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EXECUTIVE SUMMARY
Purpose
This report was commissioned by the Department of Environment Land Water and
Planning (DELWP) Victoria to assess the effectiveness of backshore sand renourishment at
Mounts Bay, Marengo, as a viable option for managing coastal hazard risk.
Background


Previous studies have documented changes in shoreline position, coastal processes
and sediment movement in Mounts Bay and presented options for hazard
mitigation.



These options included fencing, revegetation, renourishment of the backshore dune,
as well as hard engineering options such as seawalls and groynes. Constraints and
opportunities of these methods were outlined in these reports.



A winter storm in 2012 resulted in substantive backshore recession. Following this,
Water Technology Pty Ltd prepared a Coastal Hazard Assessment Management Plan
that identified backshore sand nourishment as a short to medium term strategy that
could be rapidly implemented (Water Technology 2012).



A subsequent report (Water Technology 2016) identified harvest areas at the
Barham River mouth and Point Bunbury and recommend placement along a critical
600 metre sector of receding sandy backshore of central Mounts Bay.



Backshore renourishment was seen as an immediate response to erosion and
recognised that this treatment may need to be on-going.



The renourishment programme in 2017 placed 15,943 cubic metres of sand shaped
as a bench extending 3 to 4 metres beyond the (then) existing crest level of the
remnant dune and terminating with a seaward batter slope between 14° and 20° or
1 in 4 to 1 in 2.7.



Monitoring of the topography of the beach and backshore of Mounts Bay by UAV
photogrammetry and ground survey and photography before and after the
renourishment showed that by October 10th 2017 substantial loss of the placed sand
had occurred.
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Surveys on March 23rd 2018 showed between 70% and 90% loss of reconstructed
backshore sand in the central section and almost 100% loss in the northern section
of Mounts Bay.

Methodology


This report reviews previous studies of sediment dynamics and coastal processes at
Mounts Bay, details the evolution, physical characteristics and metocean processes
and documents the nature of backshore changes over 2017 to 2018, over recent
decades and longer (geological) time scales.



Shoreline position was determined from established and ephemeral vegetation lines
recorded on vertical aerial photographs taken at intervals between 1946 and 2014.
Sediment dynamics of Mounts Bay predicted by previous quantitative modelling
studies was compared with the present configuration of the Barham River catchment
and adjacent bathymetry recorded on high resolution marine surveys.



Field inspections were conducted between February 2017 and March 2018 covering
the period before, during and after sand nourishment.



Records of metocean conditions—wind direction and strength, barometric pressure
and hindcast wave data—bracketing the period of and subsequent to the 2017 sand
nourishment were compared with 30 year records to determine if sand loss was
related to unusual high energy events.

Key Findings


Following renourishment, between 70% and 90% of the placed sand (and in places
100%) was lost as a result of the metocean conditions.



Lowering of the beach elevation in front of the renourished backshore also occurred.



The recession events following the 2017 renourishment were not occasioned by an
extreme or unusual metocean condition.



Recession has reduced the beach amenity and comprises a hazard for utilities on the
seaward side and for the foundation of the Great Ocean Road.



Mounts Bay beach and backshore has low resistance to physical stress from wind
and waves action due to the absence of consolidated geological materials in the
backshore dunes and the fine composition of the sand.
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Relatively frequent high energy metocean conditions are experienced that have the
ability to degrade/erode the backshore and lower the beach profile.



There appears to be relatively little ongoing onshore movement and retention of
sand from Mounts Bay despite the predictions of the previous sand modelling.



Sand loss along the Mounts Bay backshore is unevenly distributed.



The bathymetry of Mounts Bay including a 30 metre deep enclosed depression north
of Little Hayley Reef is not consistent with large volumes of sand being transported
onshore across Mounts Bay.



Sand nourishment/erosion mitigation works in 2017 had immediate short term
benefit but little to no medium to long term benefit under the metocean conditions
experienced during 2017.



A do-nothing response i.e. no further backshore renourishment or engineering
intervention will result in continued recession of the backshore.



Utilities on the seaward side of the Great Ocean Road and the verge and ultimately
pavement of the road could potentially be compromised in less than a decade and
possibly within 5 years.



Renourishment of the backshore with similar design and materials to that used in
2017 is not seen either as a long-term method of mitigating the hazard risk at
Mounts Bay nor as a means of stabilising shoreline position and maintaining a beach
and sand backshore.



Repeating the 2017 nourishment style will buy time but is not seen as a viable long
term response.



Assessment of other engineered treatments will require detailed modelling of
potential impacts to the beach, intertidal and sub tidal zones.



Assessment of the potential nourishment of the intertidal and sub tidal area is an
option; however significant construction and operational issues require
consideration.



There are major knowledge gaps regarding sources and dynamics of sediment
movement and changes in the subtidal morphology of Mounts Bay.
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We recommend that other nourishment options and engineering solutions be
investigated as the most viable long term option for managing coastal hazard risk at
Mounts Bay.



The sand nourishment works commenced in 2018 should only be continued and
repeated as short-term responses to hazard reduction.
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INTRODUCTION AND BACKGROUND
Water Technology Pty Ltd (WT) was commissioned in 2012 by the then Department

of Sustainability and Environment (DSE) to prepare a Coastal Hazards Management Plan
(CHMP) for the coastline between Skenes Creek and Marengo, including Apollo Bay. Of
particular priority was the ongoing coastal erosion at Mounts Bay, Marengo.
Utilising a risk management approach, the CHMP presented by Water Technology
(2012) provided a strategic framework for identifying and responding to coastal hazard risk
in the study area and a plan for mitigating risks to key assets and infrastructure over a 10
year management timeframe. The CHMP recommendations for short, medium and long
term management actions included the development of a sand management plan for
mitigation of coastal hazard impacts and identified sand nourishment as a risk mitigation
measure. As a result, a further report―the Marengo to Wild Dog Creek Sand Management
Plan (SMP)―was completed by Water Technology in October 2016 (Water Technology
2016). The plan included a harvest area at the Barham River spit and deposition along 575
metres of backshore of Mounts Bay beach identified as the highest risk of recession.
The SMP for Mounts Bay was implemented by the Department of Environment Land
Water and Planning (DELWP) in early 2017 and as part of the overall strategy, a monitoring
program was developed by A.S.Miner Geotechnical (ASMG) in association with DELWP. This
monitoring program utilised data capture from unmanned aerial vehicles (UAV’s).
Subsequent processing and data review allowed assessment of volumes changes in the
backshore and part of the intertidal zones on the renourished sections of Mounts Bay beach
in 2017 to 2018.
The placement of sand commenced in April 2017 and was completed in June 2017.
UAV survey runs were conducted immediately before activities to establish a baseline data
set and immediately after completion of works to allow volume change assessment to be
undertaken to confirm placement activity.
Following completion of works, winter storms and erosion occurred soon after and a
further UAV survey in October 2017 confirmed significant loss of sand from the backshore
and the intertidal zone had indeed occurred.
This loss of sand so soon after the initial placement raised concerns among the public
and at DELWP and as a result, initial discussion was held in early November 2017 with
Environmental GeoSurveys P/L (EGS) and ASMG to undertake a study to assess the
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effectiveness of the sand renourishment program at Mounts Bay based on both an historical
understanding of coastal processes at the site and on the current performance following the
implementation of the SMP.
This report details that study.

2
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SCOPE OF WORKS
Environmental GeoSurveys P/L (EGS) in association with A.S.Miner Geotechnical

(ASMG) undertook discussion with the Department of Environment, Land water and
Planning (DELWP) in early November 2017 to undertake a study of the effectiveness of the
beach renourishment works at Mounts Bay, Marengo and discuss implications such works
may have for the future at this site.
A preliminary scope of works was provided to DELWP at this time via email and a verbal
authorisation to proceed was received from Frances Northeast in early February 2018.
Further confirmation of the scope of works led to ongoing discussion between ASMG, EGS
and DELWP resulting in the preparation of a Project Brief in Mid-March 2018.
The following scope of works including a series of specific tasks was proposed:


Clarification of the aim of the project



Detail the historical background, site conditions and context of the project



Detail the geomorphology of the area



Review available information on the sediment transport process at the site including
sources, sinks and overall availability of sand at the site.



Review the met-ocean conditions during 2017 and describe the erosion event(s)
following initial placement of sand at Mounts Bay



Review the monitoring program implemented for the renourishment works



Analyse performance since placement and assess implications for future
management



Assess implications for key assets and comment (if possible) on service/design life for
the renourishment works



Provide recommendations for future actions and management

3
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CONTEXT: GEOLOGY AND GEOMORPHOLOGY
The physical characteristics of the study area are determined by the interaction of

the geology and structure of the Otway Ranges and the submarine geology, sedimentology
and oceanographic processes of western and central Bass Strait (Figure 1).

Figure 1. 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 inner limit of outcrop of Lower Cretaceous rocks. (Structures after Medwell 1971,
Duddy 1983, Holford et al. 2014).

3.1

Otway Ranges

3.1.1 Terrain
The broad form of the Otway Ranges and the detail of many landforms are
determined by geological structures, lithological variation and Cainozoic tectonics. 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. The central
4

feature of the range is a broad rounded ridge crest extending NNE from Moonlight Head
and rising to 670 metres at Mount Cowley west of Lorne as the highest point in the Otway
Ranges. 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 the Aire River and the
short steams—including the Barham River at Marengo—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 and Barwon 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 the rising Holocene sea-level but preserve flights of marine terraces at varied
elevations.
3.1.2 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. To the east, west and inland
the Cretaceous rocks show an unconformable overlap by a transgressive-regressive
sedimentary sequence dating from the Palaeocene including thick sequences of calcareous
marine strata and shallow and marginal marine silts and sands (Figure 2). 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.
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. 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
5

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 extent.

Figure 2. Geology of the Otway Ranges and surrounds. (Base map extracted from Edwards et al. 1996,
additional structures from Medwell 1971, Holford et al. 2014).

