of the two buoys is suggested for
deep water waves offshore from Port Fairy. The obtained average of these two long term
deployed buoys is very close to the values obtained by averaging the outputs of the two global
wave models, which contain directional data.
As explained in the previous section, a directional extreme wave analysis was then performed on
four distinct data sets obtained from the global model outputs and classified according to the
peak wave direction. The 1 hour exceedance Hs for the directional global wave models outputs
for average recurrence intervals of between 1 and 100 years is summarised for the 1, 10, 50 and
100 year ARI in Table A- 5.
Table A- 5

Summary of One Hour Exceedance Hs (Directional Analysis)

Data Source & Direction

Direction (°)

Bin

Hs (m)
1yr ARI

10yr ARI

50yr ARI

100yr ARI

4.3

6.1

7.2

7.6

NWW3 Model
East to South

90 - 180

South-South-West

202.5

6.0

8.1

9.2

9.6

South-West

225

8.2

10.0

11.1

11.6

West-South-West to West

247.5 - 270

8.8

10.6

11.8

12.3

ERA-40 Model
East to South

90 - 180

3.9

5.7

7.0

7.5

South-South-West

202.5

4.5

6.0

6.8

7.2

South-West

225

5.9

7.4

8.3

8.7

West-South-West to West

247.5 - 270

7.0

8.4

9.4

9.8

The results of this analysis allowed to establish offshore wave conditions, ranging from east to
west swell directions, in 22.5º increments, as described in Table A- 6.
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Table A- 6
Direction Bin

Adopted Offshore Wave Climate conditions
Direction (°)

10yr ARI

50yr ARI

100yr ARI

90.0

4.1

5.9

7.1

7.6

ESE

112.5

4.1

5.9

7.1

7.6

SE

135.0

4.1

5.9

7.1

7.6

SSE

157.5

4.1

5.9

7.1

7.6

S

180.0

4.1

5.9

7.1

7.6

SSW

202.5

5.2

7.1

8.0

8.4
10.2

E

1.2.6

Hs (m)
1yr ARI

SW

225.0

7.1

8.7

9.7

WSW

247.5

7.9

9.5

10.6

11.1

W

270.0

7.9

9.5

10.6

11.1

Water Levels

The design elevated water levels for the range of average recurrence intervals (ARI) considered
in this investigation are presented in Table A- 7, using the results from the CSIRO on extreme
seal levels along the Victoria’s coast (CSIRO, 2009).

Table A- 7

Design Water Levels Tide +Storm Surge (source CSIRO, 2009)

Average

MHWS

Recurrence

Storm Surge

Water Level Excl. Wave Setup

Height

and Runup

Interval ARI
(yr)

(m AHD)

(m AHD)

(m AHD)

50

0.43

0.59±0.05

1.02±0.05

100

0.43

0.60±0.05

1.03±0.05
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1.3

1.3.1

SWAN Wave Simulations

Parameters

SWAN modelling was undertaken using the model parameters and coefficients shown in Table
A- 8. Some sensitivity tests were undertaken on some coefficients, with some determined based
on past experience of WRL staff on wave modelling.

Table A- 8

SWAN Modelling Setup and Parameters

Model Physics
Physics mode (generation)
Wave growth formulation
Triad wave-wave interaction
Nonlinear quadruplet wave interaction
Whitecapping
Wave breaking model
Α
Hmax/d (γ)
Bottom friction (JONSWAP)
Model Numerics
Model Run Mode
Iterations
Spectral Parameters
Spectral Shape at Boundary
Peak Enhancement Factor
Period
Standard Deviation of Directional Spreading
Diffraction
Directional Space Parameters
Directional Range
Directional Resolution
Frequency Space Parameters
No. Frequency Bins
Min. Frequency
Max. Frequency
1.3.2

3rd
Komen et al. (1984)
On
On
On
Battjes and Janssen
1
0.73
0.067 (default)
Stationary, Two dimensional
30
JONSWAP
3.3 (default)
Peak
30 º
Off (recommended)
360 º
10 º
32
0.05
1

Scenarios

Model scenarios corresponding to 50 and 100 year ARI events from directions between east and
west have been simulated, with 22.5° increments. The offshore wave conditions were tested for
three different wave periods, i.e. 10 s, 15 s and 20 s.
A summary of scenarios is presented within Table A- 9.
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Table A- 9

SWAN Model Scenarios and Environmental Forcing Conditions
Water

Conditions at Offshore Domain
Boundary

Level
Scenario
E

ESE

SE

SSE

S

SSW

SW

WSW

W

1.4

ARI

(m AHD)

Hs (m)

Tp (s)

50

1.02

7.1

10-15-20

100

1.03

7.6

10-15-20

50

1.02

7.1

10-15-20

100

1.03

7.6

10-15-20

50

1.02

7.1

10-15-20

100

1.03

7.6

10-15-20

50

1.02

7.1

10-15-20

100

1.03

7.6

10-15-20

50

1.02

7.1

10-15-20

100

1.03

7.6

10-15-20

50

1.02

8.0

10-15-20

100

1.03

8.4

10-15-20

50

1.02

9.7

10-15-20

100

1.03

10.2

10-15-20

50

1.02

10.6

10-15-20

100

1.03

11.1

10-15-20

50

1.02

10.6

10-15-20

100

1.03

11.1

10-15-20

Dp (°)
90

112.5

135

157.5

180

202.5

225

247.5

270

SWAN Results

Examples of 100 year ARI events from the southwest are shown in Figure A- 5 and Figure A- 6
and from the southeast in Figure A- 7 and Figure A- 8.
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For each output location, wave conditions for each direction scenario were evaluated and
maximum conditions (at outer breakpoint) are summarised in Table A- 10.

