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EXECUTIVE SUMMARY
This study describes the geomorphology and landscape evolution of the coastal zone
between Point Bunbury (Apollo Bay) and Skenes Creek and considers the implications of
recent changes and ongoing processes for management of the varied resources and assets
of this zone. The main purpose of the study is to establish the geomorphic conditions within
the study area and discuss the implications for future management in this geomorphic
context.
The report is based on extensive review of historical documents and recent technical
literature supported by field inspection of all the study area as well as sampling and
laboratory analysis of beach and subsurface backshore sediments.
The backshore of the study area is comprised of elevated terraces and lower
hillslopes of the uplifted block of Early Cretaceous Eumeralla Formation sedimentary rocks
forming the Otway Ranges. Surficial geology includes weathered Cretaceous siltstone and
sandstone overlain by remnants of Wiridjil Gravel, colluvium and variable thickness of
coastal barrier and dune sand. From Skenes Creek beach to Stony Creek headland the
Cretaceous rocks crop out intermittently as low cliffs and a sub-horizontal intertidal
platform with variable beach cover. Other outcrop is at Point Bunbury and on the subtidal
seafloor in front of Apollo Bay township.
Prior to European occupation the coastline from Wild Dog Creek to Point Bunbury
was composed of higher hummocky dunes overlying an older horizon of fine dark grey
mineral sands and sandstone cobbles (located just above present Mean Sea Level- MSL)
which in turn lies on a previous surface of more resistant Eumeralla Formation sandstone
and siltstone located some distance below current Mean Sea Level.
A number of significant geomorphic changes over the period of historical record
(effectively since 1845) have been identified in this study. Importantly, some of these
changes pre-date direct anthropogenic activity. It is unlikely that geomorphic changes can
be attributed to any single causal factor but are more likely to result from complex interplay
between numbers of factors. In this wave-dominated coastal system with sand as the
principal geological material in all components (subtidal, shore zone and backshore), a
change in the character of one of these components will lead to changes in the overall
system. Feedback will occur over time scales of months, years, decades or even longer. As a
i

result the inherent dynamics and fluctuations associated with any natural system led to
substantial changes prior to any significant anthropogenic inputs.
European occupation and activity has clearly initiated extensive changes to the
natural geomorphic context between Skenes Creek and Point Bunbury particularly south of
Wild Dog Creek. The sandy backshore and coastal interface has been considerably modified
in morphology and composition by a range of built structures including roads, footpaths,
recreation amenities and in-ground utilities. For example, the construction of a groyne
immediately south of the mouth of Wild Dog Creek in 1952 resulted in shore zone and
backshore accretion up to 45 metres wide extending 350 metres south of the groyne.
The infrastructure of Apollo Bay Harbour (completed 1956 and maintained and
extended since then along 500 metres of shoreline) has been a key factor in geomorphic
changes. Altered wave patterns and sand movement caused by the breakwaters has
triggered backshore accretion up to 110 metres wide at Nelson Street in the lee of the
western breakwater. The accreted zone extends north from Nelson Street becoming
narrower along almost one kilometre of shoreline to the pre-harbour shoreline at Thomson
Street. While shoreline accretion along this zone was consistent post-harbour, episodes of
recession (erosion) have also occurred. Since the mid-1980’s, accretion has been limited and
recession has occurred along all the shoreline between Nelson Street and Marriners
Lookout Road. Shoreline recession and beach lowering has also consistently been recorded
at and immediately adjacent to the several drains and channelled streams that discharge
across the beach between Milford Creek and Skenes Creek.
Other significant geomorphic changes over the past century include a change in
direction of migration of the outflow of the Wild Dog Creek from periodically to the south to
now consistently to the north, a shallowing of the bay adjacent to the Apollo Bay Harbour as
evidenced by historical bathymetric analysis and observed burial of previous seafloor rock
exposures, and possible deepening of the nearshore waters between Cawood Street and
Marriners Lookout Road.
It is concluded that key geomorphic changes are unlikely to be attributed to any
single causal factor but are a result of complex interplay between a range of materials and
processes. Combining potential causes recognized in previous investigations with those
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identified in this study, we have assessed that contributing factors may include (but not
necessarily limited to):


Interception of sediment supply by longshore drifting due to the construction of the
Apollo Bay harbour and the groyne at Point Bunbury



A change in the angle of incidence of shoreline wave approach due to the
construction of the harbour and shallowing of the seafloor adjacent to the harbour



Greater frequency of oblique wave break along the shoreline compared with parallel
break before harbour construction



Increased losses of beach sediment as shown by lowering of the intertidal beach
profile and resultant loss of a high tide dry beach



Reduction of sand supply from backshore dunes that existed prior to European
occupation. The dunes north of Cawood Street are largely replaced by built
structures and emplaced semi-stabilised materials



In the post-harbour accretion zone in the lee of the harbour between Nelson Street
and Thomson Street, areas of formerly mobile sand have been stabilised as fixed
dunes by pioneer and introduced species



Attrition of beach material due to a geologic isolation of sand supply from the now
stranded deposits of Wridijil Gravel and the lack of any sediment source from the
Cretaceous rocks



Reduction of sediment supply from the seafloor possibly due to alterations in wave
energy able to deliver such sediment to the shore



Altered wave energy due to shallowing of the bay adjunct to the harbour and
possible locally deepening of the water in front of the central and northern sectors
of Apollo Bay town



Localised raising of beach water table around drain outlets due to stormwater
discharges and subsequent localised saturation of sand resulting in easier
mobilisation of sand grains and increased scour



Removal of beach material by runoff and discharge from drains resulting in sluicing
of beach materials and subsequent erosion.
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An understanding of causal factors has implications for management decisions and
implementation of potential solutions. Just as the causes of change are unlikely to be a
single factor, it is unlikely that only one remedial action can address the overall situation.
A number of options have been proposed in previous studies (Vantree 1996), CES
(2005), CES (2015) and GHD (2009, 2018) to address the issue of backshore recession at
Apollo Bay. As a detailed technical review of the details of these options falls outside the
scope of the present study, we have provided an overview and comment of proposed
options within the geomorphic context established for the present study.
After reviewing suggested management options in previous studies, we consider
that to achieve the dual purpose of backshore asset and amenity protection and maintain
an all tide area of dry beach, the ideal strategy is to elevate the long term beach profile so as
to move the limit of high tide swash further seaward. This requires an initial increase in the
volume of sand in the shore (intertidal) zone and an effective means of maintaining and/or
replenishing that supply. Notwithstanding the limitations in scope of this report, in the light
of the geomorphic context as well as the observed existing and changing coastal processes,
we conclude that consideration be given to the following combination of remedial works:


More controlled management of dredging operations at the harbour including better
ability to choose and alter locations for disposal of dredge spoil



Installation of a pumping system to distribute sand dredged from the harbour and
entrance to beaches north of Thomson Street



Modifications to the outlets of drains to reduce immediate localised impact at
backshore and across the intertidal zone



Construction of perpendicular groynes to create compartments capable of retaining
sand once supplied to the beach and backshore



Enhanced resistance of the backshore through the use of appropriate revetments
and (ideally) the re-establishment of a spatial sand buffer at high tide.
Implementation of these measures would by necessity require detailed modelling

and design supported by further data collection. Key priorities are to better establish the
volume and provenance of sediment reaching Point Bunbury and the harbour entrance, the
texture and composition of subtidal sediment and bathymetry in the near- and offshore
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zones. An essential precursor is to establish an enhanced monitoring program of intertidal
and subtidal dynamics to establish seafloor and sand pathways and destinations.
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INTRODUCTION AND BACKGROUND
The area of this study is that part of the coast of the Otway Ranges from Point

Bunbury (Apollo Bay) to Skenes Creek (Figure 1).

Figure 1. Otway coast between Marengo and Skenes Creek. The area of this study area is shown by the red
line. (Image Google Earth 2017).

The coast comprises three defined embayments―Mounts Bay, Apollo Bay and a
small bay at the mouth of Skenes Creek―separated by low rocky headlands fringed by rock
platforms. The backshore is a sandy zone of variable width and origin now much modified by
human action. At Mounts Bay a single low barrier ridge extends across the Barham River
valley deflecting the stream mouth to the northern side of the bay. The bay at Skenes Creek
is the opening of a bedrock valley with a remnant breached barrier ridge on the eastern side
only. Apollo Bay backshore is an attached mainland beach backed by low dunes extending
north from Apollo Bay Harbour. The dunes have grown in width and height in front of Apollo
Bay town since completion of the harbour in 1956 but the backshore north of Cawood
Street has narrowed considerably.
This is a high energy coast with waves generated by persistent west to southwest
swell refracting along the shallower waters northeast of Cape Otway to approach the
Marengo to Apollo Bay shoreline between south and east. The shoreline and backshore is
highly responsive as it is sandy, unconsolidated and subject to high energy waves. A
substantial fraction of beach and backshore sand is of marine biogenic rather than
terrestrial origin. Beaches are nourished from marine and alongshore sources and
experience substantial recession during storms reducing the recreational amenity and
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damaging backshore environments and infrastructure. Substantial infrastructure very close
to the shoreline allows little backshore room to accommodate change.
Ongoing change has the potential to degrade the amenity and assets across the
study area and provides a challenging issue for management authorities. This present study
is the most recent of several over the past 25 years to investigate the nature, extent and
factors contributing to shoreline change. Details of the study tasks are outlined in Scope of
Works below (Section 2).
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SCOPE OF WORKS
A.S.Miner Geotechnical (ASMG) in association with Environmental GeoSurveys Pty

Ltd (EGS) were commissioned by The Department of Environment, Land, Water and
Planning (DELWP) via e-mail to ASMG (13 May 2019) to undertake a Geomorphic Study of
the area between Pt Bunbury and Skenes Creek (Figure 2). The study area extends between
the Great Ocean Road and offshore to the approximate depth of closure (DOC) 2.

Figure 2. Study area with main locations referred to in text. (Photo N. Rosengren Dec 2016).

A project inception meeting was held at DELWP regional offices in Anglesea in early
July. Based on that discussion ASMG and EGS understood that the main purpose of the
study was to establish the geomorphic conditions within the study area and then discuss
the implications for future management within this geomorphic context.
The scope of works was detailed in an ASMG proposal to DELWP dated 7 th March
2019, and included the following project tasks:


Desk top assessment and review of existing reports3.



Provide a chronology of coastline changes interpreted from various sources including
historical aerial photo interpretation of outer vegetation line.



Field inspection, assessment and mapping of the shore zone within the study area to
establish coastal geomorphic sectors at third pass.



Intertidal sediment sampling and subsurface backshore geotechnical investigation.



Conduct an interim workshop and information session with DELWP and other
stakeholders.



Reporting and final presentation to DELWP.

2

The DOC is a theoretical depth along the sub-tidal profile where sediment transport is very small or nonexistent and is determined by wave height, wave period and sediment grain size. In Apollo Bay the DOC is
inferred to be between 5 metres and 7 metres.
3
Literature regarding geomorphology of Apollo Bay area is limited. In this study, we reviewed all available
technical reports dealing with related matters such as sediment movement and harbour management.
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METHODOLOGY

3.1

Key Questions
The methodology adopted was based around our perception that three key questions

need be addressed:


What factors have determined the geomorphology of the backshore and shore zones
between Point Bunbury and Skenes Creek?



What factors and processes are involved in present-day shoreline change?



What implications does coastal morphodynamics (geomorphology and processes)
have for ongoing management?

Our approach to answering the questions was to identify relevant data from historical to
modern sources and apply this along with our field observations. The tasks conducted to
apply this methodology are summarised below.
3.2

Desktop Study
The desktop study included:


A review of previous technical studies—(Section 4 and APPENDIX A)



Acquisition of a wide range of historical maps and photographs allowing a
chronology of geomorphic conditions and change—(Section 7.5)



Chronology of coastal engineering works, harbour operations, dredging activity at
Apollo Bay Harbour and backshore protection structures related to or affected by
coastal change—(Section 8)



Review of recorded instances of beach and backshore geomorphic changes at Apollo
Bay—(Section 9 and APPENDIX B, APPENDIX C)



Review of options advanced to address shoreline changes in the context of the
geomorphology and morphodynamics of Apollo Bay—(Section 10).

3.3

Field Work
Field work was central to this study and included:


Two and a half days walking the intertidal zone between Skenes Creek and Apollo
Bay Harbour. The purpose of field work was to map the composition and
morphology of the shore zone and backshore as a basis for identifying coastal
geomorphic sectors (see Section 7).



Sediment samples were collected from the backshore and shore zone at eight sites
including five sites that had previously been analysed by Port of Melbourne (1989) —
(APPENDIX D).
4



The location, nature and impact of stormwater outlets across the shore zones was
recorded and photographed.



A separate field day used a solid-flight auger drill to determine backshore subsurface sediment profiles and collect samples from five sites between Wild Dog
Creek carpark and Thomson Street carpark—(APPENDIX E).

3.4

Analysis and Interpretation of Data
Existing and newly acquired data was interrogated and relevant aspects of

geomorphology interpreted for the following:


Reconstruction of sequential geomorphology of beach and backshore from the
earliest historical record to the present



Identification of coastal geomorphic sectors



Shoreline position as interpreted from vegetation line mapping—(Section 8)



Analysis of the factors relevant to changes in shoreline position



Historical bathymetric changes within Apollo Bay pre- and post-harbour
construction—(Section 8)



Changes in beach elevation and profile between Point Bunbury and Marriners
Lookout Road—( Section 8)



Comparison and implications of differences between the historical sediment data
and the newly acquired data.

3.5

LIMITATIONS


The scope and purpose of this report specifically relates to the geomorphic context
of ongoing beach and backshore changes as relevant to the appropriate land
managers.



It is not a coastal processes study although coastal morphodynamics is reviewed.



Metocean conditions and subaqueous sediment transport regimes are not analysed
or assessed in their own right but are incorporated where relevant to the description
and interpretation of geomorphology.



The report is not a technical review of options previously advanced to address beach
and backshore changes but discusses the implications of these in the context of
geomorphic forms and processes.
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PREVIOUS REPORTS
Previous technical studies of the Apollo Bay coastline have focussed on coastal

processes, sediment movement, harbour management and hazard and risk assessment.
While some of these make reference to coastal landforms, none have geomorphology as the
primary focus. Table 1 is a chronology of commissioned reports made available for this
study by the client. Further detail of the relevant reports including the report aims,
conclusions and recommendations is provided in Appendix A. Material from these
documents applicable to the present study is acknowledged in the relevant Section of this
report.
TABLE 1: Previous Studies Consulted for this Report
Date

Organisation/Author

Prepared For

Title

1989

Port of Melbourne. Original full
report not located. Only an
extract (pages 5-7) was
available as cited by Vantree
1996.

Port of Geelong

Assessment of Coastal
Regime

August
1996

Vantree P/L in association with
Coastal Engineering Solutions
P/L and CMPS &F P/L

Department of Natural
Resources and
Environment South West
Area

Apollo Bay Coastal Processes

August
2005

Coastal Engineering Solutions

Colac Otway Shire and
Dept. of Sustainability and
Environment

Apollo Bay Sand Study Final
Report

October
2009

GHD

Colac Otway Shire

Final report for Apollo bay
Sand and Dredging options
Study. Assessment of sand
management and dredging
options

October
2012

Water Technology

Dept. of Sustainability and
Environment

Coastal hazards management
Plan. Marengo to Skenes
Creek

Feb
2015

Coastal Engineering Solutions

Colac Otway Shire

Dispersal of Dredge Slurry at
Apollo Bay Boat Harbour

March
2015

John Kowarsky & Associates

Colac Otway Shire

Apollo Bay Boat Harbour
Entrance. Sand by–passing
sampling and analysis plan

Oct
2015

Colac Otway Shire

Colac Otway Shire

Apollo Bay Boat Harbour
Entrance. Sand by –pass
disposal options

Sept
2015

AW Maritime

Otway Coast Committee

Cawood street Beach
Recession _Apollo Bay

February
2017

Water Technology

Dept. of Environment,
Land , Water and Planning

Marengo to Wild Dog Creek
sand management plan.

