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EXECUTIVE SUMMARY
Yumbah Aquaculture Limited (Yumbah) are proposing to construct a large abalone aquaculture farm on the
foreshore of Portland Bay. The proposed Yumbah Nyamat farm will pump seawater from the adjacent coast
through the land-based abalone aquaculture farm and discharge the return water to the marine environment
through a series of outfalls.
The intake and outlet pipelines are to be located where there are existing seawalls along the foreshore of
Dutton Way and Henty Bay. The Dutton Way seawall was originally constructed by government agencies to
protect Dutton Way from coastal erosion. The Henty Bay seawalls are generally of a lower standard and were
constructed by property owners to protect their foreshore allotments and houses.
The objective of this study was to understand and provide advice on how any section of seawall should be
reinstated after the pipeline has been installed, and if and how the intake and outfall pipelines will impact on
the existing seawalls and coastal processes along the Dutton Way / Henty Bay shoreline. It is noted that the
seawall sections will only be constructed by Yumbah where the existing seawall is demolished for the purposes
of laying the intake or outlet pipes.

Conceptual Seawall Designs
Conceptual designs have been developed for locations along the Dutton Way and Henty Bay foreshores where
intake and outlet pipelines will be located. The 20 intake pipes are to be installed along a 100-metre length of
the wall along the Dutton Way section of the coastline. To install these pipes the existing rock wall effectively
needs to be dismantled and rebuilt to an engineered standard around the intake pipelines. It is proposed that
the rock in the existing seawall should be able to be recycled into a standard two-layer seawall design.
The outlet pipes will be installed across three locations along the Henty Bay section of the coastline. At the
proposed outlet locations, much of the existing seawall is constructed with a single layer of armour rock over
smaller rubble. Therefore, depending on the volume and sizing of rock at each proposed outfall section of
seawall one of two design options may be suitable; a deformable wall utilising all of the existing rock and
adding sufficient rock to achieve a volume of at least 20m3/m length of wall, or a statically stable two-layer
armour rock design essentially the same as for intake pipes along the Dutton Way section. We recommend
that the statically stable two-layer design be adopted for all Henty Bay sections to limit future on-going
maintenance requirements.
At all location, details on the how each pipeline is configured through the seawall should be confirmed on
selection of the agreed wall configuration at the detailed design phase.
The analysis and concept designs presented in this report assume that sand bypassing by the Port of Portland
will continued at a rate of 50,000 m3 per year.
Given the design criteria adopted in this study for the seawall sections and the adoption of the two-layer
statically stable design, on-going works are not anticipated. Five-yearly condition surveys of all sections of new
seawall are recommended. The purpose of the conditions surveys is to check the structural integrity of the
seawall section. If any actions are required, they should be implemented as soon as practicable.
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Pipeline Stability and Self-Burial
The design approach for the intake and outfall pipelines is to provide anchoring such that the pipes will be
buried as much as possible into the existing ground, particaurly across the beach and nearshore areas so as
to minimise impacts on other users, for security and to minimise effects on coastal processes. As with the
existing Narrawong aquaculture farm, the pipelines will typically lie on the seabed and be anchored with
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concrete weights and potentially screw anchors at some locations. The details of the anchoring and
embedment of the pipeline will be confirmed at the detailed design phase.

Impact Assessment
The impact on coastal processes will depend on the form of seawall crossing and the height and form of the
structure locating them in place. Assuming there will be some embedment of the pipelines into the sand,
reducing the height of exposed pipe above the existing beach level, potential impacts have been assessed as
follows:
◼

Coastal Processes: It is possible that some sand may be retained updrift (to the west) of each series of
pipes near the shore, slightly reducing the littoral drift under low to moderate wave conditions however
based on the low level of pipe protrusion and the high mobility of the fine sand in the area the magnitude
of this reduction is likely to be limited.
◼

Recommended mitigation measures include:
◼

The height of the exposed pipelines above the seabed should be minimised,

◼

Bi-annual beach monitoring should be conducted to assess changes in beach levels, and beach
nourishment provided as necessary.

Flow Rates: Given the depths of the pipeline at the intake or outlet point the proposed intake and outlet
flow rates will have negligible impacts on local currents and associated coastal processes within Portland
Bay.

◼

Shoreline Enhancement: It is considered that rebuilding of the sections of wall in these areas will improve
their performance and the visual amenity at these locations.
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◼
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GLOSSARY
Term

Definition

Accretion

The natural build-up of sand or sediments in an area as a result of wave action,
ocean currents, river flows and/or wind

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

AHD

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

Armour layer

The outer protective layer on the surface of seawalls and breakwaters. Typically,
quarried rock or special cast concrete units.