Table A- 10 Resultant Maximum Wave Height Characteristics for the Port Fairy Points as a Result
of Offshore Swell
Hs (m)
Output Location

100yr
ARI

Tp (s)

50yr
ARI

100yr
ARI

Dp (°)

50yr
ARI

100yr
ARI

50yr
ARI

Cape Reamur

7.75

7.45

15.0

15.0

205

205

Unnamed 7 (VIC 521)

7.55

7.31

15.0

15.0

205

205

Unnamed 6 (VIC 520)

7.88

7.48

15.0

15.0

205

205

Unnamed 5 (VIC 519)

7.68

7.40

15.0

15.0

215

215

Unnamed 4 (VIC 518)

7.68

7.42

15.0

15.0

205

205

Unnamed 3 (VIC 517)

7.62

7.33

15.0

15.0

195

195

Unnamed 2 (VIC 516)

7.85

7.58

15.0

15.0

195

195

Ocean Drive Beach

7.35

7.07

15.0

15.0

195

195

Pea Soup Beach

7.10

6.83

15.0

15.0

175

175

South Beach

7.04

6.76

15.0

15.0

215

215

Ocean Drive - The Passage

7.32

7.06

15.0

15.0

195

195

Southwest Passage

7.16

6.90

15.0

15.0

205

205

Griffiths Island Beach

7.50

7.33

15.0

15.0

175

175

South Mole

5.18

4.85

15.0

15.0

155

155

East Beach South

4.46

4.21

15.0

15.0

135

135

East Beach SLSC

4.05

3.95

15.0

15.0

125

125

East Beach Dune Breach

4.26

4.08

15.0

15.0

135

135

East Beach Night Depot

4.79

4.51

15.0

15.0

155

155

East Beach Municipal Tip

5.39

5.12

15.0

15.0

165

165

East Beach North

5.88

5.66

15.0

15.0

185

185

Reef Point

6.24

5.99

15.0

15.0

175

175

Killarney Beach

6.79

6.57

15.0

15.0

195

195

It can be observed that the maximum wave conditions at the breakpoints for all East Beach
locations are from offshore swell conditions from South to South-East directions.
A desktop analysis of diffracted waves originating from the Southwest was undertaken using the
methodology recommended by CEM (2006). Using the offshore swell conditions originating from
the southwest, the diffraction analysis resulted in smaller nearshore conditions in the East Beach
embayment than the SWAN results for southeast swell.

1.5

1-D Surf zone modelling

To improve the estimates of wave breaking through the surf zone, the SWAN model output were
coupled with the 1-D Dally Dean and Dalrymple (1984) surf zone model. This task was
performed at every representative location within the Port Fairy coastline using the beach

WRL Technical Report 2012/21

FINAL DRAFT

December 2012

A-17

proffiles obtained
d from the LIDAR
L
2007 data at the transect locations descrribed in Tablle A- 3 and
Figu
ure A- 3.
s were used
d for the ccalculation of
o wave settup (Section
n 7.2) as well
w
as the
These transects
ermination of
o erosion sto
orm demand
d (Section 6..2) in SBEAC
CH.
dete
The transects profiles are provided in Fiigure A- 10 to Figure A- 28.

Figure A- 9 Ca
ape Reamur Transect Bat
thymetry

med 7 (VIC 521)
5
Transec
ct Bathymetrry
Figure A- 10 Unnam

Figure A- 11 Unnam
med 6 (VIC 520)
5
Transec
ct Bathymetrry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-18

Figure A- 12 Unnam
med 5 (VIC 519)
5
Transec
ct Bathymetrry

Figure A- 13 Unnam
med 4 (VIC 518)
5
Transec
ct Bathymetrry

Figure A- 14 Unnam
med 3 (VIC 517)
5
Transec
ct Bathymetrry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-19

Figure A- 15 Unnam
med 2 (VIC 516)
5
Transec
ct Bathymetrry

Figure A- 16 O
Ocean Drive Transect Bat
thymetry

Figure
F
A- 17 Pea Soup Tr
ransect Bath
hymetry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-20

Fig
gure A- 18 S
South Beach Transect Bathymetry

Figure A- 19 Griffitths Island Be
each Transec
ct Bathymetrry

Figur
re A- 20 Sou
uth Mole Beach Transect Bathymetry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-21

Figure A- 21 Eas
st Beach Soutth Transect Bathymetry

Figu
ure A- 22 Eas
st Beach SLS
SC Transect Bathymetry
B

Figure AA 23 East Be
each Dune Breach Transe
ect Bathyme
etry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-22

Figure A- 24 East Bea
ach Night So
oil Site Trans
sect Bathyme
etry

Figure A- 25
2 East Beac
ch Old Munic
cipal Tip Tran
nsect Bathym
metry

Figure A- 26 Eas
st Beach Nortth Transect Bathymetry

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-23

Figure
F
A- 27 Reef Point Transect
T
Bath
hymetry

Figu
ure A- 28 Kil larney Beach Transect Bathymetry
B

WRL
L Technical Re
eport 2012/21

FINAL DRA
AFT

Decembe
er 2012

A-24

APPENDIX B
DUNE BREACHING

APPENDIX B Dune Breaching Investigation on East Beach
1.

Introduction

WRL was commissioned to investigate the possibility of dune breaching in the vicinity of the site
located next to the northern end of the existing rock revetment. The first part of this additional
component to the study involves assessing the hazard risk due to dune erosion. The second part
of this study will involve modelling the extent and consequences of the dune breaching on
combined terrestrial and coastal inundation.
This appendix provides a summary of the methodology used to perform the erosion study and
the derivation of the hazards lines for this specific site with the study area of the “Future Coasts
– Port Fairy Coastal Hazard Assessment”. Analysis of the risk of coastal inundation due to the
dune breaching was performed, with run up levels and overtopping flow rates derived at a range
of locations within the study area. Finally, a summary of the main findings of this study and a set
recommendations for future works on the site as well as monitoring actions are provided.
Additional technical details on the methodology are provided in Sections 5 and 6 of the report.

2.

Presentation of the study site

2.1 Introduction
The specific area for this part of the study is the unprotected portion of East Beach located
northward of the end of the rock revetment. The potential dune breach study area extends from
224 Griffiths Street to what is usually referred to as the “Night Soil” site (a former tip), over a
total length of approximately 600 m along the beach (see Figure B-1).

