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INTRODUCTION 1-1

11

INTRODUCTION

Background

East Beach at Port Fairy is located at the southern end of Port Fairy Bay (Figure 1-1). It faces
southeast and thus is directly exposed to southeast winds prevailing during summer months, while
receiving some protection from heavy southwest winds during winter. The beach is backed by a
substantial dune over 8 metres in height. The beach is bound to the south by the training walls of the
Moyne River entrance and sweeps in a smooth curve to Reef Point at its north-eastern end.

Figure 1-1 East Beach

East Beach is a popular sandy beach used for surfing, swimming, walking and jogging. Because of
the shelter offered by the Griffiths Island headland and adjacent river breakwaters, wave conditions
are generally mild at the southern end, which is popular and safe for swimming. The northern end is
more exposed to the prevailing winds and waves and is frequented by more active swimmers and
surfboard riders. Surf club facilities are provided at the central part of the beach, at Hughes Avenue,
together with carparking and recreational park areas on the foreshore. At present the beach is
particularly narrow in the area from about Lydia Place to Connolly Street.

Most of the East Beach dune is in private ownership as residential land. While a road easement is
proclaimed along the seaward crest of the dune (Beach Road), the road has been built only in one
section (Beach Street) immediately north from the surf club. It appears that much of the road
easement has been lost through erosion. In an attempt to protect the residential development and
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INTRODUCTION 1-2

facilities, a rock seawall has been constructed at the toe of the eroded main dune along the
developed area.

The beach itself now is limited to the area seaward of the seawall. While it varies substantially in
height and width in response to seasonal wave conditions, it has diminished over the past century
and is considered inadequate as a recreational asset. The high tides reach and impact on the
seawall for significant periods of time during and after erosion events.

The present study is aimed at identifying and assessing engineering options for restoring the beach
and protecting the adjacent development.

1.2 Development History

The report by WBM (1996) outlines a brief history of the geology and development of Port Fairy. This
is reproduced herein for completeness within this document as background information to the present
situation.

1.2.1 Geological Framework

Port Fairy lies on the Western District Volcanic Plains, formed by Pliocene and Pleistocene volcanic
activity. It is located on a 300,000 year old basalt flow extending along the ancient Moyne River
Valley (the Woodbine flow). The flow is mostly covered by Holocene sand dunes, except where it is
exposed as coastal platforms and reefs. The current Moyne River mostly runs on the edge of the
lava flow.

Another lava flow relevant to coastal processes at Port Fairy is the Tyrendarra flow along the
ancestral Darlot Creek to what is now Julia Reef. This flow is thought to act as a natural groyne,
trapping sand which drifts westwards along the coast under influence of easterly summer winds.
Conversely, the Portland Peninsula intercepts sand moving in the predominantly eastward longshore
wind drift (Gill 1979).

From the last ice age (18 000 to 20 000 years ago) up until 6000 years ago, sea level rose gradually
to its present height. During this period the present coastal dunes were formed by sediments derived
from the seafloor (known as Armstrong Sands). In the last 6000 years the dunes have further
accumulated sediment from nearby sandstone cliffs, which are highly erodable. These sands move
along the coastline via longshore drift and are deposited on beaches during storms. From there they
may be moved inland by the wind and form dunes.

These dunes and the beaches on their seaward side are typically dynamic, eroding under some
weather conditions and accrediting under others. Typically, sand is lost from the beach in heavy
winter seas and deposited in nearshore bars. Sand then tends to move back onto the beach and into
the dune system during calmer summer weather. However, in some areas dunes may be
progressively eroding. Potential causes of this erosion include:

e slightrises in sea level,
e reduced supply of longshore drift sand eroded from cliffs;

e interception of longshore sand supply by man made structures.
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INTRODUCTION 1-3

1.2.2 Port Development

In order to place the current problem at East Beach into context and to identify possible causes of the
beach erosion, it is necessary to briefly summarise the history of events that may be influencing
coastal processes in the area. Chief among these events is the development and maintenance of the
Port of Port Fairy. While there is extensive historical information relating to the harbour itself, there is
very little documented information describing East Beach and changes that may have occurred there.