The Eumeralla Formation rocks are unconformably overlain by mainly marine
sediments deposited with the progressive opening of the Southern Ocean from post-Lower
Cretaceous. The deposits surround the Otway Ranges and occur as isolated residuals at
various elevations in parts of the higher ranges (Figure 2). They range progressively from
shallow transgressive to deeper marine deposits from the Palaeocene to Miocene followed
by tectonic uplift leading to emergence of the Otway Ranges in the late Miocene. Further
submergence in the Pliocene produced terrestrial and shallow marine sediments.
3.1.3 Structural Geology
The Eumeralla Formation beds are folded and extensively fractured and the
structures are evident at landscape to local scales. Over much of the 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.
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Linear valleys such as Wild Dog Creek and the western margin of the Aire valley at Castle
Cove are fault-aligned. A complex of monoclinal and fault structure determines the
orientation of the coast from Apollo Bay northeast to Cape Patton.
3.2

Bass Strait: Submarine Geomorphology
Bass Strait is part of the southern Australian continental shelf and is a shallow

bathymetric basin with a maximum depth of 83 metres. The submarine geomorphology of
the continental shelf is an expression of both contemporary seafloor processes and features
relict from lower sea-levels—either of subaerial origin or formed in much shallower water
than present. In bathymetric terms, the continental shelf is most simply divided into a
relatively narrow inner shelf to ~60 m water depth, a middle shelf that extends outward to a
small cliff that was formed by strandline erosion during the Last Glacial Maximum (~30,000
to 17,000 years ago) and the base of which today lies at ~120 m depth. The degraded crest
of this escarpment is at ~90–100 m. The outer shelf in this scheme extends from 120 m to
the shelf edge at ~220 metres. 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. The sill depth in eastern Bass Strait is ~60 metres (north of Flinders
Island) compared with ~75 metres in the Otway Depression in western Bass Strait north of
King Island (Figure 3). A slight E-W four to six metre rise of the ‘Bass Sill’ separates the Bass
Basin from the Bassian Shelf and the southwest trending Otway Depression. Since the high
sea-level of the Last Interglacial ~120,000 years BP, sea-level fall has variably 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-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.
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Figure 3. 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 LGM 30,000 to 17,000 years BP respectively.

3.2.1 Otway Escarpments
Escarpments of tectonic, fluvial and marine origin are conspicuous across the Otway
Ranges and a well-defined submarine escarpment trending NE-SW with 20 to 30 metres
relief parallels the Otway coast within two kilometres of the present shoreline (Figure 4).

Figure 4. Terrestrial escarpment at Cape Patton and submarine escarpments forming the western side of the
Otway Depression.
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3.2.2 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 of limited extent and largely restricted to
coastal margins of Victoria, Bass Strait Islands and northern Tasmania where the nearshore
seabed is a continuation of the coastal geology exposed in cliffs and shore platforms Bass
Strait seabed is predominantly covered by gravel, sand, silt and mud composed of quartz,
lithic and calcareous materials—both of transported terrestrial and marine biogenic origin.
Bass Strait seabed sediments are predominantly sandy (Paslow et al. 2006) (Figure 5).

Figure 5. Seabed sediments, western Bass Strait (adapted from 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.
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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
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 6).

Figure 6. Bass Strait dominant seafloor facies Bass Strait and inset showing detail of northwest Bass Strait
(after James & Bone 2010).

James et al. (2008) recognised seven sediment groups (facies) in northern Bass Strait.


Three groups of quartzose sand of terrestrial origin: sediment that contains greater
than or equal to 50% quartz and other terrigenous clastic particles, separated
according to the biogenic component (mollusc or bryozoan dominant, or mixed) that
usually comprise the larger particle sizes.



Three groups of relict sand and gravel: dominantly relict carbonates - separated
according to the biogenic component (mollusc or bryozoan dominant, or mixed).



Quartzose gravel, sand and mud with mixed biogenic fractions.

3.2.3 Sediment Dynamics
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.
10

Semidiurnal flood and ebb-tidal currents across the Bass Strait entrance sills are persistent
with ﬂows up to 2.5m/s (James and Bone 2010). Tidal currents 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.
3.3

Coastal Geomorphology

3.3.1 Coastal Geomorphic Compartments
A generalised classification of coastal landforms recognises features that distinguish
a discrete length of shoreline—as defined along a cross-shore coastal profile—from adjacent
sectors. The coastal profile is comprised of three components (Figure 7).

Figure 7. The three cross-shore components of a coastline at Hayley Point, Marengo towards Stor Point:
1. backshore, 2, intertidal, 3 sub-tidal showing abrupt changes and variation width, configuration and
composition of the inter-tidal component. (Photo N. Rosengren Dec. 2016).

(1) Backshore/supratidal: above highest wave/swash level including storms. (2) Intertidal:
periodical exposure determined by slope and tidal range. (The intertidal zone is referred to
below as the shore zone as this is a key component in alongshore (compared with crossshore) variation). (3) Subtidal: continually submerged and subject to variable influence by
wave motion and currents.
There is a degree of dependence between the three components but one or two
components may vary while the third remains constant. Along with absolute sea-level and
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tidal range, the composition and slope of the backshore effectively fixes the spatial position
of the shoreline/waterline and determines the temporal changes that can occur in its
horizontal position. Shorelines with backshores of resistant materials (hard rock or
appropriate engineered structures) are fixed in position on decadal to centennial scales or
longer compared with soft rock and sand barrier backshores that can change rapidly.
Figure 7 shows variation in the cross-shore components of the coastline of southern
Mounts Bay and south of Marengo. In Mounts Bay the backshore is a Holocene sand barrier
fringed by an established foredune, the intertidal zone a wide beach and the sub-tidal zine
sand and rock. Immediately to the south the backshore for several kilometres is a sloping
coastal bluff of Cretaceous sandstone and the intertidal zone alternates between an
exposed rock platform and a platform with variable sand beach cover.
On a generalised scale, four types of Shore Zone (intertidal zone) occur in the Otway
region (Miner and Rosengren 2014) and Figure 8.


beach (sand/gravel),



rock with partial beach cover,



rock [platform]



engineered.

Figure 8. Generalised shore zones between Port Phillip and Port Fairy (after Rosengren 2017).

The four generalised shore zones can be subdivided using other criteria. Using a
combination of substrate composition (5 types), sediment texture (4 types), width (2 types)
and slope of intertidal zone (2 types) and type of engineered structure, Rosengren (2017)
identified 27 shoreline zone classes across western Victoria. The shore zone class and
backshore combine to produce a distinctive reach of coast referred to here as a Coastal
Geomorphic Compartment (CGC). The Rosengren (2017) study identified 44 Coastal
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Geomorphic Compartments along the Colac Otway Shire coastline (Figuer 8). To provide
geomorphic context for Mounts Bay, the components of the Coastal Geomorphic
Compartments between Cape Otway and Cape Patton (CGC 19 to CGC 36 on Figure 9) are
shown in Table 1.
The Otway coastline is a rock coast with minimal sectors of long beach. Apart from
Apollo Bay and Mounts Bay and short sand and gravel barriers at stream mouths, most
beaches are platform beaches i.e. they are at the rear of shore platforms and not
continuously connected to the sub-tidal zone or to adjacent beaches.

Figure 9. Coastal Geomorphic Compartments in Colac Otway Shire and susceptibility to inundation and/or
recession (Rosengren 2017).

Table 1. Coastal Geomorphic Compartments between Cape Otway and Cape Patton
19
20
21

22
23
24
25
26
27

Shore platform with some beach
sectors.
Wide shore platforms and sand
beach at rear.
Narrow beach with outflow of
Parker River flanked by rock
platforms.
Elevated benched shore platform.
Sand beach over wide shore
platform.
Elevated benched shore platform.
Wide shore platform with
continuous sand beach.
Wide shore platform with minimal
sand beach.
Sand beach (renourished June
2017).

Bluffs and basal cliffs of calcarenite.
Calcarenite bluffs with dune cover.
Parker River estuary and lagoon intermittently
closed.
Scrub-covered bluffs with low basal cliff.
Scrub-covered bluffs with low foredune remnant.
Scrub-covered bluffs with low basal cliff.
Bluff with basal low cliff.
Low bluff at edge of coastal terrace.
Mounts Bay low narrow barrier backed by
estuarine floodplain of Barham River.
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28
29

30
31
32
33
34
35
36

3.4

Rock platform and groyne now
sand-filled and Apollo Bay harbour.
Wide sand beach with some sectors
of seawall.
Wide sand beach and intermittent
barrier across Wild Dog Creek.
Sand-covered shore platform.
Wide shore platform with beach at
back.
Gravel beach and stream outflow
Wide shore platform with minimal
sand beach.
Wide irregular shore platform with
boulder and gravel beaches.
Narrow to wide serrated shore
platform with boulder and gravel
beaches.

Breakwaters, pier and harbour facilities.
Apollo Bay beach renourished periodically from
Point Bunbury and harbour entrance dredged
sand.
Outflow channel of Wild Dog Creek.
Skenes Creek to Smythe Creek low bluff and
narrow platform beach.
Low bluff with narrow sand barrier at base.
Smythe Creek estuary.
Low bluff at edge of sloping coastal terrace.
High indented bluffs with basal cliff. Perched cave
(Ramsdens Cave).
High bluffs with basal cliff.

Coastal Processes

3.4.1 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).
In summer, the low pressure (cyclones) are further south but in winter they generate
higher seas and 12 to 14 second wave period swells with wave lengths to 300 metres (Short
1996). 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
(http://www.bom. gov.au/cosppac/apps/portal/app.html#climate). 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. Because of the northeast orientation of the coast strong
refraction occurs from water depths of <30 metres. The incident wave approach is locally
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determined by headlands and reefs, for example Henty Reef at Marengo that forms a
refraction zone with a lee shore cuspate foreland developed. An unknown components of
sediment transport and shoreline change at Marengo are coastal trapped waves (CTW)
produced by a combination of wind-driven and atmospheric pressure changes. These travel
eastward along the coast and 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.
3.4.2 Wind
Annual, January and June records of wind speed and direction at Cape Otway and
Aireys Inlet lighthouses at 0900 and 1500 hours for the period 1991 to 2007 is shown as
Figure 10. All stations display marked diurnal, monthly and seasonal differences. The S-NNNE orientation of Mounts Bay means that winds are offshore for many months including
winter. Onshore winds i.e. from south around to east are most frequent in summer.
Westerly winds complement the predominant W-SW swell waves that refract around Cape
Otway and increase wave height at Mounts Bay from the south east even when local wind is
offshore.

