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level rise and storm waves.  This may include physical instability and/or inundation.  

Taxa A taxonomic category or group, such as an order, family, genus or species 

Tidal Planes  

 

A series of water levels that define standard tides, eg. 'Mean High Water Spring' 
(MHWS) refers to the average high water level of Spring Tides 

Tidal Prism The volume of water moving into and out of an estuary or coastal waterway during 
the tidal cycle. 

Tidal Range  

 

The difference between successive high water and low water levels. Tidal range is 
maximum during Spring Tides and minimum during Neap Tides 

Tides  

 

The regular rise and fall in sea level in response to the gravitational attraction of 
the Sun, Moon and Earth 

Vulnerability Vulnerability is a function of exposure to climatic factors, sensitivity to change and 
the capacity to adapt to that change. In this report is means the degree to which a 
natural system is or is not capable of adapting or responding to the impacts of 
coastal hazards to which they are physically susceptible and exposed.1 

Wind Shear  

 

The stress exerted on the water's surface by wind blowing over the water. Wind 
shear causes the water to pile up against downwind shores and generates 
secondary currents 

 

                                 
1 Definition taken from the Smartline Glossary http://www.ozcoasts.gov.au/coastal/smartline_terms.jsp  
2 Definition taken from the Smartline Introduction http://www.ozcoasts.gov.au/coastal/introduction.jsp 
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1. INTRODUCTION 

1.1 Background 
Melbourne Water commissioned Water Technology to undertake the Western Port Local Coastal 
Hazard Assessment (WPLCHA) project.  The project has come about through a partnership between 
Melbourne Water, the Department of Environment and Primary Industries, South East Councils 
Climate Change Alliance, Bass Coast Shire Council, Cardinia Shire Council, City of Casey and 
Mornington Peninsula Shire Council. 

The WPLCHA is a component of the Department of Environment and Primary Industries Future 
Coasts program, and Western Port is one of four priority sites in which local coastal hazard 
assessments have or are currently being undertaken. 

1.2 Scope 
As detailed in the project brief, the scope of the WPLCHA is to provide information on the extent of 
coastal hazards and their physical impacts for the Western Port coastal environment.  The WPLCHA 
is focussed on assessing the physical hazards of erosion and inundation.  It does not include any 
subsequent assessment of impacts of the hazards on built, economic or social infrastructure, assets 
or values and does not include preparing adaptation responses to the physical hazards. 

The information developed by the project will assist in planning for and managing coastal hazards. It 
will allow management agencies and other key stakeholders to identify and define triggers as the 
basis for short, medium and long term management responses.  Specifically, the information will 
provide information, data and mapping to inform consistent policy and practice and support  
agencies in  identification and management of risk, and undertake;  strategic planning, statutory 
planning, infrastructure maintenance and replacement schedules, natural asset management, and  
business planning and budgetary processes that are responsive to a changing climate, its impacts 
and opportunities. 

The boundaries of the study area for the WPLCHA project are defined as follows and displayed in 
Figure 1-1: 

�x Cape Schanck to West Head, along the shoreline of Western Port to the bridge at San Remo 
�x Inland from the Western Port shoreline will remain undefined enabling the assessment to be 

as far into the catchment as relevant 
�x All of the coast of French Island and the north side of Phillip Island from the bridge at 

Newhaven to the western extremity of Phillip Island (Seal Rocks), but excluding the south 
side of Phillip Island from Seal Rocks to the Bridge at Newhaven. 

The study itself was split into two components: 

�x Part A - a broad scale Western Port wide coastal hazard assessment, and 
�x Part B - four local scale coastal hazard assessments. 
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Figure 1-1 Project Study Area Overview 

 

1.3 Erosion Hazard Assessment Overview 
The WPLCHA has broadly identified key coastal processes and hazards within the study area through 
extensive review of relevant literature, aerial photograph interpretation, terrain analysis using 
LiDAR, and the application of various tools including detailed wave and hydrodynamic modelling. 

This report details the Part A broad scale analysis undertaken to assess the potential shoreline 
erosion hazards due to projected mean sea level rise this century. 

Shoreline erosion within Western Port is a function of a range of key processes and different physical 
forcing factors, the relative importance of which vary considerably depending on the shoreline 
geology and geomorphology. Detailed assessments including hydrodynamic modelling have been 
used to integrate these processes to enable estimates of potential shoreline erosion to be developed 
taking into account how the processes respond to increased mean sea levels. 

