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EXECUTIVE SUMMARY
The Surf Parade Inverloch Shared Path project involves the construction of a new shared path along
Surf Parade from Abbott Street to Cape Paterson Inverloch Road. The project is an important part of
the Bass Coast Shire Roads Upgrade Program and aims to ensure delivery of a range of benefits to the
Inverloch community. The path also has the highest priority within the current Principle Bicycle
Network Plan.
The proposed path is located along a section of shoreline which has experienced significant impacts
on the beach and foreshore area from recent storm surge and high tide events (e.g. South Gippsland
Sentinel Time, August 12, 2015). There has been significant loss of coastal vegetation, and increased
dune scarping and longshore sediment transport following recent storm events. As a result, concerns
have been raised as to the risks associated with removal of dune vegetation associated with the shared
path project on dune stability and the overall vulnerability of the proposed path to on-going coastal
processes, including sea level rise.
This project has assessed the impact of the proposed coastal pathway including access tracks and
carparks on the Inverloch coastal foreshore. This will allow Council to be better informed on the
contemporary coastal processes and potential effects of climate change; to identify potential
vegetation enhancement areas for rehabilitation; and be able to make more informed decisions on
placing intergenerational assets along the Inverloch foreshore.
Based on a detailed review of geomorphology and coastal processes, along with regional exposure of
the site to oceanographic processes, the main outcomes of the coastal hazard risk assessment area as
follows:




Long term coastal recession is unlikely to impact the proposed shared path alignment until
the projected increase in mean sea level reaches around +0.8m (by 21001), and therefore the
risks to the path from this hazard are considered Low.
Short term coastal erosion hazards are unlikely to impact the proposed shared path
alignment until the projected increase in mean sea level reaches around +0.8m (by 2100), and
therefore the risks to the path from this hazard are considered Low.
Coastal inundation hazard impacts are unlikely to impact the proposed shared path alignment
until the projected increase in mean sea level reaches around +0.8m (by 2100), and therefore
the risks to the path from this hazard are considered Low.

In terms of the impacts on vegetation associated with path alignment, the following key points are
made:


The alignment has been located on the landward side of the foreshore vegetation abutting
existing cleared and developed land. This is the most appropriate location for the alignment
for the following reasons:
o The vegetation abutting the urban development is subject to edge affects including the
incursion of exotic species. Vegetation within the middle of the reserve is likely to be
‘cleaner’ and contain higher quality vegetation.
o The removal of a strip of land on the urban edge provides an opportunity to remove the
exotic species and to enhance the quality of this edge vegetation.

1

The Victorian Coastal Strategy (2014) refers to the current Victoria planning benchmark; to plan for sea-level
rise of not less than 0.8 metres by 2100…” which is in agreement with sea level rise projections of the Fifth
Assessment Report of the IPCC (IPCC, 2013; Hunter, 2014) that identifies +0.8m sea level rise by 2100 as
appropriate for the Victorian coastline.
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o

o

A design alignment through the middle of the reserve would cause significantly more
disturbance during and following construction. This also creates potential for two edge
effects rather than one as currently proposed. A cleared strip through the middle of the
reserve also has the potential to allow winds to funnel down the path and cause wind
generated erosion and/or sand deposition.
As the alignment is adjacent to Surf Parade any vegetation that is to be removed is
located at the rear of the coastal dune and loss of this vegetation will not have any
impact on dune stability.

With regard to vegetation offset requirements it is recommended that 3rd Party offsets be purchased
through the Native Vegetation Offset Scheme at BCSC. There are sufficient Biodiversity Equivalence
Units (BEU’s) available at the Screw Creek Offset Site that meet the requirements of this project.
A range of options have been provided to mitigation the construction impact on vegetation.
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GLOSSARY AND DEFINITIONS
Accretion

The gradual and imperceptible accumulation of land by natural causes

AHD

Australian Height Datum. 0m AHD approximately corresponds to mean sea level

AEP

Annual Exceedance Probability: The measure of the likelihood (expressed as a probability) of an event
equalling or exceeding a given magnitude in any given year

Astronomical tide

Water level variations due to the combined effects of the Earth’s rotation, the Moon’s orbit around the
Earth and the Earth’s orbit around the Sun.

Backshore

That part of the beach that is usually dry, being reached only by the highest tides, and by extension, a narrow
strip of relatively flat coast bordering the sea

Beach

Zone of unconsolidated material that extends landward from the low water line to the place where there is
marked changes in material or physiographic form, or to the line of permanent vegetation (usually the
effective limit of storm waves). A beach includes foreshore and backshore.

Cretaceous

Geological period and system from 145 to 66 million years ago.

Exceedance probability

The probability of an extreme event occurring at least once during a prescribed period of assessment is
given by the exceedance probability. The probability of a 1 in 100 year event (1% AEP) occurring during the
first 25 years is 22%, during the first 50 years the probability is 39% and over a 100 year asset life the
probability is 63%.

Fluvial

Geological term to describe sediments which are derived from a river environment.

Geomorphology

The study of the physical features of the surface of the earth and their relation to geological structures.

HAT

Highest Astronomical Tide: the highest water level that can occur due to the effects of the astronomical tide
in isolation from meteorological effects.

Holocene

Geological epoch beginning approximately 12,000 years ago. It is characterised by warming of the climate
following the last glacial period and rapid increase in global sea levels to approximately present day levels.

Hydro-isostasy

Impact of addition or loss of water on the earth surface elevation.

IPCC

The Intergovernmental Panel on Climate Change

MHHW

Mean Higher High Water: the mean of the higher of the two daily high waters over a long period of time.
When only one high water occurs on a day this is taken as the higher high water.

MHWS

Mean High Water Springs: the height of MHWS is the average, throughout a year when the average
maximum declination of the moon is 23.5ᵒ, of the heights of two successive high waters during those
periods of 24 hours when the range of the tide is greatest. Used when semi-diurnal tides are present.

MSL

Mean Sea Level: the long-term average level of the sea surface.

Pleistocene

Geological epoch from 2.5 million to 12,000 years before present that spans the earth's recent period of
repeated glaciations and large fluctuations in global sea levels.

Quaternary

Geological period beginning approximately 2.6 million years ago and continuing today.

Recession

Continuing landward movement of the shoreline

Significant wave height

The average of the highest one third of all waves.

Storm surge

The meteorological component of the coastal water level variations associated with atmospheric pressure
fluctuations and wind setup.

Storm tide

Coastal water level produced by the combination of astronomical and meteorological (storm surge) ocean
water level forcing.
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1.

INTRODUCTION

The Surf Parade Inverloch Shared Path project involves the construction of a new shared path along
Surf Parade from Abbott Street to Cape Paterson Inverloch Road. The project is an important part of
the Bass Coast Shire Roads Upgrade Program and aims to ensure delivery of a range of benefits to the
Inverloch community. The path also has the highest priority within the current Principle Bicycle
Network Plan.
The 2.5m wide concrete shared path will provide pedestrians with a safe off road alternative along
the busy Surf Parade giving access to existing walking tracks to the beach, the Surf Life Saving Club and
ultimately will connect with the Wonthaggi Rail Trail. Safe pedestrian crossings at strategic points
along the route are planned to be installed to cater for pedestrians crossing Surf Parade. It is envisaged
that during peak visitor times this additional path link will entice beach goers to use alternate transport
methods
alleviating
vehicular
congestion
along
Surf
Parade
(http://www.basscoast.vic.gov.au/Services/Roads_
Parking_Transport/Council_Projects/Surf_Parade_Inverloch_-_Shared_Path).
The proposed path is located along a section of shoreline which has experienced significant impacts
on the beach and foreshore area from recent storms (e.g. South Gippsland Sentinel Time, August 12,
2015). There has been significant loss of coastal vegetation, and increased dune scarping and
longshore sediment transport following these events. As a result, concerns have been raised as to the
risks associated with removal of dune vegetation associated with the shared path project on dune
stability and the overall vulnerability of the proposed path to on-going coastal processes, including
sea level rise.
This project has assessed the impact of the proposed coastal pathway including access tracks and
carparks on the Inverloch coastal foreshore. This will allow Council to be better informed on the
contemporary coastal processes and potential effects of climate change; to identify potential
vegetation enhancement areas for rehabilitation; and be able to make more informed decisions on
placing intergenerational assets along the Inverloch foreshore.

1.1

Project Scope

The project scope as outlined in the RFQ documentation is as follows and is reflected in the outline of
the methodology present in Section 5:
1.
2.
3.
4.
5.

Review of the geomorphology and ecology of the study area,
Review of the contemporary coastal processes in the study area,
Regional exposure assessment of the study area,
Review of potential short and long term coastal recessions and accretion,
Undertake a coastal hazard risk assessment of the proposed works, car park and access tracks
within the study area as per Council’s resolution made at a Special Meeting on 25 March 2015,
6. Provide an opinion of the construction impact of the proposed pathway, including removal of 0.17
ha of vegetation along the path alignment, to the Inverloch coastal foreshore.
7. Provide an opinion of offset vegetation versus onsite vegetation enhancement, and
8. Provide an opinion of the proposed path alignment in the LSIO area at Wreck Creek.
This study does not include any investigations into traffic management along Surf Parade or
surrounding streets.

1.2

Study Area

The proposed alignment of the shared path is shown in Figure 1-1. The path begins in the west at the
intersection of Surf Parade and Toorak Road and connects to the existing path at Abbott Street. The
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study area for this assessment therefore encompasses the coastline between Wreck Creek and Point
Hughes. The shared path masterplan is shown in Figure 1-2.
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Figure 1-1

Study Area
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Figure 1-2

Surf Parade Inverloch Shared Path Masterplan
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2.

GEOMORPHOLOGY AND COASTAL PROCESSES

2.1

Geomorphic Context

The geological profile of the study area comprises Cretaceous sandstones and mudstones (70 to 135
million years in age) which are exposed as cliffs and shore platforms to the west from Flat Rocks
towards Cape Paterson. The cliffs and shore platform coastline to the west gives way to a grassy bluff
that extends behind the existing coastline and marks the position of an older Pleistocene aged cliffed
coastline (1.5 million to 15 000 years ago). In front of this bluff, a succession of Holocene (<15,000
year ago) aged dune ridges and sandy beaches has accreted (Bird, 1993). The eastern extent of the
beach and dune ridges is truncated at Point Norman by the entrance to Andersons Inlet. On the
eastern side of the entrance lies a long sand spit known as Point Smythe (Figure 2-1).