Figure 10. Annual and seasonal wind roses for Cape Otway and Aireys Inlet and orientation of coastline
Marengo to Skenes Creek. (Image: Google Earth Pro Jan 2016, Wind data: Bureau of Meteorology 2018).
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Details of the relationship between wind, waves and beach conditions observed at
Mounts Bay and Apollo Bay are considered further in Section $ below (Page$$).
3.4.3 Tides
Apollo Bay has a semidiurnal microtidal environment with a maximum spring tidal
range of 2.56 metres (Tide Forecast https://www.tide-forecast.com/locations/Apollo-BayAustralia/tides/latest). During neap tides there is marked diurnal inequality. Strong tidal
currents are reported in the area, particularly around the Henty Reefs Marine Sanctuary
rocks (Daniel Ierodiaconou (Deakin University) 7 July 2018 pers. comm.)
3.5

Apollo Bay- Marengo Precinct (Storm Point to Wild Dog Creek North)
The coast and backshore from Elliott River to Skenes Creek has been shaped by a

wide range of geomorphic processes over long time scales. Key processes are the exposure
to high energy swell that develops cliffs and shore platforms and the continued tectonic
uplift of the Otway Ranges over the Cainozoic (Sandiford 2003). This complex history is
shown by the 32 Coastal Geomorphic Compartments recognised in the present local (high
resolution) scale study (Figure 11) compared with the 8 Coastal Geomorphic Compartments
recognised in the Shire of Colac-Otway study (Rosengren 2017) shown in Figure 9.

Figure 11. The 32 Coastal Geomorphic Compartments between Geary River and Skenes Creek. (Google Earth
Pro Image Jan 2016).

The components of the Coastal Geomorphic Compartments change from south to
north. South of Elliott River the backshore is steep scrub-covered slopes above a low cliff
fringed by shore platforms that are a continuous narrow bench 10 to 25 metres wide with
an elevated rampart above an abrupt seaward margin. North of Elliott River the basal cliff is
absent and bluffs descend to the high water mark. Shore platforms are wider, slope gently
seaward with an irregular seaward margin and are separated into discrete segments by
gutters or narrow bays with short sectors of sand beach with gravel and boulders at the
back of the platforms. The geological determinant of embayments and headlands is likely to
be alternation of sandstone-dominant parcels forming headlands and mudstone-dominant
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parcels being eroded out as embayments. The occurrence of disconnected beaches at the
rear of platforms and at the head of small bays separated by protruding headlands, and
imagery from Google Earth Pro (2010, 2014, 2016 and 2017) showing strong wave refraction
fitting into these embayments, indicates there is little exchange of sand alongshore (Figure
12).

Figure 12. Shore platform beaches and headlands south of Marengo. (Photo N. Rosengren Dec. 2016).
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4
4.1

MOUNTS BAY AND LOWER BARHAM RIVER
Geology
Mounts Bay is an extension of the topographical valley and basin of the Barham

River defined by outcrop of Lower Cretaceous Eumeralla Formation volcaniclastic sediments
at Point Bunbury and Hayley Point overlain by remnants of Wiridjil Gravels. The Cretaceous
sediments dip landward and the lower Barham River valley may be a structural basin
determined by shallow northeast dip these beds (Figure 13).

Figure 13. Geology of Mounts Bay (After Seamless Geology Project, Victoria).

4.2

Geomorphology
The focus of this study is the subtidal surface, beach and backshore of Mounts Bay.

The coastal and terrestrial components of the area are shown on Figure 14 and the
bathymetry and seafloor surface on Figures 15, 16 and 17.
Mounts Bay is a double headland bay bounded by Point Bunbury and Hayley Point
with a 2 km long bayhead beach facing ESE into Bass Strait. The embayment entrance width
(distance in a straight line from headland to headland) is 2.3 km and the bay breadth
(maximum distance from the centre of the bay entrance to the shore) is 0.62 km giving a
closure (breadth/width) index of 0.27 (a semi-circular bay has a closure index of 1). The
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present Mounts Bay has developed from a former embayment now filled with alluvial and
estuarine deposits of the lower Barham River and Anderson Creek. The wide headland
spacing (bay width) compared with shallow breadth means the headlands have lesser effect
on damping wave motion than in a relatively closed bay and there is strong wave break
along the central section of Mounts Bay. The bay is slightly asymmetrical with more
curvature in the north.

Figure 14. Mounts Bay and beach Coastal Geomorphic Compartments and geomorphology of lower Barham
River valley. (Base: vertical aerial photograph 2014).

4.3

Bathymetry
Mounts Bay has complex bathymetry of rocky headlands and reefs and an irregular

seafloor surface with an enclosed depression over 30 metres deep 1 km offshore (Figures 15
and 16). The enclosed depression appears to have rock outcrop at the base rising some 10
metres from the bay floor and is a continuing feature of Mounts Bay as it is plotted on the
Stanley (1867) chart as 15 fathoms (27 metres) (Figure 17). The persistence of this
depression is significant in assessing the cross-shore and alongshore sediment movement in
Mounts Bay and the implications for beach and backshore nourishment. It suggests that
despite the potential of wave action on the Mounts Bay shoreline to move sediment
alongshore as modelled by CES (2005), it is possible that the actual movement of sediment
is much less and that Mounts Bay is not a sediment sink but is bypassed by sand that moves
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north and onto Bunbury Point and Apollo Bay as a separate system bypassing Mounts Bay
beach.

Figure 15. Mounts Bay bathymetry. (Source: Bathymetric data from Deakin University; terrestrial LiDAR Future
Coasts 2007).

Figure 16. Profile X - X’ Barham River floodplain to offshore Mounts Bay. Profile Y - Y’ Little Hayley reef and
offshore Point Bunbury.

Extensive areas of seabed reef with little or no sand cover (Figure 18), also indicates
that limited sediment moves into and across Mounts Bay.
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Figure 17. Extract chart (Stanley 1867) showing 15 fathom (27 metres) depression (outlined) in Mounts Bay.

4.4

Subtidal Surface
The subtidal surface of Mounts Bay is sandy in the central area and with rock

platform and extensive reefs extending from Hayley Point and Point Bunbury (Figure 18).
Areas of seagrass occur seaward of the surf zone in water depths between 6 metres to
around 10 metres. It is not known if the seagrass cover varies over seasons or other periods
but no seagrass wrack was observed on the beaches during inspections for this project or on
earlier separate visits by the authors.
The only detailed sediment study to include a sample from Mounts Bay was the
State-wide survey of Ferns (1999). The sample taken from north of Hayley Reef at 40 metres
depth and 4.8 km offshore (Figure 17 analysed at 100% fine to medium sand (no gravel or
silt-clay) with modal grain size 0.28 mm and carbonate content 18.7%. The carbonate
fraction is lower than recorded in the two inshore samples collected in Apollo Bay (68.52%
at 20 metres depth and 66.59% at 10 metres depth). All other samples at 40 metre depth
along the western Victorian coast recorded high carbonate fractions—44.4% to 99.8%—with
the exception of Cape Otway at 17.9%.
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Figure 18. Mounts Bay bathymetry and seafloor texture. (Source: Deakin University). The “sample” (purple
star) is the location of bottom sediment sample (Ferns 1999).

CES (2005 page 7) stated: “The sand composition and size is similarly distributed along both
Mounts Bay and Apollo Bay. At the more sheltered southern extent of the beaches the sand size tends to be of
a finer grainsize – about 0.2 mm. The same grain size of sand is found on the seabed [my underlining]
approaching both beaches. At the northern ends of the bays the grain size increases to about 0.3 mm”.

The

source of the grain size data was not cited.
4.5

Beach and Intertidal Surface
The maximum predicted spring tide range at Apollo Bay (taken as the same at

Marengo) is 2.56 metres giving an intertidal exposure of about 100 metres. The neap range
is 0.7 metres reducing the exposed beach to less than 30 metres. The fine sand results in a
low gradient beach with slopes between 1.5⁰ and 3⁰. The subaerial beach is widest along the
northern and southern ends of Mounts Bay, while the central sector has minimal dry beach
at all high tides. The beach varies from swash alignment in the south and drift alignment in
the north and variable swash/drift along the narrow central section.
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The maximum predicted spring tide range at Apollo Bay (taken as the same at
Marengo) is 2.56 metres giving an intertidal exposure of about 100 metres. The neap range
is 0.7 metres reducing the exposed beach to less than 30 metres. The fine sand results in a
low gradient beach with slopes between 1.5⁰ and 3⁰.
Mounts Bay is a dissipative single bar beach and classified as Low Tide Terrace (LTT)
alternating with Transverse Bar and Rip (TBR) by Short (1996). The LTT character is the
common state of the southern end of the beach where there is a slight cuspate foreland
developed in the wave convergence zone in the lee of the Hayley Reefs (Figure 19).

Figure 19. Low Tide Terrace beach on cuspate foreland at south end of Mounts Bay in lee of Hayley Reefs. The
main barrier extends north (left) from the bluff at Marengo. (Photo N. Rosengren 15 Dec 2016).

TBR beach form is stronger from the central to the northern end of Mounts Bay
(Figure 29). LiDAR (2010) and subsurface imagery (Deakin University 2017) indicates a
discontinuous single bar occurs and is partially exposed at low spring tides.
Details of the composition and texture of beach sediments of Mounts Bay has also
not been investigated in detail. Water Technology (2012 page 4) stated “The beach systems
within the study area are composed of medium to fine grained, calcareous sand.” but do not cite a source

for the assertion. Davis, (1989) in a State-wide analysis of beach sediments reported the
beach between Wild Dog Creek and Apollo Bay comprised 52% biogenic (carbonate), 38%
quartz and 7% feldspar with the balance as lithic fragments and fines. The carbonate
content is similar to that reported by Gell (1978) at Elliott River.
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Figure 20. Transverse Bar and Rip beach type with several strong rips in northern Mounts Bay. (Photo N.
Rosengren 15 Dec 2016).