Port Fairy served as a whaling port from the early 1800's and by the 1850’s was second only to
Sydney as a trading port, transporting produce from local properties. In 1855 the lighthouse was
erected at Griffiths Island. In these early times, all cargo had to be lightered to the larger vessels in
small boats due to a lack of harbour facilities.

In 1854, John Barrow proposed that training walls be constructed to allow safe passage into the
Moyne River. Barrow’s design was modified by W.H. Steel and construction commenced in 1870.
The initial works consisted of:

e training walls along the river banks and extending into the bay;

e removing rock reefs to smooth river flow;

e dredging a channel through the sandbar at the mouth of the river and to the wharves

upstream on the West bank.

In 1879 the design of the entrance works was modified on the advice of Sir John Coode. Coode’s
recommended changes consisted of:

e widening and deepening the channel and swing basin;

e changing the line of the walls at Goat Island so that currents from the Back Passage met

the main river arm more smoothly.

After visiting again in 1886, Coode recommended a further series of modifications which included
closing the Southwest Passage to reduce wave-induced currents and assist the navigation of
unpowered boats into the river. It seems that these changes were not made until some time after
1912, when E.M. De Burgh reviewed the harbour works. Advice from Mr Bill Digby (pers. comm.)
suggests that the passage was closed around 1916.

East Beach began eroding soon after the passage was closed and was particularly bad in the 1920's
and 1930's. After World War Il the passage was temporarily opened and East Beach began to
accrete, only to erode again after the passage was closed.

The entrance to the Moyne River requires dredging throughout much of the year for navigable depths
to be maintained. Typically, dredging occurs for six to eight months of each year (Max Dumnesy,
pers. comm.). While no detailed information is available, it is likely that 30,000-50,000m?3 of sand are
dredged from the river each year.

Sources of the sand that builds up in the river reportedly include:

e small amounts of sand entering the river at the entrance;

e sand moving laterally under the training walls along Battery Hill and Griffith Island;
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INTRODUCTION 1-4

e sand infiltrating under the causeway blocking the Southwest Passage;

¢ windblown sand from Griffiths Island.

Sand dredged from the main river channel is thought to always have been placed on the southern
end of East Beach (Max Dumnesy, pers. comm.). Up until approximately 1990, sand dredged from
the river side of the Southwest Passage was placed in the area to the southeast of Martins Point,
known as the “Puddney Ground”. Since then, dredged sand from the Southwest Passage has also
been placed at the southern end of East Beach.

In recent years, little dredging has been undertaken in the Southwest Passage on the river side of the
causeway. Substantial sand has accumulated in this area, indicating infiltration through (or around)
the causeway.

1.2.3 Sand Accumulation at the Mouth of the Moyne River

East Beach has experienced considerable change over the longer term (past 100 years) in response
to construction of the Moyne River entrance breakwaters and more recent blockage of the Southwest
Channel. The breakwaters were completed at the beginning of the century to train and maintain the
navigable entrance channel. Their effects are likely to have included:

e Re-distribution of pre-existing natural entrance bar sand with at least some of that sand
moving onto East Beach.

e Effective blocking of any pre-existing transfer of sand across the entrance to East Beach.

e Some local longshore redistribution of the sand on East Beach, causing build-up of the
beach and dune near the breakwater with potentially some net loss of sand from the beach
further east.

It is well known that Griffiths and Rabbit Islands were originally separated. Accumulation (and some
placement) of sand has joined the two islands, such that they have been mapped as one island since
at least 1925. Sand has also accumulated in other areas near the mouth or the river. A preliminary
analysis of sand accumulation in various areas is outlined below (from WBM 1996).

Beach Between the South Training Wall and the Lighthouse

Examination of a 1925 map and aerial photography from 1949 to 1992 shows that this beach has
advanced substantially compared with its 1843 extent. Particularly noticeable since 1949 has been
the burial of a breakwater which extended from the base of the beach to the south training wall. As
an estimate of the advance of the beach, its growth along the training wall can be measured by
scaling its location relative to known fixed points on the photos. The resulting growth distances
measured from Martins Point are shown below:

Year Distance

1925 390m

1949 447m

1960 452m

1986 468m
1992 490m

m: G:\ADMIN\B16206.G.MJA\R.B16206.001.03.DOC 3/4/07 11.04 wﬂm
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The area of beach progression is approximately 100,000 m2 which (assuming an average sand depth
of 3 m) contains 300,000 m3 of sand.