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.

Bathymetry

The form (topography) of the seabed.

Beach
compartment

A contained beach (either natural or man-made) from which there is no significant
loss of sand. Typically, it would be located between features which extend out into
deep water sufficiently to prevent or inhibit sand moving around them.

Bypassing

Moving the coastal sediments (sands) from the accumulating updrift side to the
eroding downdrift side of an obstruction to the longshore movement. Typically, this
is undertaken mechanically and/or hydraulically using plant and equipment.

Coastal processes

A collective term covering the action of all-natural forces influencing the coastline
and its adjacent seabed. The seabed, foreshore and water characteristics respond
to the ever-changing effects of the tides, waves, ocean currents and winds. The
natural changes occur in time scales varying from only a few seconds (waves by
wave), to a few months (seasonally), to several years (El Nino etc).

Control structure

A groyne, headland, offshore breakwater or indeed any structure built on the
foreshore to control the longshore transport of coastal sediments. Typically, they
are used to retain sand as part of erosion control works.

Design storm

Sea defences will often be designed to withstand wave attack by an extreme storm.
The severity of the design storm is selected in view of the acceptable level of risk of
damage or failure.

Dynamically stable
/ Deformable
seawall

A seawall constructed of rocks of a size which (unlike conventional seawalls) can
be individually moved during severe storm action. By placing a sufficient volume of
these smaller rocks in the seawall, the armoured slope is allowed to be (re)shaped
by the waves. Consequently, a profile is formed which can dissipate wave energy
without threatening the retained area behind the seawall. Typically, the resulting
profile consists of a gentle slope around the water level, with steeper slopes above
and below.

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%.

Filter layer

An inner layer (typically of rock) beneath the primary armour layer on seawalls and
breakwaters. The main purpose being to prevent the underlying finer material from
being washed out through the voids in the larger outer armour.
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Term

Definition

Geomorphology

The branch of physical science which deals with the form and general configuration
of the earth’s surface, and the changes that take place during the evolution of the
landforms.

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.

Longshore
sediment transport

The movement of sand parallel to the shoreline. Typically caused by those waves
arriving at an angle to the orientation of the shore – thus having momentum along
the coast as well as perpendicular to it.

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.

Onshore/offshore
(cross-shore) sand
movement

The movement of sand perpendicular to the shoreline. Typically, this is a cyclic
process – where storm waves remove sand from the visible beach and deposit it
offshore as a sandbar. Subsequent swell action brings the sand back onshore to
rebuild the beach profile.

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.

Return period

Also termed Average Recurrence Interval. In statistical terms, an event with a
Return Period of N years is likely, on average, to be exceeded only once in every N
years.

Sea waves

These are wave generated by the wind that is actually blowing at the time and place
of their observation. Typically, sea waves have short periods and “peaky” wave
crests – giving a more “choppy” appearance to the ocean surface than swells.

Sediment
movement

The movement of sand (and other coastal sediments) by the action of waves and
currents. Includes the movement parallel (longshore transport) and perpendicular
(cross-shore transport) to the shoreline

Significant Wave
Height

The statistical term used to define the state of the sea during any particular time.
Waves in the ocean have a somewhat random distribution of height, so the
“significant wave height” is used to define the sea state. In fact, it is the average of
the highest one third of all waves occurring over the duration of the wave event
being considered. Consequently, waves with heights in excess of the reported
significant wave height frequently occur during the particular wave event.

Storm surge

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

Storm tide

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

Surf zone

The area between the outermost breaking waves and the shoreward limit of wave
run-up.

Swell waves

These are wave that have been generated by distant weather systems and have
travelled out of their generation area. Swell characteristics exhibit a more regular
and longer wave period, as well as flatter crests than those still travelling within their
generation areas.

Terminal scour

The erosion of an unprotected section of shoreline immediately downdrift of an
armoured shoreline. Caused by the imbalance of the high rates of sand removed
from the erodible shoreline with the diminished supply to it from the non-erodible
shoreline immediately updrift.

Toe

The lowest part of the seawall / breakwater slope, generally forming from the
transition to the natural seabed.

Wave period

The time for two successive wave crests to pass a fixed point. Swell waves tend to
have long periods (typically being in excess of 10 seconds), whereas sea waves
tend to have shorter periods.