Figure 2-1

Geomorphology of the study area

Andersons Inlet is the most clearly defined estuary on the Victorian coast, with extensive tidal
mudflats (16 km2) exposed at low tide on either side of a meandering channel that runs from the
Tarwin River to the sea at Inverloch (Bird, 1993). Around the margins and eastern end of the inlet
alluvial material consisting of clays, silt and fine sand has been deposited by the Tarwin River and is
overlain by sandy beach deposits. Along the western extent of the inlet and the entrance marine sand
sands are found. These have been deposited by wave and tidal action. The sandy entrance to the
inlet is highly dynamic with the main channel meandering between Point Norman and Point Symthe
depending on wave conditions, tides, and river flows.
The shared path route at Inverloch runs along the exposed coastline east from Flat Rocks to Point
Norman, before following the shoreline along the margin of Andersons Inlet to Point Hughes. Key
features of the morphology and related coastal processes of these areas are described in the following
sections.
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2.2

Coastal Processes

The review of coastal processes undertaken for this study builds upon previous work such as Water
Technology (2010), Vantree (2000) and Oldfield (2011) and takes into account the recent changes
observed within the study area. Aerial photographs from 1950 to 2014 have also been sourced for
this study, with each image georeferenced and vegetation and dry sand lines digitized to allow
comparison of shoreline change.

2.2.1

Wreck Creek to Point Norman

Ferns and Hough (Eds.) (2002) detail high resolution mapping of marine habitats along the Bunurong
coast, from Cape Paterson to Wreck Creek. The results showed the intertidal shore platform at Flat
Rocks, is underlain by an extensive subtidal platform extending several kilometres from the shore in
relatively shallow water. The survey also identified beds of fine to medium sand lie offshore of Main
Beach offshore of Inverloch although the mapping did not extend east of the Bunurong Marine and
Coastal Park.
A review of available aerial imagery (Figure 2-2) suggests that sections of the intertidal/subtidal
platform may be present at Point Norman and appear to partially anchor the coastline position and
alignment. This could be occurring through the following processes;



The presence of the shore platform provides a partial physical barrier to the drifting of sand
further east, and/or
As waves approach the shoreline the underlying shore platform modifies the nearshore wave
climate (i.e. the wave height and direction). This process sometimes results in the formation
of a spit in the lee of the outcrop (Oldfield, 2011). The formation of the spit at Point Norman
is highly variable, changing in form and extent over periods of weeks to years.

Figure 2-2

Location of intertidal and subtidal shore platforms in and around the study area

Figure 2-3 provides a series of images along shoreline between Wreck Creek and Point Norman.
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Looking west towards Flat Rocks

Looking across entrance of Wreck Creek

Views east along section of steep dune

Steep dunes with recent erosion

View towards Point Norman

End of Main Beach at Point Norman

Figure 2-3

Views from Flat Rocks to Point Norman

The entrance of Wreck Creek lies almost halfway between Flat Rocks and Point Norman. Longshore
currents typically move west to east along this shoreline and the eastward longshore drifting of sand
has deflected the entrance of Wreck Creek to the east (Bird, 1993). The creek entrance passes
between sections of Holecene dune ridge and has been stabilised in its current position by a rock
revetment on its eastern flank. The creek morphology is classified as an intermittently closed and
open lagoon system. Flows from the creek are the dominant mechanism for keeping the entrance
open, while wave action tends to bring sand onshore, closing the entrance.
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The entrance is presently (December 2015) closed with a wide low berm formed across the entrance
channel, as shown in Figure 2-4. Upstream of the entrance the channel meanders between two heavily
vegetated dune ridges and there is extensive reed growth at the channel margins.

Looking seaward across the entrance berm
Figure 2-4

Looking upstream across berm into Wreck
Creek

Entrance to Wreck Creek

A comparison of the alignment of Wreck Creek based on aerial imagery from 1968 to 2014 is provided
in Figure 2-5 and shows that apart from the entrance berm and channel, there has been little change
in the creek alignment over the last 46 years. There has been variation in the width of the dune
between the creek and the beach, as seen for section further east, with increasing density of
vegetation across the area. The current dune width between the creek and the beach is between 30
m to 60 m. Unless there are significant changes to the upstream catchment land use which results in
increased inflows into the creek, the current alignment of the creek is likely to stable.
East of Wreck Creek the sandy beach is backed by a sequence of Holocene dune ridges, which rise in
places to a height of up to 11 m AHD. The borelog for a groundwater bore (70945) located close to
the alignment of the shared path (Figure 1-1) indicates sand to at least a depth of 7 m below ground
surface, which equates to around -3.5 m AHD. The width of the dunes between the beach and the
shared path alignment varies between 80 m to 100 m in this area.
Comparison of historic and contemporary aerial imagery (Figure 2-6, Figure 2-7, and Figure 2-8) shows
little variation in the beach alignment along the western and middle sections of Main Beach, east of
Wreck Creek. Between the mouth of Wreck Creek and Point Norman the current (2014) extent of
coastal dune vegetation is very similar to that shown in 1968, while in 1981 vegetation extended
another 65 m shoreward. Immediately east of the Surf Life Saving Club the front face of the dune is
steep and recent erosion has been noted. This is discussed further in Section 2.2.3.
The eastern end of Main Beach extending around Point Norman is highly variable with the imagery
showing large sand lobes at various locations and times on this section of coast, with beach widths
varying in places by over 100 m.
The aerial images are presented on the following pages with three lines representing a) 2014 shoreline
(dashed red), b) featured year shoreline (solid orange), and c) 1968 shoreline (dashed green).
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Figure 2-5

Comparison of the alignment of Wreck Creek (1968 to 2014)
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Figure 2-6

Aerial Imagery (2009 – 2014) Wreck Creek to Point Norman
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Figure 2-7

Aerial Imagery (2000 – 2008) Wreck Creek to Point Norman
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Figure 2-8

Aerial Imagery (1950 – 1991) Wreck Creek to Point Norman
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2.2.2

Point Norman to Point Hughes

The morphology of the entrance to Andersons Inlet is young and dynamic and shaped by tidal and
ocean wave dynamics and river discharges. The western end of Anderson Inlet at Inverloch is more
significantly influenced by marine processes which have transported sand into the estuary and
resulted in a noticeable contemporary accretion of sand on the northern bank of the estuary. The
extensive sandy bars and channels of the entrance to Anderson’s inlet meander between Port Norman
and Point Smythe, and the entrance remains permanently open to the ocean.
From Point Norman to Point Hughes the Holocene dune ridge is significantly narrower than the beach
to the east and historic imagery (Figure 2-14) indicates the main channel through the entrance often
flows close to this shoreline. Vantree (2000) noted that “the gross shape of the entrance to Anderson’s
Inlet has remained relatively unchanged for the last 140 years. The main entrance channel opposite
Point Symthe has always been on the western side of the inlet and there has always been a wide series
of sandbars at the entrance between Point Symthe and the channel.”
However, within the last four years there has been gradual change in the alignment of main channel,
with it moving south and east away from the shoreline at Inverloch, together with the growth of the
spit at Point Norman. The images from 2012 to 2014 show a large sand lobe forming into a spit at the
eastern end of Main Beach before extending northward into Andersons Inlet. Increasing sand
deposition on the spit has now formed low hummocky dunes with encroaching vegetation. The
vegetation acts to stabilise the dunes further.
Since the 2014 imagery was captured the spit has continued to move northward into Andersons Inlet
forming a 5 Ha lagoon which is now infilling with sand (Figure 2-9).

Figure 2-9

Lagoon formed behind the sand spit

Underlying the sand between Point Norman and Point Hughes appear to be sections of intertidal shore
platform, which can be exposed depending on the position of the main channel, Figure 2-10.
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Figure 2-10

View across lagoon towards Point Norman, showing a section of exposed intertidal
shore platform and rock revetment

Various forms of erosion protection measures have been undertaken to stabilise this section of
shoreline over the years (Figure 2-11).

Figure 2-11

Examples of historic shoreline protection
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Figure 2-12

Aerial Imagery (2009 – 2014) Point Norman to Point Hughes
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Figure 2-13

Aerial Imagery (2000 – 2008) Point Norman to Point Hughes
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Figure 2-14

Aerial Imagery (1968 – 1991) Point Norman to Point Hughes
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2.2.3

Observed Shoreline Changes

Storm events during 2014 and 2015 have seen erosion of the Main Beach at Inverloch and
undermining of adjacent dunes (Figure 2-15) and coastal infrastructure (Figure 2-16). There has been
significant loss of coastal vegetation, and increased dune scarping and longshore sediment transport.
These recently observed changes have occurred in an area which has experienced erosion and loss of
coastal vegetation as a result of storm events in the past.

Figure 2-15

Erosion at the base of the Surf Life Saving Club Tower (01-Dec-2015)

Figure 2-16

Undercutting of Vegetated Dune (01-Dec-2015)
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A survey was undertaken at the Surf Life Saving Club (SLSC) tower on 10 December 2015 which showed
retreat of the dune toe (up to 10 m) compared to 5 May 2014. The difference between surveyed
points and VicMap Coastal LiDAR captured in 2007 (DSE, 2009) are illustrated in Figure 2-17.