Puddney Ground

This area southeast of Martins Point was enclosed between the training walls and the west coast of
Griffiths Island when the river entrance works were constructed. Over the years sand has
accumulated due to placement of dredged material and wind-blown sand deposition. The area of the
Puddney Ground is approximately 50,000 m2 which contains approximately 100,000 m3 of sand.

Sandy Cove

The area southwest of Martins Point where the Sandy Cove Reserve is situated was once a shallow
inlet with two narrow channels connecting the river mouth with the southern ocean coast. In 1949
and 1960 aerial photographs this area appeared to be partially vegetated, while still subject to
saltwater inundation. By 1986 the area had been filled and the sports oval established. A sealed
road (Ocean Drive) had been constructed along the coast with associated earthworks probably
preventing seawater inundation. The area of the former Sandy Cove is approximately 54,000 mz
which contains approximately 108,000 m3 of sand.

Within the Southwest Passage

The small area within the Southwest Passage that has not been dredged in recent years is
approximately 17,000 m?, containing approximately 34,000 m3 of sand.

Other Areas

In addition to the defined areas described above, sand has also accumulated in other areas including:
. on top of Griffiths Island

. by extension of Battery Point
While the amount of sand in these and other areas may be significant, it is difficult to quantify.
Overview

It is likely that in the absence of the breakwaters, much of the accumulated sand referred to above
would have supplied East Beach. This sand has been lost from the beach system over the last
century. The total amount of sand lost approaches 500,000 m3.

1.2.4 On-going Effects

The ongoing effects of the breakwaters on East Beach are uncertain. It is likely that, after such a long
period of readjustment since the breakwaters were built, the beach is currently in a new essentially
stable alignment - subject to the ongoing effects of short term erosion and longer term longshore
sand movements. However, the natural process of sand transfer past the headland and river mouth
has been permanently altered. It appears that this substantially reduced the supply of sand to East
Beach, leading to erosion. There is little doubt that artificial means are needed to maintain the sand

supply.
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In the past, much of the sand dredged from the river channel was placed in areas outside the active
beach system, representing a net loss from East Beach additional to that trapped by the breakwaters.
More recently, this sand has been placed on the southern end of the beach.

Consideration needs to be given to cost-effective means of ensuring that the trapped sand is returned
to the beach system in a suitable manner, and that future losses of sand from the beach are
minimised.

It has been suggested that the Southwest Passage should be re-opened to allow sand to move
easterly through the Passage, into the river and eventually out the river mouth onto East Beach.
Modelling of the southwest wind case (WBM 1996) indicates a potential for a strong current and
associated sand transport through the Southwest Passage if it were open. That modelling does not
include wave forcing that would tend to further enhance sand transport.

However, consideration of removal of the causeway would need to include assessment of a range of
issues including the impacts on wave and current penetration, navigation and siltation/dredging
requirements in the Moyne River.

1.2.5 Wind Blown Sand Losses

East Beach is part of the larger beach system of Port Fairy Bay that extends along some 7 kilometres
to the east. Historically, there have been substantial losses of sand from this area in the form of wind
erosion of the dune system. This occurred particularly around the turn of the century when cattle
grazing led to loss of the protective vegetative cover and extensive dune instability.

More recently, the dunes have again been stabilised by planting of Marram grass to prevent further
wind erosion. However, the sand previously blown inland remains out of the active beach system. In
some areas, including East beach, some of that sand is perched on top of the former hind dune crest,
and would only re-enter the beach system when the dune is eroded to that extent. Furthermore,
where this sand is trapped behind the rock seawall, in places under existing houses, this sand is
permanently lost from the beach.

1.3 Coastal Management Requirements

Along the developed East Beach area:
e Beach amenity, access and safety are significantly diminished after erosion;

e  The natural character of the beach has been altered by protective structures (rock wall and
groynes);
e Public facilities and private dwellings would be under threat should the rock seawall fail during

severe wave attack; and

e  Beach recovery following storm erosion is slow and natural redevelopment of a sustainable
recreational beach in front of the seawall is unlikely.