2.2 Site Inspection
Formal site inspections took place during the week from 2 – 5 April 2012 and on the 14 August
2012 and were performed by Dr F Flocard and Mr J Carley in the company of Dr R Mibus (MSC).
The site inspection focused on a visual assessment of the dune condition and coastal protection
works in regards to location, extent and engineering characterisation i.e. crest level,
construction, present condition etc.
East Beach is 5.8 km long, extending in a broad, arc from Reef Point in the east, where it faces
south, to the North Mole or harbour entrance wall in the south, where it faces east. In the northeast section, the beach is backed by a dune which reaches typical elevations of 5 to 10 m AHD.
A rock revetment fronts the foreshore of East Beach for approximately 2 km south of the study
site, terminating close to its southern end. Functioning rock revetments protect the land and
infrastructure behind them but result in additional erosion of adjacent unprotected land at the
ends of the revetment, known as seawall end effects. On a receding coastline such as East
Beach, sand levels seaward of such a seawall will lower over time.
The overall condition of the rock revetment is sub-standard, with inadequate crest height in
several places. At the southern end of the study area (Figure B-2 a), rock protection appears to
have been placed recently but is not constructed to best contemporary coastal engineering
practice. Rock displacement can be observed in multiple places due to storm wave action. The
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northern end of the rock revetment is almost completely outflanked with visible erosion of the
dune located immediately behind.
As expected, the shoreline has a pronounced erosion/recession immediately adjacent to the end
of the rock revetment due to seawall end effects, north-east of the section fronting the last
properties. Typical ground level for the two properties in the lee of the rock revetment is about 6
to 7 m AHD.
The dune located immediately adjacent to the end of the rock revetment is relatively steep with
a crest level of approximately 8 to 10 m AHD, with the presence of a localised low point of 5 m
AHD (Figure B-2 b) probably due to pedestrian action and/or previous sand extraction. Over the
first 60 m north of the end of the rock revetment, the front dune is backed by a relatively lowlying vegetated area, with typical ground elevation of 2 to 3 m AHD, backed by a secondary
dune system with crest levels of 6 to 7 m AHD. This localised depression may have been caused
by wind action. No sand mining has been reported to take place at this location , but this cannot
be excluded as a cause.
Progressing north, the two dunes progressively merge together, resulting in a dune system
about 60 to 70 m wide at the Night Soil site. The foredune has a cover of marram grass and
some woody shrubs. The dune front can be observed to have been eroding/receding over the
whole extent of the study area with a clear and steep scarp extending from the beach level (1 to
2 m AHD) to the dune crest with typical elevation levels between 8 to 12 m AHD.
In the north, the study area ends at the Night Soil site. This site has been used in the past as a
landfill. The ongoing dune erosion, due to the combined action of storm and underlying
recession, is now uncovering the landfill resulting in the release of contaminants and debris into
the coastal environment with consequent safety, environmental and aesthetic impacts (Figure B2 g).

2.3 Sediment analysis
Sediment samples were collected from the intertidal zone at East Beach for three locations. The
dried sediment samples were treated according to AS 1289 (2009) to determine the particle size
distributions by mechanical sieving. The median particle size (d50) for the sand fraction of
sediment was found to vary between 0.2 and 0.4 mm. A d50 of 0.2 mm was adopted for this
erosion study as a conservative approach.
Table B-1 Median Sand Fraction Particle Sizes for East Beach
Name

d50 (μm)

d50 (mm)

East Beach Centre

180

0.18

East Beach South

290

0.29

East Beach North
(Study Area)
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3.

Data and Environmental Conditions

3.1 Available Data
Aerial Photography and Photogrammetry Data
Aerial photography and photogrammetry data was provided by the Department of Sustainability
and Environment (DSE) and QASCO Pty Ltd. Analysis of aerial photography allowed the
assessment of movement of the seaward edge of dune vegetation. The analysis of the
photogrammetry data, available for the study area, including profile plotting and volumetric
analysis, allowed the determination of long term recession rates and the validation of these
derived through the analysis of vegetation line. The data analysed is summarised for East Beach
in Table 3.1.
Table 3.1 Summary of Aerial Photography and Photogrammetric Data (source DSE)

Location
East Beach

Aerial

Photogrammetry

Photography (years) (a)
1948; 1970; 1986; 2003; 2010

1947;1969;1977;
2002; 2007

Additionally, analysis of long term recession around East Beach was performed using an
historical navigation map from 1870 (survey of Stanley) in order to track the evolution of the
shoreline over a longer time period.

Bathymetric and Topographic Data
Bathymetric and topographic sources are listed in Table 3.2.
Table 3.2 Summary of Bathymetric and Topographic Data Sources
Dataset
Offshore Contours

Data Source

Grid Reference System

Datum

and Topo Grid ausbath_09_v4

GCS_WGS_1984

AHD

Environment (DSE)

GDA94

Geoscience Australia 9 arc second Bathy

DSE LIDAR 2007

Department of Sustainability and

MGA Zone54

DSE LIDAR

Department of Sustainability and

MGA Zone54

(topography)

2008(bathymetry)

East Beach GPS_RTK
Survey (2011)

Environment (DSE)

Moyne Shire Council (MSC)

GDA94

MGA Zone54
GDA94

AHD
AHD
AHD

The East Beach Survey data from 2011 provided by MSC, mainly reported dune toe levels every
70 m along the study area but no information regarding the dune crest level. This information
was used to verify the calculated storm demand values as well as the underlying erosion rates,
and infer a present day front dune profile at multiple transects locations. .

3.2 Wave data and wave modelling
This section provides the reader with a brief summary of the findings of the wave modelling
study performed for the whole Port Fairy Study area. A more detailed version of this section will
be available in the main report of the “Future Coasts – Port Fairy Coastal Hazard Assessment”
study.
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The best available data source for wave data is wave buoys. The closest known wave buoys to
the site are:





Off Port Campbell, VIC, approximately 80 km to the west, operated for approximately
1 year by Sustainability Victoria;
Off Cape Bridgwater, VIC, approximately 100 km to the south-east, operated for
approximately 1 year by Sustainability Victoria;
Off Cape du Couedic, Kangaroo Island, SA, approximately 500 km to the north-west,
operated for approximately 9 years by the Bureau of Meteorology;
Off Cape Sorell, TAS, approximately 500km to the south-east, operated for
approximately 7 years by CSIRO and a further 12 years by the Bureau of Meteorology,
giving a total of 19 years of data.

The Port Campbell and Cape Bridgewater buoys are directional and provided valuable
information in relation to the local wave transformation processes along this particular section of
the coastline but at present do not provide long term data. It is generally accepted that ARIs
can be extrapolated to three or four times the record length. The Cape du Couedic and Cape
Sorell buoys are non-directional. Although these wave buoys are somewhat remote from Port
Fairy, Hemer et al. (2008) found that for large storm events in the Southern Ocean, there was
often a relationship between waves recorded at Cape Sorell and Cape du Couedic. The analysis
of this buoy data, in conjunction with the analysis of long-term global directional wave modelling
outputs (NWW3, ERA-40), allowed the establishment of offshore extreme wave conditions for the
study area, presented in Table 3.3 and Table 3.4.
Table 3.3 Design Extreme Offshore Significant Wave Heights at Nearby Locations
Location

Years of data

Port Campbell

Cape Bridgewater
Cape Du Couedic
Cape Sorell

Hs (m) for ARI (years)
1

1.5

10

50

100

7.2

8.2

-

-

8.6

10.6

7.0

1.5
9

7.2

19

8.1
8.5

-

9.4

12.0

-

9.8

12.6

A detailed analysis of wave transformation from offshore to within the beach embayment was
undertaken using a contemporary SWAN (Simulating WAves Nearshore) numerical model. The
model was developped with appropriate extents, grid resolution, and nested grids, to ensure the
best modelling practice of wave transformation from deep water to the nearshore zone. The
SWAN model was run for offshore wave directions in 22.5º increments, ranging from east to
west swell directions, as described in Table 3.4.
Table 3.4 Adopted Directional Extreme Offshore Significant Wave Heights for Port Fairy
Direction

