Section 3

COASTAL PROCESS
3.1

Tides and Water Levels

The tide range within Port Phillip Bay is only about 60% of that within Bass
Strait because of the narrow entrance between Point Lonsdale and Point
Nepean. The tide levels at Shelley Beach tend to lag those in Bass Strait by
about 1 ½ to 2 hours. The tidal water levels at Shelley Beach (to the nearest
0.05 metres) are:
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There are two tides per day but the range of the tides tend to be significantly
different. The current produced by the tide is proportional to the tidal range.
On average the tidal range is only about 0.4 metres.
On the other hand significantly high water levels can occur in the bay off
Shelley Beach due to what is termed storm surge which is caused by the
following factors:
• Low pressure atmospheric system over southern Victoria. A water
level increase, above normal tides of 300 to 400mm can occur for deep
lows.
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•
•

Wind set-up which is caused by wind blowing onshore, that is from the
north, at Shelley Beach. During a severe northerly wind the set-up
could also be 300 to 400 mm.
Wave set-up which is caused by breaking waves forcing water
onshore, and the water not being able to return to sea at the same rate
as it is pushed onshore. Due to the protection provided by the Great
Sand and Middle Ground, the wave set-up component would tend to be
low, unlikely to exceed 200 mm.

Whilst the wind set-up and the wave set-up maxima are likely to coincide,
strong northerly winds require a sharp atmospheric isobar gradient to create
them. Consequently a low pressure increment of water level increase would
not be at its maximum. The total likely increase in water level due to these
atmospheric influences, taking the combined probabilities into account, is
limited at about 800 mm for a 50 year return period storm.
The stability of the foreshore at Shelley Beach is very sensitive to high water
levels, particularly since the beach has been eroded from the western extent
of the beach. High water levels allow waves to reach the foreshore
structures. The design water level for the 50 year return period event is
assumed to be the sum of MHHW (0.9m) plus the storm surge (0.8m) yielding
a total water level of 1.7m to LWD or 1 metre to AHD. This includes 0.2m for
wave set-up which only occurs landward of wave breaking.
Lower levels than LAT can also occur due to southerly winds accompanied by
a high pressure system over the bay. Such lower water levels will not impact
on the stability of Shelley Beach.
3.2

Waves

Waves from three different sources affect Shelley Beach:
• Swell waves propagate in from Bass Strait, but at significantly reduced
heights because the waves are attenuated by wave diffraction and
diffraction. The swell waves entering The Rip are turned a full 180
degrees by the time they reach Shelley Beach. The height of these
waves will be small, even when there is a strong swell running
offshore. The wave height will always be less than 200mm.
• Waves generated within Port Phillip Bay with generating fetches
extending northward to the Melbourne suburban foreshore. These
waves can reach heights of about 2 metres approaching the Great
Sand and Middle Ground. These shallow features cause the larger
waves to break and the wave height crossing these banks will tend to
have a height which rarely exceeds one metre.
• Waves generated locally from the north-west through to east between
the Queenscliff shoreline and these banks, and Shelley Beach. During
storms these waves will reach heights exceeding one metre.
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Each of these wave sources are further modified as they cross the shallow
sand bank that lies seaward of Shelley Beach. This sand bank will further
reduce wave heights, particularly at low water. At low water the waves will
break on the bank and not impact on the beach. At high water, the depth of
water over the banks will still tend to cause larger waves to break before they
reach the shoreline.
A detailed analysis of waves and their transformation to Shelley Beach is
beyond the scope of this study. However, in summary, the wave climate is
mild because of the attenuating influences of the various banks. A mild wave
climate can still include storms and when there is little or no beach between
the breaking wave and the foreshore, mild waves can be quite erosive and
destructive to shoreline structures.
At Shelley Beach the largest waves reaching the foreshore will probably be
controlled by the water depth over the sand bank at the toe of the beach.
From the most recent survey of 1981 the water depth on the bank at the
western end of the beach is 0 m to LWD or -0.5m to AHD. However, as noted
in the discussion of seabed changes based on the aerial photographs, it
appears that there has been a lowering of the seabed in recent years.
Therefore the seabed level controlling the breaking of waves, and hence the
height of the design wave reaching structures near the shoreline, has been
assumed to be -1.0 m to LWD or -1.5m to AHD. The total water depth
controlling wave breaking is therefore 2.5 metres. The slope of the seabed is
gentle, between 1:50 to 1:100 and so the maximum wave will be about 0.6 x
water depth. The 50 year return period wave is estimated to have a height of
1.5 metres.
3.3