4.6

Backshore: Mounts Bay Barrier
Mounts Bay barrier is a composite wave and wind-build sand deposit extending for

almost two km from the degraded cliff at Marengo Crescent near Telford Street to the
outlet of the Barham River at Point Bunbury east of Gambier Street (Figure 21). The barrier
is comprised of two defined units):


Mid-Holocene barrier (main barrier) extending 1.5 km from Marengo Crescent to the
south bank of the Barham River at the Great Ocean Road bridge



Late Holocene barrier spit extending 0.5 km from the bridge to the distal end at
Point Bunbury.

4.6.1 Main Barrier
The Mid-Holocene (main) barrier is a weakly consolidated accumulation of wave and
wind-blown sand between 60 metres and 110 metres wide and a crest height between 5 to
7.6 metres ASL. The shape, composition and height of the crest have been modified by road
and other engineering works including buried pipelines. The seaward face along the
narrowest part of the barrier opposite Ocean Park Drive is an eroded face exposing the
internal structure of the barrier in a vertical section of 5 metres (Figure 22). The fine poorly
consolidated sand body has traces of inclined bedding, no shell debris, and no cemented
calcareous material or incipient rhizoconcretions. Roots of overlying shrubs penetrate the
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subsurface for over two metres. A continuous buried soil with a dark brown organic horizon
lies approximately two metres below the present surface. There is no evidence that this
barrier has a core of cohesive or consolidated material nor is there evidence of a rock
basement close to sea-level that forms a foundation to the barrier sand.

Figure 21. Mounts Bay barrier in front of a bluff developed from a Last Interglacial marine cliff and enclosing
the estuarine and fluvial floodplain and delta of Barham River. Position of bore shown as X.
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The southern end of the main barrier extends north from the bluff at Marengo and
contains 4 Coastal Geomorphic Compartments (Figure 23). The swale between the barrier
and the bluff is possibly a palaeochannel of the Barham River at an early stage in the
formation of the main barrier with outflow to the south. Closure of the southern entrance
created a lagoon now filled with fluvial and organic sediments and washover sand when the
barrier crest was lower.

Figure 22 Palaeosol (arrowed) exposed in barrier at Ocean Park Drive 2007. (Photo N. Rosengren June 2007).

Figure 23. Coastal Geomorphic Compartments CGC1 to CGC6, Marengo. (Photo N. Rosengren Dec 2016). CGC
numbers are described on Figure 14.

The central section of the Mounts Bay barrier is in places less than 60 metres wide
(CGC6 and CGC7 on Figure 24). Three Coastal Geomorphic Compartments are identified
along this section of the barrier, determined by barrier height and width, degree of
preservation of established (woody shrub) vegetation and the presence/absence of dry
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beach at high tide. This section extending 500 metres north and south centred around
Ocean Park Drive (Figure 25) is identified as the highest risk profiles in Mounts Bay (CES
2005, Water Technology 2012, 2017).

Figure 24. Coastal Geomorphic Compartments CGC6 to CGC9, Marengo. (Photo N. Rosengren Dec 2016). CGC
numbers are described on Figure 14.

Figure 25. The identified high risk sector north and south of Ocean Park Drive. (Photo N. Rosengren Dec 2016).

4.6.2 Barrier Spit
The main barrier is truncated by the Barham River tidal channel. To the north east a
second barrier has developed as a barrier spit with proximal end against the main barrier
and distal end that extends across the southern shore platform at Point Bunbury. Spit
growth deflects and often closes the Barham River channel. The barrier spit is lower and
wider than the main barrier and has sufficient intertidal beach exposure to be developing an
incipient fordune as a low terrace and hummocky ridges colonised by grasses and low
shrubs. A sparsely vegetated corridor just north of the river deflection is a site of storm
overwash and occasionally of river flood outflow (Figure 26). Beyond this are narrow
corridors between hummocks that are former overwash sites and also act as funnels for
wind and can develop minor blowouts. Aeolian influence is higher along this sector due to
the more south-easterly aspect and therefore increased incidence of onshore winds to allow
dune development.
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Figure 26. Barrier spit forming the northeast shoreline of Mounts Bay.

4.7

Sediment and Landform Dynamics of Mounts Bay and Barriers
The barrier systems that back Mounts Bay are dynamic landforms as illustrated by

the steep seaward face of the main barrier and the overwash and aeolian landforms of the
barrier spit. The beach, intertidal and shallow subtidal zones are active sites of sediment
transport and deposition but the absence of ongoing progradation of beach and dunes
shows there is insufficient sediment retention in the central part of Mounts Bay backshore.
As shown by the modelling carried out by CES (2005) records of on-going sand
movement into the Apollo Bay Harbour, the predominant direction of sediment transport
for the precinct is longshore sediment movement from the south to the north and then
west into Apollo Bay. There is also strong evidence for cross shore movement. The rapid loss
of sand from the renourishment area in May 2017, July 2017 and March 2018 and then
episodes of ongoing but short term deposition (April 2018) also suggests significant
nearshore sediment reserve to facilitate cross shore sediment movement. High resolution
bathymetry, LiDAR imagery, wave break and occasional low tide exposure indicates a shore
parallel sand bar just below low water mark which is a consequence of rapid cross shore
transport.
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4.7.1 Rates of sediment transport
Dredging records (Vantree, 1997) restated by CES (2005) noted approximately
80,000 m3 is travelling along the shore from the south to the north. Anecdotal evidence for
rapid deposition of sand via longshore transport at Point Bunbury in the borrow Area A
(Figure 31) was provided by the DELWP works supervisor during the current renourishment
works (R. Bendon pers. comm. 2018). Mr Bendon calculated 3000 m3 was recharged in 2
weeks over the early stages of sand extraction. This would average 78,000 m3 annually and
is consistent with rates/volumes of transport established and quoted in earlier studies. This
suggests plentiful supply of sand (apparently coming from the south) is continuing.
4.7.2 Dredging Records
Vantree (1997, Section 3 but pages not numbered) stated that dredging records at
the Apollo bay harbour show that of the order of 80,000 m3 of sand has to be dredged from
the mouth of the harbour, although the source of this estimate is not provided. CES (2005)
also noted a rate of net movement of sand to the north in the order of 80,000 m3. The
report acknowledged this as an estimate based on dredging records at Apollo Bay Harbour
from January 1984 to December 1988, whereby a total of 402,000 m3 was dredged. We
believe a report by PMA (1988) was the primary source of the figure quoted by Vantree
(1997) and CES (2005) CES, but we have not been able to access the PMA (1988) document.
Since the PMA (1988) no records of the volume dredged at Apollo Bay Harbour have
been available: the only record is the hours worked by the dredge. Information provided to
ASMG by the Colac Otway Shire Port Coordinator (Sean Murray, pers. comm. July 2018)
noted that whilst the figure accepted as the amount of sand reaching the harbour is the
commonly quoted 80,000 m3, it is his opinion that the figure was more likely to be an
overestimate and a more accurate voume would be in the low 70,0000’s m3. Mr Muray also
stated that there are no historical records of dredging volumes. More recently this has been
due to a non-operational flow meter but he suggested that it was rarely—if ever used.
Hence the figure of 80,000m3 has been applied to both the volume of sand dredged
at the harbour and the total volume of net movement of sand to the north which may not
reflect the same thing. In either case it appears that the evidence for the veracity of this
figure is uncertain.
4.7.3 Sediment Sources and Pathways: Mounts Bay and Apollo Bay
Sediment input to Mounts Bay and delivery to the shore and backshore is
constrained by the following components that restrict sediment supply:
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the configuration of the bay with long projecting subaerial headlands



wide shore platforms with abrupt seaward edges



subtidal reefs and seafloor outcrops



the 30 metre deep hole immediately north of Hayley Reefs is a sediment sink



conversely, the persistence and possible deepening of this hole indicates there is not
a strong sediment flux into Mounts Bay from deeper waters to the east



the Barham River is not a source of sand from the catchment



the Cretaceous feldspathic sandstones and mudstones and overlying Wiridjil Gravels
forming the backshore slopes at Hayley Point and Point Bunbury are also not sources
of sediment

4.8



sand arriving a Apollo Bay has not necessarily come via Mounts Bay



NOT A RECEPTIVE BACKSHORE ...NOT ENOUGH ROOM
Backshore: Barham River Valley
The Barham River is a small catchment with an area of 79.5 km2 and main stem