Hs average
(m)

East to South

South-South-west
South-west

West-South-west to West
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2.6

2.9

3.0

3.4

Hs (m) for ARI (years)
1

4.1

5.2

7.1

7.9

10

5.9

7.1

8.7

9.5

50

100

8.0

8.4

7.1

9.7

10.6

7.6

10.2

11.1
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The SWAN modelling provided an estimate of nearshore waves during extreme events, as well as
an understanding of the gradient/variation in wave exposure during typical wave conditions.
To improve the estimates of wave breaking through the surf zone, the SWAN model output was
coupled with the 1-D Dally Dean and Dalrymple (1984) surf zone model. This provided
significantly more reliable predictions of wave breaking, setup, and runup on the beach slope.
This task was performed at seven locations over the study area, ranging from the northern end
of the rock wall to, the former night soil disposal site (Figure B-3).
While the offshore analysis of the buoy and model data found that for large wave events the
most likely directions and largest storm events originated from South-west to West, the near
shore wave propagation study revealed that the most severe wave conditions for the study area
originated from the South-east.
Given that the main purpose of this specific study was to assess the potential for dune
breaching, it was decided to adopt a conservative approach and only consider 100 yr ARI storm
events.

3.3 Extreme water levels and Sea Level Rise
The design elevated water levels for the 100 yr average recurrence interval (ARI) considered in
this investigation is presented in Table 3.5, using the results from the CSIRO on extreme sea
levels along the Victoria’s coast (CSIRO, 2009). While these design water levels incorporate
allowance for tides, barometric setup and wind setup (i.e. storm surge), they do not include
wave setup and wave runup, which need to be determined through modelling.
Table 3.5 Design Present Day Water Levels Tide +Storm Surge (source CSIRO, 2009)
Average

MHWS

Recurrence
Interval ARI

Storm Surge

Water Level Excluding Wave

Height

Setup and Runup

(yr)

(m AHD)

(m AHD)

(m AHD)

100

0.43

0.60±0.05

1.03±0.05

The time frame over which this specific dune breach erosion study has been conducted is
slightly different than for the main “Future Coasts – Port Fairy Coastal Hazard Assessment”
study.
Erosion and inundation modelling were performed for four different planning periods, these being
Present Day, 2020, 2035 and 2080. Given the uncertainty on short-term sea level rises values, it
was decided to incorporate a sea level rise of 0.8 m for the 2080 horizon, which is
consistent with the approach adopted by the Victorian Coastal Hazard Guide (DSE, 2012).
The consequences of a potential sea level rise of 0.2 m by 2035 were additionally investigated
for the identified area under risk of breaching by 2035 with no notable additional impact to the
scenario which did not considered a sea-level rise.
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4.

Coastal Erosion Hazards

4.1 Methodology
In accordance with the recommendations within the Victorian Coastal Hazard Guide (DSE, 2012),
coastal hazard lines were identified for the present day condition as well as immediate shortterm dates, i.e. 2020 and 2035 and for the 2080 planning horizon including a sea level rise
projection of 0.8 m.
Figure B-4 presents the method for estimation of immediate and future position of the coastal
hazard lines diagrammatically. The landward limit of the coastline hazard zone corresponds to
the estimated position of the backshore erosion scarp for the particular planning period.
The immediate hazard line position was obtained by considering the erosion hazard due to storm
demand and allowing for slope adjustment. For all sandy stretches, in accordance with Nielsen
et al. (1992) (Figure B-4 b), the zone of slope adjustment was be identified and included in the
hazard lines definition as it is relevant for buildings. On the other hand, the zone of reduced
foundation capacity was not included as the main purpose of this specific study was to establish
of the risk of the dune being breached as this stretch of coast does not have presently buildings.
The future hazard lines, for the 2020, 2035 and 2080 planning horizons, were estimated by
adding the underlying shoreline recession and the sea level rise induced shoreline recession, for
2080 only.
As shown in Figure B-4 b, three key components of coastal setback were defined in this specific
study and incorporated into the hazard line, namely:




S1: Allowance for short term storm erosion (storm demand);
S2: Allowance for ongoing underlying recession; and
S3: Allowance for recession due to future sea level rise for 2080.

The total design setback (S) for three planning horizons comprises:


Present day:

S = S1;



2020:

S = S1 + S2(2020);



2035:

S = S1 + S2(2035); and



2080:

S = S1 + S2(2080) + S3(2080).

4.2 Short Term Storm Erosion (S1)
Beach erosion relates to the erosion of the beach by a single extreme storm event or from
several storm events in close succession. The amount of sand (above 0 m AHD) transported
offshore by wave action is referred to as “storm demand” and expressed as a volume of sand per
metre length of beach (m3/m).
Design storm demands for the beaches of the Port Fairy study area were assessed through
SBEACH numerical modelling (Carley and Cox, 2003). These are presented for each of the
seven transect locations over the study area (Figure B-3) in Table 4.1 for the 100 year ARI
event.
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Table 4.1 Design Storm Demands for 100 year ARI event
Volume of Storm Demand
(m3/m)

SBEACH Modelling

Representative Profile
Location

Transect A (Rock revetment end)

1×100

2×100 year

3×100 year

year

ARI Event

ARI Event

8

87

113

115

34

68

98

100

107

110

ARI Event

Transect B

33

Transect D

32

Transect C
Transect E
Transect F

Transect G (Night Soil Site)

25
42
30

80

112

73

118

75

118

71
51

88

Adopted

115
120
120
90

To allow for several storm events in close succession (storm clustering), WRL adopted the storm
demand from 3×100 year ARI events modelled in SBEACH. The choice of using three
consecutive storms, instead of two as initially proposed, arose from the need to take into
account the evolution of the dune system and shoreline position since the 2007 LIDAR data
acquisition campaign as well as the multiple severe storm events which took place since 2007,
such as in June and July 2011. The results of this verification exercise are given in Section 4.4.