2018

Deakin University Marine
Mapping Group

Dept. of Environment,
Land , Water and Planning

Apollo Bay Comparison UAV
st
st
Flights. June 1 June 21 and
th
July 26 2018
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Date

Organisation/Author

Prepared For

Title

June
2018

Internal DELWP report

Dept. of Environment,
Land, Water and Planning

July
2018

Australasian Marine
Associates

Colac Otway Shire

October
2018

Environmental GeoSurveys
P/L and AS Miner
geotechnical

Dept. of Environment,
Land , Water and Planning

Nov
2018
June
2019

GHD

Dept. of Environment,
Land , Water and Planning
Tract Consultants and
Otway Coast

Apollo Bay Foreshore Storm
Damage Audit June 2018 Cawood Street to Marriners
Lookout Road Apollo Bay
Sediment sampling and
analysis plan. Apollo Bay
harbour maintenance
dredging
Mounts Bay, Marengo. Is
backshore sand
renourishment a viable option
for managing coastal hazard
risk?
Apollo Bay – Coastal
Protection Study
Apollo Bay, Skenes Creek &
Marengo CIP
Issues and Opportunities
Paper: Coastal

Water Technology
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5

DEFINITIONS AND CONCEPTS
A range of terms is used to identify the terrestrial and marine components of coastal

areas and terminology varies between authors. Coastline refers to the seaward margin of
the land―or the landward margin of the sea―while coastal zone refers to a wider area
enclosing the coastline extending seaward and landward. The key geomorphological terms
used in this report are defined and illustrated below.
5.1

Shoreline (Instantaneous Shoreline)
The shoreline is the interface between ocean and land represented by an irregular

line in planform and elevation. It is the seaward limit at which land at any moment is
submerged by coherent wave swash (as distinct from wave splash). It is determined by two
interactive components: (a) forcing factors—astronomical tidal wave, swell and wind
waves—that propagate through the water column and transfer energy landward; (b) the
three-dimensional form—elevation and slope—of the marine and landfall surface the water
crosses. On a coherent rock shore platform substrate the shoreline position varies
momentarily according only to the state of the tide and local wave and wind conditions and
displays limited temporal variation. On beaches (unconsolidated substrate) where wave
swash can mobilise the substrate, the shoreline can vary rapidly (between waves and
between tides) responding to changes in substrate morphology, slope and elevation.
The shoreline—as represented by a line on images (maps, photographs, 3-D
representations)—is referred to an elevation such as “0” Australian Height Datum. On sandy
shorelines this line will be a generalisation, for as substrate elevation changes the fixed
datum plane may be emerged or submerged according to sand accretion or depletion.
5.2

Swash Limit (Wave Runup)
This is the oscillating line marking the limit to which water from a progressive wave

extends landward. It defines the wet-dry beach margin and is best recorded by video
photography from aerial or fixed ground cameras. Swash motion is driven by wave height,
wave length and intertidal slope while the runup distance is determined largely by
infiltration, beach grain size, surface roughness and the wave turbulence and swashbackwash interaction (Erikson et al. 2007).
5.3

Shore Zone (Intertidal Zone)
The shore zone or intertidal zone is the area between the upper subtidal zone

(effectively the lowest low-water level) and the landward limit of swash. On intertidal areas
of unconsolidated sediment (boulders, gravel, sand, mud), the shore zone is also referred to
as the beachface. It is the zone where sediment moves cross-shore and along-shore in
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response to wave-induced currents in the swash and backwash. Wind also plays a significant
role particularly during low tide exposure of fine-sand beaches and can deflate or aggrade
beach elevations. Wind is the key driver of backshore sand accumulation along with lessfrequent wave-driven chenier deposits. A sub-unit of the shore zone is the supratidal zone—
an area landward of direct swash that is impacted by wave splash and occasionally washed
by a storm surge. The supratidal zone is the seaward limit of the backshore. On rocky shores
the shore zone is a shore platform (Figure 3).

Figure 3. Examples of shore zone and related landforms in the study area. (A) Apollo Bay sandy shore zone
between Moore Street and Montrose Avenue). (B) Rock platform beach shore zone north of Wild Dog Creek.
L Sh is lower shore zone; L Sw is limit of swash or upper shore zone. (Photos: N. Rosengren Dec. 2016).

The shore zone may be of composite morphology as in Figure 3 B where the lower
shore zone is a rock platform and the upper shore zone is a beach overlying the rock.
The variable components of a shore zone are width, slope, substrate type, sediment
type (composition, size, and thickness), organics (e.g. mangroves, reef organisms) and
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human-built structures (e.g. seawalls, groynes). By combining these variables multiple shore
zone classes can be recognised.
5.4

Beach
The subaerial beach is the area exposed as the (intertidal) shore zone while the

subaqueous beach is subtidal sediment that is regularly moved by wave action. A beach thus
extends from the landward limit of swash to a variable distance seaward. Beaches have a
surface and variable thickness of unconsolidated sediment that may range in texture and
composition from mud to sand, gravel, cobbles and boulders. Beaches attached along their
entire length to a backshore are termed mainland beaches. Beaches that diverge seaward as
elongate or lobate forms are spits while beaches partially or not attached to a different
backshore landform are coastal barriers.
5.5

Backshore
The backshore is the materials and landforms extending landward from the swash

limit. It is initially higher than the limit of swash but may then slope inland and become
lower than sea-level (e.g. a lagoon). The backshore has two components (1) Proximal
backshore—the first landform type immediately above swash limit, (2) Distal backshore—
distinctive landform landward of proximal backshore. Where the proximal backshore
landform extends inland for some distance e.g. over 500 metres, the distal backshore
landform is taken to be similar. In Figure 3 A, the proximal backshore is an established
foredune. The distal backshore is a similar landform but highly modified by human activities
and is classed as engineered backshore. In Figure 3 B the proximal and distal backshore are
similar landforms (bluff and slope of hard rock) although interrupted by the engineered
structure of the Great Ocean Road.
5.6

Coastal Geomorphic Compartment (CGC)
A coastal geomorphic compartment (CGC) is a distinctive reach of coast where the

shore zone and backshore have a limited range of landform variation. The CGC extends
laterally until there is a significant change in the geomorphology or composition of shore
zone or backshore. The resolution of shore zone components and boundaries is determined
by the scale—the length of coastline assessed and methodology of the study—desktop or
field-based. In a desk-based study of western Victorian coastal shires (excluding
Corangamite) supported by limited field inspection and extensive prior field experience,
Rosengren (2017) identified 177 CGC’s (Figure 4) along 380 km of shoreline. By comparison,
a field-based study of Mounts Bay by Rosengren and Miner (2018) identified 15 CGC’s along
less than 3 km of shoreline.
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Figure 4. Coastal Geomorphic Compartments in Colac-Otway Shire (Rosengren 2016). Area of present study
shown by broken line.

5.7

Coastal Geomorphic Sector (CGS)
A coastal geomorphic sector (CGS) is a Third Pass (high resolution) field-based

identification of a limited extent of coastline using refined CGC methodology. The present
study of 6.5 km of coastline between Point Bunbury and Skenes Creek mouth identified 49
CGS’s. The rationale for identifying the CGS’s, and the location, description and illustrations
of the geomorphology of each sector is provided in Section 7.7 and Figures 29 to 55 of this
report (pages 46 to 76).
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CONTEXT: OTWAY RANGES AND BASS STRAIT
The study area is at the interface of the uplifted terrain of the Otway Ranges and the

high energy metocean processes of Bass Strait (Figure 5). Key fixed components on a
geological time scale (106 years) are the lithology and structures of the coastal rocks and
submarine geology and morphology of Bass Strait. Variable components on shorter time
scales (102 to 105 years) are neotectonics, changing climates and associated sea-levels and
oceanographic processes transmitted across western and central Bass Strait.

Figure 5. Apollo Bay in the context of Bass Strait and the Otway Ranges. Northern Bass Strait and the elevated
block of the Otway Ranges showing major tectonic structures: CA = Crowes Anticline, BF = Bambra Fault, TF =
Torquay Fault. Broken white line is the crest of Otway Ranges. Bambra Fault defines the northern limit of
outcrop of Lower Cretaceous rocks. (Structures after Medwell 1971, 1988, Duddy 1983, Holford et al. 2014).

6.1

Otway Ranges: Terrain
The Otway Ranges are an elevated block of fault-bounded Early Cretaceous

sedimentary rocks that form the coast and hinterland between Eastern View and
Princetown (Figure 5). The central feature of the range is a broad rounded ridge crest
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extending NNE from Moonlight Head and rising to the highest point in the Otway Ranges of
670 metres at Mount Cowley west of Lorne. The ridge is a major divide separating streams
that drain north to the Barwon River and Gellibrand River from the broad south-west
trending valley of Aire River, and the short steams—including the Barham River at Marengo,
Wild Dog Creek and Skenes Creek—draining southeast to Bass Strait. The elevated block has
been deeply dissected during lower Pleistocene sea-levels, resulting in deep valleys
separated by narrow-crested ridges on both flanks of the ranges.
The denuded debris has formed broad terraced floodplains in the wider valleys of
the Gellibrand, Aire, Barwon and lower Barham rivers and steep alluvial/colluvial fans on the
coastal slopes northeast of Cape Otway. The seaward edge of these slopes has been
submerged and truncated by rising Holocene sea-level.
6.2

Otway Ranges Geology
The core of the Otway Ranges is the Early Cretaceous Eumeralla Formation, a

complex of non-marine sedimentary beds comprised of volcanic detritus redistributed and
deposited in braided channels, floodplains, lakes and swamps. The inland slopes of the
Otway Ranges have restricted exposure of fresh rock due to a mantle of weathered rock and
transported regolith. Extended outcrop of the Cretaceous and Cainozoic rocks displaying a
range of lithology and structures is limited to coastal cliffs, shore platforms and cuttings on
the Great Ocean Road,
6.2.1 Eumeralla Formation
The most widespread units of Eumeralla Formation are feldspar-rich thinly-bedded
fine to medium-grained sandstones with lesser quartz, and interbedded dark dense
siltstone, mudstone and shale (Figure 6). Matrix cement is mainly chlorite with small
amounts of calcite (Duddy, 2003). Occasional massive sandstone units occur but quartz
content in these beds is low in comparison with the older Palaeozoic rocks in Victoria.
Occasional mud-clast conglomerate and coal beds are present and there are local
concentrations of spherical to elongate carbonate-cemented concretions. The locally high
fraction of mudstone beds and the low component of arenaceous quartz in the Eumeralla
Formation limits the contribution of fluvial sediments and coastal and seafloor outcrops to
local sediment supply for beaches. Feldspars degrade to silt in the weathering profile
resulting in a low ratio of sand to mud in the regolith; hence the clastic supply of sediment
for beaches from these sources is limited. Gravel beaches with cobbles and boulders of
Eumeralla Formation are locally common but of limited extent.
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Figure 6. Geology of the Otway Ranges and surrounds. (Base map extracted from Edwards et al. 1996,
additional structures from Medwell 1971, Holford et al. 2014).

6.2.2 Geological Structures
The Eumeralla Formation beds are folded and extensively fractured and the
structures are evident at landscape to local scales. Over much of the Otway Ranges the
rocks have shallow dips of 10⁰ to 30⁰ with steepest dips on monoclines. Dips above 45⁰ are
unusual and may be the result of large landslide displacement rather than in situ structures
(Medwell 1971). The orientation of the Crowes Anticline defines the crest of the Otway
Ranges and fault displacement influencing the form of headlands is evident in many coastal
exposures. Linear valleys such as Wild Dog Creek and the western margin of the Aire valley
at Castle Cove are fault-aligned. Numerous dip faults, trending more or less normal to the
coastline intersect or displace the fold-fault structure and create the stepped alignment at
locations such as Lorne, Wye River Kennett River and Apollo Bay.
6.2.3 Cainozoic Rocks
To the north and west of the Otway Ranges the Cretaceous rocks are covered by the
numerous formations, members and beds of the Wangerrip Group (Figure 5). The
Wangerrip Group is a transgressive-regressive sedimentary sequence dating from the
Palaeocene and comprised of shallow marine to continental deposits including thick
sequences of calcareous marine strata, silts, sands and occasional gravel and pebble beds.
On the coastal slopes northeast of Cape Otway Wangerrip Group beds are Wiridjil Gravel—
thin beds of quartz sand, silt and clay, with pebbles (Australian Stratigraphic Units Database
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2019)—preserved on terraced surfaces at a range of elevations from 5 metres to 120 metres
above sea-level.
6.3

Bass Strait Submarine Geomorphology
The submarine configuration of Bass Strait determines the refraction pattern of

swell-generated waves arriving along the eastern Otway coast and defined the position and
configuration of past shorelines at lower sea-levels and during rising sea-level. The
submarine geomorphology of Bass Strait is an expression of contemporary seafloor
processes and features relict from lower sea-levels—both of subaerial origin and formed in
much shallower water than present. Two submarine plateaus—the Bassian Rise to the east
composed of Palaeozoic granite and King Island Rise to the west composed of mixed
Neoproterozoic rocks and Devonian granite—form sills separating the Bass basin from the
adjacent ocean basins (Figure 7). The sill floor depth in eastern Bass Strait is ~-60 metres
(north of Flinders Island) compared with ~-95 metres across the Otway Depression in
western Bass Strait north of King Island.

Figure 7. Bathymetry (Geoscience Australia 2009) and submarine geomorphic features of Bass Strait (after
Harris et al. 2003). The 75 m and 120 m isobaths show the position of the coast at lower sea-levels 60,000
years BP and during the Last Glacial Maximum 30,000 to 17,000 years BP respectively.

Bass Strait has two submarine compartments: (1) the Bass “basin”—a shallow
depression with a maximum depth of 83 metres between Wilsons Promontory and
Tasmania, (2) the Otway depression—a submarine valley sloping to the southwest and
opening to deep water between Cape Otway and King Island. A four to six metre rise of the
seafloor aligned E-W forms the ‘Bass Sill’ separating the Bass Basin from the Bassian Shelf
and the southwest trending Otway Depression (Figure 7). Since the high sea-level of the Last
Interglacial ~120,000 years BP, sea-level fall has irregularly isolated the Bass basin from the
sea. Beginning around 70,000 years BP the Otway Depression existed initially as an
embayment as sea fell below the eastern sill depth of ~67 m, and became fully isolated as
sea-level fell to -100 metres by 65,000 years BP. During the maximum depression of sea-
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level of the Last Glacial Maximum—~30,000 to ~17,000 years BP—the shoreline was over 70
km southwest of Cape Otway and the Otway Depression was a broad valley carrying the
channels of the Yarra River, Barwon River and other streams between Port Phillip and Cape
Otway. As sea level rose rapidly during the post-glacial transgression by 10,000 years BP the
basin became open to the Great Australian Bight north of the King Island Rise and
developed a large marine embayment extending into Port Phillip. As sea-level continued to
rise by about 8,000 years BP the eastern Bassian Rise sill and the rise south of King Island
were submerged and the modern Bass Strait seaway was formed.
6.3.1 Bass Strait Seabed
Seabed surface type has been determined from State-wide and Bass Strait-wide
surveys conducted for resource assessment and/or as a basis for benthic habitat mapping
(Blom and Alsop 1988, Black 1992, Ferns 1999, James et al. 2008, James and Bone 2010,
Benthic Habitats - Open Coasts 2017). This latter programme is part of the Deakin University
Victorian Marine Habitat Mapping Project and defines the Victorian Bass Strait seabed in
broad benthic habitat types using seafloor structure and biological information derived from
multibeam sonar, bathymetric LiDAR (Future Coasts program and observations from
underwater video.
Seafloor rock outcrop in Bass Strait is restricted to coastal margins of Victoria, the
Bass Strait Islands and northern Tasmania where the nearshore seabed is a continuation of
the coastal geology exposed in cliffs and shore platforms. The Otway coast is fringed by
sediments (Figure 8) as the Bass Strait seabed is predominantly sandy comprised of quartz,
lithic and calcareous materials of transported terrestrial and marine biogenic origin (Paslow
et al. 2006).
Muddy sediments are restricted to the deeper central basin and occur as silty sand
with minor clay (Black 1992). Medium sand occurs across northern Bass Strait between Cape
Otway and Cape Paterson. Coarse sediments and high gravel content occur in the high wave
and tidal energy sections north and south of King Island. Across much of Bass Strait a major
component of seafloor sediment are bryozoan and molluscan bioclastic material and other
organic components. In shallower water seagrass is in places a major surficial cover.
Seabed sediments are derived from three main sources: (i) modern (Holocene)
mineral and lithic debris from fluvial deposition and weathering and mass movement of
coastal slopes, (ii) relict and stranded lithic sediments from similar sources deposited in
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shallow water during lower sea-level in areas that are now deep water , (iii) carbonate-rich
heterozoan assemblages of biogenic origin (James and Bone 2010).