Wave refraction

The process by which the direction of the wave moving in shallow water at an angle
to the seabed contours is changed so that the wave crests tend to become more
aligned with those contours.
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1

INTRODUCTION

Yumbah Aquaculture Limited (Yumbah) are proposing to construct a large abalone aquaculture farm on the
foreshore of Portland Bay. Yumbah has operated a successful aquaculture farm at Narrawong for over 15
years. That farm produces 230 tonnes of abalone each year. The proposed new farm at Nyamat aims at full
capacity to produce 1,100 tonnes of abalone per year.
The proposed Yumbah Nyamat farm will pump seawater from the adjacent coast through the land-based
abalone aquaculture farm and discharge the return water to the marine environment through a series of outlets.
The intake and outlet pipelines are to be located where there are existing seawalls along the foreshore of
Dutton Way and Henty Bay. The Dutton Way seawall was originally constructed by government agencies to
protect Dutton Way from coastal erosion. The Henty Bay seawalls are generally of a lower standard and were
constructed by property owners to protect their foreshore allotments and houses.
The general study area location is provided in Figure 1-1. An overview of the proposed site layout and the
position of the intake and outlet pipelines are provided in Figure 1-2. There are approximately 28 pipelines in
total that will need to pass through sections of existing seawall.

5930_R01V06

Water Technology has been commissioned by Yumbah to provide advice on how the seawall should be
reinstated after the pipeline has been installed. This is likely to vary depending on the varying form of the
existing seawall. In addition, the study has also assessed if and how the intake and outlet pipelines will impact
on the existing seawalls and coastal processes along the Dutton Way / Henty Bay shoreline.
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FIGURE 1-1 STUDY AREA
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FIGURE 1-2 OVERVIEW OF THE PROPOSED DEVELOPMENT

Figure 1-3 provides an aerial view of the development layout. The pipelines shown to the west of the image
(20 in total) are intakes, while the four to the east are outlets.
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FIGURE 1-3 PROPOSED DEVELOPMENT STUDY AREA
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2

BACKGROUND REVIEW

2.1

Inspection of Seawalls

An inspection of the seawalls in the vicinity of the proposed pipeline alignments was undertaken on the 29 th
May 2018. The structural integrity of the seawalls can only be assessed from a visual inspection of the outer
face of the seawall (and underlying material, if visible as it is on some degraded sections of seawalls),
supplemented with some knowledge of the construction and maintenance history, and an understanding of the
size and type of wave that can reach the seawall.
The outlet pipelines are to be located along sections of the “Henty Bay” seawall, while the intakes are located
within the “Dutton Way” section. The location of the different seawall sections is shown in Figure 2-1.
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It is anticipated that neither the Council nor Yumbah would wish to undertake a maintenance regime for the
seawalls after the pipelines have been installed through them so in general it can be anticipated that
reinstatement of walls at pipeline crossings will need to be to a higher standard than that of the existing
seawalls.
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FIGURE 2-1 OVERVIEW OF EXISTING SEAWALL SECTIONS
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2.2 Shoreline Change
The shoreline along Dutton Way and Henty Bay has changed quite dramatically as a result of the Port of
Portland breakwater construction in the 1950’s. The shoreline receded by up to 200 metres, at the worst
location, before ad hoc seawalls were constructed by owners of foreshore property, as documented by CES
(2002). These seawalls were not engineered, are not layered structures and do not have any geotextile
retaining natural sand/soil behind the seawalls. A summary of the conditions and changes along both sections
of the seawall relevant to the proposed development is provided in the following sections.

2.2.1

Dutton Way Section

Most of this seawall was constructed almost 60 years ago. It has therefore been subjected to numerous storm
events and repairs have been undertaken. It appears to have been originally constructed with small rock
overlain by a single layer of large rock having a nominal size range of 1 to 5 tonnes.
As described in CES (2002), damage to the rock wall has been primarily initiated by the toe of the seawall
being undermined as sand is removed by storm waves. This has resulted in some of the large armour rocks
falling off the face of the wall and exposing the smaller underlying rock to wave action. Progressive collapse
of the seawall occurs when these small rocks are washed out and the crest of the wall drops. Often the armour
stone slope beneath the crest is very steep and not stable.
Remedial action in the past has been to top up the rock on the seawall with large armour stone. This stone
has usually been basalt; however, patches of limestone are evident, as shown in Figure 2-1.

5930_R01V06

The pipelines passing through the Dutton Way section of seawall are the intake pipelines at the western
extremity of the project site. Information provided by Yumbah indicates that all 20 intake pipelines pass through
the seawall within a 100-metre section.