Figure 2-17

Comparison of Survey (10-Dec-2015) and LiDAR (2007) at SLSC Tower

To assess this loss of dune in the context of long term coastal change an analysis of historic imagery
and LiDAR was undertaken for the area around the SLSC. The results clearly show that the dune and
beach area in and around the SLSC tower has seen significant changes in the shoreward extent of the
dune vegetation. Between 1968 and 2014 (Figure 2-18 and Figure 2-19) the vegetation extents have
varied along this section of shoreline in the order of 50 m. Although no imagery is available for 2015,
the recent survey data does indicate further local erosion at the SLSC tower landward of the 2014
vegetation line.
Figure 2-20 shows aerial imagery from 2006 and 2014 along with LiDAR data from 2007. In 2006 there
is clearly a wide vegetated foredune present seaward of the current dune ridge. The profile taken
from the LiDAR (Figure 2-21) indicates the foredune was in the order of 30m wide. It is completely
absent from the 2014 image. The predominant longshore transport of sand from west to east along
the beach means this sand has likely moved eastward along the shoreline, forming the spit and lagoon
east of Point Norman.
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Figure 2-18

Variation in Vegetation Extent in front of Surf Life Saving Club (1968 to 2000)
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Figure 2-19

Variation in Vegetation Extent in front of Surf Life Saving Club (2009 to 2014)
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Figure 2-20

Pre and Post Storm Bite
2014
Vegetation
Extent

Figure 2-21

2006
Vegetation
Extent

Cross Section (2007 LiDAR) Showing Two Ridges
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It could be expected that under prolonged calm conditions much of the sand eroded from the dune
profile at this location would migrate back to the beach, forming a new incipient dune. There are
different timescales associated with the response of the beach and dunes to erosion as a result of
severe storm events. If the storm is followed by a period of calmer weather the beach can respond
quickly (within days to weeks), with swell waves returning much of the eroded sand back onto the
beach profile. Dunes however, respond much more slowly to storm induced erosion (years to
decades). A prolonged period of calm conditions is required to move sand back onto the back of the
beach at the toe of the erosion scarp and then conditions must remain calm to allow for the gradual
recolonization of the dune by vegetation. The presence of vegetation helps stabilise the dune and
limit erosion by subsequent storms. A sequence of storm events such as has recently been
experienced can result in significant erosion of the dune which may take many years to reform. The
additional complication in this instance is that longshore sediment transport has moved much of the
eroded sand eastward rather than immediately offshore of the beach and hence less sand is available
to move back onshore. Beach and dune recovery are therefore dependent on continued supply of
sand along the coast from the west.
Relationships between storm intensity and frequencies on the east coast of Australia have been
identified as potentially being modulated by the Inter-decadal Pacific Oscillation (IPO) and El NiñoSouthern Oscillation (ENSO) by You & Lord (2008) and Shand et al. (2010).
A longer term analysis of 63 years of hindcast wave conditions for the Gippsland coastline (1950-2011),
detailed in Water Technology (2014), clearly showed this clustering of storm events, with periods of
heightened wave storminess identified as:


1950-1956, 1964-1967, 1974-1978, 1984-1987, 1995-2001; and 2007-2011

The lack of, or increasing frequency of storm wave events will be reflected in shoreline erosion along
sandy coastlines in particular. These approximate periods identified corresponded well with
documented periods of significant storminess and coastal hazard impacts on the NSW coastline
(Hanslow & Gissing, 2007).
The timeline described in Table 2-1 summarises the local changes in dune and vegetation in this
location as identified through the imagery analysis against periods of increased wave energy (inferred
from Water Technology, 2014).
Table 2-1

Overview of shoreline change at the SLSC

Period

Description

1968

The vegetation extent in front of the SLSC was similar to 2014, with Wreck Creek extending
significantly further eastward to within 50 m of the access path.
The mouth of Wreck Creek was subsequently stabilised on the eastern bank to move it away
from the SLSC and limit further eastward migration.
The prior period 1964-1967 experienced increased storminess with clustering of storm events
likely to have resulted in increased erosion along the shoreline.

1981

The vegetation at its greatest extent, approximately 50 m seaward from the 1968 shoreline. Low
incipient foredunes are present shoreward of the main dune ridges.
1981 lies in a period of reduced storminess following large storm events from 1974 – 1978. It is
likely that beach and dune recovery was occurring at this time.

1991

The vegetation line is within around 15 m of the 1968 extent. The resolution of the imagery is
limited and dune features cannot be clearly defined.

2000

This is a period of increased storm activity and an erosion scarp can be seen at the dune face in
this figure. There is an incipient foredune present shoreward of the main vegetated dune face.

2009
2012

to

There is little difference between the vegetation line between 2009 and 2012, although it
appears there has been minor recession of the dune since the 2000 image.
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Period
2013
2014

Description
to

These images show retreat of the vegetation line in the vicinity of the SLSC tower, with the 2014
vegetation line now landward of the 1968 vegetation line. Observations suggest increasing
storminess over this period but no detailed analysis of wave conditions is available to quantify
this.

These phases or erosion and recovery have occurred in the past, as shown in the images from 1968
and 1981. However with the movement of much of the eroded sand alongshore and predicted ongoing sea level rise the longer term recovery of the dune is less certain. This is discussed further in
Section 3.5.

3.

REGIONAL EXPOSURE ASSESSMENT

A regional exposure assessment identifies the magnitude and frequency of the main oceanographic
processes impacting the coastline under existing and future conditions. This incorporates the
following aspects:





Sea Level Rise,
Astronomical Tides,
Storm Tides,
Wave Climate.

Each of these components are discussed in the following sections.

3.1

Sea Level Rise

In their Fourth Assessment Report, the Intergovernmental Panel on Climate Change (IPCC, 2007)
provided sea level rise projections ranging from 0.18 to 0.59 m by the end of the 21st Century (2090
to 2099). These numbers did not, however, include any allowance for possible increases in the melting
rates of the Greenland and West Antarctic ice sheets. It was estimated that increased melting of these
ice sheets could add an additional 0.1 to 0.2 m to the upper bound of sea level rise by 2090 to 2099.
Further, the work of Rahmstorf et al. (2007) found that the rates of sea level rise observed by tide
gauges and satellite altimeters were tracking near the upper bound of the IPCC sea level rise
projections.
As a result of the above, the Victorian Coastal Strategy (Victorian Coastal Council, 2008) recommended
that “a policy of planning for sea level rise of not less than 0.8m by 2100 should be implemented.” The
strategy further recommended that “this policy should be generally applied for planning and risk
management purposes” and that the policy is to be refined “as new scientific data becomes available.”
In their assessment of climate change effects on extreme sea levels along the Victorian coastline,
McInnes et al. (2009) reviewed a number of post-IPCC (2007) projections of sea level rise. These
included estimates of sea level rise by 2100 of 0.82 m by Hunter (2009), of 1.10 m by the Netherlands
Delta Committee (Vellinga, 2008) and an upper limit of 1.40 m by Rahmstorf at al. (2007).
Figure 3-1 presents the current sea level rise projections provided by the CSIRO (http://wwwcmar.csiro.au/sealevel/sl_proj_21st.html). These projections are based on the range of climate
change scenarios considered by IPCC (2007), as reproduced in Church et al (2011). The projections
include outer ranges for all scenarios with an additional allowance for increased melting of the
Greenland and West Antarctic ice sheets. The upper limit for the increased ice sheet melting scenarios
is for a sea level rise of about 0.82 m by 2100. This is consistent with the value given by Hunter (2009).
It also provides an upper limit for sea level rise of about 0.2 m by 2040.
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Figure 3-5 presents the early part of Figure 3-1 in more detail. This provides a comparison of the range
of sea level rise projections with tide gauge and satellite altimeter measurements. This shows that the
current measurements of sea level rise are tracking close to the upper limit of the projections.

Figure 3-1

Mean Sea Level Rise Projections from 1990 to 2100 (from CSIRO)

Figure 3-2

Comparisons of Mean Sea Level Rise Projections from 1990 to 2202 with
Tide Gauge and Satellite Altimeter Data (from CSIRO)
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CSIRO (http://www-cmar.csiro.au/sealevel/sl_proj_21st.html) notes that IPCC (2007) explicitly states
that “larger sea level rises cannot be excluded”, and that the IPCC (2007) projections “do not give a
best estimate or an upper bound.” CSIRO also notes that there are arguments that a higher level of
sea level rise “in excess of 2 metres is physically untenable, and that “a maximum rise of 0.8 metres …
is more plausible.”
In their Fifth Assessment Report, the IPCC (2013) have provided revised sea level rise projections
ranging from 0.26 to 0.82 m by the end of the 21st Century (2081 to 2100). Based on these results,
Hunter (2014) has developed revised planning allowances for sea level rise along the Victorian coast.
“For the periods 2010-2040, 2010-2070 and 2010-2099, the suggested allowances are 0.2, 0.4 and 0.8
(0.9) metres, respectively (where the figure in brackets indicates a more protective option).”
In the latest Victorian Coastal Strategy, the Victorian Coastal Council (2014) references the work of
Hunter (2014) and notes that it is “broadly consistent with the current Victorian benchmarks:


to plan for sea level rise of not less than 0.8 metres by 2100, and



to plan for sea level rise of not less than 0.2 metres by 2040 for urban infill areas.”

The Victorian Coastal Council (2014) then notes that “these benchmarks are for a horizon up to 2100”
and that “sea level rise is likely to continue beyond this horizon.”
The key points to note about the sea level rise projections are that:


The rate of mean sea level rise is projected to increase throughout the 21st Century;



The Victorian planning benchmarks for sea level rise of 0.8 m by 2100 and 0.2 m by 2040 for urban
infill areas are consistent with the latest findings of the IPCC (2013), and of Hunter (2014); and



Mean sea level is likely to continue to rise beyond 2100.

3.2

Astronomical Tide

Astronomical tide refers to the rise and fall of the ocean surface due to gravitational attraction
between Earth, Moon and Sun. Water level variations in coastal areas due to the astronomical tide
can be reliably predicted provided a reasonable length of continuous water level observations are
available.
Tidal plane information for Inverloch Jetty in terms of the mean high water and (MHWS) and highest
astronomical tide (HAT) are listed in Table 3-1. These estimates were derived from recorded water
levels taken over one month at Inverloch Jetty by Water Technology in 2004. Estimates for tidal planes
under future sea level conditions are also shown. Figure 3-3 shows the landward extent of the tidal
planes on the 2007 LiDAR DEM.