Figure 8. Seabed sediments, western Bass Strait (adapted from Paslow et al. 2006).

6.3.2 Swell and Waves
Swell waves across the central and western Victorian coast are from two consistent
sources: (a) from swells generated in the Southern Ocean that travel long distances before
entering Bass Strait; (b) from winds associated with the persistent mid-latitude pressure
systems that cross southern Australia and oceans from west to east at latitudes that vary
seasonally (Short 1996). Waves are also generated from the Tasman Sea and Pacific Ocean
but are significantly attenuated around Wilsons Promontory and eastern Bass Strait as they
approach the Otway coast (Coastal Engineering Solutions 2005). Long-term records of sea
state - derived from lighthouse and satellite observations and hindcast modelling - show the
preponderance of south west swell waves across the western and central Victorian coast
with a low component of southeast swell waves (http://www.bom. gov.au/cosppac/
apps/portal/app.html#climate).
Low pressure systems (cyclones) generate 12 to 14 second wave period swells with
wave lengths to 300 metres (Short 1996). Southwest swell waves are refracted as they enter
Bass Strait between Cape Otway and King Island and pass along the Otway and Surf Coast
from a more southerly direction. For the period 1979 - 2009, mean wave direction in deep
water (70+ metres) 25 km southeast of Apollo Bay is 041.7⁰ in January and 066.5⁰ in July.
Waves are subject to various transformations—refraction, diffraction, shoaling and
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breaking—as they approach shallow water (<30 metres) and coastlines. Wave crests change
direction around headlands so that wave crests become shore-parallel in the adjacent
embayment.
6.3.3 Sediment Dynamics Bass Strait
Sediment movement across northern Bass Strait is determined by waves and tidal
currents (ASR 2007). Currents in and around Bass Strait vary both spatially and temporarily,
due to topographic effects and forcing by the variability of ocean swell and local wind.
Semidiurnal flood and ebb-tidal currents across the Bass Strait entrance sills are persistent
with ﬂows up to 2.5 m/s (James and Bone 2010). Tidal current flow is shore-parallel along
the eastern coast of the Otways i.e. flood tide currents are to the northeast and ebb
currents are to the south west (ASR 2007). Sediment mobilised by tidal currents in deeper
water (>40 m) will be moved onshore by stronger wave-generated currents.
6.4

Geomorphology
Tectonic setting, geological sequences and denudation history are key determinants of

coastal landforms. The geomorphology of the eastern Otway coast closely reflects the
lithological and structural character of the Eumeralla Formation and the uplift and
subsequent incision that defines the catchment geometry (Figure 9). The key controls are
alternating sequences of sandstone and mudstone/siltstone, monoclinal and fault structures
that define local direction of dip, and a pervasive fracture system of close-spaced joints. A
series of sub-parallel asymmetrical folds in the Cretaceous strata, with axes trending at 75°
to 85°—in places oblique to the coastline but elsewhere shore-parallel—are spaced at
intervals of about 1.6 kilometres from syncline to adjacent anticline. The fold structures
have influenced the form of the coastline, which trends parallel to strike of the bedding
(Edwards 1962). Where the trend of the coast intersects synclines—as at Apollo Bay and
Mounts Bay—the coast is recessed, whereas anticlines develop headlands such as Cape
Patton (Bird 1993). Backshore slopes and width and profile of shore platforms vary with
lithology and structures. The linear form of the coastline as a whole suggests that the
southeast margin of the Otway Ranges is terminated either by a major monocline or fault
striking NE-SW, to which these folds are subsidiary or by a series of such structures in enechelon arrangement, all with downthrow to the southeast.
Quaternary uplift of the Otway region is indicated by preserved elevated strandlines
and terraces (Sandiford 2003, Wallace et al. 2005, Shin 2012). Flights of marine terraces at
varied elevations up to 220 m above present sea-level occur between Anglesea and Cape
Otway (with seven groups of uplifted surfaces recognised by Shin (2012) (Figure 10). The
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modern equivalents of the elevated terraces are the gently sloping intertidal and sub-tidal
rock platforms (Figure 10).

Figure 9. Geology Apollo Bay - Skenes Creek. (After Seamless Geology 50K, Medwell 1971, 1988, Edwards
1962).

Figure 10. Marine terraces at elevations to 220 m ASL (after Shin 2012).
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7
7.1

STUDY AREA - POINT BUNBURY TO SKENES CREEK
Geomorphic Context
Apollo Bay is an asymmetrical embayment fringed by a mainland beach extending six

km from Point Bunbury to Skenes Creek. The construction and maintenance of the harbour
breakwaters since the early 1950’s has emphasised the asymmetry of the bay by effectively
extending Point Bunbury 450 metres to the north. The broad determinant of the
geomorphology of Apollo Bay is a synclinal structure with axial strike approximately ENE
(Edwards 1962, Medwell 1971) passing under the coastline near Cawood Street (Figure
11).The backshore at Apollo Bay town is a low bedrock terrace fringed by dune sand. North
from Cawood Street to Wild Dog Creek, the distal backshore is a sequence of dunes
overlying coastal terraces and a gently sloping colluvial apron. East of Wild Dog Creek the
distal backshore is a prominent bedrock fault escarpment above a narrow colluvial zone.
Unlike Mounts Bay and Skenes Creek, Apollo Bay embayment does not have an underlying
incised and backfilled valley or receive fluvial sediments. Backshore sediment sources are
the weathering residuals and slope wasting deposits of the Eumeralla Formation
supplemented by Pleistocene and Holocene coastal beach, barrier and dune deposits.
7.2

Coastal Processes
This is a wave-dominated sedimentary coast. Waves and wave-induced currents are

the dominant mechanism for moving and depositing sediment on shorefaces and beaches
(Roy et al. 1994). Tidal currents are recorded as having minimal impact on sand movement
(PMA 1989 reported in GHD 2009). Vantree (1996) identified wind as an important local
factor in summer moving sand along the beach from north to south and building dunes at
the southern end of Apollo Bay. Wave crests trending from southwest offshore from Point
Bunbury bend through >900 to approach the shore north of Marriners Lookout from eastsoutheast to east. Refraction and diffraction along the Apollo Bay Harbour breakwaters
creates a shadow zone between Nelson Street and Thomson Street resulting in a rapid
decrease in wave height. An unknown component of sediment transport and shoreline change
at Apollo Bay are coastal trapped waves (CTW) produced by a combination of wind-driven and
atmospheric pressure changes. These can result in anomalous coastal water levels including
higher than predicted tides and may be a factor in sand beach and backshore erosion at times
when there are not high swell waves.

7.3

Sediment Dynamics and Apollo Bay Harbour
A substantial volume of sediment moves past Point Bunbury into Apollo Bay as

evidenced by the frequent dredging needed to maintain a navigable entrance to the
harbour. This need became obvious shortly after completion of the harbour in 1954. A
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further indication is the rapid and sustained accretion in the lee of the groyne emplaced at
Point Bunbury in 1956 and extended in January 1957 for this very purpose. However there is
uncertainty as to the provenance of the sand that reaches the groyne and harbour and the
actual volumes involved. There has been no consistent long term means of accurately
measuring volume at either the groyne site or harbour entrance. Volumes at the groyne are
based on excavation and removal while the dredge manifest at the harbour for much of the
period recoded only hours of operation and not the dredged volumes. The frequently
quoted figure of 80,000 m3 (Vantree 1996, CES 2005) is based on PMA (1989) data that may
be incomplete.
Sediment volumes modelled by CES (2005) based on wave hindcasting and records
were in accordance with the volume estimates from the dredge “records”. We do not
evaluate the accuracy of the above data from any sources. Wave and current conditions and
sediment flow (volumes and directions) into Apollo Bay have been altered by harbour
construction and this has geomorphic implications for sub-tidal, shore zone and backshore
geomorphology at and north of Apollo Bay town.
7.4

Geomorphology
This study identified 14 components that define the geomorphology of the coast and

backshore between Point Bunbury and Skenes Creek (Figure 11).

Figure 11. Geomorphic components of the study area. (Base Image: Google Earth 2017).

A component can be a single feature—the groyne at Point Bunbury component 2, an
areal unit—the barrier spit at Wild Dog Creek component 9, or a composite—the several
engineered structures that comprise Apollo Bay harbour. The components are of varied
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temporal persistence. Component 12—Skenes Creek Fault escarpment—persists on a
geological time scale while component 7—Apollo Bay north backshore—is ephemeral.
The geomorphic components are described in sections 7.4.1 to 7.4.9 below.
7.4.1 Components 1, 2, 3: Point Bunbury and Apollo Bay Harbour
Point Bunbury is a 10 metre high cliffed headland of Eumeralla Formation rocks with
a remnant cover of Wiridjil Gravel and thin cliff-top dune sand deposits derived from the
barrier spit at the mouth of the Barham River. Sand supply from this source is limited and
confined to times when the river is closed and sand can be blown up the southern
escarpment. The headland is fringed by a shore platform that prior to construction of the
harbour and groyne (component 2 on Figure 11) had an exposed surface extending 150 m
from the base of the cliff. Sand accumulation now extends at times to the distal end of the
groyne, although periodically sand is excavated and trucked to replenish the backshores and
upper beachface at Mounts Bay and Apollo Bay.
7.4.2 Components 4, 5, 6: Apollo Bay Town Centre Backshore
The backshore in front of Apollo Bay town centre is the accretion zone (component
4) extending over eight hectares in the lee of the breakwaters created by disposal of
dredged sand (PMA 1989 quoted in Vantree 1996). The backshore wave deposits have been
built up as dune ridges and terraces 5 m to 7 m high. The accretion lies in front of and partly
overlies the pre-harbour land surface which was a complex of sand hummocks, swales and
lagoons (component 5). The western part of the area was levelled and filled in the 1930’s
(Bird 1993) but dune ridges, hummocks and swamps persisted until the completion and
subsequent widening of the Great Ocean Road. The accretion zone narrows north until
between Murray Street and Cawood Street there is no net accumulation (component 6).
7.4.3 Component 7: Apollo Bay North
North of Cawood Street the backshore is a narrow and highly modified zone
bounded by the pavement of the Great Ocean Road. In contrast to Component 4, this is now
a zone of sustained erosion (recession) and occasional overwash onto the pavement of the
Great Ocean Road. There is minimal backshore accommodation and little sand available for
natural beach recovery or replenishment following storm recession. Inland from the Great
Ocean Road is an irregular break of slope at elevations between 5 m to around 10 m at the
base of the high colluvial slopes of components 12 and 13. Water Technology (2017)
interpreted this as a mid-Holocene (6,000 years ago) higher sea-level cliff. That
interpretation is not supported in the present report as the elevations are too high above
the widely reported 1 m to 1.5 m higher sea-level for that time and the feature lacks
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continuity. This landform is more likely a remnant of the Last Interglacial high sea-level
approximately 120,000 years ago.
Ten stormwater drains discharge on the upper beachface. The stormwater drains
have historically caused locally enhanced erosion and wave overtopping hazards due to the
lowering of the beach in front of the outfalls resulting in increased wave heights at the back
of the beach during storms (Vantree 1996).
7.4.4 Components 8 and 9: Wild Dog Creek and Groyne
Wild Dog Creek is a deep fault-aligned valley with a gorge incised across the southfacing escarpment in the middle to lower tract. Boreholes for abutments at the Great Ocean
Road bridge recorded sand and sandy gravel to -2 m above sandy clay to -15 m below sealevel and did not intersect Cretaceous rocks. These geomorphic components are defined by
the groyne constructed 1949-50 immediately south of Wild Dog Creek mouth. The groyne
has captured sand moving northward alongshore and developed an accretion zone
extending over 300 m long narrowing to the south. The groyne is now filled and sand
bypasses the distal end deflecting and extending the outlet of Wild Dog Creek 500 m north
to the next headland. Earlier maps and 1946 vertical aerial photograph (prior to groyne
construction) show Wild Dog Creek deflecting at times to the south.
7.4.5 Component 10: Stony Creek Platform Beach and Bluff
This geomorphic component is defined by a continuous rock platform in the shore
zone between the northern limit of Wild Dog Creek channel and the small bay at Skenes
Creek. The platform has a thin sand cover and rocks are exposed along the beach and in the
surf. There is no evidence that a low sea-level Stony Creek channel has cut a channel into
the platform surface. The backshore is of varied morphology. Cliffs to 5 m high are
developed in Eumeralla Formation and colluvial debris derived from weathered Cretaceous
rocks and remnants of Wiridjil Gravel north of the opening of Wild Dog Creek and on the
southern headland at Skenes Creek Bay. Between these the backshore is a low remnant
foredune against the pavement of the Great Ocean Road.
7.4.6 Component 11: Skenes Creek Bay
Skenes Creek valley is incised across the coastal escarpment and flows into a small
bay between Cretaceous rock headlands. The ocean beach is free of platforms as bore logs
show the valley is cut to 5 m below sea-level and backfilled with clayey sand and gravel with
sandstone cobbles. The backshore has been reshaped for car parks and a camping ground
leaving minimal area of exposed sand. Backshore sand placement is undertaken to protect
these backshore assets.
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7.4.7 Component 12: Skenes Creek Fault Escarpment
Between Skenes Creek and Milford Creek the distal backshore is a dissected benched
escarpment increasing in height to the west with slopes 200 to 300. Benches occur at several
levels and are either structural or uplifted marine terraces. Stony Creek crosses the
escarpment as a 70 m high waterfall and Wild Dog Creek has cut a gorge up to 200 metres
deep. West of Wild Dog Creek the upper slopes show ancient and modern landslides (Yttrup
and Associates 2000) above an extensive apron of colluvial sediments of geomorphic
component 13.
7.4.8 Component 13: Colluvial Apron
Below the escarpment there is a break of slope around 50 m AHD and the terrain is a
gentle concave slope developed on colluvium and slump deposits. Borehole records of an
earlier study and seismic and auger data reported by Yttrup and Associates (2000) show stiff
to very stiff sandy clays to depths of 7 m overlying weathered sandstone. The lower slopes
of the apron pass beneath the remnant backshore dunes and crop out on the beach east of
Marriners Lookout Road.
7.4.9 Component 14: T2 Marine Terrace
The flat-topped ridge between the Barham River valley and Apollo Bay town is a
narrow remnant of a broader elevated marine terrace between 17m and 20 m AHD. The
eastern side of the ridge is a former cliffed shoreline developed at higher sea-level. It is now
isolated by the broad accumulation of beach ridges and dunes north of Point Bunbury.
7.5

Geomorphic and Bathymetric Changes at Apollo Bay

7.5.1 Methodology
Using maps and ground and aerial photographs we have reconstructed the
geomorphology of the shore zone and proximal backshore at intervals between the earliest
record (Smythe 1846) and the present (our field work August 2019). The purpose of the
geomorphic reconstruction was:


To determine what changes to the bay, coast and backshore occurred prior to

harbour construction.