4.3 Underlying Recession
Ongoing underlying recession is the progressive onshore shift of the long term average land-sea
boundary which may result from sediment loss. It is expressed in terms of change over years in
volume of sand within the beach fronting the seawalls (m3/m/year) and/or corresponding
landward shoreline movement (m/year).
Recession rates due to sediment loss around the study area coastline were derived through the
analysis of long term changes in the location of the vegetation line using the available aerial
photography. The analysis was performed by assessing the horizontal movement of the
vegetation line between the 1948, 1970, 1986 and 2010 aerial photography plates (see Figure
B-5). It was decided not to use the 2003 aerial photography as the resolution was significantly
lower and ortho-rectification was assessed as problematic. As the rock revetment construction
was started in the 1960s, the aerial photography of 1948 was not used in this analysis in order
to consider the seawall-end effects immediately north of the rock revetment northern end.
These results were compared to the results of the photogrammetric analysis performed by
Carley (2008) over a 600 m stretch of East Beach, immediately north of the northern end of the
rock revetment. The average change over the study area was -0.10 m/year (recession) over 38
years from 1969 to 2007, with recession more pronounced over the 200 m stretch of coast
adjacent to the end of the rock revetment.
The underlying recession rates at the different transects locations for both methods are provided
in Table 4.2 (negative value is recession).
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Table 4.2 WRL Interpretation of Coastal Change from Aerial Photography and Photogrammetry
Representative Profile
Location
Transect
Transect
Transect
Transect
Transect
Transect
Transect

Notes:

Vegetation lines

Photogrammetry

(m/yr)

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

(m/yr)

-0.29
-0.34
-0.34
-0.38
-0.37
-0.26
-0.1

(1)

Adopted
(m/yr)
-0.30
-0.35
-0.35
-0.40
-0.40
-0.30
-0.10

-0.19
-0.24
-0.05
0.02
-0.03

(1) WRL analysed the horizontal movement of the +4 and +6 m AHD contours (on the seaward face) as
these were below the foredune crest for all profiles.
often well back from the dune face fronting the beach

Higher contours were present, however, these were

WRL’s analysis of the vegetation lines and the photogrammetry profiles showed found generally
similar values for both methods. The recession was highest at the southern end of the study
area, grading to negligible at the northern end of the subject site. This higher rate of recession
at the southern end is most likely to be due to end effects from the rock revetment.
Additionally, a quantification of longer term change was performed by comparing the evolution
of the shoreline location extracted from the chart of Stanley (1870) with the vegetation line
obtained from analysis of the 2010 aerial photography (Figure B-6). This exercise indicates that
shoreline recession over the period from 1870 until 2010, was approximately 60 m at the
southern limit of the study area and reduced northward to 25 m at a the Night Soil site, with the
results presented in Table 4.3.
Over a period of 140 years, this indicates :

a recession rate at the south of the study area of 0.41 m/year, reducing to;

a recession rate 0.18 m/year, at the Night Soil site.
These rates are further complicated by the construction of the training walls in the 1870s and
1880s and the rock revetment on the southern part of the beach from the 1960s. These
structures can be expected to have altered the rates of shoreline change both updrift and
downdrift.
Table 4.3 WRL Interpretation of Coastal Change from Comparison of 2010 Aerial Photography
with Stanley 1870 Chart
Representative Profile
Location
Transect
Transect
Transect
Transect
Transect
Transect
Transect

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

Evolution

Evolution rate

(m)

(m/yr)

-57
-56
-58
-55
-50
-41
-25

-0.41
-0.40
-0.41
-0.39
-0.36
-0.29
-0.18

Recent major storms, such as the events of June and August 2011, have caused recent erosion
which may make the recession appear to have accelerated over the last decade.
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4.4 Verification of calculated storm demand and underlying recession rates
The calculated storm demand volumes as well as the underlying recession rates at the different
locations were compared to the nearest survey points from the November 2011 MSC RTK-GPS
survey. In order to take account of the potential erosion of the dune due to multiple storms in
the 2007-2011 time interval, as well as the effect of underlying recession, an inferred profile was
deducted from the 2007 LIDAR data by applying the storm demand obtained from SBEACH and 5
years of recession to the different studied profiles (see Figures B-7 to B-10).
The calculation of the resulting combined setback (S1 (1x yr100ARI) + S2(2011)) allowed for
the creation an “inferred present day” profile (red line) at each transect location, which was
compared to the results of the nearest point of the 2011 RTK GPS survey. The results and
difference are given in Table 4.4.
Table 4.4 Comparison of dune toe elevation from the 2011 RTK-GPS survey and the WRL inferred
present day profiles
Representative Profile
Location
Transect
Transect
Transect
Transect
Transect
Transect
Transect

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

2011 RTK-GPS
(m AHD)
1.215
1.827
1.716
1.716
1.635
1.277
1.803

WRL Inferred
Profile
(m AHD)
1.2
1.6
1.7
1.5
1.8
1.5
1.7

The results of this verification exercise were satisfactory, with calculated elevations of the dune
toe within a ±0.5 m AHD difference with the survey data and are given in Section 4.4.

4.5 Recession due to Sea Level Rise
It is expected that open coast sandy beaches will recede under sea level rise. The most
commonly used method for estimating this recession rate is the Bruun Rule (Bruun, 1962,
1988), which is expressed as the rate of sea level rise divided by the average slope of the active
beach profile. This rule is based on the concept that the existing beach profile is in equilibrium
with the incident wave climate and existing average water level. It is a simple concept, which
assumes that the beach system is two-dimensional and that there is no interference with the
equilibrium profile by headlands and offshore reefs. The Bruun rule is typically expressed as

R
where

SLR * X
h  dc

(B.1)

R is horizontal recession (m)
SLR is sea level rise (m)
X is the horizontal distance between h and dc
h is active dune/berm height (m)
dc is profile closure depth (m, expressed as a positive number).
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This is frequently simplified to
R = BF * SLR
where

(B.2)

R is recession
BF is the Bruun Factor, being a function of X, h and dc.

A range of methods were used to determine the Bruun Factor for the study area as well as other
locations on East Beach (Figure B-11), such as the method of Hallermeier (1981, 1983) and
Birkemeier (1985). The calculated Bruun Factors derived from the different methods are shown
in Table 4.5.
Table 4.5 Calculation of Bruun Factor for Different Methods across East Beach
Representative Profile
Location

BF
Hallermeier

BF

BF

Birkemeier

Adopted

28
31
30
38
42
42

25
35
28
34
39
41

40

East Beach South
East Beach SLSC
Rock Revetment Nth
Night Soil
Old Municipal Tip
East Beach North

Both methods provided similar results and a Bruun Factor of 40 was adopted for the study area,
since the bay is likely to have only one unique value.
The impact of a 0.80 m sea level for the 2080 planning timeframe using a Bruun Factor of 40 will
be a coastal recession of 32 m.
The impact of a sea level rise of 0.2 m for the 2035 planning timeframe using a Bruun Factor of
40 will be a coastal recession of 8 m. The consequence of this additional setback on the dune
areas at risk of breaching by 2035 are minimal as the change to the resulting eroded dune crest
height does not significantly impact the extent of the breach.
Note that the Bruun Rule provides an order of magnitude of long term recession due to sea level
rise only. The projected recession would not eventuate if the seawall was extended northward,
or if major sand nourishment and/or groyne construction was undertaken.