When the beach is eroded, waves reach the rock seawall on high tide and the dune immediately
north of the seawall forms an unstable high steep dune scarp. This is potentially dangerous,
particularly for small children.
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INTRODUCTION 1-7

These issues are likely to be exacerbated in the event of future sea level rise.

In the undeveloped area to the north, coastal processes involving longshore sand movement and
erosion and accretion of the beach associated with storms and subsequent beach recovery are able
to occur naturally. The beach there is in good condition and the dune system is extensive. The dune
areas that had previously been destabilised by wind and grazing of livestock has been planted with
marram grass to prevent wind erosion. As noted by Rosengren (2005), foredunes with abundant
native Spinifex grass as the primary coloniser have a broad, terraced form while those with Maram
grass are more ridged. This has altered the shape and behaviour of this dune system in response to
periodic storm erosion events, tending to result in a higher and narrower incipient dune and dune
scarp.

It is clear that coastal management action needs to include engineering works to re-establish and
maintain the beach and ongoing dune protection and rehabilitation to ensure protection of the
adjacent residential development and facilities. This study has been undertaken by WBM in
association with the East Beach Erosion Study Steering Committee to identify and assess feasible
and effective solutions to achieve these objectives.
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2 COASTAL PROCESSES & CAUSES OF EROSION

2.1 General Considerations

A good understanding of the fundamental coastal processes affecting East Beach is needed in order
to develop and assess engineering and management options such that solution strategies may be
adopted with confidence of success. Only limited detailed study of the coastal processes and
beach/dune dynamics has been undertaken to date. Nevertheless, considerable knowledge is
available from both:

e Practical and theoretical knowledge of the principles of beach behaviour now established in
the fields of coastal and ocean engineering and geomorphology;

e Scientific and engineering investigations undertaken specifically of East Beach; and
e Some limited modelling undertaken as part of the present study of the wave, current and
sand transport processes occurring at East Beach.

A brief outline of this knowledge is presented in this Chapter.
The key issues affecting the most appropriate engineering and coastal management action are those
of historical and future:

e supply of sand into the beach system;

e sand movements within and through the beach system; and

e possible progressive net loss of sand from the beach system.

The natural beach system includes not only the beach itself but also:

e the dune that acts as a reservoir of sand for the beach during major erosion events and
subsequently rebuilds gradually as the sand is moved onshore by wave and wind action;
and

e the offshore zone where sand movement is active to depths in excess of 15-20m.

While it is known that there has been a net loss of sand from East Beach in the past as a result of the
river training works (WBM 1996), it remains uncertain whether or not there is an ongoing net loss
either under the action of persistent longshore sand movement or to offshore. A comprehensive
investigation over some years and involving substantial cost would be needed to gain a full
understanding of that issue. Despite that uncertainty, it is considered that the present level of
understanding is sufficient to identify the most suitable engineering and management options for
restoring the beach, as set out in this report. Within that context, relevant uncertainties and their
significance are identified and discussed.

m: G:\ADMIN\B16206.G.MJA\R.B16206.001.03.DOC 3/4/07 11.04 wﬂm



COASTAL PROCESSES & CAUSES OF EROSION 2-2

2.2

221

2.2.2

Understanding of Coastal Processes at East Beach
Sand Transport Mechanisms

In principle, sand is transported along East Beach and within Port Fairy Bay by the combined action
of waves and currents there. The waves propagate into the Bay from the deep ocean and have three
key effects on sand transport, namely:

e They break and generate so-called radiation stresses that drive currents, particularly within
the wave breaker zone where longshore currents may result;

e Their orbital motion impacts on the seabed cause bed shear stresses that mobilise and put
into suspension the seabed sand. Their asymmetry in shallower water causes a significant
differential in the forcing on the bed sediments, stronger in the forward direction of wave
travel; and

e They cause a small net current in the direction of wave travel (mass transport) or a bottom

return current in the surfzone;

Currents provide the primary mechanism for the transport of the sand that has been mobilised and
put into suspension by the wave/current action. The currents also impose a bed shear stress that
may mobilise the seabed sand. Currents and waves together act in a complex non-linear way in
generating bed shear stresses.