To place the changes recorded post-harbour in the longer term context.
Plans and vertical aerial photographs were georeferenced to provide accurate

comparison with present-day features. Ground photographs were utilised by qualitative
comparison of recognisable objects.
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7.5.2 Maps
Maps were georeferenced and shoreline position and geomorphic features
compared with the most recent vertical aerial photographs (2013 and 2019).
7.5.2.1 Map: Smythe 1846
The earliest map with sufficient detail to reconstruct the pre-1850 geomorphology
was made by the surveyor George Smythe who traversed from Aire to Cape Patton by
rowboat with landfalls to establish triangulation stations and map the lower reaches of
streams. The map shows considerable detail and is readily georeferenced (Figure 12).
Significant observations from this invaluable map (shown by our annotations
numbers 1 to 5 (on the map) are:
1. Two streams converge and flow across the beach in front of the (now) town at Montrose
Avenue. This shows a complex backshore of wetlands and sand ridges (foredunes ) existed.
2. A prominent shore-parallel ridge occurs between Montrose Avenue and Cawood Street.
This is interpreted as a high established foredune.
3. Two streams flow shore-parallel between Cawood Street and turn to cross the beach near
Marriners Lookout. These are streams-lagoons in swales between established foredunes
that breach the foredune northeast of Joyce Street where there is presently a drain outlet.
4. Wild Dog Creek shows prominent deflection to the south. This is consistent with later
maps and photographs that show the creek shifts outlet orientation according to
predominant drift direction.
5. Shore platform southwest of Skenes Creek is accurately shown
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Figure 12. Extract and enlargement from 1846 map by George Smythe. See text for explanations 1 to 5.

7.5.2.2 Map: Skene 1856
Alexander Skene (a Victorian Government surveyor) prepared a plan of the township
to be known as Middleton in 1856 (Figure 13).
The map was easily georectified and the extract shows detail between Point Bunbury
and Marriners Lookout Road. It confirms a defined stream (later named Milford Creek)
draining into a lagoon 100 metres wide behind the beach at Cawood Street. A channel
drained from the lagoon to the south and crossed the beach at Moore Street (the opening
labelled Clynes Creek on Skenes map). A second channel (also labelled Clynes Creek) drained
north and crossed the beach at Marriners Lookout Road (Figure 13). The two branches of
“Clynes Creek” are consistent with flowing in swales between dune ridges. This area
between the two outlets of Clynes Creek has the annotation on the map “Open sandy
country richly grassed with abundance of herbs” (Figure 14).
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Figure 13. Extract from Skene map of Middleton (1856). GOR on red line is present position of the Great Ocean
Road.

Figure 14. Annotation on the map by Skene (1856) “Open sandy hummocks richly grassed with abundance of
herbs” confirming dune ridges and hummocks in front of Collingwood Street, Apollo Bay.
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The change in “ordinary high water mark” as shown on the map compared with the
modern position is as expected, i.e. substantial accretion north of Nelson Street but
substantial recession between Cawood Street and Marriners Lookout Road.
7.5.2.3 Telegraph Line Map: 1859
A copy of part of a map sourced from the Cable Museum at Apollo Bay dated 1859
shows part of the route of the telegraph line between Cape Otway and Geelong. While it is a
generalised representation of the coast (Figure 15), the map records “sand dunes” north of
Point Bunbury, shows three creeks crossing the beach between Point Bunbury and Wild Dog
Creek and shows the mouth of Wild Dog Creek oriented to the south with the comment “the
mouth of this creek is subject to being shifted by river freshets”.

Figure 15. Extract from 1859 map showing telegraph line Cape Otway to Apollo Bay. (Source: Apollo Bay Old
Cable Station Museum).

7.5.2.4 Apollo Bay Sounding: 1889
The Apollo Bay survey by J.B. Mason in 1889 produced a bathymetric map with
soundings in feet and inches and a detailed plan of the shoreline and property boundaries
(see extract from this map Figure 16). Two creeks are shown diverging from an area (Fig. 16
A) corresponding to the lagoon on the Skene 1856 Skene map with a shore crossing opening
opposite Moore Street (Fig. 16 B). Hachures show a continuous line of shore-parallel ridges
assumed to be sand ridges (Fig. 16 C) and a terrace surface with a break of slope inland of
the creek. The overlay on the map of the shoreline in 2019 plotted form a vertical aerial
photograph shows the accretion south of Thomson Street and recession to the north
beyond Cawood Street.
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The depths on this map have been digitized aqnd has also been used to detect
bathymetric changes (See Section $$ pages $$).

Figure 16. Extract from Mason 1889 showing backshore features at the time: A lagoon, B creek mouth, C dune
ridges. Added to map are the 1892 pier alignment, the 1954 breakwater and harbour and inferred shoreline
position 1889 (this map) and 2019 (aerial photograph) showing areas of accretion and recession.

7.5.3 Ground Photographs 1880’s to 1940’s
Photographs taken from the ground at the township of Apollo Bay and from
Marriners Hill have been used to reconstruct backshore geomorphology and inferred
changes in shoreline position between the 1890’s to 1940’s prior to aerial photography. The
photographs are courtesy of the Apollo Bay Cable Museum, from on-line material of the
Apollo Bay Historical Society and the State Library of Victoria. Dates of some photographs
are approximate and are inferred from recognisable features including the status of land
clearing, roads, buildings, harbour facilities, vehicles and other cultural displays. All
photographs are post-1892, as they show the long pier between Moore St and Nelson St
built in that year.
The images are direct evidence that substantial change to the backshore
geomorphology and shoreline position occurred prior to the completion of the Apollo Bay
Harbour breakwaters in 1956. The backshore was a zone of sand ridges, swales, lagoons and
creeks up to 150 metres wide north of Cawood Street narrowing tapering to 50 metres
width at Point Bunbury (Figure 17, Figure 18).
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Figure 17. Swale with southern arm of Clynes Creek in front of Collingwood Street 1908. The bakery building is
on the corner of Hardy Street and Collingwood Street (Courtesy Apollo Bay Cable Museum).

Figure 18. Hummocky dune surface Nelson Street to Moore Street 1916 (Australian War Memorial). Compare
with Figure 19.

Rose Series P. 1385 (Figure 19 A) and Valentine Series No. 736 (Figure 19 B) show a
backshore scene similar to the 1916 photograph (Figure 18). Based on the density of burnt
trees on the hills, scrublands behind the town, the single bar telegraph/electricity poles and
the absence of motor vehicles (the sole means of transport appears to be a forlorn horse
waiting outside the Ballarat Hotel), the Rose photo appears contemporary with Figure 18.
The fence is partly buried by wind-blown sand. In the Valentine photograph, a vehicle of
1920’s vintage is evident (in a photo enlargement), the utility poles are multi-bar, there is a
row of exotic planted trees and fewer burnt trees and scrub. The backshore scarp records an
episode of erosion. The small shed in Figure 19 A at the bend in the fence is not in Figure
19B.
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Figure 19. Backshore between Nelson St (left) and Moore Street at the proximal end of the long jetty circa
1920’s. Sand partly burying the fence in 19 A has a storm cut in photo 19 B. (State Library of Victoria).

The 1925 photograph (Figure 20) shows a further stage of backshore development at
the site with a scatter of clumps pioneer grasses—possibly Austrofestuca although Marram
grass (Ammophila) had been introduced in 1889 to Port Fairy—establishing on the formerly
bare sand scarp.
Two of the historical photographs illustrate a broad flat beach—wide enough for
horse racing in 1910 north of the long pier—and also south of the pier (Figure 21).
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Figure 20. Pioneer grasses establishing on exposed sand backshore above mean high water mark. Photo date
late 1920’s to 1930’s. (State Library of Victoria).

Figure 21. Broad flat beach and sloping sand backshore north of the long pier. Photo dates unknown but both
are post-1892. (State Library of Victoria).

32

Of particular importance in reconstructing the pre-harbour geomorphology are
panoramic photographs taken from Marriners Hill and above Wild Dog Creek. Although
exact dates are not known and quantitative measurements cannot be made, the
provenance of the images is obvious from cultural items, and interpretation of backshore
changes can be inferred. Extracts cropped from two photographs taken from almost
identical positions at Marriners Hill (1920’s and late 1940’s ) show the backshore extending
1.7 km north from Nelson Street to near Marriners Lookout Road (Figure 22, Figure 23).

Figure 22. Photograph extract (Valentine Series No. 747) from Marriners Hill ~1920’s. Note wide sand dune
backshore (B) extending north from Moore Street past Cawood Street to the limit of the photo bottom left (C).
(Source: State Library of Victoria).

Figure 23. Photograph extract (Rose Series P. 399) from Marriners Hill ~1940’s. Note sand dune backshore (B)
at Thomson Street is narrower than in Figure 22 and thins to almost nothing at the the photo bottom left (C).

A wide backshore zone extending from the town to Marriners Hill Road in the 1920’s
has receded by about 50% at Thomson Street and been entirely denuded north of Cawood
Street. A substantial reshaping of the beach outline and backshore occurred over the 20
year interval of the photographs. A number of storm events are recorded in that interval
resulting in flooding and shoreline recession as outlined below (Bird 1993), (PMA 1989).
DATE
Post
1931

SOURCE
Bird
1993

AREA IMPACTED
Apollo Bay
foreshore dunes

1936

PMA
1989

Aug
1946

PMA
1989

Apollo Bay Beach
Hardy St to Cawood
St ( approx. 600 m
long)
Apollo Bay beach
opposite Hardy
Street

IMPACT
Beach erosion and sea
flooding during
easterly storms
Erosion of beach and
foredune

Rough seas and high
tides cause erosion at
timber walling and

WIND
N/A

RESPONSE/COMMENT
N/A
rd

Max 68/NW (23
Aug)
AVG =43.5/WNW
th
rd
(9 to 23 Aug)
nd
Max 68/WSW(22
Aug)
th
AVG= 50.9/W (12

Max of 15 m of foredune
eroded since 1889 but
locals indicate majority of
erosion since 1931
Affected section approx.
80-100 m in low lying
land in front of swamp
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March
1947
June
1947

PMA
1989
PMA
1989

March
1948

PMA
1989

Apollo Bay
foreshore
Apollo Bay beach
scarp north of jetty
already present and
foreshore 200 m
south of jetty
Extent of
construction from
Nelson St to near
Thomson St

th

three groynes plus
terminal scour
N/A

to 24 Aug)

opposite drain

N/A

Erosion of foreshore

Max 81.4 /W (17
June)
AVG =52.4/W (from
th
th
9 to 24 June)

Construction of concrete
block wall north of Jetty
Concrete block wall
constructed in March
1947 to combat erosion
is undermined and
partially collapses
Construction of a low
rubble seawall along
erosion scarp which
extended 170 m south of
jetty to 500 m north

th

Erosion scarp present

A panoramic photograph taken from a high point on the ridge east of Wild Dog Creek
is looking south across the mouth of the creek to Apollo Bay (Figure 24). The photo is post1892 (long pier) and is taken to be around 1900 as there are far fewer buildings in the town
compared with the 1916 photo (Figure 18). The shore line has a flat beachface with evenly
spaced beach cusps and a wide backshore zone of active dunes blowing cross the road
either side of Wild Dog Creek. Planting to attempt dune stabilisation is evident.

Figure 24. Circa 1900 “Birds eye View” photo of Apollo Bay from east of Wild Dog Creek. See text for details of
numbers 1 to 9. (State Library of Victoria).

Geomorphic features shown in this photograph are:
1. High vegetated established foredune ridge extending north from the town.
2. Outlet of northern arm of Clynes Creek near Marriners Hill Road.
3. Wide beach and hummocky foredunes with blowouts.
4. Transgressive sand sheets extending inland across road.
5. Plantings (presumed to be Marram grass) for dune stabilisation.
6. Former outlet of Wild Dog Creek.
7. Northeast deflection of Wild Dog Creek barrier spit.
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8. Advanced dune stabilisation plantings.
9. Transgressive sand sheets extending inland across road.
7.5.3.1 Vertical Aerial Photograph: 1946

Figure 25. Shoreline position plotted from aerial photographs 1946 (Land Data Victoria) and 2019 (DELWP)
compared with inferred position of high water mark shown by Skene (1856). Outline of present Apollo Bay
Harbour shown for reference.
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The earliest large scale vertical aerial photograph available for this study is AireOtway Run 1 taken 10/05/1946 at a contact scale of 1:16,300 (Land Data Victoria). The
photographs are good quality and a seaward vegetation margin line was defined on a
georectified image. The line from the images was compared with the inferred high water
mark on the 1856 Skene map and a 2019 vertical aerial photograph (Figure 25). The Skene
1856 line is indicative rather than detailed but is consistent with other early map and
photographic evidence that a formerly wide sandy backshore with active dunes and stable
ridges extended north of Apollo Bay to near Wild Dog Creek.
7.6

Geomorphic Changes Prior to Harbour Construction.
The completion of Apollo Bay harbour in 1956 is frequently and correctly referred to

as a trigger and/or major component of shoreline and backshore changes (Vantree 1996,
CES 2005, Water Technology 2017, GHD 2018). The shore and backshore geomorphology at
Apollo Bay have been progressively altered—directly and indirectly—by permanent
European occupation since the mid 1850’s. It is therefore important to recognise five issues
relevant to understanding present geomorphic conditions and processes.
1. A dynamic sediment-wave association had been operating at Apollo Bay since at least the
mid-Holocene (5,000 years before present) and geomorphic changes were occurring at the
time of European occupation (~1850).
2. Prior to harbour construction European occupation already had a clearly defined imprint
on the geomorphology of the shore and backshore.
3. Significant geomorphic changes including periods of both coastal recession and accretion
occurred between 1850 and 1956 (i.e. prior to harbour construction) have been noted in
this study and require careful consideration. Post-harbour changes must therefore also be
assessed in light of such earlier changes and this points to a complex interplay of numerous
factor involved in geomorphic changes to the coastline and not just one single factor like
harbour construction.
4. Onshore winds were effective in building ridged foredunes and low transgressive sand
sheets. This indicates beaches were flatter, wider and with finer sand than the present
regime. There is now not sufficient backshore accommodation north of Thomson Street to
allow dunes to accumulate. Dune-beach interaction is now restricted to the harbour
accretion zone between Nelson Street and Hardy Street.
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5. Ongoing environmental changes including sea-level rise are producing geomorphic
processes not previously experienced. (This issue is beyond the scope of the current brief
and is not further considered).
7.7

Coastal Geomorphic Sectors.

7.7.1 Definition and Purpose
A coastal geomorphic sector is a discrete length of coast that comprises a mappable
unit with key differences to adjacent sectors. Lateral variation in one or more key
characteristics defines the boundary between sectors. A differentiator between adjacent
sectors is their response to coastal processes and in particular how they respond to changed
water levels and wave energy. Shore sector mapping is a means of rapidly compiling
information on shoreline form, substrate, and vegetation type and can be used as a method
for assessing the response (sensitivity) of a coast to water level and other environmental
changes.
Geomorphic sectors are comprised of two or more landform categories, for example
a sandy beach in front of a low coastal bluff or a shore platform at the base of a hard rock
active cliff. The spatial scale adopted for the present study is at a field (ground) traverse at
falling and low tide that allowed direct identification of the morphology and materials of the
shore zone. The shore zone is the area between low tide and the limit of wave impact
onshore (wave splash, spray) and is a suite of materials and landforms that vary laterally
along the broader coastal precinct. The determinants of the shore zone are the intrinsic
geometry of the coast determined by the geological base and tectonic history and the
overlap of subaerial and coastal/marine physical, chemical and biological processes that
have shaped the coast over varied time periods. Superimposed to varying degrees—in
places to be definitive of the sector—is the direct and indirect effect of human activity. This
is most evident as engineered structures such as seawalls, groynes and renourished
beaches. The impact of changed coastal processes, e.g. changes in wave dynamics and
water level, may initially be displayed in the shore zone before it is translated to the
backshore.
7.7.2 Methodology
The broad understanding of geomorphic sectors within the present study area was
based on the authors knowledge and understanding of the Otway coast from many previous
site visits for geomorphic projects over the past 40 + years. Initial recognition of shore
sectors was from aerial photographs and terrestrial and bathymetric LiDAR. Detailed
definition of sector components and boundaries was achieved by field work on 18th August
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to 22nd August involving a walking traverse of the entire 6.5 km of coastline. In most places
this was feasible along the intertidal area, but in places Occupational Health and Safety
considerations restricted inspection to the immediate backshore. A total of 49 geomorphic
sectors was recognised.
Key geomorphic factors considered when developing the geomorphic sectors included:
•

Surface composition (sediment, rock, engineered materials)

•

Sediment thickness (approximates only and conducted by probing)

•

Sediment size (field texturing supplemented by representative sample collection and
laboratory analysis.