Table 3-1

Tidal Elevations at Inverloch

(m AHD)

Existing

2040

2070

2100

-

0.20

0.47

0.82

MHWS

0.9

1.10

1.37

1.72

HAT

1.2

1.40

1.67

2.02

Mean Sea Level Rise
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Figure 3-3

Existing and Predicted MHWS on 2007 LiDAR

3.3

Storm Tide

The term storm tide refers to coastal water levels produced by the combination of astronomical and
meteorological sea level forcing. The meteorological component of the storm tide is commonly
referred to as storm surge and collectively describes the variation in coastal water levels in response
to atmospheric pressure fluctuations and wind setup.
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Figure 3-4

Schematic Displayed the Key Components of Storm Tide

Estimates of 1% and 10% AEP extreme coastal wave levels (storm tides), including the impact of
projected sea level rise, have been developed by the CSIRO (CSIRO, 2009) for different planning and
sea level rise scenarios and are displayed in Table 3-2 for Venus Bay, approximately 10 km south-east
of the Anderson Inlet entrance. The storm tide levels for Venus Bay are considered applicable to the
assessment of the risks to the site at Inverloch.
It is noted that as part of previous investigations within Anderson Inlet at Screw Creek (Water
Technology, 2004), a peak water level in Anderson Inlet associated with a storm tide on 19 June 2004
was accurately surveyed at 1.98 m AHD. It is possible that additional water level setup across the
shallow waters in Anderson Inlet contributed to this level.
Table 3-2
10% and 1% AEP Storm Tide Levels Incorporating Mean Sea Level Rise Scenarios
(Adapted from CSIRO 2009)
(m AHD)

Baseline

2030 High

2040

2070 High

2100 High

Venus
(10%AEP)

Bay

1.54

1.76

1.87*

2.19

2.63

Venus
(1%AEP)

Bay

1.96

2.20

2.31*

2.64

3.06

* Linearly interpolated between 2030 and 2070

3.4

Waves

Wreck Creek to Point Norman
The study area between Wreck Creek and Point Norman is exposed to prevailing south-westerly swell
of Bass Strait. As with much of the Bunurong coast to the east, the shoreline experiences moderate to
high wave energy, although the shallow, gradually sloping nature of the subtidal rock platform and
subtidal reefs protects significant sections of the coast from very high-energy waves (Bird 1993). The
rocky headlands and shore platform between Eagles Nest and Petril Rock can moderate the prevailing
south-westerly waves by refraction, however the action of waves, both in terms of their erosive
capacity and their contribution to coastal water levels, can be significant this section of the study area.
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Statistical analysis of the offshore wave climate in this area was undertaken as part of feasibility
investigations relating to the Victorian Desalination Plant at Powlett River (ASR, 2008). This study
developed a 1% AEP deep water significant wave height of 8.8 m from the south west.
Water Technology (2010) undertook to transform these design wave heights specifically for the
coastline at the SLSC which faces approximately south southwest. Snell’s law was applied to provide
a refracted offshore wave height around Cape Paterson. Application of this analytical solution to the
1% AEP design wave height at Powlett River provided a significant wave height of 5.6 m offshore of
the site for waves generated from the south southwest. This design wave condition has been used to
estimate the magnitude of the short term erosion and wave setup hazards Section 4.3.
Point Norman to Point Hughes
The study area from Point Norman to Point Hughes is afforded protection from swell waves by the
sand bars at the entrance to Andersons Inlet and at times by the sand spit that forms at Point Norman.
Locally generated fetch limited wind waves can be generated along this shoreline when the prevailing
wind comes from the south-east and the south west across the inlet. Oldfield (2011) estimated a
significant wave height at Abbott Street of around 0.8 m for the 30 m/s wind, however since 2012 the
formation of the lagoon and buildup of sand in this area has further reduced the available fetch and
hence increasingly limits direct wave action at this shoreline.

3.5

Long Term Coastal Recession

Coasts are highly dynamic environments and vary on a range of time scales. A shoreline may be
subject to periods of recession as well as accretion depending on the overall coastal processes
affecting the area.
The review of coastal morphology and processes, historic imagery and the analysis of recent shoreline
change indicates the study area has undergone changes over a range of spatial and temporal scales,
from the forming of the Holocene dune ridges which evolved with past changes in sea level, to ongoing dynamic responses of the beach to short term events such as storms.
The main trends can be identified are follows:




Potential long term recession of the beach-dune profile with sea level rise.
Change in the beach-dune interface morphology due to changes in sediment supply and wave
/current dynamics.
Short term responses to storm events

These trends are discussed further in the following sections. Long term accretion of the shoreline has
not been observed from the analysis detailed in the preceding sections except for the highly variable
shorelines at Point Norman and Point Smythe. Therefore coastal recession is considered more
important for the assessment of risks to the alignment of the shared path.
Long term recession of a sandy shoreline is caused by a net loss of material at the beach. The net loss
of material can be the result of imbalances in the longshore rate of sediment transport or can be
associated with adjustment of the shoreline to incremental changes in mean sea level.
The Bruun (1962) model is one of the most widely used conceptual models for predicting sandy
shoreline profile response to rising sea levels due to its ease of application, and lack of accepted
alternatives for long-term shoreline profile response. The Bruun model is based on the concept that
for a shoreline profile at, or close to equilibrium with present sea levels, and that is neither gaining
nor losing significant volumes of sediment; a rise in relative sea level will lead to erosion as wave action
erodes the beach face, transporting sediment offshore. The sand transported offshore can then be
redeposited onshore in the form of washovers (where wave action washes over the dune crest
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transporting sediment with it). Over time this process translates the shoreline profile shoreward and
upward in response to the relative higher sea level. This process results in a redistribution of sediment
across the profile but does not lead to net gain or loss of sediment.
S
R

Figure 3-5

Coastline erosion and recession due to sea level rise for sandy shorelines (Water
Technology, 2014)

This model of shoreline erosion and recession due to sea level rise can generally be applied to the
shoreline between Wreck Creek and Point Norman, however it is not applicable to the remainder of
the study area.
Wreck Creek to Point Norman
Previous work by Water Technology (2010) estimated the long term coastal recession rates due to sea
level rise along this section of the study area. An extended version of the original Bruun rule
developed by Kriebel and Dean (1993) was adopted that includes the effect of the sloping beach
profile, grain size and depth of closure on the amount of recession. The extended equilibrium profile
model developed by Kriebel and Dean was applied to the coastline at the site with the following
parameters:


Analysis of the AUS Chart 801 shows the nearshore bathymetry rises typically at a rate of 1:
60. Further offshore the gradient reduces to around 1:120 (0.83 %). In this lower section of
the profile there is an underlying shore platform present below the sand.



The active profile width was calculated as per the methodology outlined in CEM (2000)



A median grain size diameter of 0.25 mm was applied based on visual inspection of the beach
sediments

This previous work has been revised for this study and the updated results are presented in Table 3-3,
and Figure 3-6. The actual recession rates will vary along the length of the shoreline from Wreck Creek
to Point Norman with changes in morphology. Currently the remaining dune width along this section
of shoreline varies from 80 to 100 m.
Table 3-3

Potential Coastal Dune Recession (adapted from Water Technology 2010)

Offshore Slope

Sea Level Rise (m)
+0.20 m (2040)

+0.47 m (2070)

+0.82 m (2100)

1:60

12 m

29 m

50 m

1:120

14 m

33 m

57 m

The significant simplification and limitations of the model should be considered when evaluating the
relative risks posed by sea level rise and long term shoreline evolution. In particular, the following
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aspects of the geomorphology and coastal process in the area may reduce the ultimate amount of
long term shoreline recession caused by sea level rise to that predicted by application of the
equilibrium profile model:


The model is not strictly valid where longshore drifting of sediment plays a significant role in
the shoreline morphology. The large supply of sediment from longshore drifting on this
coastline may reduce the rate of long term recession. In addition it is noted that climate
change projections have predicted increased predominance of south-westerly frontal weather
patterns which may result in increased supply of sand from the west (Ethos NRM, 2008).



The Andersons Inlet ebb tide delta and the offshore reef outcrop at Point Norman significantly
influence the coastline alignment and are not accounted for in the modelled estimate of the
amount of shoreline recession. These features may assist in holding the existing coastline
alignment and limiting the rate of long term shoreline recession.
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Figure 3-6

Projected Long Term Coastal Dune Recession (Surf Life Saving Club)

Figure 3-7

Projected Long Term Coastal Dune Recession (Wreck Creek to Point Norman)
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Point Norman to Point Hughes
Long term recession of the sandy coastline along the shoreline between Point Norman and Point
Hughes due to sea level rise using the Brunn Rule approach is not recommended due to the highly
dynamic nature of the sand transport in this area and the local morphology. As noted previously, the
entrance to the inlet contains a series of dynamic tidal shoals and the location of the main channel
meanders across the entrance. The state of the entrance, the position of the tidal shoals and main
channel are likely to dominate the response of sandy sections of the shoreline.
In the area north of Ayr Creek, outcrops of sandstone are visible which are likely remnants of the
Pleistocene shoreline (refer Figure 2-1 and Figure 3-6). This material is more resistant to erosion.
As an indication of long term coastal recession at the Abbotts Street shoreline, Oldfield (2011)
calculated potential long term recession rates using the Brunn Rule in the order of 4 m (to 2070) and
8 m (to 2100). This compares to the setback between the edge of the dune and the alignment of the
shared path of around 25 m at Abbott St, to a minimum of 19 m at Beach Access Track No. 12 (near
the car park, toilet block and picnic area).
This section of shoreline between Point Norman and Point Hughes has also had various forms of
shoreline protection measures installed over time, including bluestone rocks, car tyres etc. These
measures have intermittently been exposed and covered by sand and have also been modified over
time to allow safe access to the beach where required.

Table 3-4

Exposed sandstone cliffs north of Ayr Creek
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Figure 3-8

Rocks Lining Beach and Vegetated Cliffs

3.6

Short Term Coastal Erosion and Accretion

During large storms or a succession of storms, elevated water levels in combination with increased
wave heights can attack shorelines resulting in short term erosion and inundation. The volume of
sand transported offshore from the beach and dune per meter length of beach during large storms is
termed the storm bite. The storm bite is commonly associated with a short term recession of the
dune and beach, as shown in Figure 3-9. This material will generally move back onshore during calmer
conditions, unless offshore currents move sediment away from the beach.