length of 18.7 km (Mondon et al. 2003). The valley is enclosed by the Mounts Bay barrier
that extends 2 km north from Hayley Point to Point Bunbury. Outflow of the Barham River
to Mounts Bay is via an intermittently closed channel over a rock shelf which limits the
depth of channel incision and the estuary is deeper in places upstream of the Great Ocean
Road bridge than at the entrance. Estuary length is recorded as 2.25 km by Mondon et al.
(2003) who classified it as a salt wedge stratified estuary, and 2.98 km by Estuary Watch
(2015) file:///F:/ DOWNLOADS/ Barham__2015.pdf, (accessed 06 Sept 2018) who recorded
eight episodes of opening in 2015. McGuckin (2005) concluded that saline groundwater
intrusion to the lower Barham River as the possible source of continuing salinity when the
estuary is closed to the ocean and regarded the marine salt wedge is of lesser importance.
The estuarine floodplain traversed by the Barham River is a topographic basin with
bluffs marking the position of former marine cliffs initially developed at the higher sea-levels
of the Last Interglacial. The higher sea-level embayment extended into the valley of
Anderson Creek and for some distance into the confined deeper valley of the Barham River.
No obvious evidence of shoreline depositional features is shown on the LiDAR imagery.
Borehole ID 73471 (GeoVic http://er-info.dpi.vic.gov.au/sd_weave/registered.htm) on the
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estuarine floodplain 50 metres north of the abandoned tidal channel at 1.8 metres ASL (see
Figure 21 for location) recorded:
0.0 m to 3.0 m SAND CLAY; 3.0 m to 41.1 m SAND SHELLS; 41.1 m to 59.44 m SANDSTONE
Geotechnical investigations in 2004 for the proposed (but now abandoned) Great
Ocean Green [residential] Project along the Barham River estuarine floodplain also showed
unconsolidated sediments over 20 metres thick overly the Cretaceous bedrocks.
4.8.1 Implications for Age and Origin of Mounts Bay Barrier
The thickness of sediment in the Barham Valley indicates deep incision of the
Barham River at Pleistocene low sea-levels and substantial backfill during marine
transgressions. Without finer stratigraphic detail and chronology of the sediments,
distinguishing the marine, estuarine and fluvial processes that deposited this sediment—
and the time-frame over which this occurred—is not possible. Given that the Barham River
has a relatively small transport capacity, the bulk of the sediments are likely to be marine
and estuarine deposited during transgression and higher sea-level stages, although some
may be older fluvial deposits. As much of the estuarine floodplain is less than 3 metres ASL,
the uppermost sediments may be of mid-Holocene higher sea-level origin. This implies that
the Mounts Bay barrier post-dates a mid-Holocene higher sea-level and the barrier was
emplaced only in the Late Holocene e.g. within the past 2,000 to 3,000 years. This accounts
for the stratigraphic simplicity of this sand body and lack of internal consolidation. There is
evidence from aerial photographs and LiDAR that small washover fans or dune blowouts
occur in the swale landward of the main barrier at Marengo. These record a period when
the main barrier was lower and/or had more sand supply similar to active younger barrier
spit (Figure 26) and when the Barham River outflow may have been to the south. The
occurrence of only a single narrow barrier rather than a multiple barrier system or a broad
foredune ridge plain also indicates the immaturity of this landform.
The main barrier is inferred to be a regressive barrier that developed following the
fall of sea-level after the mid-Holocene high level (~7,000 years BP). Regressive barrier
systems are usually associated with strand plains i.e. coastal deposits landward of the
barrier that developed as sea-level fell. The extensive Barham River sedimentary fill may be
of strand plain origin but lacking distinctive topography. Details can only be determined
from detailed study including pollen analysis and radiometric dating of sub-surface
sediments.
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A late-Holocene age for the Mounts Bay barrier is consistent with the beach-barrier
dynamics of the past decades that show the Mounts Bay system is not in equilibrium along
all sectors. Favourable deposition sites occur in the south of the bay as evidenced by the
cuspate foreland and backshore terrace at Marengo and the persistent northward extension
of the barrier spit. By contrast, in central Mounts Bay, a combination of aspect (i.e. east
facing), subtidal slope, wave approach direction, sand supply and steep backshore slope
results in depletion of backshore (and on occasions of beach) sand. Effectively, this is not a
receptive shoreline for dune accumulation—foredunes or transgressive dunes due to a
combination of limited sediment supply, narrow intertidal sand exposure and paucity of
onshore winds.
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5

PREVIOUS STUDIES: AIMS & CONCLUSIONS

5.1

Purpose
Previous studies have been commissioned by government agencies to assess the

nature, rate and potential cause(s) of changes occurring along the beach and backshore at
Mounts Bay. The purpose is to inform management of risks associated with shoreline
change and recommend possible actions to address or accommodate those risks. The focus
has been to determine the rate of change as recorded on documents and images. The
principal source of historical information used has been vertical aerial photographs at
intervals since the 1940’s. The principal indicator used to identify shoreline position has
been identifying the seaward edge of vegetation and overlays of this line drawn from
successive images used to determine potential rates on annual or longer term basis.
The reliability of this approach is discussed in Section 5.6 below.
5.2

Vantree Pty Ltd, May 1997: Mounts Bay Beach. Report on Coastal Erosion.

5.2.1 Aims
To investigate the erosion taking place along the beach at Mounts Bay and to advise
what action, if any, should be taken.
5.2.2 Findings


Southern part of the beach was building up. Northern part has healthy foredune and
secondary vegetation indicating longer term stability. Central section showed
evidence of significant erosion. Major erosion also coincides with point where GOR is
closest.



From evidence including historical photo interpretation it was concluded that
erosion that is occurring is part of a cyclical process and is not a long term
phenomenon.

5.2.3 Recommendations


Avoid revetment along most affected section due to potential for loss of beach
amenity and terminal scour.



Fence off worst affected area to restrict access.



Rebuild backshore with sand from lower part of beach.



Plant scarp and front face with Marram Grass



Concluded that it was not practical to renourish beach.
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5.2.4 Comments
Some of the historical analysis of aerial photos could be interpreted differently given
they are only a snapshot in time and not necessarily an accurate indication of long term
processes.
5.3

Coastal Engineering Solutions, August 2005: Apollo Bay Sand Study Final Report.

5.3.1 Aims


To identify and assess the most effective and sustainable solutions caused by…
erosion along Marengo (Mounts Bay) beach.



To develop and apply a model to quantify of sand movement of along Mounts Bay
beach.

5.3.2 Findings


Historical aerial photo interpretation indicated vegetation line in southern section
was landward of all other lines by 2004.



Absolute movement of vegetation lines in central section was relatively small.



Significant accretion in northern section since 1952.



Modelling showed net movement of sand along the beach from south to north is
about 80,000m3/yr.



Erosion at beach may be due to offshore sand losses during storms or to an
imbalance in the net movement of sand along the beach during the year.



Sand accumulates at the spit and dune systems at the mouth of Barham River.



Review of options to control erosion included.

5.3.3 Recommendations


Beach renourishment to rebuild the dune and top up any losses.

Figure 27. Proposed dune rebuilding design (Figure 4.4 of CES, 2005).



Construct a rock seawall to prevent further loss of dune width and protect GOR and
utilities.
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Construct groynes (or offshore breakwaters) to widen beach and provide sufficient
buffer for storm erosion (Figure 28).



Beach renourishment preferred option.



Seawall and groynes not recommended at [that] time due to high costs but might
need to be considered under rising sea levels.

5.3.4 Comments


Some uncertainty as to aspects of the sand sediment modelling and its correlation
with previously noted but uncertain/unsubstantiated figure of 80.000 m3 arriving at
harbour.



Designs for hard engineering structures are conceptual but have merit and should be
investigated in detail.

Figure 28. Conceptual designs for groynes (left) and offshore breakwater (right). (CES 2005).

5.4

Water Technology October 2012: Coastal Hazards Management Plan Marengo to
Skenes Creek

5.4.1 Aims
Prepare Coastal Hazards Management Plan (CHP) for the coast between Skenes
Creek and Marengo using a risk management methodology.
5.4.2 Findings


Major changes in the position of the vegetated shoreline have not been observed in
this shoreline compartment, except in the vicinity of the Barham River entrance;
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The vegetated shoreline extent has however tended to retreat, particularly since the
mid-1980’s.



The average rate of recession of the vegetated shoreline extent was estimated at
approximately 9cm/yr.



Assets and infrastructure located close to the shoreline of Mounts Bay have
historically experienced some moderate impacts associated with short term, storm
related erosion.



A number of assets ( including the Great Ocean Road and the Barwon Water sewer
and water mains) have been determined as having risk profiles of medium or greater
due to their potential exposure to coastal hazards and consequences to the
impacted assets function or service.

5.4.3 Recommendations
A number of risk mitigation strategies were identified including:


Remedial sand carting to rebuild beach profiles in front of the erosion scarp
following major erosion events. Purpose of this is to accelerate the natural beach
and dune building processes along the shoreline following large storm events’



Possible realignment of the Great Ocean Road.



Relocate Barwon water assets.



Reduce beach access points and re-engineer access structures.



Undertake re-vegetation program

Sand carting was seen as the most cost effective option
5.5

Water Technology October 2016: Marengo to Wild Dog Creek Sand management
program.

5.5.1 Aims


To prepare a sand management plan to allow implementation of short medium term
risk management options identified in the earlier 20012 Water Technology report

5.5.2 Findings


Since the 2012 assessment, the foreshore has continued to erode and it is
understood that no sand nourishment has taken place.
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Consequently risks are higher than they were in 2012 in relation to erosion affecting
the Great Ocean Road, the remaining toilet block on seaward side of the road, the
sewer, water supply, and carparks.



Identified 575 m long sector of Mounts Bay as vulnerable foreshore.

5.5.3 Recommendations


An assessment of potential sand sources that could be utilised for the sand
nourishment works along the shoreline between Marengo to Wild Dog Creek was
undertaken and identified Point Bunbury as a viable source along with the barrier
spit at Barham River



It was concluded that carting of sand from source areas was the preferred option
and that such sand could be moved via the beach to Mounts bay causing less
disruption with a maximum volume of sand to be moved in one program estimated
to be 16,000 m3.



Interim works to build a backshore “dune” (effectively a bench) with dimensions:
width 3 m, height 3 m, batter angles on slope faces at 1 in 3.



Longer term treatment to build the backshore dimensions: width 5 - 6 m to the
height of present barrier ~ 5 m.

5.6

ASMiner Geotechnical: Evaluation of Vegetation Line on Aerial Photographs

5.6.1 Indicators of Shoreline Position
Despite its apparent simplicity, the definition of shoreline is in practice a challenge to
apply. Shoreline position changes continually through time, because of cross-shore and
alongshore sediment movement in the intertidal zone and the dynamic nature of water
levels responding to waves, storm surge, setup, runup, tides, groundwater and backshore
mass movements among others. An accepted definition for the shoreline is the mean high
water (swash) line. The task is to identify this consistently over time on variously recorded
indicators e.g. maps, photographs or other remotely sensed records. Indicators will be
determined in part by shoreline type e.g. beach, shore platform, mangrove, and in part by
the resolution of the data and the purpose of the investigation. Boak and Turner (2005)
identified 45 examples of shoreline indicators that have been used by a range of researchers
and cited four indicators that relied on vegetation.
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5.6.2 The Vegetation Line
Vegetation was defined by different authors as: “1. Seaward edge of dune vegetation
(two author groups). 2. Seaward edge of stable, long-term vegetation. 3. Distinct edge in
image based on tonal differences (brightness) between the vegetated and non-vegetated
beach areas”.
David Windle (GIS specialist with ASMG) prepared georeferenced vertical aerial
photographs for the period 1946 to 2014 including photographs from some dates used in
previous studies by other investigators (Figure 30). Vegetation was defined in two
categories:
1. Established Vegetation: uniform dark tones on photograph indicating continuous canopy
of tall woody perennial shrubs of variable density and persisting for several years to
decades. Readily distinguished on monochrome analogue and colour photographs at any
scale.
2. Ephemeral Vegetation: light and irregular tones of grass, succulent and low leafy shrubs
with areas of apparently little or no vegetation, potentially sand-covered at times. Difficult
to determine on some monochrome images and obscure on small scale imagery of any
platform (Figure 29).