•

Substrate composition

•

Slope profile and gradients

•

Swash limit interface

•

Back shore geomorphology



Backshore vegetation

•

Engineered structures



Processes of shoreline and backshore change and the sensitivity to changing
environments.
Consideration was given to sediment transport along the Apollo Bay coast (based on

previous studies), but this was not a significant basis for sector definition.
7.7.3 Sector Descriptions
Each sector is described in a table and illustrated with ground and aerial
photographs. The column headings are defined below.
SECTO
NO

BACKSHORE
TYPE

BACKSHORE
COMPOSITION

BACKSHORE
RESISTANCE

SWASH
LIMIT

INTERTIDAL
TYPE

INTERTIDAL
COMPOSITION

Backshore Type: geomorphology e.g. cliff, bluff, foredune.
Backshore Composition: surficial geology and regolith or engineered material.
Backshore Resistance: qualitative strength based on composition and coherence.


soil unlithified = low resistance



soil lithified = consolidated but not rock



soft rock = cemented



hard rock = coherent



engineered effective = engineered design and construction
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engineered ineffective = informal and/or in poor condition.

Swash Limit: materials and geomorphology
Intertidal Type: geomorphology e.g. platform, beach
Intertidal Composition: e.g. beach, sand over rock
Comments: Outline of the major features that define the sector and any management
issues observed.

Figure 26. Coastal Geomorphic Sectors Skenes Creek to Apollo Bay. (Base: 2013 vertical aerial photograph).
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7.7.3.1 Sector 1: Skenes Creek Beach
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
1
sand ridge
sand with fine soil
scarp in
sand and
sand over gravel
(established gravel at base unlithified
sand and gravel beach and cobbles
foredune
gravel
Dec 2016
with low
sand cliff)
COMMENT: Sector 1 is defined by a beach between low headlands fringed by shore platforms. The
beach is a sand veneer overlying beds of gravel and cobbles several metres thick in the incised
lower sea-level creek valley. The western car park is protected by a replenishment sand dump. A
low active scarp occurs (Aug. 2019) in a vegetated backshore sand ridge.

Figure 27. Sector 1. Skenes Creek bay. A: beach between low headlands, B: sand and cobble beach, C & D:
scarp in vegetated foredune.
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7.7.3.2 Sector 2: Tiger Lane
NO BACKSHORE
TYPE
2
colluvial
slopes over
rock

BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
colluvium with soil
colluvium sand over
variable thin cover
large blocks of unlithified/ in
platform
of sand overlying
Cretaceous
and soil
backshore
rock
sandstone in a lithified
scarp
silty clay matrix
COMMENT: Sector 2 is a continuous shore platform with a variable cover of sand beach. The
backshore alternates from a low cliff in rock or colluvium to sectors of vegetated slope to sea level. The cliffed sectors experience slope failure and liberation and accumulation of sandstone
debris at the slope base at swash limit.

Figure 28. Sector 2. A: continuous shore platform with thin sand cover at the rear, B:below cliffs in Cretaceous
rock (C) and slumping colluvium (D).
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7.7.3.3 Sector 3: Beach 376
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
3
foredune
sand with
soil
sand dune beach
thick sand over
sand terrace spinifex and
unlithified
rock
30 m to 10 m marram
wide
COMMENT: Sector 3 is a continuous sand beach covering sub-tidal rocks. A sand terrace <10 wide
with a low terraced foredune between 2 m and 4 m ASL extends between swash limit and the
Great Ocean Road (GOR). Inland from the GOR is a broader higher sea-level terrace.

Figure 29. Sector 3. A: beach and spinifex-marram grass terraced foredune, B: proximity of GOR to foredune
terrace.
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7.7.3.4 Sector 4: Revetment
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
4
Colluvial
rock revetment engineered - rock
beach
over sand over rock
terrace with with fill and effective
revetment platform
engineered - colluvium
effective
- behind
rock
revetment
COMMENT: Sector 4 has similar geomorphology to Sector 3 and is defined by an effective engineered
rock revetment between the swash limit and the GOR.

Figure 30. Sector 4 where Great Ocean Road is protected by an engineered revetment
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7.7.3.5 Sector 5: Seafairers
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
sand over
soil unlithified sand ridge beach
sand
5
sand ridge
colluvium
over
colluvium
COMMENT: Sector 5 is continuous sand beach bordered by rocks and shore platforms with some rocks
on the beach and in the surf. The backshore foredune is 3 m to 5 m above sea-level and is distinguished
from Sector 4 by being generally greater than 20 m to 40 m wide. The narrowest part of the backshore
are where the outflow from the two drains east of the entrance to Seafairers has lowered and stripped
the beach with swash limit now <10 m from the GOR (Figure 31 A, B).

Figure 31. Sector 5 Seafairers Beach. A, B, C: Beach lowering and stripping at drain outflow.
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7.7.3.6 Sector 6: Stony Creek North
NO

BACKSHORE
TYPE
sloping land
and low bluff

BACKSHORE
COMPOSITION
colluvium and
landslide
debris

BACKSHORE
RESISTANCE
soil
unlithified soft rock

SWASH
LIMIT
base of
colluvial
cliffs with
vegetation

INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION
6
thin and
sand over rock
irregular
(sandstone)
beach variable
width over
platform
COMMENT: Sector 6 is a shore platform with a variable width and thickness of beach cover. The
backshore is a bluff 5 m to 8 m high in weathered rock and colluvium and has continuous vegetation
cover to sea-level. The pavement of GOR is in places adjacent to the bluff top and the base < 10 m
from the base of the bluff. There is no evidence of slumping or recent slope failure but greater marine
impacts on the bluff by future environmental changes should be anticipated.

Figure 32. Sector 6. High bluff with continuous vegetation cover adjacent to GOR.
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7.7.3.7 Sector 7, Sector 8, Sector 9: Stony Creek South
NO BACKSHORE TYPE BACKSHORE
COMPOSITION
7 bluff (abandoned sandstone fresh
cliff)
8 sloping land above colluvium over
bluff and basal
rock
cliff
9 high cliff
sandstone fresh

BACKSHORE
RESISTANCE
hard rock

SWASH LIMIT INTERTIDAL
TYPE
base of cliff
beach over
platform
soil unlithified base of slopes beach over
platform
hard rock

INTERTIDAL
COMPOSITION
sand over rock
(sandstone)
sand over rock
(sandstone)

base of cliff

beach over sand over rock
platform
(sandstone)
COMMENT: Sectors 7, 8 and 9 are continuous outcrop of faulted Cretaceous sandstones and
mudstones (Fig. 34 B) overlain by a remnant layer of colluvium and relict landslide debris derived
from the steep slopes between Stony Creek and Wild Dog Creek. The surfaces are thickly vegetated
and the basal slopes are hard rock cliffs fringed by a wide gently sloping shore platform (Fig 34 A). A
thin sand beach covers part of the inner edge of the platform.
Sector 7 is a ~ 10 m high bluff with a thick and continuous vegetation cover and is a stable slope.
Sector 8 is a small embayment developed in faulted mudstones with a low narrow foredune at the
back of the beach (Fig. 34 C). The cliffs of Sector 9 grade to a steep slope below the Great Ocean
Road that is buttressed by a concrete wall and rock revetment.
Sector 8 is a more complex stable slope with a basal hard rock cliff.
Sector 9 is a 5 m to 7 m high cliffs in hard rock. No evidence of recent failure was observed.

Figure 33. Sectors 7, 8, 9. Cliffs and bluffs north of present-day (2019) outlet of Wild Dog Creek
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Figure 34. Sectors 7, 8, 9. Cliffs and bluffs north of present-day (2019) outlet of Wild Dog Creek.
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7.7.3.8 Sector 10: Wild Dog Creek North
NO BACKSHORE BACKSHORE
BACKSHORE SWASH INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
10 barrier spit
sand
soil unlithified beach
beach
sand
and foredune
with grassy
vegetation
COMMENT: Sector 10 is the barrier spit that deflects the mouth of Wild Dog Creek 550 m north of
the filled groyne south of the bridge. Prior to groyne emplacement the opening direction varied
and at times was deflected to the south (Section 7.5.2.3)

Figure 35, Sector 10. Barrier spit deflecting mouth of Wild Dog Creek north of the groyne
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7.7.3.9 Sector 11, Sector 12, Sector 13: Wild Dog Creek South
NO BACKSHORE
TYPE
11 Low terraced
and ridged
foredunes

BACKSHORE
COMPOSITION
sand and
pioneer grassy
vegetation and
shrub
succession
12 Low terraced sand and
and ridged pioneer grassy
foredunes
vegetation and
shrub
succession
13 Drain
sand

BACKSHORE SWASH
INTERTIDAL
RESISTANCE LIMIT
TYPE
soil unlithified prograding beach
incipient
foredune

INTERTIDAL
COMPOSITION
sand (some cobbles)

soil unlithified low
foredune
scarp

sand (some cobbles)

beach

soil unlithified sand dune beach over
sand over cobbles
behind
cobbles
drain
COMMENT: Sectors 11, 12 and 13 are south of the Wild Dog Creek groyne. Sector 11 and parts of
Sector 12 are the only areas of active accretion in the study area beyond the immediate shelter of
the Apollo Bay Harbour breakwaters (Sectors 42 -49). The direct cause of accretion is the
interruption to longshore drift by the now filled Wild Dog Creek groyne. The backshore accretion
zone extends 350 metres south. Near the groyne it is a zone 60 m wide of established foredunes
with vegetation succession from colonising grass on the incipient foredune at the swash limit
grading to woody succession community at the inner backshore. Sector 12 is defined by a low and
partly recovered scarp on the foredune about 200 metres south of the groyne Figure 37 C.
Sector 13 encloses the drain opening at the back of the beach and outflow during storm
runoff appears to be the direct reason for a narrowing of the foredunes at his point.

Figure 36. Sectors 11, 12. Accreting incipient foredune in front of established foredunes south of Wild Dog
Creek groyne. Sector 13 recession at drain.
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Figure 37. Sectors 11, 12, 13. A: established foredunes. B, C: incipient accreting foredunes becoming scarped.
D, E, F scarped foredune and beach lowering at drain (Aug 2019) .G: Sectors 11, 12, 13 south of Wild Dog Creek
groyne (Dec 2016).
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7.7.3.10 Sector 14, Sector 15, Sector 16, Sector 17
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL
INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
14 sand ridges
sand
soil unlithified foredune beach
sand
with shrubvegetation
15 drain and new sand
soil unlithified foredune beach
sand and gravel
foredune
concentrations
16 sand ridge
sand
soil unlithified foredune beach
sand
17 drain and
rock revetment engineered - rock
beach
sand and gravel
some
ineffective
revetment
concentrations
revetment
COMMENT: Sector 14 has a defined scarp south of the drain (Fig 39 A) with a scatter of pebbles, no
incipient foredune (Fig. 39 B) and a narrow backshore with eroding shrub vegetation. An old timber
groyne is buried in the backshore.
Sectors 15 to 17 show the pronounced impact of drains with lowered beach levels at the outflow
and exposure of gravel and a scatter of cobbles.

Figure 38. Sectors 14 to 17.
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Figure 39. Sectors 14 to 17. A, B, C: scarped foredunes. D, E: beach lowering and channel at drain. F: Gravel
scatter across beach from drain stockpile. G, H: beach lowering and channel at drain
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7.7.3.11 Sector 18, Sector 19, Sector 20
INTERTIDAL TYPE INTERTIDAL
NO BACKSHORE BACKSHORE BACKSHORE
SWASH
COMPOSITION
TYPE
COMPOSITION RESISTANCE
LIMIT
18 ridges
sand
soil unlithified dune
beach
sand
foredune with
scarp
19 accreting low sand
soil unlithified dune
beach
sand
foredune
20 Drain and no sand
soil unlithified foredune beach
sand
revetment
COMMENT: Sector 18 and Sector 19 are low sandy backshores with surfaces modified by levelling and
exotic plantings. Sector 18 has a metre high scarp in the foredune (Figure 40 A) and prominent gravelcapped cusps with relief of 0.5 m. The gravel is most likely to be reworked from emplaced and
stockpiled material around the several constructed drains that discharge across the beach south of
Wild Dog Creek. Sector 19 has an incipient foredune with stolons of colonising Spinifex (Aug 2019).
Sector 20 is the outlet of a drain.

Figure 40. Sectors 18 to 20.
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Figure 41. Sector 18 A, C: scarped foredune, D: pebbles-capped cusp horns, Sector 19 B: accreting foredune,
Sector 20, E: incision at drain, F: wind-blown and on backshore at drain.
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7.7.3.12 Sectors 21 to 24: Pisces Holiday Park
NO
21

22

BACKSHORE
TYPE
wind blown
dune/sand
ridge
engineered effective

23

sand ridge

24

sloping land

BACKSHORE
BACKSHORE
COMPOSITION
RESISTANCE
sand with spinifex soil unlithified
and marram

SWASH
LIMIT
sand dune

INTERTIDAL
TYPE
beach

INTERTIDAL
COMPOSITION
sand

rock revetment
with fill and
colluvium behind
drain
sand over
colluvium
colluvium and
landslide debris

engineered effective

rock
revetment

beach over
platform

sand over rock

soil unlithified

sand ridge

beach

sand

soil
base of
beach over
sand over rock
unlithified/soft colluvial cliffs platform
(sandstone)
rock
COMMENT: Sectors 21 to 24 have complex backshore stratigraphy. In addition to the naturally occurring
materials exposures of fill and older structures and recently dumped sand result in variable backshore
slope, beach composition and profile. Extensive accumulations of coarse gravel on cusps and loss of
sediment around the drains at Sector 22 and 24 is a major ongoing issue.

Figure 42. Sectors 21 to 24.
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Figure 43. Sectors 21, 22, 23, 24. A: scarp in renourished backshore sand. B: extensive accumulations of gravel
on beach cusps, C: exposed revetment under eroding recent backshore sand dump, D: Sector 22 drain, E, H:
exposed older structures and drain outlets result in a hazardous backshore and beach for beach users.
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7.7.3.13 Sectors 25 to 28: Marriners Lookout Rd to Milford St
NO

BACKSHORE BACKSHORE
BACKSHORE
SWASH
INTERTIDAL INTERTIDAL
TYPE
COMPOSITION
RESISTANCE
LIMIT
TYPE
COMPOSITION
25 rebuilt sand
sand and gravel
soil unlithified rebuilt dune beach
sand
ridge
(renourished)
26 rebuilt sand
sand ( renourished) soil unlithified rebuilt dune beach
sand
ridge
27 sand ridge
sand
soil unlithified dune
beach
sand
28 drain and
rock revetment
engineered rock
beach
sand
revetment
effective
revetment
COMMENT: Sectors 25 to 28 have very modified backshore with dumped sand and gravel and drain and
revetment structures. For much of all sectors there is no high tide dry beach at any tides. There is
pronounced terminal scour at the drain of Sector 28.