Figure 3-9

Short-Term Beach Erosion (USGS, 2008)
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Wreck Creek to Point Norman
This section of coastline is most exposed to the strong Bass Strait wave climate and is backed by
vegetated sandy dunes, susceptible to wave erosion. Storm events in 2014 and 2015 have resulted in
erosion of the dune along the Main Beach and loss of coastal vegetation.
SBEACH is an empirically based model that calculates the net cross-shore sand transport rate from the
dune or beach face, through the surf zone, and into the offshore area. The magnitude of cross-shore
sand transport is empirically related to the wave energy dissipation per unit water volume in the main
portion of the surf zone. Direction of transport is dependent on deep water wave steepness and
sediment fall speed. SBEACH has a relatively sophisticated surf zone wave model that computes the
influence of wave shoaling, refraction, breaking and wave and wind induced setup and wave runup.
SBEACH was used to estimate the potential magnitude of the response of beach profiles at the SLSC
to a design storm sequence incorporating sea level rise, surge and wave action (Water Technology,
2010). This modelling was undertaken primarily to identify any thresholds at which the site could
conceivably begin to be impacted by short term storm related erosion and wave dynamics.
A 1% AEP storm sequence was modelled in SBEACH on the 2030, 2070 and 2100 equilibrium profiles
developed in Section 3.5. The location of the profile is shown in Figure 3-10. The following data was
input into the cross shore transport model:


A 12 hour tidal water level variations (astronomical tide) derived from available tidal
constituent data.



Storm surge predictions for 2030, 2070 and 2100.



1% AEP significant wave height.

The predicted profile responses and maximum water surface elevations from this scenario at 2030,
2070 and 2100 are displayed in Figure 3-11, Figure 3-12, and Figure 3-13 respectively. Note that the
profiles are labelled Existing Profile (2010) based on the release date for the dataset, however the
actual capture date for the data used to generate the profile is December 2007.


The relatively shallow slope dissipates a significant amount of the wave energy offshore
before it can impact the beach and dune system. The magnitude of the short term ‘storm
bite’ is therefore somewhat less than could be expected for a storm scenario of this
magnitude.



The shallow slope does however result in the potential for more significant elevation of water
levels due to wave setup developing at the coastline. Additional water levels of approximately
1m due to wave setup above the storm tide level are predicted by the model.



Considering the conservative underlying long term recession rates developed in Section 3.5,
short term storm erosion hazards are still predicted to be unlikely to directly impact the
alignment of the shared path by 2100. There may however be an increasingly limited buffer
provided by the primary dune and the path due to short term erosion.

As noted in Section 2.2.3, there are different timescales associated with the response of the beach
and dunes to erosion as a result of severe storm events. If the storm is followed by a period of calmer
weather the beach can respond quickly (within days to weeks), with swell waves returning much of
the eroded sand back onto the beach profile. Dunes however, respond much more slowly to storm
induced erosion (years to decades). A prolonged period of calm conditions is required to move sand
back onto the back of the beach at the toe of the erosion scarp and then conditions must remain calm
to allow for the gradual recolonization of the dune by vegetation. The presence of vegetation helps
stabilise the dune and limit erosion by subsequent storms. A sequence of storm events can result in
significant erosion of the dune which may take many years to reform.
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Figure 3-10

Location of Profile for Storm Erosion Estimates

Figure 3-11

Equilibrium Profile and Storm Profile Response, 2030
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Figure 3-12

Equilibrium Profile and Storm Profile Response, 2070

Figure 3-13

Equilibrium Profile and Storm Profile Response, 2100

Point Norman to Point Hughes
This section is less exposed to severe wave climates with a much broader area for energy dissipation
over the tidal shoals. Currently the large spit and lagoon extending from Point Norman significantly
limit the potential for storm erosion along the shoreline.
The dune is protected to some degree by remanent shoreline protection measures (e.g. bluestone
rocks) and the morphology of areas north of Ayr Creek where the sandstone cliffs (shown in Figure
3-8) limit the shoreline response to short term storm events.
Erosion along this shoreline will depend on the location of the main tidal channel. If the channel
migrates towards the shoreline as has occurred in the past, then tidal currents can erode the sand and
dune areas. Flood events from the Tarwin River could also result in high current speeds through the
main channels.
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3.7

Coastal Inundation

The risk of coastal inundation hazards impacting alignment of the shared path has been assessed by
intersecting the storm surge, wave setup and sea level rises estimates (Section 3) with a 2007 digital
elevation model (DEM) of the area. Figure 3-14 and Figure 3-15 illustrate the coastal inundation levels
from the Table 3-2. Figure 3-17 presents the resultant inundation levels for cross-sections at various
locations along the proposed path alignment. There are areas shown which are low points in the
topography but are not connected to the ocean and would therefore not be impacted by the storm
tide. The extents are broadly consistent with the revised LSIO extents which are based on the 2100
1% AEP storm tide, as discussed in Section 7. A retention basin has now been developed on Wreck
Creek north of Surf Parade in conjunction with a residential development.
The results show the following key points:



The lowest point of the proposed path and the adjacent road, is immediately west of the
Wreck Creek crossing where the ground elevation is approximately 2.4 m AHD (cross-section
1), which is below the 1% AEP storm tide elevation of 2.64 (2070).
Inundation is limited along the remainder of the alignment by the dune ridges. The freeboard
to the pathway is more than 1 m for the predicted 2100 1% AEP storm tide levels.

Figure 3-14

1% AEP Storm Tide Levels – Wreck Creek to Point Norman
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Figure 3-15

1% AEP Storm Tide Levels – Point Norman to Point Hughes
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Figure 3-16

Storm tide profiles for cross sections 1 to 3 – Wreck Creek to Point Norman
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Figure 3-17

Storm tide profiles for cross-sections 4 and 5 – Point Norman to Point Hughes
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4.

COASTAL HAZARD RISK ASSESSMENT

A coastal hazard risk assessment for the proposed works, car park and access tracks within the study
area (Figure 1-2) has been undertaken in accordance with the following advisory documentation and
information:








The Victorian Coastal Strategy (VCC, 2014)
Derivation of Revised Victorian Sea-Level Planning Allowances Using the Projections of the Fifth
Assessment Report of the IPCC (Hunter, 2014)
The Effect of Climate Change on Extreme Sea Levels in Port Phillip Bay (CSIRO, 2009)
The Victorian Coastal Hazards Guide (DSE, 2012)
Practice Note 53: Managing Coastal hazards and the Coastal Impacts of Climate Change (DPCD,
2012)
Planning for Sea Level Rise: Assessing Development in Areas Prone to Tidal Inundation from Sea
Level Rise in the Port Phillip and Western Port Region (Melbourne Water, 2012)
State Planning Policy Framework, Amendment VC94 Clause 13.01

Risk Management is the term applied to a logical and systematic method of establishing the context,
identifying, analysing, evaluating, treating, monitoring and communicating the risks associated with
any activity, function or process in a way that will enable organisations to minimise losses and
maximise opportunities (Engineers Australia, 2012). Risk is identified as the product of the likelihood
and consequence of an event impacting on an asset or objective.
The risk assessment has been undertaken for the path alignment between Wreck Creek and Point
Norman and then from Point Norman to Point Hughes to allow for the contrasting geomorphic and
coastal process conditions in these areas to be considered separately.

4.1

Overview

According to Standards Australia (2009), Risk Management is the term applied to a logical and
systematic method of establishing the context, identifying, analysing, evaluating, treating, monitoring
and communicating the risks associated with any activity, function or process in a way that will enable
organisations to minimise losses and maximise opportunities (Standards Australia, 2009). Risk is
identified by Standards Australia (2009) as the product of the likelihood and consequence of an event
impacting on an asset or objective.
Risk profiles have been developed by assigning scores to the consequence of each relevant coastal
hazard and the likelihood of this coastal hazard impacting the site over a range of relevant timeframes
this century. The risk profile is determined by applying the scores to a risk matrix such as the one
shown in Table A-9-3 (Appendix A). The risk profile assists with the identification and analysis of
priority risks for subsequent decision making and planning.
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Table A-9-1 within Appendix A displays a description and semi-quantitative score that has been
assigned to the range of coastal hazard likelihoods.
Table A-9-2 within Appendix A displays a description and semi-quantitative score that has been
assigned to the range of coastal hazard consequences.
Table A-9-3 and Table A-9-4 within Appendix A display the resulting risk matrix and risk profile
definitions respectively.

4.2

Long Term Coastal Recession

The likelihood and consequence of long term coastal recession hazards impacting the shared pathway
alignment has been assessed based on the previous review and analysis of the coastal and
oceanographic processes expected to impact the site this century.
Wreck Creek to Point Norman
In addition to the proposed alignment of the shared path itself this risk assessment considers the risks
to Access Tracks 1 to 8.
The key justifications for the risk ratings assigned for this hazard in Table 4-1 and are provided below:





Proposed shared path is set back beyond the extent of projected equilibrium shoreline
recession, with a buffer of between 30 to 70 m between the predicted 2100 shoreline and the
proposed path alignment. It is also likely that the shoreline recession estimates developed
are conservative and some moderation of the actual risk from this hazard is considered
appropriate and the risk is considered to remain low (though not negligible) at 2100;
The current dunes between the path and the beach are heavily vegetated which helps to
stabilise the dunes;
There is currently only limited evidence of long term shoreline recession on this section of the
shoreline to date.

Table 4-1
Coastal Hazard

Long Term Coastal Recession Risk Assessment Results – Wreck Creek to Point
Norman
Specific Impact

Long Term Coastal A sustained and progressive
Recession
erosive recession of the high
tide water mark on the
coastline that impinges upon
the path or associated
infrastructure and may
expose the path to more
frequent and significant
coastal inundation

Timeline

Likelihood

Consequence

Risk
Rank

Existing

Rare

Minor

Low

2030

Unlikely

Minor

Low

2070

Unlikely

Minor

Low

2100

Unlikely

Minor

Low

Point Norman to Point Hughes
In addition to the proposed alignment of the shared path itself this risk assessment considers the risks
to Access Tracks 9 to 15, the gravel car park at Track No. 9 and the car park, toilet and picnic area at
Track No. 12.
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The key justifications for the risk ratings assigned for this hazard in Table 4-2 and are provided below:





The shoreline in this location is protected from swell and storm waves by sand shoals through
the entrance and the sand spit at Point Norman.
To the north of Ayr Creek the sandstone cliffs are less erosive than the sand shore further
west.
Recession of the shoreline in this section is likely to be dominated by the alignment of the
main channel through the entrance to Andersons Inlet;
There is a reduced buffer along this section of the path alignment between the path and the
shoreline.