FIGURE 2-2 SEAWALL SECTION AT PROPOSED INTAKE LOCATION – LIMESTONE ROCKS VISIBLE
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Whilst the seawall has performed adequately since the significant repairs following the November 1994 storm,
it is not a fully engineered structure with the following shortcomings:
◼

There is no geotextile between the seawall and the remnant sand dune that bounds the seawall

◼

The seawall armour is perched with inadequate crest width. The crest width of any seawall should be
approximately three rocks (or more) wide and the crest should be fairly level.

◼

It is likely that there is an inadequate thickness of underlying smaller secondary armour rock – this should
nominally be two rocks thick.

◼

Whilst large limestone rock has been added, this rock has a significantly lower specific gravity than basalt
or granite. It is likely that it is undersized from a stability point of view.

Since some 20 pipelines are to be installed along a 100-metre length of the wall it follows there will be one
pipeline every approximate 5 metres. To install these pipes, which would exit the wall at around mean sea
level, at such close spacing implies that the existing rock wall effectively needs to be dismantled, regardless
of its condition, and rebuilt to an engineered standard around the intake pipelines. It is likely that most of the
rock in the existing seawall should be able to be recycled into a new stable seawall:
◼

Small rock would be recycled into the underlayer armour (nominally two layers thick);

◼

The large limestone armour could be utilised in the armour layer adjacent to the underlayer rock; and

◼

The basalt armour could be re-used in the outer as well as the inner armour layer (the armour layer will
need to be two layers thick for a stable structure).

Any shortfall of rock and the geotextile will need to be bought in.

2.2.2

Henty Bay Section

This foreshore precinct is unusual because the plan alignment of the seawall varies considerably as a result
of the historical erosion sequence and the construction method.
As detailed in CES (2002), some of the property owners have constructed a seawall in front of their land.
Others did not and let their foreshores erode. As noted previously, a section of seawall connecting Henty Bay
to Ferguson Road was constructed using a deformable design in 1993. Eventually however, most properties
had seawalls constructed along the erosion alignment, the exception being at the Henty Bay Caravan Park
where a small beach was created through the construction of a groyne (which has recently been upgraded).
There was no specified engineering standard applied to the construction of these walls and consequently they
have frequently been damaged during storms. Additional rock has then been added over time.
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As a consequence of this continual repair of the Henty Bay seawalls, most of this shoreline is protected by a
substantial wall. The size of the armour rock eastward of the Henty Bay caravan park is generally not as large
as that along Dutton Way. However, the volume of rock for about half of its length would be sufficient to
constitute a “dynamically stable” wall to the standard specified by Foster (1994). However, the cross-sectional
shape of the seawall needs to be reviewed to ensure that a designed dynamically stable rock wall exists into
the future. Such a wall requires of the order of 20m 3/m run of rock.
The outlet pipelines are all located to the west of the Henty Bay caravan park. Much of this seawall is
constructed with a single layer of armour rock over smaller rubble. The volume of rock contained per metre
length of wall appears to be more than that over the proposed intake pipeline area. Depending on the volume
and sizing of rock in this section of seawall, an engineered wall may either be a deformable wall utilising all of
the existing rock and adding sufficient rock to achieve a volume of at least 20m3/m length of wall, or it may be
more economic to upgrade the wall to a statically stable structure with two layers of armour rock up the face
of the seawall. In either case the seawall would need to be disassembled for a width of about 10 metres for
each outfall in order to be able to place the outfall pipelines at about mean sea level elevation. There are to
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be three locations where the pipelines exit the wall. This implies dismantling and rebuilding some 30 metres
of seawall. For both design alternatives a geotextile needs to be laid at the interface between the sand and
the rock. It is anticipated that there would be a shortfall of rock for both design concepts and suitably sized
basalt would need to be brought in to build these segments of wall to an acceptable engineering standard.
The following figures show sections of the existing seawall in the vicinity of the proposed pipeline crossing
location.
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FIGURE 2-3 SEAWALL SECTION SHOWING SINGLE LAYER ARMOUR ROCK
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FIGURE 2-4 SEAWALL SECTION WITH ARMOUR ROCK AND SMALLER RUBBLE

FIGURE 2-5 SEAWALL SECTION WITH ARMOUR ROCK AND RUBBLE
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2.3

Coastal Processes

The following sections provides a summary of the coastal processes within Portland Bay with respect to the
proposed pipeline locations based on the previous detailed assessment of CES (2002).

2.3.1

Water Level, Currents and Waves

◼

The tidal range at Portland is microtidal (< 2m) with a variation typically less than 1m. The highest tidal
range possible is 1.3 m.