Figure 44. Sectors 25 to 28.
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Figure 45. Sectors 25 to 28. Backshore scarps and sand loss at drains.
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7.7.3.14 Sectors 29 to 32: Milford Street
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
29 engineered - rock revetment engineered - rock
beach
sand
effective
effective
revetment
30 drain and
rock revetment engineered - rock
beach
sand
revetment
effective
revetment
31 engineered - Rock revetment engineered - Rock
beach
sand
ineffective
ineffective
revetment
32 sand ridge
sand and silty
soil unlithified dune
beach over sand, silty sand and
over platform clay
platform
silty clay
COMMENT: Sectors 29 is a fully engineered effective revetment. Sector 30 is a large drain with
two concrete pipes to 31 have backshore and shore zone highly modified by engineered
structures. Sector 32 has complex stratigraphy with a swash limit exposure of silty sand overlying
a sloping shore platform of firm silty clay—either a residual weathering horizon overlying siltstone
or a depositional surface.

Figure 46. Sectors 27 to 32.
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Figure 47. Sector 29 A, B: engineered effective rock revetment. Sector 30 C: drain with large concrete pipes.
Sector 31 D, E: ineffective rock revetment. Sector 32 F, G, H: scarp in sand and silty dark sand overlying clay
platform.
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7.7.3.15 Sectors 33, 34, 35, 36
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL INTERTIDAL
TYPE
COMPOSITION RESISTANCE LIMIT
TYPE
COMPOSITION
33 sand ridge
sand
soil unlithified dune
beach
sand
34 sand ridge
sand
soil unlithified dune
beach
sand
35 sand ridge
sand
soil unlithified foredune beach
sand
36 drain and
rock revetment engineered - rock
beach
sand
revetment
effective
revetment
COMMENT: Sectors 33 to 35 have a narrow sandy backshore highly modified by excavation for
utilities and backfill, paving, exotic plantings and vegetation maintenance and renourished
backshore sand dump.

Figure 48. Sectors 33 to 36.
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Figure 49. Sectors 33 to 36. Backshore sand scarps and beach lowering at drains and revetments.
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7.7.3.16 Sectors 37 to 41: Cawood Street
NO BACKSHORE BACKSHORE
BACKSHORE SWASH
INTERTIDAL INTERTIDAL
TYPE
COMPOSITION
RESISTANCE LIMIT
TYPE
COMPOSITION
37 engineered - rock revetment
engineered - rock
beach
sand
ineffective
ineffective
revetment
38 engineered - rock revetment
engineered - rock
beach
sand
ineffective
ineffective
revetment
39 engineered - rock revetment
engineered - rock
beach
sand
ineffective
ineffective
revetment
40 rebuilt sand
sand (renourished) soil unlithified rebuilt dune beach
sand
ridge
41 rebuilt sand
sand (renourished) soil unlithified rebuilt dune beach
sand
ridge
COMMENT: Sectors 37 to 41 all have narrow backshore with between 8 m and 15 m from limit of
swash and the pavement of GOR. An earlier unengineered rock revetment is exposed beneath a
partial cover of dumped sand. The base is awash at most high tides exposing irregular large blocks
of rock. The sectors are defined by the revetment exposure and presence or absence of the large
exotic backshore trees. Trees have been removed from Sector 39 and Sector 41.

Figure 50. Sectors 37 to 41.
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Figure 51. Sectors 37 to 41. Backshore sand scarp in replenished sand.
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7.7.3.17 Sectors 42 to 45: Cawood St to Thomson St
NO BACKSHORE
TYPE
42 sand

ridge/dune
43 rebuilt sand
ridge
44 drain and
revetment
45 ridge/dune

BACKSHORE
COMPOSITION

BACKSHORE
RESISTANCE

sand

soil unlithified dune

sand (
soil unlithified
renourished)
rock revetment engineered effective
sand
soil unlithified

SWASH
LIMIT

INTERTIDAL INTERTIDAL
TYPE
COMPOSITION

beach

sand

rebuilt
beach
dune
rock
beach
revetment
dune
beach

sand
sand
sand

COMMENT: Sectors

Figure 52. Sectors 42 to 45.
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Figure 53. Sectors 42 to 45. Backshore sand scarp and beach lowering at drain.
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7.7.3.18 Sectors 46 to 49: Apollo Bay
NO BACKSHORE
TYPE
46 sand

ridge/dune
47 sand
ridge/dune
48 sand
ridge/dune
49 sand ridge/
dune

BACKSHORE
BACKSHORE
COMPOSITION RESISTANCE

SWASH
LIMIT

INTERTIDAL INTERTIDAL
TYPE
COMPOSITION

sand

soil unlithified

dune

beach

sand

sand

soil unlithified

dune

beach

sand

sand

soil unlithified

dune

beach

sand

sand

soil unlithified

dune

beach

sand

COMMENT: Sectors 46 to 49 are in the lee of the western breakwater and have experienced
consistent accretion since completion of the Apollo Bay Harbour in 1956. All sectors showed an
erosion scarp in the seaward dune face (Aug 2019).

Figure 54. Sectors 46 to 49.
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Figure 55. Sectors 46 to 49. Scarp in formerly accreting backshore dunes.
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8

COASTAL CHANGES

8.1 Shoreline Position From Vegetation Line
A review of “Coastline Position” over the period 1946 to 2004 as evidenced by the
line of vegetation on the upper backshore was conducted by CES in 2005. These results
have been reproduced in a number of subsequent reports and provide an overview of the
sections of the coast that have undergone accretion and/or recession. The constraints and
opportunities of using vegetation as the determinant of shoreline position are not discussed
in those reports. It must be noted that vegetation may be present on a sandy backshore but
cannot be identified on an aerial photograph because of scale and tonal/colour limitations.
Shorelines may also be accreting but do not have sufficient vegetation established to display
on an aerial photographs. Vegetation is a potential indicator of recession but not a reliable
indicator of accretion because of the time lag for establishment.
Despite potential limitations, the results from CES (2005) correctly indicate
significant accretion in the lee of the breakwater from immediately west of the Lee
Breakwater to just opposite Thomson Street. Slight net recession was noted between
Thomson Street and Marriners Lookout Rd with most significant loss at Cawood Street
(-4.5 m) and Milford Street (-6.5 m). The coast north of Marriners Lookout Road showed
accretion up to the groyne at Wild Dog Creek. These previous results are shown in Table 2.
Analysis of vegetation line mapping was extended in the current study for the period
of 2004 to 2019 using a similar process of plotting the outer edge of observable vegetation
on the backshore. The extended analysis shows areas of accretion and recession which
generally correlate with the previously identified sections but with a marked spatial shift in
maximum recession to the north. Recession continued north of Thomson Street to
Marriners Lookout Rd but with the maximum recession now opposite Joyce Street ( -29.7 m)
and Milford Street (-35.9 m)- See Table 3 and Appendix C.
The period of additional analysis in this study (2004 to 2019) highlights more
widespread recession affecting nearly all sections of the coast from Point Bunbury to Wild
Dog Creek (see Table 3). The reasons why this have occurred in this period are uncertain but
may in part be related to previously identified key factors for change including dredging
operations (although volumes are uncertain), impact of stormwater drains and possible
increase in storminess (although we have not collated the necessary data to confirm this as
it lies outside the scope of the present study.)
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Section

Comment

KK

South of Groyne

LL

1946

1952

1966

1980

1986

1997

1952

1966

1980

1986

1997

2004

Total

-4.0

13.0

-9.0

115

-37.0

37.0

115.0

West of Lee Breakwater

0

12.0

90.0

7.5

-4.0

-7.5

98.0

MM

Opp. Moore street

0

38.0

45.0

23.0

-7.0

-7.0

92.0

NN

Central Apollo Bay

-13.0

18.5

22.5

17.0

0

-9.0

36.0

OO

Opp. Thomson St

15.0

10.0

13.5

-6.5

32.0

PP

Opp. Cawood St

-5.5

3.5

1.0

-3.5

-4.5

QQ

Opp. Joyce St

-1.0

6.0

5.0

-3.0

7.0

RR

Opp. Milford St

-2.5

-3.0

-1.0

0

-6.5

SS

Opp. Marriners Lookout Rd

10.0

-1.0

-1.0

8.0

TT

Near Mary Gold

20.0

2.0

0

22.0

UU

Sth. of Wild Dog Groyne

29.0

16.0

1.5

46.5

Table 2 Coastline Recession Changes in metres using Vegetation Line Mapping for 1946 to 2004. After CES (2005)
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Section

Comment

1946

1952

2004

2009

2014

1952

2004

2009

2014

2019

Total

KK

South of Groyne

8.4

83.3

-0.5

-5.3

0.0

85.9

LL

West of Lee Breakwater

18.1

106.9

0.0

-7.2

-2.0

115.8

MM

Opp. Moore street

--2.9

86.6

2.6

-6.6

3.6

83.3

NN

Central Apollo bay

-15.2

67.7

0.0

-16.7

0.0

35.8

OO

Opp. Thomson St

-17.6

30.4

-1.0

-9.0

-3.8

-1.0

PP

Opp. Cawood St

-4.9

-5.2

-1.4

+5.2

-5.9

-12.2

P’P’

Opp. Cawood carpark

-5.2

-5.3

7.4

-1.2

-9.3

-13.6

QQ

Opp. Joyce St

-8.5

-9.7

-3.6

-1.4

-6.5

-29.7

RR

Opp. Milford St

-16.6

-15.2

-3.1

-3.4

2.4

-35.9

SS

Opp. Marriners Lookout Rd

-9.3

7.7

-4.1

-1.8

-7.5

TT

Near Mary Gold

26.5

0.7

-11.1

4.4

20.5

UU

Sth of wild dog groyne

61.3

-1.4

-5.6

7.7

62.0

Table 3 Coastline Recession Changes in metres using Vegetation Line Mapping for 1946 to 2019. (This Study 2019)
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8.2 Bathymetric Changes
An analysis of historical changes in bathymetry within Apollo Bay was undertaken
using nautical charts and soundings. Bathymetric (depth) contours were digitised from the
1867 charts by H.J. Stanley and compared with current day contours. In addition Digital
Elevation Models (DEM’s) were produced from the 1889 soundings of J.R. Mason and from
the soundings undertaken in 1948 by J.P Larkins (see Figure 56). Both these models reflect
pre- harbour conditions.

Figure 56. 1867 nautical chart by H.J. Stanley (Left) and 1889 Soundings by J.R. Mason (right).

Comparison between the 1889 and 1948 soundings maps showed little difference
between the two data sets suggesting that no significant change occurred between 1889
and the construction of the harbour in the 1950’s (see Figure 57).
These DEMS were then compared individually with the 2008 VCDEM (250 cm) to
produce depth change maps shown in Figure 57.
Comparison of both sets of harbour soundings with current bathymetric levels show
similar patterns of seafloor shallowing around the harbour and within Apollo Bay itself.
However the earlier, more spatially extensive 1889 soundings also show deepening of
nearshore water in between Thomson Street and Cawood Street. Deeper waters will have
moved the wave run up and zones shoreward increasing energy dissipated at the backshore
in this area.
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Figure 57. Comparison between 1889 and 1948 soundings

Comparison between1889 and 2008 DEMs

Comparison between 1948 and 2008 DEMs

Note: Relatively small differences between 1889 and 1948 soundings suggest no significant differences in bathymetric levels pre harbour construction. Post harbour construction DEM
comparison maps indicate shallowing of the Apollo Bay and deepening in front of Cawood Street
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8.3 Beach Elevations and Profile
Changes in beach elevation and profile for the period 2008 to 2019 were determined
by comparing the combined State-wide terrestrial and bathymetric coastal DEM, with recent
monitoring completed by Deakin University 2018/2109 using UAV technology and
photogrammetric analysis.
Comparison of the two surfaces (otherwise known as Digital Surface Models or DSM)
is shown in Figure 58 and indicates widespread beach lowering between the harbour and
Marriners Lookout Road (the extent of the Deakin data). It is noted however that there are
some areas showing either a negligible to no change or a slight rising of levels at either end
of the test area.
An extensive analysis of beach levels changes in tabular format for transects which
correspond to previous profiles assessed by CES in 2005 is also shown in Appendix B.
A series of elevation profiles are also shown in Figure 59 and Figure 60 where these profiles
show a clear trend from 2008 to 2019 of both beach lowering (-0.5 m to -1.0m) and
significant backshore recession into the unconsolidated backshore sand dunes and ridges.
A similar DEM comparison was also possible at Skenes Creek as the Deakin program
also provided an isolated monitoring run here. In contrast, beach levels were noted to have
varied less and if anything reflect a slight rise in beach elevation Details in tabular format are
similarly shown in Appendix B and also in Figure $$.and Figure $$.
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Figure 58. Change in beach elevations At Apollo Bay using a comparison of DEMs from 2008 and 2019. Blue
colours represent loss and red colours represent gain. Magnitude of loss or gain is determined using legend
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Figure 59.Beach level change from 2008 to 2109 shown as profiles at transect locations previously used by CES
(2005). LL=West of Lee Breakwater, MM =Opposite Moore Street, NN= Central Apollo Bay township near
Hardy Street, OO=Opposite Thomson Street.
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Figure 60. Beach level change from 2008 to 2109 shown as profiles at transect locations previously used by CES
(2005). PP=Opposite Cawood Street, QQ= Opposite Joyce Street and RR= Opposite Milford Street.
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Figure 61. Change in beach elevation at Skenes Creek using a comparison of DEMs from 2008 and 2019. Blue
colours represent loss and red colours represent gain. Magnitude of loss or gain is determined using legend

Figure 62. Beach level change from 2008 to 2019 shown as a profile at location SC.
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8.4 Beach Grain Size and Composition
Grain size has been assessed in a number of previous studies, the most comprehensive
and the earliest by the Port of Melbourne Authority in 1989. Results from this analysis found
that the median grain size (D50) varies as follows:


Mounts Bay 0.29 mm



Within the Apollo Bay harbour 0.17 to 0.18 mm



Offshore of the harbour 0.15 mm



On the Apollo bay beach 0.17 mm



Offshore of the Apollo Bay township 0.18 mm
Later studies associated with dredging operations focussed on sand size within the

harbour have generally confirmed these results where other background samples have been
obtained. A programme of sediment sampling for size and carbonate content was
undertaken in August 2019 as part of the current study. Sampling was restricted to the
intertidal and backshore zones with no offshore sampling possible. Figure 60 shows the
locations of the previous and current sediments sampling whilst results from these various
studies are detailed in Appendix E.
Results from the current sediment sampling programme (Table 4) show a marked
increase in sand size on the beach in front of the Apollo bay township compared with
previous PMA results in 1989 (i.e. previously D50= 0.17 mm compared with current D50=
0.25 mm to 0.30 mm) . It is postulated that this change is partly due to a lowering of the
beach elevation which exposes coarser sand located lower in the beach profile. This accords
with visual observations of stratigraphy noted during backshore drilling program (see
section 8.7).
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Figure 63. Locations of previous sediment sampling studies.
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Sample Id

GPS Point

Location

Description

D.50 (mm)

D 50 (mm)

Carbonate %

(PMA 1989)

(THIS STUDY 2019)

(THIS STUDY 2019)