Figure 29. Monochrome 1946 aerial photograph southern Mounts Bay as an example of difficulty of
discrimination vegetation edges for established and ephemeral vegetation.
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An example of mapping established vegetation boundary from the 1946 aerial
photograph and overlays of 2007, 2009, 2011 and 2014 established and ephemeral
vegetation boundaries is shown in Figure 30. It shows that high accuracy can be achieved
but the resolution of the imagery and distinction between the two vegetation classes is a
significant constraint on using vegetation to define shoreline position changes.

Figure 30. Example of mapping established and ephemeral vegetation as indicators of shoreline position.
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5.7

ASMiner Geotechnical: Ground & Aerial Monitoring 2017, 2018

5.7.1 Aims
In order to better understand the effectiveness of both the beach harvest and
deposition (or also known as the renourishment) programs a beach monitoring program was
developed by DELWP in association with ASMiner Geotechnical (ASMG) to provide insights
into local coastal processes at the re-nourished beach section as well as allowing an
understanding of any impact at the harvest area.
5.7.2 Programme
The beach monitoring programme included initial data acquisition using UAV’s on
the 30th April 2017 prior to the commencement of harvesting and re-nourishment works
with a 2nd flight following completion of works on the 16th June 2017 (known as the
baseline data capture).
As part of the ongoing monitoring programme, a 3rd UAV flight was undertaken on
the 26th October 2017 following significant winter storms and erosion at the site (known as
monitoring phase 1). Following the summer season, a 4th UAV flight was completed on 23rd
March 2018 (known as monitoring phase 2).
In addition, two separate programmes of monitoring of specific transects within the
Mounts Bay study area utilising more traditional surveying techniques to supplement data
from the UAV monitoring program were undertaken by ASMG on the 10th October 2017 and
the 18th May 2018 to supplement data from the UAV monitoring program. A 5th UAV flight
is currently planned for late September 2018.
Details of the results of the aerial and ground monitoring are provided in Chapter 7
of this document.
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6
6.1

PROGRAMME OF WORKS 2017
Design profiles adopted
An initial discussion of beach renourishment to rebuild the dune (backshore) was

detailed in CES (2005). The concept suggested it was possible to undertake a staged
rebuilding of the dune between Marengo and the Barham River bridge over 4 to 8 years by
carting sand from Point Bunbury to Mounts Bay. Initial estimates of volume required were
between 10,000 and 20,000 m3. The conceptual section for the re-nourished section
against the existing outer face of the dune which at an angle of 26° or 1 in 2 is shown in
Figure 27 above (from CES 2005 Figure 4.4).
Water Technology (2016) recommended a total volume of 16,000 m3 of sand to
rebuild the dune at Mounts Bay over an affected length of 575 m. Although a design section
was not provided, it was suggested this would create a dune width of 5 to 6 m at the crest
level of the present dune.
Importantly it was also noted by Water Technology (2016 page 24) that storms
may again erode this material and the renourishment will (may) need to be repeated
within a year.
Notes from a meeting with Ralph Roob (City of Greater Geelong) in May 2017
recommended a design cross section with 3.0 m wide horizontal extension of the current
crest level and a dune batter angle on the outer face of 9.5° or 1 in 6, effectively extending
the re-nourished dune some 18 meters beyond the edge of the horizontal section of the
dune (assuming a 3 m height of dune).
Although not explicitly depicted in a final design cross section available to this study,
it understood that the final design accepted was an extension to the horizontal crest width
of between 3 and 4 m and the construction of a dune batter angle on the outer face of
between 14° and 20 ° or 1 in 4 to 1 in 2.7. These dimensions are consistent with the UAV
based measurements on the 16th June, immediately after completion of the works. Note
that the final accepted and constructed batter angle of 1:4 to 1:2.7 was much steeper than
the original design concept of 1:6.
6.1.1 Works Completed
According to records provided by the DELWP contractor (P.J. and T McMahon
Excavation) construction equipment consisting of 2 dumpers, I excavator and 1 bobcat were
mobilised to site on the 8th to 9th of May 2017. Works commenced on the 10th May 2017
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and continued until the 8th June 2017 (Figures 30 to 32). Volumes moved from the harvest
areas (comprising initially at the Barham Spit but later extending to the Barham River
borrow areas at point Bunbury) area is detailed below (Figure 31).

Figure 31. Sand borrow areas Barham spit and Point Bunbury. (Image 2014 Vertical aerial photograph).



7,890 m3 volume carted by truck from the main harvest area at Barham spit



5,250 m3 volume carted by truck from Area A at Point Bunbury



2,025 m3 volume carted by truck from Area B at Point Bunbury



450 m3 volume carted by truck from Area C at Point Bunbury



405 m3 volume carted by truck from Area D at Point Bunbury
This represents a total volume of 15,943 m3 volume carted by truck in approximately

896 loads at 15 m3 per load. Note this volume is loose excavated volume as recorded by
truck load and does not reflect either the solid volume in situ of material removed or the as
placed compacted volume of material deposited at the renourishment area. Volume bulking
factors upon excavation (i.e. loose volumes in trucks can be expect to be greater than the
solid volume represented in the excavated hole) and volume reduction factors under
compaction (i.e. reduction in volume of loosely placed sand due to compaction from
equipment used to place the materials) can be expected to apply.
The sand was placed along a 600 metre long sector of coast and shaped to the
design shown in Section 6.1 above and illustrated in Figures 32 to 34 (Photos Courtesy
Apollo Bay Cable Museum). The final configuration was confirmed by UAV survey showing
the dune/bench extending on average 4 metres from the pre-nourishment scarp
terminating in a seaward slope between 1 in 4 to 1 in 2.7.
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Figure 32. Removing sand from borrow area at Barham barrier spit 18 May 2017.

Figure 33. Renourishment of backshore in progress June 2017.

Figure 34. Completed renourishment of June 2017.
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7

POST-WORKS CHANGES

7.1

Summary of Changes
A chronology of changes along Mounts Bay beach is provided in Appendix A. The

data has been obtained from multiple sources including:


UAV flights commissioned by ASMiner Geotechnical



Observations by local residents and agency staff at Apollo Bay & Marengo.



Field measurements by ASMiner Geotechnical and DELWP staff.



Field observations by ASMG and EGS.
Examples of changes observed following sand placement are:

June 16th 2017:UAV survey


renourished dune width averaged 4 metres from the pre-nourishment scarp



seaward face slope between 1 in 4 to 1 in 2.7 (Figures 35 and 36).
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Figure 35. Vertical aerial photograph of renourished sector 16 June 2017. (HiCamUAV image ASMG).

Figure 36. Ground photo of renourished section 14 June 2017. (Photo: courtesy Apollo Bay Cable Museum).

June 24th 2017: ground observation/photography


scarp observed to be forming with direct swash action at the base of seaward slope
for entire length of renourished sector (Figure 37). High tide of 2.06 metres at
Apollo Bay that day was at 1140 (3 hours before the photo Figure 35 was taken).
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Figure 37. Swash developing a scarp at the base of the renourished slope 2:29 p.m. on 24 June 2017. (Photo:
courtesy Apollo Bay Cable Museum).

July 2nd 2017: ground observation/photography


Further scarping for entire length and slumping in places for entire height of rebuilt
dune (Figure 38).

Figure 38. Scarp extension and slumping July 2nd 2017. (Photo Apollo Bay Cable Museum).

October 10th 2017: UAV survey


Field survey (ASMG) showed recession of all sectors of the dune,



Recession was up to 3 metres of the width of the dune in the central and northern
sections, steepening of the seaward face and recession of the toe up to 7 metres
(Figure 39).



In the central section recession of the crest was back to the pre-nourishment
position (Figure 40).
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Significant lowering of the beach level was measured illustrated by the exposure of
dumped boulders in front of site of old toilet block.

Figure 39. Comparison of UAV photographs of crest and toe of renourished dune at Ocean Park Drive: June
16th 2017 and Oct 26th 2017. (HiCamUAV image ASMG).
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Figure 40. Scarp developed to full height of renourished dune October 25 2017. (Photo: courtesy Apollo Bay
Cable Museum).
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March 23rd 2018: UAV survey


further significant lowering of the beach in the central area (Figure 41)



between 70% and 90% loss of reconstructed backshore sand in central section



close to 100% loss of reconstructed backshore sand in northern section

rd

Figure 41. Renourished dune crest and toe at Ocean Park Drive March 23 2018. (HiCamUAV image ASMG).