◼

Available measurements in Portland Bay indicate low tidal or wind driven current speeds with little
influence on sediment transport along the Dutton Way / Henty Bay shoreline.

◼

Waves in Portland Bay are generally ocean swell wave generated in the Indian and Southern Oceans and
across the Great Australian Bight. During large storms the significant wave height in deep water can
exceed 10m, and the highest individual waves can exceed 20m in height. There are also locally generated
sea waves that will impact on sediment transport along the beach system. Waves are the dominant
mechanism for sediment transport along the Dutton Way / Henty Bay shoreline.

2.3.2

Sand Movement

The beach sand in Portland Bay is composed of very fine sand. The average size of the sand grains is only
0.18mm. This means that the sand is easily mobilised by waves, currents and wind. Sand that has been lifted
off the seabed into suspension is easily kept in suspension by relatively weak currents.
The previous analysis by CES (2002) indicated that the longshore transport rate along Portland Bay was in
the order of 50,000 m 3 / year. The predicted sediment budget for the area is shown in Figure 2-6 (adapted
from CES, 2002). Cross-shore sediment movement occurs during storm events, where sand eroded from the
beach is deposited temporarily in offshore bars until such time as subsequent milder wave conditions slowly
return it to the beach.
The study concluded the following:
◼

On average 50,000 m3 / year of sand moves along the shoreline below the Portland Cliffs. Therefore, due
to the presence of the Port of Portland the sand supply to Dutton Way / Henty Bay can only be maintained
by sand bypassing to Andersons Point.

◼

The average longshore movement of sand between the western end of Dutton Way and the Surrey River
mouth diminishes from 50,000 m3 to 40,000 m3 per year.

◼

During severe storms, the volume of sand that can be eroded off the beaches along the Dutton Way /
Henty Bay foreshore is approximately 50 m 3 / m length of shoreline.

◼

Sand bypassing is required to maintain the beach along Dutton Way / Henty Bay at its current levels.
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An overview of the sand movements within Portland Bay and specifically along Dutton Way / Henty Bay is
presented in Figure 2-6
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FIGURE 2-6 OVERVIEW OF SAND MOVEMENT IN PORTLAND BAY (CES, 2002)
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3

CONCEPTUAL SEAWALL CROSSING
DESIGN

3.1

Proposed Seawall Crossing Concept

It is proposed that the intake and outlet pipes will pass through the seawall along Dutton Way and Henty Bay
at the locations indicated in Figure 1-1. As discussed in the previous section, the existing seawalls are
composed of dumped rock of varying form and sized rock. There is no designed structure to the seawalls and
the condition of the wall along its length is highly variable. The high potential for failure of the seawall poses
a risk to the integrity of the pipeline crossing, both if the pipes pass through or under the seawall.
Where the proposed pipelines pass through or under the existing seawall the following approach is proposed:
◼

Based on appropriate design wave conditions, a stable seawall configuration for the intake and outfall
locations be determined.

◼

At each crossing location, the seawall should be upgraded over a distance of 5m either side of the areas
where the pipelines are installed.

◼

The upgraded wall will incorporate a geotextile layer to ensure soil and sand behind the seawall cannot
be leached out through the wall. An underlayer of armour rock will also be required.

The deformable seawall design such as that developed for the existing aquaculture farm at Snapper Point may
not readily be applied at the proposed shoreline crossings locations because such a seawall is considerably
thicker than the existing wall in these areas and would result in localised bulges along the foreshore.

3.2

Design Criteria

Structural failure of rock armoured revetments can be caused by any of three fundamental mechanisms - or
indeed by any combination of these, namely:
◼

erosion of the armour layer - instigated when the rocks on the front face of the wall are not able to withstand
the forces applied by waves as they wash against the slope. The rocks are effectively washed off the
structure by the waves.

◼

by undermining - occurs when wave action causes scouring of erodible material at the toe of the armoured
slope, causing it to be undermined and to then collapse (even though it may consist of large rocks that
would otherwise not have been moved by waves).

◼

by wave overtopping - caused by waves that wash up over the top of the armoured slope and scour the
material immediately behind the wall. The top of the wall is then no longer supported by underlying
material and it collapses into the scoured area behind it - lowering the top of the seawall further, allowing
greater overtopping, greater scour, and progression to structural failure.