This report describes the Part A broad scale assessment of potential coastal erosion hazards 
undertaken for this study, and incorporates the following components: 

�x Identification of the physical, environmental and biological characteristics of the Western 
Port shoreline which contribute to or impact upon potential shoreline erosion hazards; 

�x Delineation of the Western Port shorelines into major shoreline classes based on key 
geomorphic characteristics, relevant processes and rates of change; 

�x Assess the potential for shoreline erosion of each of the major shoreline types both under 
present mean sea level and future sea level rise conditions. 
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�x Definition and refinement of the potential coastal hazard extents throughout the study area 
for each major shorelines class with specific focus on potential future hazard extents under a 
series of sea level rise scenarios. 

�x An evaluation of the significance of uncertainty relating to the key processes and drivers of 
change within each major shoreline class on potential future extents of coastal hazards with 
sea level rise. 

1.4 Reporting & Outputs 
This document is part of a series of reports produced as part of the Western Port Local Coastal 
Hazard Assessment project. It should be read in conjunction with the following: 

�x Report 1: Summary Report (R01) 
�x Report 2: Data Review (R02) 
�x Report 3: Methodology Overview (R03) 
�x Report 4: Inundation Hazards (R04) 
�x Report 5: Erosion Hazards (R05) 
�x Report 6: Critical Locations (R06) 

Accompanying these documents is a project geographical information system (GIS), which includes 
the following outputs from the erosion assessment: 

�x Digital geo-referenced data, including shape files of erosion hazard areas for the present 
mean sea level situation and for future sea level rise events. 

�x Digital field data acquired for the study, including location, elevation and summary output.  
�x Relevant model set-up and run files. 
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2. WESTERN PORT OVERVIEW 

The characteristics and susceptibility of the shorelines of Westernport to coastal hazard impacts, 
including sea level rise, is integrally related to the nature and variations in geology, geomorphology, 
coastal vegetation and the hydrodynamic setting that exists in Western Port.  The following sections 
provide a broad overview of the nature and variability of the physical environment of Western Port 
as a basis for understanding the potential type, extent and susceptibility of the shorelines of 
Western Port to coastal hazards. 

2.1 Coastal Geology 
The Western Port embayment is shaped broadly by a series of northeast-trending faults that define 
the Mornington Peninsula, the Western Port Sunkland and the western margin of the Strzelecki 
Ranges (Figure 2-1 ).  Subsidiary east-west oriented faults have produced an elevated central block in 
the sunkland that is the basis for Phillip Island and French Island.  A wide variety of interacting 
processes including tectonics, exposure of varied lithologies, accumulation of alluvial (river 
transported) and aeolian (wind transported) sediments and the development of a range of wetland 
plant communities including mangrove and saltmarsh has resulted in a diverse coastal and 
backshore environment.  Figure 2-2 displays an overview of the geology of Western Port.  The key 
geology of Western Port relevant to understanding the diversity of the Western Port shorelines are 
summarised in the following sections. 

 
Figure 2-1 Structural Map of Western Port (from Spencer-Jones et. al., 1975) 
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Figure 2-2 Geology of Western Port 

2.1.1  Palaeozoic (545 million to 248.2 million years ago) 

The Palaeozic geological era comprises the Cambrian, Ordovician, Silurian, Devonian, Carboniferous, 
and Permian periods.  Marine Ordovician and Silurian sediments form the uplifted core of the 
Mornington Peninsula but are of limited extent on the Western Port shorelines.  The most extensive 
outcrop is cliffs and shore platforms of Sandstone Island and a small area of shore platform between 
Hastings and Crib Point. Devonian granitic rocks occur at Cape Woolamai and Pyramid Rock on the 
southern coast of Phillip Island but are outside the present study boundary. 

2.1.2 Mesozoic (248.2 million to 66 million years ago) 

The Mesozoic geological era comprises the Triassic, Jurassic and Cretaceous periods.  Limited 
outcrops of Lower Cretaceous arkose and mudstone occur along the eastern coast of Phillip Island, 
on the eastern San Remo Peninsula, the south coast of French Island and parts of Elizabeth Island. 

2.1.3 Cainozoic (66 million years ago to present) 

The Cainozoic geological era comprises the Tertiary and Quaternary periods.  The most widespread 
hard rock materials around the Western Port coast are multiple flow units of Palaeocene to 
Oligocene age basalt and tuff (Older Volcanics).  They are well-displayed as cliffs and shore platforms 
between Cape Shank and Flinders, Flinders to Somers, at Corinella and Cobb Bluff and the south 
coast of French Island.  