May 18th 2018: ground survey

7.2



slight increase in beach level



no accumulation of sand in backshore over summer.
Causes of Changes
A series of significant metocean events have been noted in earlier studies (Vantree

1996, CES 2005) that have influenced understanding of placement, retention or loss of sand
in both the backshore and intertidal zone at Mounts Bay. These are listed chronologically
below.
7.2.1 Metocean Conditions
Metocean conditions―the sum of ocean swell, sea waves, tides, wind direction and
strength and actual (as distinct from predicted) tides―effectively regulate immediate or
instantaneous sea-level. In turn this controls the dynamics of embayments and associated
beaches and dunes by influencing sediment transport and deposition. Metocean conditions
along with geological and biological inputs determine the long-term coastal geomorphology,
but are particularly dominant in shaping short-term changes by producing high energy
events i.e. “storms”. Assessment of the causes of shoreline position and the prediction of
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future positions must take account of the stronger than usual metocean conditions, but
importantly on sediment coasts must also put these into temporal context. A change in
beach and backshore conditions is expected when large waves and strong winds occur but it
is critical that the thresholds of change under less than extreme conditions are understood.
In other words, it is not necessarily a “storm” of a particular scale that is the only cause of
accelerated shoreline and backshore change at Mounts Bay. A coincidence—or more
frequent occurrence—of less extreme metocean conditions may be equally the cause of
such changes, either erosion or accretion.
Assertions from previous reports and local observations regarding erosion events
and periods of gain or deposition at Mounts Bay have been matched against climate data
from the Bureau of Meteorology and wave data from hindcast models supplied by CSIRO for
the period Jan 1979 to June 2018 based on the model developed by Durrant et al. (2014) in
Table 2 below. The selected wave data is Significant Wave Height (Hs) defined as the
average height of the highest one-third of all waves occurring over each hourly period.
Table 2. Selected Climate and Wave Events and Backshore Change at Mounts Bay
DATE & SOURCE

th

th

EVENT

27 -30 May 2000
(CES 2005)

Erosion

Late May 2005
th
th
Possibly 26 -28
2004 (CES 2005)
6-8 May 2017

Loss of beach and
backshore

Between 16 June to
2 July 2017 (Apollo
Bay Cable Museum)

Erosion at base &
slope of
renourished dune

st

18 March 2018 to
st
21 March 2018
ASMG

Erosion

Backshore erosion
& lowering of
beach

WIND SPEED &
DIRECTION: CAPE
OTWAY
Max =63/SSW
Average over
period= 51/SW
Max =50 km/hr
Average over
period = 41.2/WSW
Max=52/W
9am=33.5/NW
3pm=52/W
23 June
Max=40.7/SW
9am=29,5/NW
3pm=25.9/W

SIGNIFICANT WAVE
HEIGHT (Hs)
(metres)
Max= 5.01
Average = 3.97

Max=102/WSW
9am=41/W
3pm=41/W

Max = 3.92
Average = 3.4

COMMENT

Described as strongest
storm between 1994
& 2000

Max = 4.43
Average = 3.5
Max = 3.36
Average = 2.5

DELWP

Max = 4.71
Average = 2.4

Scarping of toe of
dune commenced
immediately after
works completed

The information suggests that the known erosion events (often described as swell or
storm events spanning a number of days) occur with distinct signature of wind and wave
height when there is a trend of high winds (> 35 km/hr and generally reaching into the 40
and 50 km/hr range) coming predominantly from the SSW as far around as the NW or SW to
W. The one example of known significant deposition of sand at Mounts Bay between end of
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March 2018 and mid-May 2018 (refer to Appendix A) is quite different with low winds over
an extended period coming more from the eastern sector (ESE to ENE).
In addition, a review of barometric pressure at each of the erosion events suggested
a falling trend to lower values on the day corresponding to highest winds (e.g. 1003.7hPa on
19th July 2017). Conversely the one period of deposition) occurred with higher relative
barometric pressure for an extended period (e.g. 1020-1025 hPa in April 2018).
The hindcast wave data is for a point 8 km south east of Mounts Bay. The records are
at one hour intervals and include Significant Wave Height (Hs) which we are using here as a
measure of potential wave impact on the shore. Figure 42A is a plot of Hs over the period 2
June 2017 (when the renourishment was completed) to 2 July 2017. Figures 37 and 38 show
that scarping, slumping and recession of the renourished backshore started immediately
after the works were completed and coincide with a 4.6 metre Hs on June 24th 2017.

Figure 42. 42A: plot of Hs from 2nd June 2017 to 2nd July 2018. 42B: plot of Hs 2nd March 2018 to 30th
March 2018. (Data Courtesy CSIRO).
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Figure 42B is a plot of Hs for the period 2nd March 2018 to 30th March 2018 which
includes the period when rapid backshore erosion at Apollo Bay and washover of the Great
Ocean Road north of Apollo Bay were recorded. The plot shows the peak Hs for that period
was of the order of 4.0 m but the high Hs levels were of longer duration.
Hence it is postulated that an event capable of causing erosion at Mounts Bay may have
the following parameters:


High winds (generally around 35-40 km/hr or higher) from the south west to west
(SSW to NW)



Low barometric pressure potentially inducing higher sea level



Oceanographic conditions producing Hs of the order of 4.0 m or above for several
days.

7.3

Was Loss of the Renourished Backshore a Result of Unusual Events in 2017?
The weather and wave records for the periods 1979 to 2018 were examined to

determine if there were weather events in 2017 (post-nourishment) that would account for
sand loss. As noted in 7.2.1 above, a combination of strong wind and higher than average Hs
in the week after 16th June did coincide with backshore erosion. However the records also
show that conditions of this magnitude i.e. “storm” (CES 2005) events as shown in Table 2
and Figure 42 occurred frequently and the 2017 year does not stand out as extreme.
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8

IS BACKSHORE SAND RENOURISHMENT A VIABLE OPTION FOR
MANAGING COASTAL HAZARD RISK AT MOUNTS BAY, MARENGO

8.1

Background
The scope of this study is to address the specific question:

IS BACKSHORE SAND RENOURISHMENT A VIABLE OPTION FOR MANAGING COASTAL
HAZARD RISK AT MOUNTS BAY, MARENGO?
This report therefore detailed the evolution and physical characteristics of Mounts
Bay and the metocean processes that have shaped and continue to shape it, and reviewed
the nature of backshore changes over recent decades and longer time scale. This provided
background to assess evidence as to whether recession is unusual in a spatial and temporal
context.
8.2

Key Factors


The beach and backshore of Mounts Bay is a narrow barrier system in the south to
mid-north (main barrier).



The northern barrier (barrier spit) is a younger and different system and shows
evidence of persistent northerly sand drift that deflects the entrance to the Barham
estuary.



Both forms of the Mounts Bay barrier are of unconsolidated sand and appear not to
have a core of resistant or coherent material.



Mounts Bay and the Barham River valley occupy a zone of low rock resistance due to
weak lithology (mudstone) and tectonic stresses leading to closely fractured rock.



The valley and bay have been deeply incised at lower sea-levels, as evidenced by the
30 metre depression on the bay floor.



The deeply incised valley hard-rock substrate is well below sea-level and is back-filled
with a variety of soft sediments.



The sediments include lithic and organic fluvial and estuarine channel and floodplain
deposits, possibly also landslide debris and higher sea-level bay, beach and
backshore sand and shell debris.



There is therefore no significant physical constraint to the lowering of the beach
base or to horizontal recession of the central to northern sections of the Mounts Bay
main barrier.
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Clear evidence from historical photography and recent observations that recession
of at least 500+ metres of sand backshore of the main barrier is an on-going process
on a seasonal to annual and decadal scale.



Recession is unevenly distributed spatially with most occurring in a central sector
opposite Ocean Park Drive.



Changes can occur quickly (daily) including lowering of beach level and scarping of
dune base.



This recession is a hazard with the potential for reducing the utility and amenity of
several physical and cultural assets of the beach and backshore of Mounts Bay.



The most recent attempt to reduce the rate of backshore recession by building a
backshore bench has not produced the desired result, in that almost 100% of the
renourished sand has been removed from the depositional sites in the space of
weeks to a few months.



There is evidence from the accretion of the barrier spit that some of this sand moved
northward.



It is not clear what percentage of the eroded sand went alongshore compared with
into shallow Mounts Bay water or into deeper offshore water and therefore has
been removed from the cross-shore transport system.



The limited width of beach and backshore of Mounts Bay limit the capacity for
sediment to be produced and retained.



The Barham River does not deliver sediment for beach nourishment nor does the
bounding hard rock headlands.



The configuration of Hayley Point and Hayley Reefs limits the potential for sand to be
moved into Mounts bay from the south.



These structures also limit the thickness of sand in the southern subtidal zone and
shore zone beaches.



The beach and backshore have low resistance to physical stress due to the
composition of fine sand and the lack of cohesion or consolidation of materials.



Although hard rock crops out as headlands and reefs, the substrate, backshore and
subtidal zones of Mounts Bay are of unconsolidated sediments and sensitive to wind
and wave processes.
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Shoreline recession occurs not just when initiated by extreme events but also when
stronger than average wave and wind conditions occur over several days.



The inherent nature of a single-ridge barrier system gives low resistance to
recession.



Human activities including engineering structures impact Mounts Bay backshore
materials and processes: directly and indirectly.

8.3

Major knowledge gaps
There are substantial knowledge gaps regarding the materials and geomorphic
process that shape Mounts Bay and backshore. We have identified the following as
major data gaps:


on-going uncertainty of the bulk sand budget of Mounts Bay



source(s) and sinks of sand for Mounts Bay



direction of sand movement: cross-shore compared with along shore



verification of the volumes of sand that moves cross-shore compared with along
shore



interaction of Mounts Bay beach with adjacent coasts – north and south



relevance of the computed/recorded volumes of sand at Apollo Bay Harbour to the
dynamics of Mounts Bay



details of the sedimentology of the various components i.e. backshore compared
with beach and sub-tidal


8.4

details of the subtidal topography and how this changes over time
Potential Management Responses & Implications for Future Conditions of Mounts
Bay

8.4.1 Do Nothing


Recession of backshore will continue along the central and northern sections of
Mounts Bay, including all the sector renourished in 2017.



Storm swash/splash and potential for storm overwash of the lower parts of the main
barrier can occur onto Great Ocean Road.



The utilities on the seaward side and the verge and ultimately pavement of the Great
Ocean Road could potentially be compromised in less than a decade and possibly
within 5 years.
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Traverse along the beach will be possible only at low tide.



Recession may extend to north and south of barrier into areas that are presently
stable or accreting.

8.4.2 Repeat the Nourishment


Will buy time (as a minimum one season and possibly longer) but erosion events like
May 2000, May 2005 and July 2017 will inevitably result in further loss of the placed
sand. Such events might have a 1 in 5 to 1 in 10 ARI but could occur in any year.



Ultimately this relatively frequent event would be expected to cause similar levels of
erosion (recession of between 3 and 8 metres of a rebuilt dune crest) leaving the
assets such as GOR immediately exposed again.