Selection of appropriate design criteria minimises the risk of failure due to these mechanisms.
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3.2.1

Selection of Design Event Criteria

The preceding section of this report discusses the mechanisms by which rock armoured seawalls can be
damaged and ultimately fail. However, when considering ways in which these processes can be avoided it is
necessary to select a particular storm “event” which the structure must accommodate. This selection is typically
based on an acceptable probability of that event occurring within the length of time that the structure and its
components are intended to serve their given purpose (this is termed the design life of the structure). The
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selection of an appropriate design event therefore becomes a decision that acknowledges and accepts a
particular level of risk that this event (i.e. the particular combination of wave conditions and ocean level that
the revetment structure is required to accommodate) might be equalled or exceeded within the design life of
the structure.
Australian Standard AS4997-2005 “Guidelines for the design of maritime structures” nominates a 50-year
design life for a “normal commercial structure” such as the seawalls fronting the study area. This classification
as a “normal commercial structure” (as opposed to that of a “special structure / residential”) is adopted since
in most areas of the study area there is a buffer of a road or at least some land located behind the revetment
prior to properties. In addition, the science behind sea level rise is an ongoing process. By designing to the
50-year design life, with consideration of the rock sizing and crest level increase requirements should the
structure be present for 100-years, the structure can simply be adapted in future, if in 50-years the need for a
seawall is still present.
The severity of a design event is quantified by assigning it an Average Recurrence Interval (also referred to as
a return period). This is the average time that elapses between two events that equal or exceed a particular
condition. For instance, a 100-year Average Recurrence Interval (ARI) event is one which is expected to be
equalled or exceeded on average once every 100 years. However, since such events occur randomly in any
particular timeframe under consideration (rather than at precise regular or cyclical intervals), they have a
probability of occurrence within that time.
We proposed to adopt the following design criteria:
◼

Design for the ultimately selected ARI event: no greater than 5% damage to armour for statically stable
structures; and

◼

Design for the selected ARI event for dynamically stable structures whereby the integrity of the structure
remains intact after the design event. This implies the structure could withstand another design event
without catastrophic failure.

The approach adopted when developing structural designs for the seawall at the pipeline locations has been
to consider the following scenarios as potentially constituting the 100-year and 200-year ARI events. For each
event, the one having the most adverse effect on the structural requirements of the revetment is then adopted:
◼

◼

Scenario 1: 100-year ARI storm tide level occurring simultaneously with the 50-year ARI wave
characteristics; or

◼

Scenario 2: 50-year ARI storm tide level occurring simultaneously with the 100-year ARI wave
characteristics.

200-year ARI event:
◼

Scenario 1: 200-year ARI storm tide level occurring simultaneously with the 100-year ARI wave
characteristics; or

◼

Scenario 2: 100-year ARI storm tide level occurring simultaneously with the 200-year ARI wave
characteristics
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◼

100-year ARI event:

Yumbah Aquaculture Ltd | 05 October 2018
Yumbah Nyamat - Coastal Design Report

Page 21

3.3

Design Event – Ocean Water Levels

When considering the forces that affect foreshore structures it is necessary to consider the ocean water levels
that prevail from time to time. This appreciation not only relates to the day-to-day tidal influences, but also to
the storm surges which occur as a result of extreme weather conditions.
Just how much wave energy reaches a foreshore is therefore determined largely by the depth of water over
the seabed approaches. Ocean water levels and the seabed bathymetry are important aspects in this process
of wave energy transmission.
Consequently, it is necessary to have an understanding of the following ocean levels in the vicinity of the
shoreline at the Dutton Way and Henty Bay locations:
◼

Astronomical Tide - this is the “normal” rising and falling of the oceans in response to the gravitational
influences of the moon, sun and other astronomical bodies. These effects are predictable and
consequently the astronomical tide levels can be forecast with confidence.

◼

Storm Tide - this is the combined action of the astronomical tide and any storm surge that also happens
to be prevailing at the time. Surge is the rise above normal water level as a consequence of surface wind
stress and atmospheric pressure fluctuations induced by synoptic events.

3.3.1

Astronomical Tide

The tidal rising and falling of the oceans is in response to the gravitational influences of the moon, sun and
other astronomical bodies. Whilst being complex, these effects are nevertheless predictable, and consequently
past and future astronomical tide levels can be forecast with confidence at many coastal locations. Table 3-1
presents the tidal planes for Portland.
TABLE 3-1

TIDAL PLANES FOR DUTTON WAY (AUSTRALIAN NATIONAL TIDE TABLES 2016)

Tidal Plane

Tidal Datum (m)

To AHD (m)

Highest Astronomical Tide (HAT)

1.4

0.7

Mean High Water Springs (MHWS)

1.1

0.4

Mean High Water Neaps (MHWN)