Overlying the volcanic sequence is a widespread sheet of Upper Miocene sandy fluviatile beds 
termed the Baxter Sandstone by Keble (1950) and Jenkin (1962, 1974).  Thompson (1974) noted the 
abundance of finer materials and preferred the term Baxter Formation.  The formation is widespread 
on French Island and the western side of Western Port from Heath Hill south to Corinella.  The 
sediments that outcrop are generally strongly discoloured by ferruginous cementation although this 
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does not persist at depth (Thompson, 1974).  This cementation is very marked in coastal outcrops at 
Crib Point and Reef Island where pebbles eroded from the ferruginized beds accumulate as gravel 
beaches.  The sandy beds of the Baxter Formation are extensively quarried along the Heath Hill Fault 
scarp.  Jenkin (1962) mapped a formation he termed the Warneet Beds which outcrops in Cannon 
Creek at Warneet and occurs in bores to the north.  There has been some discussion as to the 
stratigraphic position of these beds (Cass, 1973; Jenkin, 1974; Thompson, 1974; Spencer-Jones et al., 
1975).  Thompson (1974) recognized a new formation, the Heath Hill Silts, which is exposed in the 
incised channel of the Lang Lang River between Lang Lang and Heath Hill.  He regarded this as a 
fluviatile (floodplain) deposit of late Pliocene or early Pleistocene age and suggested the Warneet 
Beds are the marine equivalents. Jenkin (1962) mapped an extensive series of gravels draped along 
the scarp of the Heath Hill Fault, the Almurta Fault scarp and on French Island and proposed them as 
the Grantville Gravels, a Late Pliocene to Pleistocene formation of alluvial fan deposits.  He discussed 
the lithological and structural differences between these and the older gravels of the Baxter 
Formation. Thompson (1974) and Spencer-Jones et al. (1975) regarded these as a unit of the Baxter 
Formation and not warranting separate formation status.  

2.1.4 Quaternary (2.6 million years ago to present) 

The Quaternary geological period is further subdivided into the Pleistocene (2.6 million to 11,700 
years ago) and Holocene (11,700 years ago to present) geological epochs.   Most of the Western Port 
coast is composed of or fringed by unconsolidated Quaternary sediments of beach, aeolian, fluvial, 
colluvial, paludal and deltaic origin and include a range of active and palaeo fresh-water and saline 
environment organic deposits.  The Quaternary sediments can be summarised into the following 
main groupings. 

Cranbourne Sand 

A distinctive and significant sedimentary unit of the northern Western Port is the Cranbourne Sands 
(Jenkin, 1962), a series of siliceous sands forming north-west-trending ridges and swales.  This 
terrain is a zone extending south of Cranbourne to Warneet and south-west to Tyabb.  The dune 
swales are closed depressions originally occupied by wetlands although most of these have been 
artificially drained.  The sands also occur south of Lang Lang towards Nyora and on north-east French 
Island where The Pinnacles are unusually high sand ridges.  The sands were derived at lower sea-
level and moved across the (now) Mornington Peninsula and extended across the northern part of 
Western Port.  As they pre-date the Holocene marine transgression they may have been a major 
factor initiating the widespread impoundment of the Koo-Wee-Rup Swamp and other freshwater 
wetlands around the north and east of Western Port (Miles, 1976). 

Freshwater wetlands 

North of Koo-Wee-Rup and extending west to Heath Hill and south to Lang Lang Beach was an 
extensive freshwater wetland comprising reedswamp, paperbark, tea-tree and areas of open water 
(Hills 1942, Yugovic and Mitchell 2012).  Beginning in the 1880's the area has since been entirely 
drained and claimed for agricultural land (Roberts, 1985) and, more recently, residential 
development, with the result that no major area representing the landscape of the former wetlands 
remains.  At least three distinct swamp complexes the Koo-Wee-Rup or Great Swamp, the Dalmore 
Swamp to the east, and the Tobin Yallock Swamp to the south occurred.  The swamps contained 
variable thickness of peat and clay, and these are exposed in the drainage channels and along the 
coast between the Bunyip River and Lang Lang Beach.  The swamps were fed by the Bunyip River, 
Lang Lang River, Yallock Creek, Cardinia Creek and smaller streams.  Traces of these streams, and of 
larger ancestral streams, in the form of abandoned channel segments and coarse sandy ridges are 
conspicuous, for example near Bayles and at Rythdale.  The swamp deposits have been traced 
offshore (Miles, 1976) and underlie the tidal flats in the north-east of Westernport where they are 
exposed in the tidal channels.  
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Since the draining of the swamps there have been major physiographic changes in the channels of 
the contributing streams, notably the Bunyip River, Lang Lang River and Cardinia Creek.  Deep 
incision of formerly swampy channels has exposed the underlying material and headward erosion 
has excavated sandy and gravelly prior stream and fan deposits and moved them down the drains to 
the coast. Extensive changes have also taken place on the coast at the fringe of the former swamp 
areas. 