UDY1

637

Lee Breakwater

Mid tide

0.18

0.260

24.57

2

638

Lee Breakwater

Dune

0.21

0.272

48.38

3

639

Pt Bunbury

Mid tide

0.26

0.290

39.85

4

640

Opp. Moore St

Mid tide

0.18

0.313

41.99

5

641

Opp. Moore St

Dune

0.15

0.259

50.71

6

642

Opp. Thomson St

Mid tide

0.16

0.232

42.45

7

643

Opp. Thomson St

Dune

0.289

38.56

8

644

Opp. Cawood St

Mid tide

0.299

33.99

9

645

Opp. Cawood St

Dune

0.337

35.72

10

646

Opp. Marriners Rd

Mid tide

0.214

15.84

11

647

Opp. Marriners Rd

Dune

0.305

30.18

12

648

Wild Dog Ck

Mid tide

0.329

26.76

13

649

Wild Dog Ck

Dune

0.287

30.03

14

650

Skenes Creek

Mid tide

0.283

47.02

15

651

Skenes Creek

Dune Lower

0.305

30.09

16

652

Skenes Creek

Dune Higher

0.299

43.07

0.21

Table 4 Dune and mid tide Sediment Size Sample results from the current study 2019
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Carbonate fraction was determined by acid ingestion for the 16 samples collected in
this study. Carbonate content is one way to determine variation in composition of sand,
over time, identify specific sand bodies and trace movement and exchange of sand bodies
alongshore and on-offshore. As shown in Table 4, carbonate content has a range of values
between a low of 15.8 % Marriners Lookout Road beach and high of 50.7% in the dune at
Moore Street. There is no comparable carbonate data for beach sands from earlier beach
and bay surveys. Ferns et al. (1999) have offshore data from three sites at Apollo Bay: 66.6%
fine sand at 10 m, 68.5% fine sand at 20 m and 18.7% fine to medium sand at 40 m depths.
The limited data from the present study suggest different sources for the three parts
of the study area. The southern area —Pt Bunbury to Cawood St—has a limited range of
values (34% to 43%) on exposed beaches including Point Bunbury but a low value of 25% in
the sheltered beach at Lee Breakwater. The lower values of the central area—Marriners
16% and Wild Dog Creek 27%—reflect locally different sources. The low value at Marriners
also coincides with the finest sediment D50 result and reflects the localised source of beach
sand from backshore and seafloor exposures of fine dark and silty sediments. Also the lower
value at Wild Dog Creek indicates potential beach nourishment from fluvial sediment
sources. The high northern area value—47% at Skenes Creek and the exposed southern area
beaches suggests more direct nourishment from the shallow water high carbonate values
reported by Ferns et al. (1999).
8.5

Coastal Engineering & Backshore Protection Works
A chronology of past anthropogenic changes including construction of coastal

structures and protections works is detailed in Table 5 and Table 6 .Whilst many of these
works have been in response to erosion events including the significant recent works by
VicRoads opposite Milford Street the construction of the Apollo Bay harbour is considered
to be a significant influence on the natural system.
Other important changes have been associated with recent upgrading of drains
discharging onto the beach. Drain locations as observed during recent inspections are
detailed in Table 7. Observations made during the current study and previously alluded to
in the Vantree et al report (1996) noted localised backshore recession, sand saturation and
removal under outflows and a general lowering of the beach in the immediate vicinity of
these drains.
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Date

Source

Location

Description

1931

Bird (1993)

Apollo Bay foreshore
Dunes for unspecified
extent of Cawood creek

Dunes were levelled and creek filled in to
improve waterfront

March 1947

PMA 1989

Apollo Bay Foreshore
(north of Jetty)

Construction of concrete block wall north
of jetty (no length specified
Is undermined and partially collapses by
June 1947

March 1948

PMA 1989

Apollo Bay Foreshore
(Nelson Street to just
before Thomson Street)

Construction of a low rubble seawall
along erosion scarp which extended 170
m south of jetty to 500 m north

1952s

Vantree 1996

Wild Dog Creek

Construction of Groyne

1949 to Dec
1952

PMA 1989

Apollo Bay Harbour

Construction of main breakwater
continuing

Dec 1955

PMA 1989

Apollo Bay Harbour

Construction of Harbours essentially
complete

March 1956

PMA 1989

Point Bunbury

Construction of Pt Bunbury Groyne.
Initially 60 m in length

January 1957

GHD 2009

Point Bunbury

Groyne extended by an additional 60 m

Sept 1957

GHD 2009

Point Bunbury

Groyne extended by an additional 10 m

1958

GHD 2009

Apollo bay Harbour

Lee breakwater extended by 70 so as to
reduce Entrance channel to 70 m

Unknown

THIS STUDY

60 m north of Cawood St

Older unengineered revetment revealed
at the front of the backshore dune. Origin
unknown

Table 5 List of coastal protection works from 1930s to 1950’s

Date

Location

Description

2011

Apollo Bay and Skenes
Creek

Most beaches in the region were impacted by erosion during July.
Estimated loss of 3.6ha of foreshore during July storms at Apollo
Bay, 0.6ha at Skenes Creek. Response was at risk sites including
sand backs and removal of dangerous trees. Sewer main was
exposed at Apollo Bay with response by Barwon Water to protect
pipe by dumping of sand

2013

Apollo Bay

Significant storm occurred in August, however no reports of
significant damage at Apollo Bay

2014

Apollo Bay foreshore

June storm with reported damage from falling cypress trees on the
foreshore, risk funding used to remove trees not for erosion control
works.

2015

Apollo Bay

Sand renourishment works. The impact of storms during 2015 is
outlined in figures 3-1 to 3.3 of the Water Tech report 2019.
Response was not broad renourishment but at specific sites

2016

Marengo

Removal of the Toilet Block Facility at Marengo Beach plus start of
beach/backshore renourishment Program

2017

Marengo

Marengo Beach Renourishment Program. Including incorporated
Spinifex, coir logs and Jute matting onto the backshore dune system

2018

Apollo aby Marengo and
Skenes Creek

Apollo Bay/ Marengo/ Skenes Creek Beach Renourishment Program.
Vic Roads Rock revetment installed along foreshore opposite
Milford Street

2019

Apollo Bay

Apollo Bay/ Marengo Beach Renourishment Program. Storms in late
March, then late April. Persistent large swells in July lead to loss of
most of the early renourishment efforts

Table 6 List of storm events and works and responses by DELWP and Others from 2011 to 2019
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Sector ID

Locality

Type

Easting

Northing

13

440 m SW of
wild Dog Creek
Rd

Drain

732965.5

5708891.0

15

630 m SW of
wild Dog Creek
Rd

Drain and new
foredune

732817.0

5708766.5

17

Opp nth end of
Pisces

Drain and some
revetment

732707.9

5708661.7

20

95 m NW of
entrance to
Pisces

Drain and no
revetment

732592.9

5708535.8

22

Opp entrance
to Pisces

Drain and
Revetment

732513.8

5708452.2

24

Marriners
Lookout Rd

Drain and
Revetment

732438.9

5708340.7

28

Nth end of
VicRoads work

Drain and
Revetment

732344.0

5708197.2

30

Sth end of
VicRoads work

Drain and
Revetment

732256.9

5708049.7

36

Cawood creek
outlet

Drain and
Revetment

732094.3

5707728.1

44

Thomson St

Drain and
Revetment

732003.5

5707250.7

Table 7 Location of drains as observed during current inspections

Note: No drains south of Thomsons Street
8.6

Harbour Operations and Dredging
Following completion of the Apollo Bay harbour in 1956, sand moving from south to

north around Point Bunbury was noted to be then moving into the harbour entrance. As a
result, dredging of the harbour entrance was required almost immediately and has been
continuing ever since .GHD (2009) provided a detailed overview of the historical harbour
dredging operations from 1956 to 2009. This information has been combined with
additional information obtained from a number of other sources (PMA 1989, CES 2005, Pers
comm. with the then COS port coordinator (2018) and with staff Otway Coast CoM (2019))
to complete an overview of dredging operations at the harbour up to the present time (see
Table 8). To date, it is understood that dredging spoil has been discharged off the west
breakwater and its transport beyond the discharge point has been primarily under the
influence of the prevailing coastal processes
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Estimates of the volumes of sand dredged from the harbour entrance during these
periods are uncertain due to incomplete records and lack of and/or failing monitoring
equipment. Table 9 provides our summary of possible volumes being dredged and or
intercepted at Point Bunbury during specific time periods and/or at points in time. As we
can determine there appears to have been between 27,000 m3 and 100,000 m3 dredged
annually with a possible median figure of around 80,000 m3. However it must be stated that
there is considerable uncertainty attached to these figures. It is also stated that these
volumes are generally sand dredged from the harbour entrance and as such may not
necessarily reflect the total amount of longshore drift form the south to the north
Additional information provided by DELWP also details plans by COS for significant
maintenance dredging within the inner harbour to create a more navigable harbour. A
series of studies have been conducted (John Kowarsky and Associates 2015, CES 2015, COS
internal study 2015, Evers Consulting 2018 and AMA 2018). These studies focused mainly on
disposal options from this maintenance dredging with various discharge points considered
including offshore disposal.
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Date

Source

Description

Comment

January
1956

GHD2
009

The entrance to the harbour dredged by
200mm suction dredge , The Pioneer

The entrances quickly accreted
soon after

1958 to
1960

PMA
1989 and
GHD
2009

Dredging required to maintain entrance with
54,000 m3 dredged from entrance in this
time.

Comment only applies to
maintaining navigation into and
out of the harbour and no info
about further infilling of the
harbour

1960’s to
1998

GHD
2009

No records of sand management/ dredging
available

(Seems to conflict with the entry
below)

January
1984 to
December
1988

CES 2005

Dredging records indicate a total of
3
402,000m was dredged in this period. This
3
equates to of the order of 80,000 m /yr

It is believed the PMA 1989 report
is the actual source of this figure.
This annual figure for dredging
has been used as the total volume
of sediment transport past Pt
Bunbury

1996

Vantree/
CES
report
August
1996
summaris
ing PMA
report
1989

The conclusion of the PMA study stated that
“The natural infilling of the harbour caused
by the northward drift of sediments of the
order of 80,000 cubic metres per year

PMA 1989 report unsighted
therefore not able to confirm.

GHD
2009

Sand was excavated from north side of Pt
Bunbury groyne.

The method of excavation from Pt
Bunbury was not indicated but
assumed via excavator.

1999 to
2005

Suggests an annual dredging volume =
3
27,000m

During this time sand also dredged from the
Entrance by The Gannet. Records show
59,166 m3 excavated from Pt Bunbury from
2002 to 2005.

It is not known how records were
kept or what the name of the
dredge was?

No dredging records or dredged
volumes available for the Gannet

The Gannet operated for a total of 364 days
from 2001 to 2005
2006 to
Sep 2009

GHD
2009

The Gannet continues to dredge sand form
eth entrance
Total of 146 days from 2006 to sept 2009.
Overall average from 2001 to 2009 of 60 days
/yr

2009

GHD
2009

The entrance is dredged on an “as needed
basis” weather permitting

Circe
2014

ASMG
(pers
comm.
with
Otway
Coast)

The Gannet is decommissioned and scrapped
and new dredge The Apollo commissioned.
Dredging continuing over past 5 years but
currently not operating due to pump failure

The Gannet is capable of dredging
between 125 m3 to 200 m3 per
effective dredging hours, with a
likely average of about
175 m3/hr. Based on 5 hr
effective working days average
volume pumped per 60 days year
is 52,500 m3/yr. Total volume
estimated to have been dredged
between 2001 and 2008 =
420,000 m3

No records are yet available
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3

Circa
2018

ASMG
(pers
comm.
with Port
Coordinat
or)

Low 70,000m /yr reaching the harbour

July 2018

ASMG
(pers
comm.
With
DELWP
works
manager)

During the Marengo sand renourishment
3
works DELWP noted approximately 2000m
was available for extraction north of the Pt
Bunbury groyne every 2 weeks. This equates
3
to 52,000 m /yr before it gets to the harbour
entrance

No volume records kept from
dredge only hours worked.
Information provided by COS Port
Coordinator

Table 8 Overview of available dredging records at Apollo Bay harbour

Date
1950’s
1989

Source
PMA
PMA

Description of Dredging volumes
3

27,000m /yr

Comment
Earliest records

3

80,000 m /yr

Dredging records
3

1996

Apollo bay Coastal
processes study –
Vantree

80,000 -100,000m /yr

SEDTRANZ model

1997

Mounts Bay Beach
Report in Coastal
Erosion - Vantree

80,000 m3/yr

Dredging records

2002
to
2005

Current study

84,135 m3/yr

See Note

2005

Apollo Bay sand
study CES

80,000 m3/yr

Analysed data from
1998 to 2004

July
2018

Marengo Study
EGS and ASMG

Low 70,000m3/yr reaching the
harbour

No volume records
kept from dredge
only hours worked.
Information
provided by COS
Port Coordinator

Table 9 Various estimates of dredging volumes arriving at entrance to Apollo Bay harbour

Note: Pt Bunbury bypass via excavation = 59,166 m3 for period of 2002 to 2005. The Gannet
dredging from 2002 to 2005 = 317 days at (hrs/day x 175m3/hr) = 875 m3/day therefore total
volume = 277.375 m3. This equates to 69,343 m3/yr. Total volume both excavated and
bypassed for 2002 to 2005 inclusive = 336.541 m3 or an average of 84,135m3/y
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8.7

Backshore Drilling Program
Considerable geomorphic analysis has been undertaken to establish the nature of the

backshore and how this has changed over time, Additional insight has been gained from a
review of previous geotechnical studies carried out within the study are including drilling by
VicRoads at bridge abutments at Skenes Creek and Wild Dog Creek (see discussion in section
7.4) and other geotechnical studies for developments in this area (e.g. Yttrup 2000.)
Further understanding of the nature and composition of the backshore was gained
during this current study through drilling 5 new boreholes on the immediate backshore at
locations generally corresponding with the previous sampling and analysis transects initially
used by CES (2005) and then used for the recent sediment sampling assessment during this
study. Figure 61 shows the locations of the 5 boreholes drilled on the 12 th September 2019
and details of the bore logs are contained in Appendix F.
Generally the backshore profile was confirmed as generally consisting of a significant
depth (between 3 and 4 m) unconsolidated loose fine to medium grained sand grading into
a slightly coarse grained and at depth. This in turn was found to overlie a relatively thin layer
(approximately 1.0 m in thickness) of dark grey fine “mineral sand” at a consistent reduced
level of approximate 0.5 m AHD. This finer grey sand was then found to overlie a harder
substrate of gravel cobbles and indurated sandstone and siltstone which may represent an
earlier shore platform.
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th

Figure 64. Location of Boreholes drilled on 12 September 2019 to confirm nature of the backshore
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9

CAUSES OF COASTAL CHANGE
The key geomorphic changes are unlikely to be attributed to any single causal factor but

are more likely to be a complex interplay between numbers of factors. As this is a wavedominated coastal system with sand as the principal geological material in all components
(subtidal, shore zone and backshore), a change in the character of one of these components
will lead to changes in the overall system. These feedback changes will occur over different
time scales of months, years, decades or even longer. European occupation has
substantially and directly altered the interface between the bay, beach and backshore
between Point Bunbury and the headland north of Wild Dog Creek. Ambient or background
changes are overprinted but potentially disguised by these direct human impacts. Examples
are potential changes in nearshore sediment transfer due to variations in wave direction
and length in deep water over the past 200 years. The reshaping and partial replacement of
the materials of the backshore sand ridges from Point Bunbury to Marriners Lookout Road
and installation of fixed structures (buildings, roads and other utilities) has fundamentally
altered the capacity of this coastline to respond elastically. The need to maintain a fixed
shoreline position does not give the time for episodes of shoreline recession to be replaced
by episodes of accretion. In other words, this is a captured coast with no room to move.
A number of potential contributing factors causing change across the study area have
been identified in previous studies and generally supported by the findings of the present
study. Taking into account the specific nature of human impacts and likely ambient factors
on a high waver energy sandy coast, we recognise the following:


Logging of forests and removal of trees on all coastal slopes all the way down to the
shoreline increasing runoff to the natural drainage paths to the coast.



Lowering of frontal dunes in front of the southern part of the township to create
foreshore amenity and significant modification and diversion of the natural drainage
system established in behind these dunes.



Construction of a number of jetties at the coast in and adjacent to Point Bunbury
dating from the late 1800’s.