Table 4-2

Long Term Coastal Recession Risk Assessment Results – Point Norman to Point
Hughes

Coastal Hazard

Specific Impact

Timeline

Long
Term A sustained and progressive
Coastal
erosive recession of the high
Recession
tide water mark on the
coastline that impinges upon
the path or may expose the
path to more frequent and
significant
coastal
inundation

4.3

Likelihood

Consequence Risk
Rank

Existing

Rare

Minor

Low

2030

Rare

Minor

Low

2070

Unlikely

Minor

Low

2100

Possible

Minor

Medium

Short Term Beach Erosion

The likelihood and consequence of short term beach erosion hazards impacting the shared pathway
alignment has been assessed based on the previous review of the coastal and oceanographic
processes expected to impact the site this century.
Wreck Creek to Point Norman
In addition to the proposed alignment of the shared path itself this risk assessment considers the risks
to Access Tracks 1 to 8.
The key justifications for the risk ratings assigned for this hazard as shown in Table 4-3 are provided
below:


The coastline in front of the path is exposed to significant wave energy and there is likely to
be a significant correlation between large wave events and significant surges in Bass Strait on
this coastline. The combination of these two oceanographic features has the potential to
cause significant short term erosion of the beaches and dunes and super elevation of water
levels close to the coastline. Short term erosion hazards are however not expected to impact
the path this century due to the significant buffer (in the order of 80 m to 100m) provided by
the primary dune system and the risk from this hazard is considered low.



Towards the end of the century and depending on the rate of the underlying recession of the
coastline, a very extreme storm event incorporating 1% AEP design storm tides and wave
heights could conceivably begin to result in minor indirect impacts to area around the SLSC.
This would be due to a combination of short term erosion of the dune and super elevation of
water levels due to wave setup and wave run-up dynamics on the immediate shoreline. The
probability of an event of this magnitude occurring is however unlikely and the impact to the
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SLSC site would be particularly dependent on the underlying rate of long term recession and
integrity of the primary dune at the time of the storm. From the SLSC there is still a buffer of
up to 30 m to the proposed path alignment at this location. For these reasons, the risks are
considered to remain low (though not negligible) from this hazard to the end of the century.

Table 4-3

Short Term Beach Erosion Risk Assessment Results – Wreck Creek to Point Norman

Coastal Hazard

Specific Impact

Short
Term Dynamic,
short
term
Beach Erosion recession or breach of the
(Storm Bite)
dune or barrier system by
wave action and elevated
water levels that impacts the
path and may expose the
path to potentially more
significant
coastal
inundation

Timeline

Likelihood

Consequence Risk
Rank

Existing

Rare

Insignificant

Low

2030

Unlikely

Minor

Low

2070

Unlikely

Minor

Low

2100

Unlikely

Moderate

Medium

Point Norman to Point Hughes
In addition to the proposed alignment of the shared path itself this risk assessment considers the risks
to Access Tracks 9 to 15, the gravel car park at Track No. 9 and the car park, toilet and picnic area at
Track No. 12.
The key justifications for the risk ratings assigned for this hazard in Table 4-4 are provided below:


The coastline in front of the path is protected from significant wave energy by the extensive
sand shoals of Andersons Inlet entrance and the sand spit at Point Norman. Short term
erosion hazards is not expected to impact the path this century due to these factors and the
available buffer (in the order of 19 m to 25m) provided by the primary dune system and the
risk from this hazard is considered low

Table 4-4

Short Term Beach Erosion Risk Assessment Results – Point Norman to Point Hughes

Coastal Hazard

Specific Impact

Short
Term Dynamic,
short
term
Beach Erosion recession or breach of the
(Storm Bite)
dune or barrier system by
wave action and elevated
water levels that impacts the
path and may expose the
path to potentially more
significant
coastal
inundation

4.4

Timeline

Likelihood

Consequence Risk
Rank

Existing

Unlikely

Insignificant

Low

2030

Unlikely

Insignificant

Low

2070

Possible

Insignificant

Low

2100

Possible

Minor

Low

Coastal Inundation

The likelihood and consequence of the coastal inundation hazards impacting the shared pathway
alignment has been assessed based on the previous review and analysis of the coastal and
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oceanographic processes expected to impact the site this century. The key justifications for the risk
ratings assigned for this hazard in Table 4-5 are provided below:




Based on the projected mean sea level rise increase, the risk of inundation hazard from storm
tides and local wind and wave setup impacting the proposed path is considered low to the
end of this century, with the exception of the western end near Wreck Creek. All key
infrastructure such as the path and car parking areas are designed to lie above 3.2 m AHD;
By 2100 it is possible that a combination of sea level rise and an extreme 1% AEP storm tide
and wave height conditions could result in coastal water levels that would inundation the
section of path and adjacent Surf Parade roadway to a depth of 0.6 m.

Table 4-5

Coastal Inundation Risk Assessment Results – Wreck Creek

Coastal Hazard

Specific Impact

Coastal
Inundation

Inundation of the path by
elevated storm tide and
additional elevated water
levels associated with wave
action on the coastline
possibly in combination with
catchment
generated
flooding.

Table 4-6

Likelihood

Consequence Risk
Rank

Existing

Rare

Insignificant

Low

2030

Unlikely

Insignificant

Low

2070

Unlikely

Minor

Low

2100

Likely

Moderate

Medium

Coastal Inundation Risk Assessment Results – All locations east of Wreck Creek

Coastal Hazard

Specific Impact

Coastal
Inundation

Inundation of the path by
elevated storm tide and
additional elevated water
levels associated with wave
action on the coastline
possibly in combination with
catchment
generated
flooding.

4.5

Timeline

Timeline

Likelihood

Consequence Risk
Rank

Existing

Rare

Insignificant

Low

2030

Rare

Insignificant

Low

2070

Unlikely

Insignificant

Low

2100

Unlikely

Minor

Low

Channel Erosion at Wreck Creek

The likelihood and consequence of erosion and changes in the alignment of Wreck Creek impacting
the shared pathway alignment has been assessed based on the previous review and analysis of the
coastal, oceanographic and catchment processes expected to impact Wreck Creek this century. The
key justifications for the risk ratings assigned for this hazard in Table 4-5 are provided below:


Based on the analysis of channel change that has occurred along Wreck Creek over the last 46
years, the risk of increased inundation or undermining associated with erosion or movement
of the channel alignment impacting the proposed path is considered low to end of this
century;
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Erosion of the primary dune between the beach and Wreck Creek due to long term coastal
recession or short term storm erosion may impact the creek towards the end of this century,
however a vegetated buffer would still remain between the creek and the path alignment.

Table 4-7

Coastal Erosion Risk Assessment Results – Wreck Creek

Coastal Hazard

Specific Impact

Channel Erosion

Erosion or movement of the
Wreck
Creek
channel
through storm tide or
catchment generated flows
which may expose the path
to
potentially
more
significant
coastal
inundation or undermine the
path stability.

4.6

Timeline

Likelihood

Consequence

Risk
Rank

Existing

Rare

Insignificant

Low

2030

Unlikely

Insignificant

Low

2070

Unlikely

Minor

Low

2100

Unlikely

Minor

Low

Mitigation Options

There are a wide array of potential mitigation options that can be employed in response to climate
change and sea level rise risks to coastal infrastructure and assets. The National Committee on Coastal
and Ocean Engineering (Engineers Australia, 2012) endorses a simple set of three broad strategic
options for mitigating the impact of sea level rise as presented by the IPCC (1996). These options are
considered to provide a basic framework for the assessment of potential mitigation strategies for the
site if and when they are required.
The three broad strategic options are retreat, accommodate and protect. These broad strategic
options have been used to provide the suggested pathways listed in Table 4-8 to adapting to the
coastal hazard risks identified at the site and in the general vicinity.

Table 4-8
Planning
Horizon

Suggested Climate Change Adaption Pathways
Suggested
Response
Strategy

Suggested Mitigation Measures

Existing

-

No Action Required

2040

-

No Action Required

Accommodate
2070
Protect
Accommodate
2100
Protect
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Creek to maintain access to properties along Surf Parade during a
storm tide event.
Maintain coastal dune vegetation to reduce rates of recession.
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Creek to maintain access to properties along Surf Parade during a
storm tide event.
Maintain coastal dune vegetation to reduce rates of recession.

47

Bass Coast Shire Council
Geomorphic & Ecological Investigation, Inverloch

5.

ECOLOGY REVIEW

5.1.1

Desktop Review

A Biodiversity Assessment Report has been prepared by Indigenous Design Land Management for the
areas affected by the potential clearing of native vegetation for the proposed Inverloch Foreshore
Shared path. The key processes and findings documented in this study and reporting are as follows:






The design alignment has been altered and redesigned to ensure a path of minimal impact has
been selected. This demonstrates the required actions of ‘avoiding’ and ‘minimising’ native
vegetation removal wherever possible.
The alignment has been located on the landward side of the foreshore vegetation abutting
existing cleared and developed land. This is the most appropriate location for the alignment for
the following reasons:
o The vegetation abutting the urban development is subject to edge affects including the
incursion of exotic species. Vegetation within the middle of the reserve is likely to be
‘cleaner’ and contain higher quality vegetation.
o The removal of a strip of land on the urban edge provides an opportunity to remove the
exotic species and to enhance the quality of this edge vegetation.
o A design alignment through the middle of the reserve would cause significantly more
disturbance during and following construction. This also creates potential for two edge
effects rather than one as currently proposed. A cleared strip through the middle of the
reserve also has the potential to allow winds to funnel down the path and cause wind
generated erosion and/or sand deposition.
The initial determination of losses indicated a ‘Moderate’ risk based pathway. However,
following modification of the alignment and field assessment of quality scores, the risk based
pathway was calculated as ‘Low’.

As the alignment is adjacent to Surf Parade any vegetation that is to be removed is located at the
rear of the coastal dune and loss of this vegetation will not have any impact on dune stability.