Deltas 

The Bass River is the largest stream that has not been substantially modified by impoundment, 
diversion or drainage and has an active onshore and offshore deltaic zone with active and 
abandoned tidal meanders.  An abandoned distributary of the Bass River entered a small 
embayment two kilometers east of Corinella so the modern stream delta is an anabranch that 
diverged two km southwest of Glen Forbes.  The palaeochannel has similar channel dimensions to 
the modern stream but lacks bordering terraces and there are no large amplitude tidal meanders.  A 
less obvious earlier outlet of the Bass River can be distinguished one kilometer east of Tenby Point.  

2.2 Coastal Geomorphology 

2.2.1 Overview 

Western Port is a tidal embayment that developed its present configuration as the Holocene marine 
transgression drowned a broad plain and pre-existing drainage system (Marsden et al 1979).  There 
are approximately 300 kilometres of shoreline included in the study area and a variety of coastal and 
intertidal landforms are present. 
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Figure 2-3 Geomorphology of Western Port Catchment and Coastline (from Rosengren, 1984) 

The morphology of a particular sector of shoreline is determined principally by lithology of the 
coastal outcrops, the relief and topography of the backshore (hinterland) and the near-shore 
bathymetry.  In broad terms, the southern shorelines of Western Port are characterised by bolder 
coastal relief and relatively resistant geology, whilst the northern shorelines are characterised by low 
backshore relief and unconsolidated or poorly consolidated sediments.  Figure 2-4 displays the 
topographic and bathymetric elevations of Western Port.  The nature of sediment delivered by 
streams, the tide range and prevailing wind, wave and current regimes also strongly influence the 
morphology of Western Port shorelines.  In Westernport, these factors vary principally in relation to 
position in relation to the entrances to Bass Strait. 
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Figure 2-4 Topography and Bathymetry of the Western Port Study Area 

2.2.2 Steep Coasts 
Steep slopes that rise immediately from the shoreline, or are separated by a variable width of 
accumulation materials (gravel, sand, mud, vegetation) take many forms in Western Port.  They are 
classified here according to the persistence of wave action effecting the cliff foot and face, and 
following Emery and Kuhn (1982), three main types are recognized: 

�x Active cliffs, 
�x Inactive cliffs, and 
�x Former cliffs. 

The latter type corresponds to the coastal bluff described by Bird (1977).  Active cliffs have frequent 
exposure to direct wave action (particularly at high tide and storms) and may continuously be 
receding due to the combined effects of marine and subaerial (surface) processes.  Rock falls, slides 
and rotational slumps occur, and less resistant material in the cliff face are subjected to gullying and 
sheetwash.  This material is removed by wave action and provides tools for marine abrasion and 
wave scouring.  The detailed form of the cliff face is related to lithology and structure of the exposed 
material.  

In Western Port the most common lithology of steep slopes is Older Volcanics basalt and tuff, and 
cliffs are developed in both hard fresh rocks, e.g. at Flinders, and on deeply weathered clays, e.g. at 
Cobb Bluff.  Cliffs are developed in Mesozoic sediments, e.g. at Elizabeth Bluff, and Baxter Formation 
sediments west of Freeman Point on French Island.  An unusual benched low cliff (usually less than 
two metres high) occurs for several kilometres north of Lang Lang beach.  The cliffs are cut into the 
clays and peats of the seaward edge of the drained swamplands in areas where there is no 
mangrove fringe.  They are low enough to be overtopped by storm waves, and ridges of coarse 
shelly sand (cheniers) are common a short distance inland from the cliff edge (Gell, 1974; Miles 






























































































































































































































































































































































