Currents

An overview of currents has already been provided during the discussion on
historical changes to the foreshore and offshore seabed. The currents are
tidally driven which means that there will be a reversal of the current direction
offshore from Shelley Beach twice daily in response to the two sets of high
waters and low waters per day. The Admiralty Charts note tidal currents at up
to 1 – 1½ knots in the deep channels off Shelley Beach. The current speeds
would be increased when the water level in Port Phillip Bay is raised above
normal tidal levels.
To our knowledge there is no measured current data for the area immediately
offshore from Shelley Beach. Current speeds of about 0.6 knots will initiate
the movement sand. Consequently there is the probability that sand is being
transferred to and from the Shelley Beach embayment by tidal currents. Any
changes in tidal current patterns or strengths can change the stability of the
beach system.
3.4

Longshore Sediment Transport
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Longshore sediment transport refers to the movement of sand along a beach
by waves. Figure 3.1 illustrates the concept.

Incoming wave crests
Longshore
Sediment
Transport
Direction

Beach Face

Figure 3.1:

Longshore sediment transport schematic

Wave crests approaching a beach at and angle will move sand along the
beach as shown in Figure 3.1. If waves reach the beach with the wave crest
parallel to the beach as the waves break, there will be no sand movement
along the beach due to the wave breaking.
The low swell waves reaching Shelley Beach from Bass Strait will always tend
to approach the shoreline at an angle (as per Fig 3.1) and cause sediment
movement from west to east. The rate of movement will be slow because the
wave height is very small. The seas generated within Port Phillip Bay may
come from a range of directions and will move sand in both directions along
the beach. If the wind and waves come from the north-east sector the sand
movement will be from east to west. When the wind and waves are from the
north-west to north the sand movement will tend to be from west to east.
The direction of waves crossing the Great Sand and Middle Ground could be
significantly different to the direction from which the wave was generated due
to wave refraction and diffraction over and around these features. A detailed
analysis of wave transformation and sediment transport by waves is outside
the scope of this study.
The longshore sediment transport could be augmented by the tidal or wind
generated current.
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The presence of longshore transport at Shelley Beach can readily be seen by
reference to Figures 2.3 and 2.4 depicting the beach form at the end of
summer and winter respectively. In summer the longshore transport is
predominantly to the west and the beach collects sand at the western end. In
winter the direction is reversed and sand is taken away and moved to the
eastern portion of the beach. This change in beach conditions is
predominantly due to waves.
3.5

Offshore – Onshore Sediment Transport

As well as there being sand movement along the coast by waves, there will be
some movement in the offshore-onshore mode. Offshore sand movement
occurs predominantly during storms, and in the case of Shelley Beach, this
would be mainly during winter. Strong northerly winds accompany winter
storms. Note that the loss of sand and foreshore damage shown in
Photographs 1, 2 and 3 all occurred during winter, in June (2002 and2003).
Onshore movement of sand occurs during milder weather when the waves
are low. The swell waves would always tend to move sand onshore.
The extent of offshore movement of sand during storms is strongly dependent
on the size of the sand particles of which the beach is composed. Coarse
sand, with an average grain size of 0.8mm or greater will tend to remain on
the beach face for the mild wave climate that occurs at Shelley Beach.
Medium fine to fine sand, that is a size of 0.3mm or less, will tend to be
transported offshore quite readily.
If there are strong nearshore tidal currents off Shelley Beach, sand that is
transported offshore by waves in fact may be washed out of the Shelley
Beach embayment by these currents.
The apparent deepening of the nearshore area at the western end of Shelley
Beach may provide a path for sediment loss due to offshore sand movement.
Sand moved offshore into this deeper area may not be re-activated by mild
wave conditions because the water depth is too great for the waves to initiate
sediment transport. However, this deeper water may form an efficient path for
the ebb tidal flow out of the Shelley Beach embayment. There may be an
acceleration in the current due to the constricting effect of Point Franklin. The
concept is illustrated in Figure 3.2. This mechanism may be removing sand
from the embayment, the sand movement being initiated by the tidal flow.
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Figure 3.2:

3.6

Potential sand loss mechanism from Shelley Beach

Sea Level Rise

Sea levels are predicted to increase by about 300 mm over the next 50 years
and 800 mm over the next 100 years. Water level is a very important
parameter in relation to erosion an shoreline stability at Shelley Beach.
Deeper water will allow larger waves to reach the shoreline and these larger
waves are capable of moving more sand and are potentially more damaging
to foreshore structures. The estimate of 800mm in 100 years is an estimate
that has a large degree of uncertainty associated with it. Since the structures
being considered will have a deign life of only up to 50 years, it is considered
inappropriate to speculate re the impact of water levels (with potential wide
error bands) in 100 years time.
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Such effects will be quite pronounced at the western end of Shelley Beach
where there is effectively no beach at present. Since most marine structures
such as jetties and boat sheds have a planning (or design) life of less than 50
years, it is suggested that the 50 year predicted water level increase be used
when assessing beach stability and providing guidelines for foreshore
structures.
3.7

Impacts of Channel Deepening

The shipping channel into the Port of Melbourne may be deepened by up to 3
metres. This means some deepening of the channel through The Rip and a
deepening of South Channel. Detailed studies are being undertaken by
others on the potential impacts of channel deepening on currents, waves and
shoreline stability. These studies are not complete, and even when
completed may not yield definitive outcomes for the Shelley Beach area.
It is believed that the deepening of the channel through The Rip will result in a
very small change in tidal range in Port Phillip Bay. Tidal currents through the
deepened channel should not increase because the channel depth is
increased. That is, even though additional water can flow through the
channel, the increased channel cross-sectional area will mean that the
velocity may in fact be lower where the channel is dredged.
The increased inflow of water into the bay will mean that ebb tidal flows will
need to increase to discharge the tide. If the ebb currents are focussed in
secondary channels, such as Sorrento Channel near Shelley Beach, there is
the potential for the velocity of the ebb tide to increase. If ebb tide induced
sediment transport is a significant factor (Section 3.5) then the erosive
tendency at Shelley Beach could increase.
Channel deepening could change how swell waves from Bass Strait refract
towards Shelley Beach. Any change is likely to be small, and since the
incoming wave is now always small, it is unlikely to be significant.
3.8

Impact of Ship Waves

All large ships entering Port Phillip Bay and sailing on to the ports of
Melbourne and Geelong pass through South Channel and their route takes
them within 2 kilometres of Shelley Beach. As ships travel along the channel
they create waves (termed bow waves) which are dependent on the ship size,
form and the speed at which the ship travels. There has been some concern
by local residents that some ships have been travelling at speeds that
produce larger bow waves than used to occur in the past. It is understood
that in recent times the sped of travel of the offending ships has been
decreased.
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However, it is unlikely that the bow waves, or a general increase in the size of
the bow waves would impact on the stability of Shelley Beach. These larger
waves may certainly arrive at Shelley Beach with more energy than smaller
waves. The impact of the bow waves should tend to balance out because the
shipping route is the same for incoming as for outgoing traffic. This means
that the number of bow waves for any ship will be the same in both directions
of travel. Figure 3.3 illustrates the bow wave concept and how the waves
reach the beach.
Referring back to Figure 3.1 which describes sediment movent in the
longshore sense, bow waves when they reach the shore will act in a similar
manner to sea waves. The angle at which bow waves arrive from outgoing
ships will result in sediment transport towards the west. Conversely, bow
waves from incoming ships will cause a west to east sand movement. It is
anticipated that the there will be close to a net zero sand movement along the
beach.