5.1.2

Vegetation Removal Offset Obligations

Victoria’s Native Vegetation Management Framework requires that native vegetation disturbance is
avoided or at least minimised. A review of the Biodiversity Assessment Report indicates that native
vegetation disturbance has been minimised and that the potential losses have been quantified. The
loss areas and quality measurements (habitat hectares scores) were submitted to DELWP to generate
a Biodiversity Impact and Offset Requirements Report (BIOR Report). The BIOR Report determined
that:





Construction of the proposed path alignment will create a 0.753 disturbance footprint that will
cause the loss of 0.542 hectares of remnant patch vegetation and 3 scattered trees.
The area of loss is within Location Risk A (least risk) with an average strategic biodiversity score
of 0.560.
The Risk-based pathway is ‘Low’
Offset requirements are as follows:
o The offset type is ‘general’ (i.e. no specific habitat requirements)
o The biodiversity equivalence score for the area of loss is 0.156 GBES. The risk multiplier
is 1.5 and hence the offset amount is 0.233 general biodiversity equivalence units.
o The offset are must have a minimum strategic biodiversity score of 0.448 and be located
within the West Gippsland CMA region, or within the BCSC region.
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5.1.3

Vegetation Management - Offset Options

Offsets are required to compensate for loss of Victoria’s biodiversity from the removal of native
vegetation. Victoria recently adopted a ‘no net loss’ policy (downgraded from a ‘net gain’ policy) that
requires a gain in the contribution of Victoria’s biodiversity that is equivalent to the associated loss.
Offsets need to be achieved within an area that can be permanently protected, usually through an
agreement on title (e.g. a Section 173 agreement). Monitoring and management is relatively onerous
for the first 10 years depending upon the area and gains required. It is expected that all improvement
gains will be realised within this period. The offset site is then expected to be protected and
maintained in perpetuity.
A general rule of thumb is that the potential offset site will need to be approximately five times the
area of cleared native vegetation. In this case, the offset area will need to be approximately 2.7
hectares (0.542 ha x 5 = 2.7ha). This is based on the assumption that ‘Security Gains’ can be achieved.
If protection gains cannot be achieved due to the land tenure, then only ‘Improvement’ and ‘Prior
Management’ gains can be achieved and therefore the area to be protected may be substantially
increased.
The Bass Coast Shire Council has two options for offsetting the proposed native vegetation losses, 1st
Party Offsets or 3rd Party Offsets. 1st Party Offsets are secured and managed by the proponent of the
vegetation removal, in this case the BCSC. 3rd Party Offsets are purchased by the proponent and no
further protection or management obligations apply.
The BCSC has identified appropriate offsets at Little Screw Creek that can be bought through the State
Government Native Vegetation Offset Scheme. In effect this is a 3rd Party Offset as the offsets are
available for purchase. Alternatively, offsets might be found and purchased through a broker such as
BushBroker.
The option of securing 1st Party Offsets within the foreshore reserve has been suggested. The
following questions need to be considered in relation to that proposal:










Can council achieve gains within land that is already reserved? There are land tenure/hierarchy
rules that apply to offset areas (e.g. you cannot permanently protect land that you do not own
and that might already have some level of protection).
Is the foreshore likely to remain stable and free of the effects of sea-level rise?
Can sufficient gains be generated? Further studies and reporting is required to assess and
identify an appropriate area that will meet the offset requirements.
Is council willing and able to manage the site in perpetuity? Is council willing to accept potential
ongoing costs associated with managing the offset site? Is council likely to manage the whole
foreshore reserve anyway?
The area of offset needs to be permanently protected from pest plant and animals, and human
activity. Is council willing to permanently restrict public access to an offset area within the
foreshore reserve?
Is council willing to invest in a 1st party offset with obligations and costs that include:
o Feasibility assessment
o Site identification and gain reporting
o Vegetation Offset Management Plan
o Site survey (land survey)
o Fencing of site
o Section 173, or other, protection agreement drafting and lodging
o Maintenance of site in perpetuity but particularly over the first 10 years (e.g. weed and
vermin control)
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o
o

5.1.4

10 years monitoring and reporting to DELWP
Management of the site in perpetuity.

Offset Recommendations

Following discussions with Council officers within the Environment Team regarding the offset options
and implications, it is recommended that 3rd Party offsets be purchased through the Native Vegetation
Offset Scheme at BCSC. There are sufficient Biodiversity Equivalence Units (BEU’s) available at the
Screw Creek Offset Site that meet the requirements of this project. It has been indicated that the
required BDU’s can be purchased from this site for $34,484. It is estimated that an equivalent amount
of expenditure would be required to investigate and secure 1st Party Offsets within the foreshore
reserve and that this offset site, if compliant, would then require protection and management by
Council in perpetuity.
It is therefore recommended that the Screw Creek offsets be secured as soon as possible to facilitate
vegetation removal permits to be granted and allow the shared path project to proceed.

6.

CONSTRUCTION IMPACT ASSESSMENT

6.1

Path Location Overview

The proposed path location is adjacent to the coastal road (Surf Parade and Romsey Boulevard) and
for the most part is contained within the Road Reserve. The pathway has avoided passing through the
middle of the Coastal Reserve Scrub and Woodlands, thereby minimising disturbance to higher quality
native vegetation. Locating the pathway adjacent to the existing roadway allows unrestricted access
from one side during construction and during maintenance to the path into the future. The main
implication of this location is that traffic along these coastal roads may be hindered or restricted
during construction and maintenance, and informal parking along the foreshore side of the road will
be limited.

6.2

Construction Footprint

The design specifications indicate the proposed path will have the following features and dimensions:






Path length approximately 2.5 kilometres.
Path width 2.5 metres.
Kerb barrier width 1.0 metres.
Vegetation clearance on foreshore side of path 0.5 metres.
Bridges over Wreck Creek (15m long) and Ayr Creek (20m long) 2.5 metres wide.

These dimensions effectively identify a pathway footprint of 4.0 metres from the design roadway kerb
face (i.e. 1.0m kerb barrier + 2.5m path + 0.5m vegetation clearance). The bridges will require pylon
support and are likely to disturb a similar width of approximately 4.0 metres.
The vegetation losses and offset calculations, presented in the Biodiversity Assessment Report
(Indigenous Design Land Management (IDLM), 2014), have been based on a 4.5 metre wide
construction footprint. It is important that the adopted 4.5m wide construction footprint is not
exceeded. More importantly, the vegetated reserve edge of the disturbance footprint needs to be
clearly defined and not exceeded.

6.3

Mitigation Measures

The following methods of impact minimisation should be considered:
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7.

The Coastal Reserve side of the disturbance footprint needs to be well defined prior to and
during construction. The disturbance footprint needs to be surveyed in from the edge of the
road and match the mapped polygon extent identified in the Biodiversity Assessment Report
(IDLM 2014).
The public should be well informed of the process behind the location of the shared path, the
vegetation loss and offset process. This will help mitigate the public concern that is likely to
arise when vegetation removal commences.
The vegetation to be removed should be checked for fauna prior to clearance. Fauna or habitat
(e.g. logs) should be placed as appropriate.
Vegetation removal should be staged to allow fauna to relocate if required.
The smallest machinery suitable for the construction of the path should be used if possible.
Smaller machinery tend to be more delicate and precise.
The lopping of vegetation overhanging the disturbance footprint should be minimised in
accordance with DELWP Vegetation Removal Permit. Lopping will be required if limbs impede
construction or if the tree/shrub is deemed to be unstable and susceptible to collapse.
Spoil, fill and equipment should be stored and accessed from the roadside. No impact should
occur to the foreshore reserve beyond the path footprint.
Construction timing should consider:
o Noise to the public and fauna within the reserve.
o Not working on particularly windy days when newly exposed sand may be eroded.
o Public access and the potential restrictions to road and track access.
o Breeding and nesting periods for native fauna within the foreshore reserve.
Any exposed dune should be stabilised as soon as possible. It is only anticipated that the narrow
clearing (0.5m) on the reserve side of the track will potentially require stabilisation. Stabilisation
may include the use of pinned matting and revegetation of ground covers.
All machinery should be cleaned and be free of soil, plant material and pathogens prior to
entering the work zone.
Native vegetation disturbance around and under the creek bridges should be minimised.
Wherever practicable, the ground cover should be retained and tree and shrub removal should
be minimised.
The foreshore reserve should be fenced following path construction to discourage unrestricted
access and formation of new tracks.
Cessation of works during rainfall events that could possibly effect erosion.

LAND SUBJECT TO INUNDATION (LSIO)

Figure 7-2 shows the proposed LSIO extents for the eastern section of the Bass Coast Shire coastline.
It covers the section of coast from just east of Cape Paterson through Inverloch and Mahers Landing
to the mouth of Pound Creek. These have been overlaid on the corresponding section of the Future
Coasts Coastal DEM. The projected 1% AEP storm tide level in this area is about 3.06 m AHD. Storm
tide levels are discussed further in Section 3.1.
The figure shows that, to the west of Anderson Inlet, the LSIO covers a relatively narrow band of land
along the coast and some areas of low-lying land at the western extremity of Inverloch. In Inverloch,
the LSIO covers low-lying land extending eastwards from the vicinity of the Inverloch Pier. This
includes some residential areas and public land in the southeast of the town, the caravan park, the
Broadbeach resort and low-lying land adjacent to the estuarine sections of Screw Creek and Little
Screw Creek. East of Screw Creek there is a small area of residential land that is not covered by the
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LSIO. Further east, however, the LSIO covers almost all the land south of the Inverloch Venus Bay
Road and also covers some of the low-lying land to the north between Treadwells Road and Mahers
Landing Road. The area to the east of Mahers Landing consists mainly of agricultural land that is
protected from existing storm tides by levees. However, sections of these levee banks would be
overtopped by 2100.
Figure 7-1 illustrates the revised C82 LSIO extents over the predicted 1% AEP storm tide heights in the
vicinity of Wreck Creek. The extents upstream are based on “as constructed” survey of a retention
basin on Wreck Creek, the area around this new basin has now been developed into residential plots.

Figure 7-1

Revised C82 LSIO and 1% AEP Storm Heights on 2007 LiDAR

The proposed shared path alignment lies within the LSIO area between Toorak Road and Seaview
Street as the topography in this location is lower than the remainder of the alignment (refer Section
3.7). The lowest point of the proposed path and the adjacent section of Surf Parade, has a ground
elevation of approximately 2.4 m AHD (cross section 1), which is below the 1% AEP storm tide
elevation of 2.64 (2070). The 1% AEP storm tide under current mean sea level is 1.96 m AHD, giving
the pathway a freeboard of approximately 0.44m.
Inundation is limited along the remainder of the alignment by the series of dune ridges. The freeboard
to the pathway is more than 1 m for the predicted 2100 1% AEP storm tide levels.
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Figure 7-2

1% AEP Storm Tide Inundation Extents for 2100 – Inverloch and Mahers Landing
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8.