4.6 Summary of Design Setbacks Allowances
A summary of design setback allowances from the preceding information is shown in Table 4.6.
For initial application, these setbacks were established on the +4m AHD contour on the frontal
dune escarpment. The setback distances were assessed using the following assumptions:


A planning timeframe ranging from Present Day to 2080;



A 100 year ARI design erosion event consisting of 3 consecutives 100 year ARI storms (due
to clustering, see Section 4.2);
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Underlying recession rates continue at the average rates observed for 1970 to 2010;



0.8 m sea level rise by the horizon of 2080 and the predictions of the Bruun rule being
realised.

The setback allowances have been calculated volumetrically at the different transect locations
(Figures B-7 to B-10) and the resulting hazard lines are shown in Figure B-12. These utilise the
2007 LIDAR digital terrain model supplied by DSE.
Table 4.6 Summary of Setback Allowances over the Study Area for Present Day, 2020, 2035 and
2080
Present
Representative Profile

Erosion

Location

Setback

Future Erosion Setback (m)

(m)
S1

Transect
Transect
Transect
Transect
Transect
Transect
Transect

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

14
15
17
6
10
16
7

S1 +

S1 +

S1 + S2(2080)

S2(2020)

S2(2035)

+ S3(2080)

18
21
42
17
16
19
9

49
24
42
24
22
24
11

>60
>74
75
78
>85
>74
47

The analysis of the different eroded profiles (Figures B-7 to B-10) show that the zone
immediately adjacent to the end of the rock revetment (i.e. Transects A, B and C) is subject to a
risk of dune breaching between the ocean and the localised low-lying area in the lee of the dune
by the 2020 and 2035 planning horizons. A more severe sequence of storms than that applied
for the analysis might breach the dune prior to these dates. The remaining area to the north of
Transect C is not subject to an immediate or short term risk of breaching as the dune system is
significantly wider here. A review of the predicted eroded dune crest heights at the different
transects locations is provided in Table 4.7.

WRL Technical Report 2012/21 April 2013 FINAL

B-11

Table 4.7 Summary of the eroded dune crest heights over the Study Area for Present Day, 2020,
2035 and 2080 scenarios
Representative Profile
Location

Notes:

Transect
Transect
Transect
Transect
Transect
Transect
Transect

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

Dune Crest

Future Dune Crest Height

Height

(m AHD)

(m AHD)
Present Day

2020

2035

2080

7
4 & 7(1)
5 & 10(1)
15
11
13
8

5 & 5(1)
4 & 7(1)
3 & 10(1)
12
11
13
8

3 & 5(1)
4 & 7(1)
2 & 10(1)
10
11
13
8

2
3
4
5
2
4
7

(1) For Transects A, B and C, two dune crest height values a provided. The first value represents the frontal
dune crest height after erosion, the second value represents the secondary dune crest height located
leeward after erosion.

Should a 0.80 m sea level rise eventuate, and the resultant coastal recession be consistent with
the projections of this report, there would be a risk of a breach of the dunes between the ocean
and Griffith Street, through to Belfast Lough, over a significant portion of the study area (from
Transects A to F).

5.

Coastal Inundation Determination

5.1 Introduction
Coastal inundation is the flooding of coastal land areas by ocean waters. It is due to elevated
water levels and/or extreme waves impacting the coast. Consequently, inundation levels along
the coast are characterised by two components:



a “quasi-static” component, which includes the effects of elevated water levels due to tide,
storm surge and wave setup; and
a “dynamic” component, which includes the effects of wave runup and wave overtopping
caused by the direct impact of waves on the coastal structures.

The “quasi-static” inundation level is the most representative inundation level for areas located
away from direct impact of the overtopping waves (generally those properties which are not in
the front row facing the water). Wave runup and overtopping are a predictor of the wave
impacts beachfront structures are likely to suffer during extreme storm events.
The results presented in the following sections are an initial assessment of the potential extent
of the resulting coastal flooding component in the event of dune breaching. Further flood
modelling is being presently undertaken, using the results (overtopping volumes and/or wave
setup) of this localised erosion investigation to estimate likely inundation extents in the area of
224 Griffith Street, Port Fairy. This in association with the results of the catchment flooding
levels from the Port Fairy Regional Flood Study (Water Technology, 2008). The SWAN and
SBEACH model results will be used to drive the existing Mike Flood model developed by Water
Technology for the 2008 Port Fairy Regional flood study. WRL will apply a local modification to
the topography grid in order to simulate the dune breaching for two agreed scenarios (present
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day or 2035 and 2080). The results of this flood modelling exercise will be presented in a future
report.

5.2 Coastal Inundation Zones
Design water levels incorporating tide and storm surge were presented in Section 3.3 and
derived from the CSIRO study on extreme water levels along the Victorian coast Guide (CSIRO,
2010). Wave setup varies along the Port Fairy beaches as it is intrinsically dependent on the
wave conditions at each beach. For instance, East Beach will present a lower wave setup
compared to south-west facing ocean beaches due to the typically lower incident wave
conditions.
Wave setup was calculated by implementing the Darlymple, Dean & Dally surfzone model (1984)
locally at each representative location within the study area using the nearshore wave modelling
outputs. “Quasi-static” inundation levels were then derived by adding the calculated wave setup
to the design water levels.
Predicted inundation levels incorporating astronomical tide, barometric setup, and wave setup
for present day conditions (which are identical for the 2020 and 2035 scenarios as no SLR was
used) and for the 2080 SLR scenario are presented in Table 5.1.
Table 5.1 Summary of Present Day and Future SLR Inundation Levels (excluding wave runup and
overtopping)
Representative Profile Location

Transect
Transect
Transect
Transect
Transect
Transect
Transect

Present Inundation

Future Inundation Levels

Level (m AHD)

(m AHD)

A (Rock revetment end)
B
C
D
E
F
G (Night Soil Site)

100 year

100 year

ARI Event

ARI Event

No SLR
2.0
2.1
2.1
1.7
2.0
1.9
2.0

SLR = 0.8 m
3.0
2.8
2.8
2.7
2.7
2.8
2.6

The analysis of these “static” inundation levels combined with the eroded crest levels obtained
from the erosion study provided in Table 4.7 indicate that there is a low risk of coastal
inundation for the Present Day, 2020 and 2035 planning horizons, when not considering wave
runup.
On the other hand, should a 0.80 m sea level rise eventuate, there would be a high risk of a
breach of the dunes between the ocean and Griffith Street, through to Belfast Lough, over a
significant portion of the study area (Transects A, B and E).