Figure 3.3: Balancing ship bow waves at Shelley Beach

3.9

Impact of Seawalls

Recently a timber retaining wall style of seawall was constructed by boatshed
owners along the foreshore to protect the boatsheds and other infrastructure.
Photos 4 and 5 show typical views of the seawall taken on 30th June 2003.
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Both photographs show the seawall has been built along the front alignment
of most of the boat sheds. The seawalls are relatively low and with any water
level above normal high tide and a northerly wind, waves can be expected to
break over the wall. Even for the mild conditions when the photos were taken,
the reflection effect of the vertical wall on waves can be seen in Photo 5.
Waves hitting the seawall at higher water will tend to send a jet of water
vertically and that water lands on the sand or structures behind the seawall.

Photograph 4: Shelley Beach seawall looking west
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Photograph 5: Shelley Beach seawall looking east

The reflecting wave tends to cause increased turbulence of the water at the
toe of the seawall which in turn results in the capacity to increase the amount
of sand moved – in the seaward direction.
Therefore the sand level in front of the seawall will tend to lower and such a
lowering of the sand level in front of the seawall is likely to result in the
lowering of the seabed on areas adjacent to the wall.
Vertical walls are not recommended for any environment where a beach is
desired. They should be confined to foreshores where deep water is required
adjacent to the wall for boat access and mooring.
3.10

Impacts of Boat Sheds

Boat sheds tend to have little impact on beach stability because they are
typically constructed on piled foundations. Waves can readily pass through
the piling with little affect on the size or energy of the wave. The footings
associated with piles can have a very localised impact on erosion around the
footing itself as can be seen in Photograph 6.
If the boat sheds are constructed at too low a level whereby at high water the
boat shed is an obstruction, then the impact on beach stability can be visible,
unless the boat shed is destroyed by the waves. For example if the boat shed
were constructed on a concrete and immovable foundation, that structure
Shelley Beach Coastal Processes Study
Executive Summary

Coastal Engineering Solutions Pty Ltd
03-243-REV B

would interfere with sand movement along the beach, in the similar way that a
groyne behaves. Consequently, if boat sheds are located in areas where
waves can reach them, they will have negligible impact on beach stability
provided they are elevated above the reach of waves.

3.11

Photograph 6: Recently re-piled boat shed

Long Term Beach Stability

From the aerial photograph review, it appears that the western end of Shelley
Beach has been losing sand progressively since the earliest photographs of
1935. The rate of sand loss appears to have accelerated from the 1950’s.
However, the sand that is being lost from the western end of the beach is
accumulating on the beach and dunes to the east of Campbell Road. If fact
there may not be any net loss of sand from the beach system between Point
Franklin and Point Macarthur. This means that the beach is effectively realigning itself.
It has not been possible to identify a particular reason why this re-alignment is
occurring. However, with the apparent deepening of the seabed off the
western end of the beach, in front of the boat sheds, it is likely that the loss of
sand will continue at the eastern end of the beach. The erosion may also
spread further eastward, as it has done recently when two boat sheds were
lost.
Consequently, Shelley Beach is not in equilibrium and continued erosion can
be expected at the western end.
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3.12

Cliff Stability

The cliffs at the western end of Shelley Beach, that are exposed to water and
waves, are being undermined as the sand from the beach erodes. Slips occur
where the cliffs are composed of loose soil (Photograph 3). There are also
cliff stability issues related to water run-off as illustrated for the stepped
pathway at Point Franklin in Photograph 7.

Photograph 7: Run-off erosion at Point Franklin

Erosion will continue whilst the bases of the cliffs are subject to wave action.
The structural integrity of the cliffs is beyond the scope of this study and it is
understood that a geotechnical engineer will shortly be making an
independent assessment.
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