The experience of 2017 and 2018 suggests this is not an effective response to
shoreline recession at Mounts Bay or as a means of maintaining the long term
shoreline position.



As a result this is not considered an effective strategy for mitigating the hazard risk
at Mounts Bay.

8.4.3 Other nourishment Options


Renourish the intertidal beach and substantially increase the sand volume placed in
the intertidal and shallow subtidal zones.



This may allow the backshore to accrete naturally which may then possibly increase
sand storage in offshore bars providing a buffer for beach and backshore cross-shore
sand exchange and reduce alongshore sand loss.

8.4.4 Other Engineering Options
Assessment of other engineered options is not in the brief for this report. These were
addressed in principle by CES (2005) and included:


seawalls



groynes



offshore breakwaters
Any assessment of the application of these options will require detailed modelling of
the potential impacts on the backshore, intertidal and subtidal zones to engineered
structures.
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9

CONCLUSION AND RECOMMENDATIONS

9.1

Conclusions
Given the physical characteristics of Mounts Bay, the history of backshore recession on

various time scales and the present and likely future metocean conditions, we conclude that
renourishment of the backshore with similar design and materials to that used in 2017 is
not supported either as long-term method of mitigating the hazard risk at Mounts Bay nor
as a means of stabilising shoreline position and maintaining a beach and sand backshore.
The only support for this method is only as a short-term emergency response as a buffer for
the Great Ocean Road.
There are diverse stakeholders with different expectations of approaches and outcomes
for managing risk. It is imperative that engagement with all stakeholders is undertaken prior
to selecting which approaches to manging risk are adopted.
9.2

RECOMMENDATIONS


A do nothing response is not seen by us as an option.



Renourishment of the backshore along the 2017 design is not supported and seen as
an emergency response a buffer for the Great Ocean Road and in-ground utilities,



Renourishment of the intertidal beach and part of the subtidal zone by bulk
placement is a potential option despite the construction and operational issues
including volumes of sand required and sources.



Hard engineering options are feasible and detailed design options including
evaluation of potential impacts on coastal processes, geomorphology and amenity.

In order to implement any of the options above, it is recommended that additional tasks
be undertaken:


monitoring to establish:
o ongoing shoreline position changes
o beach & backshore elevation
o wave monitoring by video and still photography
o bathymetry



a downscaled wave/flow model with ~10m resolution and detailed statistical
analysis.
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APPENDIX

CHRONOLOGY OF BACKSHORE CHANGES MOUNTS BAY; 2016 - 2018

DATE

DESCRIPTION

2016

UAV flight by
Aust UAV

th

30 April
2017

th

8 May
2017

COMMENT

SOURCE

MOUNTS BAY CENTRAL

MOUNTS BAY
NORTHERN

Some anomalies
with baseline
photogrammetric
model noted

ASMiner
Geotechnical
(ASG)

Ocean swell

Anecdotal
observations of
significant loss of
sand, particularly
at the harvest area

Email from E
Davies (DELWP)

Photos indicate a
double berm has
formed with a scarp
height of around 0.3
m

Photos also from
DELWP

th

Renourishment
Program

Sand taken from
both Barham Spit
and Point Bunbury
and placed in
backshore dune on
Mounts bay

Works program
and contractor
invoice as
supplied from
DELWP

16 June
2017

th

UAV flight by
HiCam

New baseline soon
after final
placement

ASMG
(1009/01/17)

Backshore nourished with as constructed profile extending dune out horizontally
by up to 4 m and with a dune face at around 1 in 4 to 1 in 2.7

Between
16 June to
early July
2017

Erosion at base
& slope of
renourished
dune

Photos along all
renourished area

Photos supplied
by Apollo Bay
Cable Museum

Scarping of toe of dune commenced immediately after works completed

10 May
2017 to
th
8 June
2017

BARHAM SPIT
HARVEST AREA

Water
Technology
(2016)

UAV flight by
Uaviation
before
renourishment
works
(LOSS on the
weekend of the
th
8 May 2017)

MOUNTS BAY SOUTHERN

Some concern
regarding capacity of
harvest area once
excavation reached
crest of dune.
Operations switched
to Point Bunbury
Extent of borrow
area well defined
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Around
th
19 July
2017

10th
October
2017

th

26
October
2017

Early winter
storms

Storm bite from
the front of the
dune and possibly
from beach in
front ( anecdotal)

Email from E.
Davies (DELWP
21/0/18)

Transect
monitoring with
tape and
clinometer on
Mounts Bay
beach

Done pre UAV
flight to provide
rudimentary data
for urgent DELWP
meeting with
VicRoads

ASMG

Little recession of upper berm edge
here although steepening of dune
face and loss at toe estimated to be
2-3 m .

Maximum recession
of upper berm edge
by 3.0 m and
steepening of face
and loss at toe
estimated to be 7-8
m.

Significant recession
of upper berm edge
and loss at toe
possibly 6-7 m
maximum

No observations
made

Scheduled UAV
flight

Scheduled post
winter brought
forward to assess
winter erosion

ASMG

Area to south not as affected loss of
sand around 50% of that placed Plus
lowering of the beach level in front

Significant loss of
sand here with up
to 80% of placed
sand lost reflected
in 3.0 m recession
of dune edge and
up to 3.5 m height
of sand removed
from backshore
dune. Significant
lowering of beach
level in front
Exposure of rocks
on beach in front of
old toilets block

Significant loss of
sand here with
60%-80% of placed
sand lost reflected
in 3.0 m recession
of dune edge.
Significant lowering
of beach level in
front

Slight increase in
overall level of area
in borrow pit
(approx. 100 m3
gain) suggesting
some transport of
sand onto the beach

Photos supplied

(1009e/01/17)

Storm bite at base of re-nourished dune for seemingly the entire length of the
renourishment works height of scarp in places reaches 1.5 m however distance of
recession is not able to be estimated (LOSS b/n end of June 2017 and early July
2017)

Exposure of black
mineral sands at
very northern end
under removed
dune.

Indicative of a north
to south longshore
transport direction
with some cross
shore deposition.
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th

16
March
2018

rd

23
March
2018

Site inspection
by ASM and NR
(Sl GAIN by
middle of
March 2018)

Scheduled UAV
flight
(LOSS b/n 16
and 23 March
2018)

Part of field
preparations for
coastal workshop

ASMG per
comm.

Intertidal beach appears slightly
steeper but no scarp at toe

Intertidal beach
appears slightly
steeper but no
scarp at toe. Rocks
only barely
visible/just exposed
at old toilet block
site suggest slight
rebuilding of beach
over summer

Intertidal beach
appears slightly
steeper but no
scarp at toe

There has been some slight lowering
of the beach from Oct 2017 to
March 2018 – estimated at 0.25 m
for 10 m in front of the
reconstructed backshore It is

There has been
more significant
lowering of the
beach from Oct
2017 to Match
2018 – at least

There was no
significant lowering
of the beach from
Oct 2017 to March
2018 Almost 100%
loss of the
reconstructed
backshore dune
which had been lost
by October 2017.

Possibly slight
summer rebuilding
phase?

Post summer
monitoring run but
affected by early
autumn storms A
visual inspection
of the beach on
the 16th March
2018 noted more
sand in the
backshore dune
area and possibly
slightly higher
beach level than
was subsequently
observed during
the 4th UAV flight
on the 23rd of
March.

estimated that we have now lost
approx.60% of the originally
material placed in the backshore
and around 1.0 m from the beach
area in front of the backshore form
June 2017 (immediately after
completion of the works) to present
(March 2018) The crest of the dune
has receded by 3.0 m to 5.0 m from
June 2017 to March 2018 As a result
the beach gradient has steepened
up in front of the reconstructed
backshore –going from 3° to around
7°- 8°. The presence of a darker
mineral (thought to be magnetite) in
the sands at the base of the
backshore dune is conspicuous

0.5 m for 10.0 m in
front of the
reconstructed
backshore Very
significant removal
of sand from the
reconstructed
backshore between 70 and
90% loss and loss of
around 1.5 m from
the beach from
June 2017 to now
March 2018

The beach is lower
by at least 1.0 m
since the
completion of
works in June 2017
There is now total
recession of the
reconstructed dune
crest – loss of at
least 5.0 m The face
of remaining dune
is very steep
between 36 and 48°
The beach has
steepened
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significantly in front
of the base of the
remaining dune
now being of
similar order as
other sections of
the beach – around
7-8°
th

6 May
2018
th

18 May
2018

Site inspection
by ASM and NR

Part of coastal
workshops

Beach level increased and dune face
looks to be slightly steeper but
consistent

Rocks now covered
up and beach levels
have increased

Transects using
Dumpy level
and tape by
ASMG and Rob
Bendon(
DELWP)

Intent was to
document
anecdotally
observed increase
in beach level just
before new
renourishment
works commence

Generally 0.6 to 0.7 m increase in
beach level (i.e within the intertidal
zone). Beach angle shallower Little
change to backshore dune. Dune
face slope around 30-33°

Generally slightly
greater( more
variable) increase
in beach level
ranging from 0.7 m
to 1.1 m. beach
angle shallower
some slight further
removal of material
from backshore and
lessening of the
dune face angle to
33-35°

(GAIN b/n end
of March and
mid-May 2018)

Generally 0.6 to 0.7
m increase in beach
level (i.e within the
intertidal zone).
Backshore dune
face essentially
unchanged as it was
already back to the
pre renourishment
profile i.e. nearly all
the previous 2017
renourished sand
had been removed.
Steep dune face
here at 39-41°

There has been an
overall net loss of
sand in the study
area of about
2000m3 for the
period
from October 2017
to March 2018 - so
in effect there has
been no summer
recovery on the
beach. However
inspection of the
site on the 16th
March suggest there
may have been
slightly more sand
on the beach
immediately prior to
the UAV monitoring
run on the 23rd of
March. This
observation again
highlights the highly
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volatile nature of
coastal processes at
the site particularly
with respect to the
early autumn storm
events.
st

21 May
2018

Start of second
renourishment
works

DELWP email
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