0.9

0.2

Mean Sea Level (MSL)

0.7

0

Mean Low Water Neaps (MLWN)

0.5

-0.2

Mean Low Water Springs (MLWS)

0.2

-0.5

3.3.2

Storm Tide

5930_R01V06

The level to which ocean water can rise on a foreshore during the passage of an extreme storm event is
typically a result of a number of different effects. The combination of these various effects is known as storm
tide. Figure 3-1 illustrates the primary water level components of a storm tide event. A brief discussion of each
of these various components is provided.
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COASTLINE

BROKEN WAVES

WAVES ARE BREAKING

INCOMING WAVES

WAVE RUNUP

WAVE SETUP

STORM
TIDE

SURGE

ASTRONOMICAL TIDE
LOW WATER
DATUM

Storm Tide = Astronomical Tide + Storm Surge + Breaking Wave Setup

FIGURE 3-1 COMPONENTS OF A STORM TIDE EVENT

Astronomical Tide: The astronomical tide is the normal day-to-day rising and falling of ocean waters in
response to the gravitational influences of the sun and the moon. Astronomical tide is an important
component of the overall storm tide because if the peak of a severe storm were to coincide with a high
spring tide for instance, severe flooding of low lying coastal areas can occur, and the upper sections of
coastal structures can be subjected to severe wave action.
Storm Surge: This increase in ocean water levels is caused by meteorological effects during severe storms.
Strong winds blowing over the surface of the ocean forces water against the coast at a greater rate than
it can flow back to sea. Furthermore, sea levels can rise locally when a low-pressure system occurs
over the sea - resulting in what is termed an “inverted barometer” effect.
A 10mb drop in atmospheric pressure results in an approximate 10 cm rise in sea level. In order to
predict the height of storm surges, these various influences and their complex interaction are typically
replicated by numerical modelling techniques using computers.
Breaking Wave Setup: As storm waves propagate into shallower coastal waters, they begin to shoal and will
break as they encounter the nearshore region. The dissipation of wave energy during the wave breaking
process induces a localised increase in the ocean water level shoreward of the breaking point which is
called breaking wave setup. Through the continued action of many breaking waves, the setup
experienced on a foreshore during a severe wave event can be sustained for a significant timeframe
and needs to be considered as an important component of the overall storm tide on a foreshore.
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Wave Runup: Wave runup is the vertical height above the local water level up to which incoming waves will
rush when they encounter the land/sea interface. The level to which waves will run up a structure or
natural foreshore depends significantly on the nature, slope and extent of the land boundary, as well as
the characteristics of the incident waves. Consequently, because this component is very dependent
upon the local foreshore type, it is not normally incorporated into the determination of the storm tide
height. Nevertheless, it needs to be considered separately during the assessment of the storm tide
vulnerability of the proposed seawall.
Water level records for Portland were available from Bureau of Meteorology tidal gauge 090192. This was
provided by the BoM as hourly water level data and within the datum of m LAT. This data set was converted
to m AHD and then an extreme value analysis was undertaken to determine the various average recurrence
interval water levels for Portland. A number of probability distributions were applied to characterise the data
set which included: General Extreme Value (GEV), Gumbel, Log Normal, Log Pearson III and Generalised
Pareto. The Log Pearson III resulted in the greatest fit of the data and was adopted for this study. The resultant
average recurrence interval water levels for Portland can be found within Table 3-2 below. The values of the
reanalysis are similar to that undertaken by the CSIRO in 2009 (McInnes et al).
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TABLE 3-2

STORM TIDE LEVELS INFERRED FOR DUTTON WAY

ARI (years)

Storm Tide Level (m AHD)

CSIRO (McInnes et al)

10

0.87

0.79

20

0.91

0.89

50

0.95

0.97

100

0.98

1.01

200

1.01

N/A

3.3.3

Design Event – Wave Characteristics

Waves are the dominant mechanism for the movement of rock in nearshore waters. Waves in Portland Bay
are generally ocean swell waves that have been generated in the Indian and Southern Oceans and across
The Great Australian Bight. These arrive off Portland from the southwest and generally occur when low
pressure weather systems are located well to the south of Australia (CES, 2002).
During large storms the significant wave height in deep water can exceed 10 m. The highest individual waves
can exceed 20 m in height. Locally generated storm waves from the east through to south will also occur but
their impact relates more to sediment transport along the foreshore than to the structural stability of a seawall.
To determine the design event wave characteristics at the pipeline crossing locations, the wave characteristics
were first determined 50km offshore from Portland and then brought inshore in a separate set of analyses.