The currents in the Bay may be driven by several factors including:
e Tidal flows,
e Wind stress on the sea surface,
e Wave radiation stresses causing longshore surfzone and other currents,
e Wave breaking and setup causing a bottom return flow in the surfzone, and
o Differentials along the beach of wave setup at the beach, causing longshore currents.
Thus an embayment such as Port Fairy Bay may be subject to a complex combination of some or all

of those factors from time to time, leading to complex sand transport behaviour. Comprehensive 2-
dimensional modelling is required to investigate these processes.

Sand Transport Processes and Beach Dynamics

Generally, at a typical beach location, sand transport may be regarded in simple terms as involving
longshore and cross-shore sand movement processes. These act concurrently and interact.

Cross-shore sand transport involves:

e  Erosion of sand from the upper beach and dune area during large storm wave events, with
the sand being taken offshore where it is commonly deposited as one or more shore-
parallel sand bars located in the vicinity of the wave break area;

e  Subsequent slow transport of the eroded sand back to the beach, often over many months
or several years; and
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e Transport by the wind of the accreting beach sand back to the dune system where dune
grasses act to trap it and build the dune back to its former condition.

Thus, on dynamically stable beaches, there is balance in the amount of sand that is taken offshore
and is subsequently returned to the beach and dune. The wind plays an important role in the natural
balance of sand movements and beach and dune stability. If the dune is poorly vegetated, the sand
may be blown landward and lost from the active dune system.

Longshore sand transport results predominantly from waves breaking at an angle to the shore with an
alongshore component of their radiation stress that drives an alongshore current and carries the sand
along the coast. This sand transport is distributed across the surfzone and is greatest in the area
near the wave break point where the wave height, longshore current and bed shear are greatest.

The beach may remain stable (without net recession or accretion) where the longshore sand
transport is uniform along the coast. However, where there are differentials in the rates of longshore
transport, including any interruption of the sand supply to an area, then the beach will erode or
accrete in response.

Because longshore and cross-shore transport coexist, progressive net sand losses due to a
longshore transport differential may not manifest as erosion of the upper beach until storm erosion
occurs, and less sand is subsequently returned to the beach/dune than was previously there.

2.2.3 East Beach Erosion

At East Beach, the historical erosion is considered the result of a longshore transport differential in
which:

e The former natural situation was one in which sand was supplied at the southern end and
transported along the beach towards the northern end at an essentially uniform rate;

e The Moyne River training works cut off a significant part of the sand supply, while sand
continued to be moved along the coastline to the north, causing a deficit of sand between
that transported into the beach unit and that transported out;

e The deficit in sand transport was ‘made up’ by permanent erosion of the beach and dune at
the southern part of the beach embayment, with recession back into the higher main dune
and loss of the incipient foredune. Eventually, a rock seawall was constructed to protect
the development there.

From the above, it may be concluded that the beach has suffered a net loss of sand in the past, equal
to the quantity of sand trapped at Griffiths Island. The beach would now be essentially dynamically
stable in its depleted state, with no further progressive beach loss, if balance has been restored
between the rate of sand supply and the net longshore sand transport to the north. However, if there
continues to be less sand transported in from the south than is transported out at the north, then the
shoreline would be continuing to erode.
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2.3 Research Investigations of East Beach
2.3.1 Previous Investigations

The research and information available includes:

i. Reports:

“Coastal Study of East Beach, Port Fairy” (June 1996), prepared for Council by WBM Pty
Ltd.

e “Griffiths Street, Port Fairy - Geomorphology & Coastal Processes in Relation to a
Proposed Subdivision” (July 2005), prepared by Neville Rosengren of Environmental
GeoSurveys Pty Ltd.

e “Port Fairy Shoreline Stability Study” (July 2006), prepared by Dr Peter Riedel and Mr
Gerry Byrne of Coastal Engineering Solutions.

i. Historical and site information derived from:
e Library and historical society sources;
e Local resident and Steering Committee member Mr Neville Bartlett;
e Aerial photography from the Land Victoria Aerial Photography Register; and

e Modelling of waves, currents and sand transport patterns undertaken as part of this study
by WBM.

The formation of East Beach is described by Rosengren (2005) in the following terms:

e East Beach is composed of fine to medium grained calcareous white and grey sand, with
concentrations of whole and broken shell;

e The beach between the North Mole at the mouth of the Moyne River and the basalt rocks
at Reef Point is sandy with no intermediate rock outcrops. There are some basalt reefs
close inshore in