SUMMARY

The Surf Parade Inverloch Shared Path project involves the construction of a new shared path along
Surf Parade from Abbott Street to Cape Paterson Inverloch Road. The project is an important part of
the Bass Coast Shire Roads Upgrade Program and aims to ensure delivery of a range of benefits to the
Inverloch community. The path also has the highest priority within the current Principle Bicycle
Network Plan.
The proposed path is located along a section of shoreline which has experienced significant impacts
on the beach and foreshore area from recent storm surge and high tide events (e.g. South Gippsland
Sentinel Time, August 12, 2015). There has been significant loss of coastal vegetation, and increased
dune scarping and longshore sediment transport following recent storm events. As a result, concerns
have been raised as to the risks associated with removal of dune vegetation associated with the shared
path project on dune stability and the overall vulnerability of the proposed path to on-going coastal
processes, including sea level rise.
Based on a detailed review of geomorphology and coastal processes along with regional exposure of
the site to oceanographic processes the main outcomes of the coastal hazard risk assessment area as
follows:




Long term coastal recession is unlikely to impact the proposed shared path alignment until
the projected increase in mean sea level reaches around +0.8m (by 21002), and therefore the
risks to the path from this hazard are considered Low.
Short term coastal erosion hazards are unlikely to impact the proposed shared path alignment
until the projected increase in mean sea level reaches around +0.8m (by 2100), and therefore
the risks to the path from this hazard are considered Low.
Coastal inundation hazard impacts are unlikely to impact the proposed shared path alignment
until the projected increase in mean sea level reaches around +0.8m (by 2100), and therefore
the risks to the path from this hazard are considered Low.

In terms of the impacts on vegetation associated with path alignment, the following key points are
made:


The alignment has been located on the landward side of the foreshore vegetation abutting
existing cleared and developed land. This is the most appropriate location for the alignment for
the following reasons:
o The vegetation abutting the urban development is subject to edge affects including the
incursion of exotic species. Vegetation within the middle of the reserve is likely to be
‘cleaner’ and contain higher quality vegetation.
o The removal of a strip of land on the urban edge provides an opportunity to remove the
exotic species and to enhance the quality of this edge vegetation.
o A design alignment through the middle of the reserve would cause significantly more
disturbance during and following construction. This also creates potential for two edge
effects rather than one as currently proposed. A cleared strip through the middle of the
reserve also has the potential to allow winds to funnel down the path and cause wind
generated erosion and/or sand deposition.

2

The Victorian Coastal Strategy (2008) notes the need to “Plan for sea-level rise of not less than 0.8 metres by
2100…” which is in agreement with sea level rise projections of the Fifth Assessment Report of the IPCC (IPCC,
2013; Hunter, 2014) that identifies +0.8m sea level rise by 2100 as appropriate for the Victorian coastline. Refer
to Section 3.1 for further details.
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The initial determination of losses indicated a ‘Moderate’ risk based pathway. However,
following modification of the alignment and field assessment of quality scores, the risk based
pathway was calculated as ‘Low’.
As the alignment is adjacent to Surf Parade any vegetation that is to be removed is located at
the rear of the coastal dune and loss of this vegetation will not have any impact on dune
stability.

With regard to vegetation offset requirements it is recommended that 3rd Party offsets be purchased
through the Native Vegetation Offset Scheme at BCSC. There are sufficient Biodiversity Equivalence
Units (BEU’s) available at the Screw Creek Offset Site that meet the requirements of this project.
A range of options have been provided to mitigation the construction impact on vegetation.

4226-01 / R01 V03 - 07/03/2016

55

Bass Coast Shire Council
Geomorphic & Ecological Investigation, Inverloch

9.

REFERENCES

Bird, E.C.F. (1993). The Coast of Victoria – the shaping of scenery, Melbourne University Press.
Bruun, P. (1962). Sea level rise as a cause of shore erosion, Journal Waterways and Harbours Division,
88 (1-3), 117-130
CEM, (2006) “Coastal Engineering Manual” United States Army Corps of Engineers, 2006
CSIRO, (2009). The Effect of Climate Change on Extreme Sea Levels along Victoria’s Coast. Prepared by
McInnes, et. al., November 2009.
Department of Planning and Community Development (DPCD), (2012). Practice Note 53: Managing
coastal hazards and the coastal impacts of climate change, State Government of Victoria.
Department of Sustainability and Environment (2012), Victorian Coastal Hazard Guide, Victorian
Government
Department of Sustainability and Environment, (2009). VicMap Elevation: Coastal 1 m DEM & 0.5 m
Contours, 2009.
Engineers Australia, (2012). Guidelines for Responding to the Effects of Climate Change in Coastal and
Ocean Engineering, National Committee on Coastal and Ocean Engineering (NCCOE).
Ferns, L.W. and Hough, D. (Editors). (2002). High Resolution Marine Habitat Mapping of the Bunurong
Coast (Victoria) – Including the Bunurong Marine and Coastal Park. Parks, Flora and Fauna
Division, Department of Natural Resources and Environment, East Melbourne, Australia
Hanslow, D.J and Gissing, A. (2007) Coastal Erosion Emergency Planning, NSW State Emergency
Service. NSW Coastal Conference, Yamba Nov 2007
Hunter, J., (2009), Estimating Sea-Level Extremes under Conditions of Uncertain Sea-Level Rise.
Climatic Change. DOI 10.1007/s10584-009-9671-6. From CSIRO, 2009
Hunter, J., (2014), Derivation of Revised Victorian Sea-Level Planning Allowances Using the Projections
of the Fifth Assessment Report of the IPCC. Research conducted for the Victorian Coastal
Council.
Indigenous Design Land Management (2014). Biodiversity Assessment for Proposed Clearing of Native
Vegetation at Inverloch Foreshore Shared Path (Abbot Street to Cape Paterson Road), Report
prepared for Bass Coast Shire Council
IPCC (2007), Intergovernmental Panel on Climate Change Fourth Assessment Report, Summary for
Policy Makers
IPCC (2013), Intergovernmental Panel on Climate Change Fifth Assessment Report, Summary for Policy
Makers
Kriebel, D.L and Dean, R.G (1993). Convolution method for time-dependent beach profile response.
Journal of Waterway, Port, Coastal and Ocean Engineering, 119(2): 204-226
Oldfield (2011). Wave Erosion and Storm Surge at Abbott Street, Inverloch Foreshore Reserve – An
Investigation of Management Options, Report prepared for Bass Coast Shire Council.
Rahmstorf, S, Cazenave, A and Church, J (2007), Recent climate observations compared to projections,
Science 316, 709
Shand, T D, Goodwin, I D, Mole, M A, Carley, J T, Coghlan, I R, Harley, M D and Peirson, W L (2010),
NSW Coastal Inundation Hazard Study: Coastal Storms and Extreme Waves, WRL Technical
Report 2010/16

4226-01 / R01 V03 - 07/03/2016

56

Bass Coast Shire Council
Geomorphic & Ecological Investigation, Inverloch

Standards Australia (2009), AS/NZS ISO 31000:2009 Risk Management – Principles and Guidelines
USGS, (2008) Coastal Change along the Shore of North-eastern South Carolina: The South Carolina
Coastal Erosion Study, United States Geological Survey, 2008
Vantree (2000). Inverloch Foreshore Coastal Process Assessment, Report prepared for Bass Coast
Shire Council
Victorian Coastal Council (2008), Victorian Coastal Strategy
Victorian Coastal Council (2014), Victorian Coastal Strategy
Water Technology, (2004). Consulting report for a proposed development adjacent to Andersons Inlet
Water Technology, (2014). Western Port Local Coastal Hazard Assessment: Report 05 Erosion Hazards,
Prepared for Melbourne Water.
You, Z.J and Lord, D (2008). Influence of the El Niño Southern Oscillation on the NSW coastal storm
severity. Journal of Coastal Research, 24: 203-207

4226-01 / R01 V03 - 07/03/2016

57

Bass Coast Shire Council
Geomorphic & Ecological Investigation, Inverloch

APPENDIX A

4226-01 / R01 V03 - 07/03/2016

RISK ASSESSMENT RANKING GUIDE

59

Bass Coast Shire Council
Geomorphic & Ecological Investigation, Inverloch

Table A-9-1

Likelihood Ranking

Likelihood Level

Description

Annual Exceedance Probability

1 – Rare

Risk will occur
circumstances

2 – Unlikely

Risk not likely to occur within the period

1:1000

3 – Possible

Risk may occur within the period

1:100

4 – Likely

Risk likely to occur within the period

1:10

5 – Almost Certain

Risk will occur within the period

1:1

in

Table A-9-2
Consequence Ranking
Consequence 1 – Insignificant 2 – Minor
Level
Description

Table A-9-3

Minimal impact
in a localised
area
within
existing natural
variability

Low impact
in a localised
area
with
minimal
impact
to
the site or its
function.
Flood depths
<0.3m

exceptional

1:10,000

3 – Moderate

4 – Major

5 - Extreme

Medium
impact in a
broad
area
with
minor,
local
consequences
to the site or its
function. Flood
depths 0.3 –
0.6m

High impact in
a broad area
resulting
in
significant
consequence
to the site or its
function. Flood
depths 0.6 –
1.2m

Very
high
impact
with
broad
and
significant
consequences
to the site and
its
function.
Flood depths >
1.2m

Risk Assessment Matrix

Likelihood

Consequences
1 – Insignificant

2 – Minor

3 – Moderate

4 – Major

5 - Extreme

5 – Almost Certain

Medium

Medium

High

Extreme

Extreme

4 - Likely

Medium

Medium

Medium

High

Extreme

3 – Possible

Low

Medium

Medium

Medium

High

2 – Unlikely

Low

Low

Medium

Medium

Medium

1 – Rare

Low

Low

Low

Medium

Medium

Table A-9-4

Risk Profile Definition

Risk Profile

Definition

Low

Tolerable risk. A level of risk that is low and manageable without intervention

Medium

A level of risk that may require intervention to mitigate

High

A level of risk requiring significant intervention to mitigate
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