5.3 Wave Runup and Overtopping
The portion of East Beach considered within this specific study is backed by sand dunes. Wave
runup was quantified using the method of Mase (1989) and expressed as run up levels to m
AHD. Overtopping was quantified in terms of volume of water being discharged above the dune
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crest and expressed in L/s per metre length of crest, using the method described in EurOtop
(2007).
Wave overtopping was quantified at each transect location taking into account the following
factors:





eroded dune crest height for each scenario considered;
nearshore wave conditions i.e. wave height and period as derived from the wave modelling
exercise. Typically depth limited conditions dominated at the ocean beach seawalls while
non-breaking wave conditions dominated at the harbour seawalls;
elevated water levels calculated at each representative location incorporating tides, storm
surge and wave setup.

The estimated overtopping rates refer to the zone immediately behind the dune crest and can be
related to the published tolerable rates (CEM, 2003, EurOtop, 2007) with regards to structural
and people safety.
Wave runup and overtopping discharges estimated for the Present Day, 2020, 2035 and 2080
planning horizon after erosion are presented in Tables 5.2 and 5.3 respectively.
Table 5.2 Present Day and 2020 Predicted Wave Overtopping Discharge
Present Day
Representative
Profile Location

Transect
Transect
Transect
Transect
Transect
Transect
Transect

Notes:

A
B
C
D
E
F
G

2020

Crest

Wave

Mean

Crest

Wave

Mean

Level

Runup

Overtopping

Level

Runup

Overtopping

(R 2%)

Discharge

(R 2%)

Discharge

(m AHD)

(m AHD)

(L/s per m)

(m AHD)

(m AHD)

(L/s per m)

7
4 & 7(1)
5 & 10(1)
15
11
13
8

3.4
3.5
3.7
3.4
3.4
3.5
3.5

-

5 & 5(1)
4 & 7(1)
3 & 10(1)
12
11
13
8

3.4
3.5
3.7
3.4
3.4
3.5
3.5

1 & 0(2)
-

(1) For Transects A, B and C, two dune crest height values are provided, the first value represents the frontal
dune crest height after erosion, the second value represents the secondary dune crest height located
leeward after erosion.

(2) For Transects A and B, two overtopping discharges values a provided, the first value represents the
discharge rating entering the low-lying area behind the frontal dune, while second value indicates that there
is no overtopping of the leeward dune.
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Table 5.3 2035 and 2080 Predicted Wave Overtopping Discharge
2035
Representative

Crest

Wave

Mean

Crest

Wave

Mean

Level

Runup

Overtopping

Level

Runup

Overtopping

(R 2%)

Discharge

(R 2%)

Discharge

(m AHD)

(m AHD)

(L/s per m)

(m AHD)

(m AHD)

(L/s per m)

3 & 5(1)
4 & 7(1)
2 & 10(1)
10
11
13
8

3.4
3.5
3.7
3.4
3.4
3.5
3.5

1 & 0(2)
6 & 0(2)
-

2
3
4
5
2
4
7

4.3
4.3
4.3
4.3
4.2
4.4
4.4

41
10
2
45
45
5
0

Profile Location

Transect
Transect
Transect
Transect
Transect
Transect
Transect
Notes:

A
B
C
D
E
F
G

2080

(1) For Transects A, B and C, two dune crest height values are provided, the first value represents the frontal
dune crest height after erosion, the second value represents the secondary dune crest height located
leeward after erosion.

(2) For Transects A and B, two overtopping discharges values a provided, the first value represents the
discharge rating entering the low-lying area behind the frontal dune, while second value indicates that there
is no overtopping of the leeward dune.

The analysis of the wave runup and overtopping values indicate that there is negligble risk of the
frontal dune breaching under the Present Day conditions from wave runup alone.
The analysis of the wave runup and overtopping values indicate that there is a moderate risk for
the frontal dune being breached between Transects A and C by the 2020 and 2035 planning
horizons. While the calculated discharges rates, and therefore flood volumes, in the low-lying
area can be considered low, they would potentially increase the erosion hazard and accentuate
the erosion hazard risk to properties immediately behind the northern end of the rock revetment
by outflanking the rock revetment.
As expected from the conclusions of the previous sections, should a 0.80 m sea level rise
eventuate, the risk of a breach of the dunes between the ocean and Griffith Street, through to
Belfast Lough, over a significant portion of the study area (Transects A, B and E) would be very
high, with overtopping discharge rates of about 50 L/s/m.
An approximate presentation of the coastal flooding extent due to the dune breaching based on
R2% run up values and the 2007 LIDAR data, for the 2020, 2035 and 2080, is provided on
Figures B-13, B-14 and B-15.
For the case of the dune breaching for the 2080 planning horizon, the blue polygon representing
the potential extent of coastal flooding has been extended past Griffiths Street to visually
represent the potential risk of catchment flooding from the Belfast Lough and coastal flooding
merging together. The extent of the coastal flood polygon does not represent in any way the
propagation distance of the overtopping waves over the eroded dune crest.
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6.