Implementation of various erosion protection structures (block seawalls and rock
revetment) in the 1930’s and 1940’s in the southern part of the township in
response to coastal erosion and recession.



Implementation of more recent backshore renourishment and coastal revetment
works culminating in the recent Milford Road engineered rock revetment.
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Construction of an increasing number of drainage outlets at the coast to cope with
increasing residential development within the township.



Construction of the Apollo Bay harbour and the groyne at Point Bunbury has had
three fundamental impacts on the morphodynamics of Apollo Bay embayment:



(a) alteration of wave refraction around Point Bunbury and hence direction and
energy of wave approach into the bay



(b) interception of alongshore sediment transport from south and east to the bay



(c) redirection of depositional patterns determined by the altered wave and current
directions.



The resultant change in the angle of incidence of wave approach due to the harbour
has potentially led to shallowing of the seafloor adjacent to the harbour



Intensification of oblique incident wave approach with historical evidence indicating
wave approach was more parallel to the coastline before harbour construction



Reduction of sediment supply from the seafloor possibly due to alterations in wave
energy able to deliver such sediment to the shore.



Increased losses of beach and backshore sediment due to an observed lowering of
the intertidal beach profile resulting in a loss of a high tide dry beach.



Reduction of sand supply from inland dunes due to human alterations to backshore
geomorphology and colonisation and stabilisation of dunes by grass species in the
accumulated dune sand in the lee of the harbour.



Attrition of beach material due to a geologic isolation of sand supply from the now
stranded deposits of Wridjil Gravel and the lack of any sediment source from the
Cretaceous rocks.



Increased/ decreased wave energy due to shallowing of the bay adjunct to the
harbour and possible locally deepening of the water in front of the central and
northern sectors of the Apollo Bay township.



Increased scour by wave reflection from rock s could be a future factor from recent
revetment works



Localised raising of beach water table around drain outlets due to stormwater
discharges and subsequent localised saturation of sand resulting in easier
mobilisation of sand grains and increased scour
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Removal of beach material by runoff and discharge from drains resulting in sluicing
of beach materials and subsequent erosion.



Ongoing dredging and dredge spoil disposal.
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10 IMPLICATIONS OF THE GEOMORPHIC CONTEXT ON POSSIBLE
MANAGEMENT RESPONSES TO COASTAL CHANGE
A number of options have been proposed in previous studies (Vantree et al. (1996),
CES (2005), CES (2015) and GHD (2009, 2018)) to address the issue of backshore recession at
Apollo Bay. Whilst a detailed technical review of the technical aspects of these options falls
outside the scope of the present study, the geomorphic context discussed and established
within this study can be used to assess in a conceptual manner the implications of this
context for the various management options.
As such, there are three fundamental geomorphic issues to be considered in any
management strategy adopted: (1) clear evidence that episodes of backshore recession
occurred prior to construction of the harbour, (2) the inherent sensitivity of a backshore
comprised of unconsolidated sediments in a high wave energy environment, (3) lack of
backshore accommodation space to allow temporal variations in accretion and recession to
occur without loss or damage to assets.
As a result we would make the following comments for the main management options
previously proposed.
10.1 Do Nothing
A “Do Nothing” approach would continue management of the harbour including sand
disposal as in the immediate past with no proactive intervention or engineering response to
be implemented within the shore zone or at the backshore between Apollo Bay and Skenes
Creek.
The most likely outcome would be a continuation of erosion within both the intertidal
and backshore zones under what are relatively frequent triggering or initiating climate and
metocean events. (See ASMG/EGS (2018) and GHD (2018) for analysis of triggering events
which assesses the combination of wind and wave climate to have a recurrence interval of
around 1 in 1 year).
Erosion and ensuing recession on the backshore has recently occurred not only in the
more noted coastal section between Cawood Street and Marriners Lookout Road but also
for much of the coastline between The Lee Breakwater and Wild Dog Creek. As such it could
be expected that ongoing erosion and coastline recession within the entire study area will
continue to occur periodically under similar climate and management conditions.
The recent analysis by GHD (2018) concluded that some sections of the coast
(backshore) could be severely impacted within a time period of 10 years. Our detailed site
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analysis of the geomorphic nature of the backshore also noted that some sections of the
backshore have lower resistance to erosion due to the unconsolidated nature of the
materials. When this is factored into an assessment of coastal processes—including the
angle of wave incidence and storm frequency—then variations in both the magnitude of
change as well as the locations of more significant recession must be expected within a
relatively short time frame.
The other aspect of a “Do Nothing” scenario is that amenity on the beach—in
particular a reduction in area of useable high tide dry beach that has occurred over recent
years—will continue, with associated loss of beach recreational value.
10.2 Planned Retreat
A planned retreat option is most appropriate when sufficient available land exists
between the coastline and assets of interest. There is significant distance between the
coastline and the foreshore infrastructure and amenities on the southern section of the
study area from the Lee Breakwater to Thomson Street. As a result, relocation of assets and
changes in the use of the backshore in this area would be feasible.
However there has been a limited spatial buffer between Cawood Street and
Marriners Lookout Road at least from 1946 to the present, and this backshore has
continued to recede since 2004. Various studies (Water Technology 2012) have recognised
that the processes affecting this section of the coast pose a high risk to key assets such as
the Great Ocean Road and various utilities.
Given the high tide shoreline is now within 6 m of key assets in this area, planned
retreat would require relocation of utilities and the Great Ocean Road. This does not seem
immediately possible given the proximity of residential areas on the other side of the Great
Ocean Road.
In summary planned retreat may be possible in the southern area of the study area,
but is unlikely to be a practical or acceptable option in the central section of Apollo Bay.
10.3 Beach Renourishment
Beach renourishment is a generalised term which includes replenishment of sand in
both the backshore dune system at Apollo Bay and some associated renourishment within
the shore zone. The renourishment has comprised sand sourced from Marengo, Point
Bunbury and Wild Dog Creek and has been essentially put in place without compaction or
consolidation. In engineering terms, the resulting materials have a loose relative density
with no significant layering or compaction.
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Renourishment produces a short term positive affect by establishing a spatial seaward
extension to the recession line at the coast, providing a new source of sand to be distributed
into the intertidal and subtidal zones and immediately raising beach levels which can move
the limit of the swash seaward and protecting the basal slopes of the renourished backshore
dunes for some time.
The drawback with this approach as evidenced by a number of operations at both
Marengo and Apollo Bay is that when conducted in isolation of other works which modify or
take into account coastal processes, it usually results in a loss of materials and the shore
profile and backshore slopes are quickly returned to previous configurations. Based on
observations over recent years, the loss of material can be quite rapid (weeks to months)
and the advantage of spatial extension and raising of beach levels might be lost within that
time.
In summary this approach is only seen as an appropriate option for emergency
responses but is not seen as a viable long term option for protection and stabilisation of the
coast at and north of Apollo Bay
10.4 Informal and Formal Rock Revetment
Informal rock revetments have been used at Apollo Bay both in the southern section
of the study site (north of the old jetty) prior to harbour construction (circa 1940’s) and
further north ( date unknown) in an area immediately adjacent and south of the current
VicRoads formal rock revetment opposite Milford Street.
Unengineered rock revetment without proper attention to zonation of primary and
secondary rock sizing and filter requirements at the revetment backshore interface may not
perform adequately and can still allow erosion and recession to occur, albeit at somewhat
reduced rates.
More recently a formal rock revetment has been engineered designed and installed
adjacent to Milford Street. This revetment was implemented in response to a perceived high
risk associated with the Great Ocean Road and other utilities within the road reserve.
Whilst a revetment can be very effective in addressing risks to the assets behind the
line of the revetment, they can induce terminal scour at the ends of the structure. They can
also induce scour and lowering of beach levels in front of the structures due to increased
reflection of wave energy where the swash line is right on the structure itself (as is the case
at Apollo Bay).
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In summary, whilst the use of rock revetment would most certainly be a viable
solution to the protection of elements at risk behind the structure. However such an option
may exacerbate the already observed lowering of the beach in front of the structures
resulting in a further loss of beach amenity and may induce scour at the unprotected ends
of the structure.
10.5 Vertical Seawalls
Vertical seawalls are expected to have similar effects of rock revetments but tend to
be extreme and produce greater impact to beach amenity in front of the seawall (e.g. Pt
Lonsdale). The use of a vertical seawall at Apollo bay is not considered appropriate in terms
of beach amenity.
10.6 Groynes and artificial headlands with renourishment
Groynes and artificial headlands constructed perpendicular to the alignment of the
coast are primarily designed to intercept longshore drift and allow for accumulation on the
downdrift side of the structures. This can have the effect of both creating higher beach
levels and extending the shoreline seawards thus creating a wider spatial buffer between
the limit of swash and the backshore.
Such structures are most effective when there is an abundance of sand volumes
moving alongshore. However, they can have an adverse effect of intercepting or disrupting
sediment transport by causing accumulation of sand on the updrift side of the groyne but
induce erosion in the lee (downdrift) of the groyne.
Such systems work well in the long term when sufficient sand is available to
accumulate to the distal end of the groyne and then sand continues to bypass after the
retention capacity behind the groyne has been reached. This is the case at Wild Dog Creek
groyne, where the shoreline has migrated seaward and beach /backshore surface levels
have risen to allow colonisation of pioneer species to stabilise a new accreting foredune.
Available sand in the longshore drift system may need to be supplemented initially by
renourishment from external sources and subsequent maintenance nourishment.
The spatial impact of a single groyne may be limited and as such to be effective a
series of groynes within any stretch of coastline may be required. Currently the influence of
the groyne at Wild Dog Creek is only felt for a distance of around 250 m south of the groyne,
beyond which point the coast is again receding.
In summary groynes or artificial headlands can be effectively used to capture and
retain longshore drift giving higher beach levels and establishing a wider spatial buffer
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between the limit of the swash and the backshore. The groyne at Wild Dog Creek provides a
good local case study of what might be achievable.
However there is potential for downdrift effects which may transfer erosion issues
away from the initial problem area to a new location. Groynes may result in offshore
sediment loss by rip currents developing on the downdrift side when storm waves arrive
from a different direction. As such detailed assessment and modelling is necessary to
determine the volume of sand required to supplement sand supplies within compartments
created by a single groyne or groyne field.
10.7 Offshore Breakwaters and Submerged Reefs
Offshore structures such as shore-parallel breakwaters (SPB’s), submerged reefs and
beach sills can influence coastal processes and reduce wave energy reaching the intertidal
and backshore zones. This can lead to deposition in the intertidal shadow zone between the
breakwater and the backshore and reduce the ability of waves to scour and remove
materials. Relevant parameters include determining if the breakwater is to be a single or
multiple structure, emerged or submerged, distance offshore and orientation in relation to
shoreline geometry, and design details such as height, length, side slope angle, spacing. A
clear understanding of sediment volumes and pathways is a precursor to developing a
design of any offshore or protruding structures. Changes in the offshore bar and trough
systems may be anticipated with the installation of emergent or reef structures. As SPBs
have rarely been employed for coastal protection, the long term efficacy remains largely
unknown (Ranisinghe et al. 2010).
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11 ANSWERS TO THE KEY QUESTIONS ASKED IN THIS STUDY
In section 3.1 (page 4), we posed three key questions to be addressed in this study:


What factors have determined the geomorphology of the backshore and shore zones
between Point Bunbury and Skenes Creek?



What factors and processes are involved in present-day shoreline change?



What implications does coastal morphodynamics have for ongoing management?

We have effectively addressed these questions in the preceding sections of this report and
provide a summary below.
11.1 Factors Determining Geomorphology
 Context geology, structure, wave climate
 Inherent variability of wave-dominated systems
 Limited sand supply, sand movement and emplacement
 Narrow backshore zone
 Low incidence of onshore winds and limited dune development
 Substantial human interference in coastal morphodynamics
11.2 Present-Day Shoreline Change


Continued interception of wave and sand movement by harbour



Reduction in sediment supply to beaches north of Thomson Street



A catalogue (text book?) of engineering intervention.

11.3 Implications for Possible Management Responses


A do nothing scenario is likely to result in ongoing erosion and recession within the
study area.



Hard engineering options such as revetments and seawalls may be effective in
protecting assets within the narrow backshore area but may result in changes and
loss of amenity within the intertidal and even subtidal zones



Use of groynes or offshore structures may assist with raising of beach levels and the
creation of a buffer to the backshore but are dependent on longshore and cross
shore processes which may also need to be complimented with beach
renourishment.



It is unlikely that no single one solution will be effective by itself and a combinations
of approaches will be most likely be required
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Notwithstanding the inevitable changes associated with any anthropogenic changes
and response imitated within the study area, it must be understood that such
change will be imprinted over a natural system with an already inherent inbuilt
variability and capacity for change as shown by the historical assessment undertaken
within this study.
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12 CONCLUSIONS
Just as it is unlikely that any one geomorphic or coastal process factor is solely
responsible for recent shoreline recession at Apollo Bay, it is also unlikely that only one
remedial option will be affective in addressing this issue .
The preferred long term goal is to elevate beach profiles and move the swash limit
seaward. In this dynamic environment this can only be achieved if there is sufficient sand in
transit alongshore and cross-shore and/or it is retained by engineered structures.
We conclude that in the light of the geomorphic context as well as the observed existing
and changing coastal processes, the key actions needed to be addressed should include:


Less interference to longshore sediment transport from north to south around Point
Bunbury



Better understanding of the amount of cross-shore sediment interchange along the
entire study area can be obtained by close monitoring of bathymetry north of the
harbour



More controlled management of dredging operations at the harbour including better
ability to choose and alter locations for disposal



Modifications to the outlets of drains to reduce immediate localised impact at
backshore and within the intertidal



Enhanced resistance to the backshore through the use of revetment and/or
establishment of a spatial buffer.

Whilst a detailed technical recommendation on what options are best suited to achieve
these goals is beyond the scope of this report, we suggest that consideration be given to the
following combination of remedial works


Enhanced monitoring and control of dredging volumes at the harbour entrance
through equipment and protocols



The installation of a pipe along the backshore or buried within the intertidal area
that can facility controlled discharge of pumped slurry at a number of locations along
the coast between the lee breakwater and Cawood Street (see CES 2015)



Use of coastline perpendicular groynes to create compartments capable of retaining
sand (Vantree 1996 , CES 2005, GHD 2018)



Extension of drain outlets with possible incorporation of these drains within groyne
structures
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Some periodic as “required” beach renourishment operations to compliment
volumes retained in coastal compartments formed by groynes



Enhanced monitoring program including both intertidal and subtidal monitoring to
establish volumes of sand being moved and where it is being moved to so as to
ultimately allow better guide management decisions

Any final implementation of these measures would by necessity require further detailed
modelling and possibly some further data collection (i.e. better establishment of the volume
of sediment reaching both Point Bunbury and the harbour entrance, offshore sediment
sizes, bathymetry in the near and offshore zones)
Following further consideration and input by key stakeholders including the community
it is envisaged that a suitably qualified coastal engineering consultant should then be
engaged to provide a final review on the proposed combination of works and to provide
technical details for their design and implementation

IMPORTANT NOTE: the implementation of any works inevitably will alter system
dynamics in some form. It is important that future modelling works also address uncertainty
about how the implementation of such remedial works at Apollo Bay could affect sections of
coast further to the north: in particular the availability of sediment to still travel north
towards the beach at Skenes Creek.
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13 RECOMMENDATIONS
Based on our current understanding of the geomorphic context and the coastal
processes at play within the study area, we believe the following recommendations for
further works would allow key data gaps to be closed:


Further offshore sediment size and carbonate percentage determination at key
locations adjacent to current sampling transects.



Further bathymetric determination from Haley Reef to Skenes Creek to allow better
understanding of how the seafloor elevation has changed over the entire study area
and not just around the harbour.



Review of dredging records form harbour to better establish history of volumes
pumped since harbour construction



More detailed review of climate and metocean data to answer the question of
whether storminess has increased.
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