Conclusions and Recommendations

This letter report presents the main findings of a localised coastal hazard assessment study for
the undeveloped site located immediately next to the northern end of the rock revetment on
East Beach in Port Fairy, VIC. The study area of this specific erosion study occupies a narrow
sand peninsula, and is constrained by the ocean, Griffith Street and Belfast Lough.
The main focus of this study was to assess the potential risk of dune breaching for different
planning horizons, i.e. Present Day, 2020, 2035 and 2080.
The volumes of storm erosion adopted in this study were assessed through SBEACH numerical
modelling (Carley and Cox, 2003). The rates of recession adopted in this study were derived
from the analysis of aerial photography as well as photogrammetric profiles. These values were
calibrated and compared to the only recent survey data available (MSC 2011).
Future shoreline recession as a result of sea level rise was estimated using the Bruun Rule and
satisfied the guidelines given by Victorian Coastal Hazard Guide (DSE, 2012). The limitations of
this methodology are well recognised (Ranasinghe et al., 2007) and were taken into
consideration. However, no robust and scientifically recognised alternative currently exists and
the application of the Bruun Rule is currently supported by various state government policies.
Mapping of coastal hazard lines was produced to provide general guidance for coastal planning
and to identify areas prone to coastal hazards. Mapping was undertaken using state-of-the-art
and government endorsed methodologies. Mapping was based on the discretisation of the
coastline into mean profiles which were obtained from the available 2007 LIDAR data. The
limitations of the temporal and spatial resolution of the available data applies to the mapping as
well, and site specific investigations and surveys are encouraged to overcome such limitations.
At present, the risk of dune breaching over the study area is low.
For the planning horizons of 2020 and 2035, localised dune breaching could potentially take
place over a 70 m wide section of the frontal dune immediately adjacent to the northern end of
the rock revetment. The extent of the coastal flooding should be contained within a low lying
area located immediately behind the breached dune, and is unlikely to extend to Griffiths Street.
This localised hazard could, however, impact the stability of the properties located at 222 and
224 Griffiths Street.
For the 2080 planning horizon, contingent on 0.80 m sea level rise eventuating, the risk of a 400
m long breach of the dunes between the ocean and Griffith Street, through to Belfast Lough,
would be very high, with overtopping discharges rate of about 50 L/s/m. The consequences of
this dune breaching event could be significantly exacerbated should coastal and catchment
flooding coincide, with a second entrance to the Moyne River forming (albeit perhaps only
temporary).
Additionally, it should be noted that the design storm event adopted for this study would result
in a coastline erosion of approximately 10 m in front of the Night Soil Site. This erosion of the
shoreline would be associated with significant exposure of landfill material and would result in an
increased health and safety hazard within the coastal environment.
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It is WRL’s understanding that MSC is in the early stages of tendering repair/extension work on
the rock revetment. Taking this potential change into account, the following future work
priorities are recommended to reduce imminent and medium to long-term hazard of dune
breaching along East Beach:

6.1 Immediate / Short Term (6 months – 1 year) Work Priorities












Survey beach and analyse data to quantify changes since 2007 LIDAR and survey of 2011.
The survey should extend in the foredune area and map the present dune crest levels;
Repair the northern end
engineering practices;

of the rock revetment so that it complies with current coastal

Ensure that the new design of the rock revetment allows for it to be extended in order to
ensure immediate protection from potential dune breaching;
Establish a dune height and volume trigger level based on the updated dune profile and
storm demand volume in order to facilitate the decision making process for rock revetment
extension work;
Ensure that any work on the rock revetment does not exacerbate the erosion hazard at the
Night Soil site or at the old Municipal Tip site;
Import or redistribute sand to raise low points in dune crest and revegetate with native
grasses and sand binding species;
Place sand in critically eroded locations such as adjacent to the current rock revetment end;
Investigate the possibility of filling the low-lying area next to 224 Griffith Street with sand
and revegetate with native grasses and sand binding species;
Identify rock sources for possible future use. Assess potential rock for available size and
durability;
Identify possible land or offshore sand sources and estimate costs to transport and place on
beach (initial start-up cost and subsequent cost per m).

6.2 Medium Term (2-5 years) Work Priorities





Moderate beach nourishment to replace volume lost during most recent storm from offshore
or land-based source;
Trial geotextile groyne structure with pre-fill nourishment and associated beach monitoring
to assess effect and assist in design of more extensive works;
Consideration of emergency geotextile or rock wall at severely eroded and/or critical
locations (i.e. 224 Griffiths Street, Night Soil site);
Initiate investigation of long-term management strategies for East Beach. The fundamental
issue resolved during this process should be whether to Protect (e.g. seawall or backstop
wall, major nourishment, groynes, etc.), Accommodate (minor nourishment, scraping, etc.)
or Retreat (do nothing or managed retreat) in the long-term.

6.3 Long-term (>5 years) Work Priorities
Subject to outcomes long-term management strategies project, if a decision is made to
Accommodate or Protect, works may include:
WRL Technical Report 2012/21 April 2013 FINAL

B-17



Raising of dune crests to counter increased future run-up elevations with sea level rise;

Ongoing nourishment/sand relocation to counter sediment deficit and longshore movement
with or without control structures depending on community sentiment and coupled physicaleconomic modelling;
Engineered backstop wall to limit shoreline retreat past a defined position.
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Figure B-3

a) Dune Stablity Scheme [Source: Nielsen, Lord and Poulos (1992)]

b) Estimation of Coastal Hazard Lines [Adapted from DECCW, 2010]
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Bruun Factor Calculation Locations (East Beach)
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APPENDIX C
BATHTUB FLOOD MODELLING
OUTPUTS
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Cape Reamur Coastal Inundation
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Figure C-1
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Unnamed 6 & 7 Beaches (VIC 521 & VIC 520) Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Unnamed 4 & 5 Beaches (VIC 518 & VIC 519) Coastal Inundation
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Figure C-3
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Unnamed 3 Beach (VIC 517) Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Unnamed 2 Beach (VIC 516) Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Ocean Drive Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Pea6oup Beach Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
South Beach Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Griffiths Island Beach Coastal Inundation
WRL Technical Report 2012/21

Figure C-9

Potential Inundation Areas
Present Day (50 year ARI)

2050 (100 year ARI with 0.4 m SLR rel. 1990)
2080 (100 year ARI with 0.8 m SLR rel. 1990)
2100 (100 year ARI with 1.2 m SLR rel. 1990)

²

No Inundation
Cadastre
0

70

140

Meters
280

Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
South Mole Beach Coastal Inundation
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
East Beach Coastal Inundation: Moyne River Training Walls to Port Fairy SLSC
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
East Beach Coastal Inundation: Port Fairy SLSC to Rock Revetment End
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
East Beach Coastal Inundation: Rock Revetment End to Night Soil Site
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Note: Please read in conjunction with Section , TableV .DQG
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
East Beach Coastal Inundation: Night Soil Site to Old Municipal Tip
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Note: Please read in conjunction with Section 7, Tables 7.1 and 7.2.
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
East Beach Coastal Inundation: Old Municipal tip to Reef Point
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Note: Please read in conjunction with 6HFWLRQ7DEOHVDQG
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Reef Point Beach Coastal Inundation
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Note: Please read in conjunction with Section , TableV .DQG
Inundation is based on the current (2007) shoreline location and includes allowance for the VIC
Government sea level rise benchmark. It does not include allowance for future landward recession
of the beach face and assumes that the crest of the seawall (if present) and the topography remain
as they were from the 2007 LIDAR survey. By 2050, 2080 or 2100 these assumptions may not be
valid. Should the seawall/dune be allowed to fail then the landward extent of inundation may increase.
The inundation areas are mapped based on the ground elevation (the "all ground" LIDAR layer) and
do not consider flow paths, flow velocities or loss of flow momentum. WRL is not responsible for the
accuracy of the LIDAR data.
Cape Killarney Beach Coastal Inundation
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