Offshore Wave Height
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The offshore wave conditions for multiple average recurrence intervals offshore from the Portland region were
determined through an extreme value analysis of Water Technology’s hindcast model of South Eastern
Australia. Data from this model is available for a 24-year period which runs 1990 to 2014. The wave data at a
number of offshore points within 50km of the project site were analysed to determine the characteristic offshore
wave conditions for the site. All the points sampled were quite similar, however a single point with the largest
maximum wave height was selected for use in the extreme value analysis as it would provide the most
conservative results for the subsequent nearshore modelling. The mean wave direction did not vary across
the sampled sites; a representative wave rose showing the main direction of wave propagation can be found
below within Figure 3-2.
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FIGURE 3-2 PREDICTED WAVE ROSE OFFSHORE FROM PORTLAND

A number of probability distributions were tested against the offshore significant wave height data. The
probability distributions that were investigated are similar to those employed for the tidal analysis. These are
as follows: General extreme value (GEV), Gumbel, Log Normal, Log Pearson III and Generalised Pareto. As
with the tidal analysis, it was found that the Log Pearson III distribution showed the greatest data fit and was
adopted for the use. Analysis of the wave period was also completed to determine the period which is
associated with the largest observed significant wave heights. It was observed that wave period between 12
and 16 seconds occurred with the majority of large waves, with an average of around 14s. As such, a wave
period of 14s was adopted for this study.
From the analysis described above, the characteristic offshore wave climates were determined. These can be
seen below in Table 3-3.
TABLE 3-3

OFFSHORE SWELL WAVE DESIGN CRITERIA

Annual Recurrence
Interval (ARI)

Significant Wave Height (m)

Wave Period (s)

Mean Wave Direction

10

10.2

14

225

20

10.6

14

225

50

11.1

14

225

100

11.4

14

225

200

11.7

14

225

Nearshore Wave Height
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To bring the offshore wave climate inshore, Water Technology utilised a previously developed local spectral
wave model of the Portland region, with the offshore wave climate applied at the model boundary. Incorporated
both the water level and wave extreme value analysis (see Table 3-3) outlined above.
The model grid was first updated to improve the resolution around the key areas of interest for this project.
Additional elevation data obtained through a 2018 photogrammetry survey provided by the Deakin University
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Marine Mapping Group was added to the model in order to better refine the coastline, and in particular the
elevations on and surrounding the Dutton Way seawall (B Allan 2018).
To incorporate the effects of locally generated waves in addition to the swell at the study site, design wind
speeds were also applied across the model domain. These were derived using the the Australian Standard,
AS 1170.2 – 2011 Structural design actions: Part 2: Wind actions. The design parameters for calculating the
wind criteria are as follows:
◼

The site is located within the A1 wind region, which is the predominant region within the south of Australia.

◼

The wind speeds derived were U10, which refers to the height at which they are experienced (10m above
ground level)

◼

Wind speeds were converted from gusts (3s) to those acting over a 1-hour period for use within the model.
Due to the small model area, and the presence of offshore swell at the model boundary, this was
considered appropriate to generate the relevant ‘sea’ waves (refer Glossary for definition of sea and swell
wave parameters).

As the coastline at Dutton Way is sheltered to the south by Cape Nelson, it was determined that the wind
direction that will have the greatest impact on the site is from the south-easterly direction. From this direction,
the wind can flow unimpeded across the ocean until it meets the project site, thus generating the maximumsized waves. The resultant hourly wind design criteria for use in the modelling is presented within Table 3-4
below.
TABLE 3-4

WIND DESIGN CRITERIA ADOPTED FOR THE STUDY (AS 1170.2 – 2011)

ARI (Years)

Direction

Wind Speed (m/s)

100

SE

24.3

200

SE

25.5

A number of scenarios need to be assessed to determine the resultant design criteria at the seawall sites
corresponding to the 100-year and 200-year ARI events. The wind speeds presented in Table 3-4 above were
also included into the assessment. As discussed at the start of Section 3.3.3, the wave climate at Portland
consists of both swell approaching from offshore, and wind generated waves. The two wind speeds were
applied in the nearshore model to assess the effect of wind during the storm on the resultant wave energy at
the site. The selected combination of water level, offshore waves and wind for the design events is presented
in Table 3-5. This is for both present day as well as considering the predicted impacts of climate change in
2070 (50-year design life) and 2100 (approximately 100-year design life).
TABLE 3-5

Scenario

PARAMETERS EMPLOYED TO DETERMINE THE DESIGN CRITERIA

Water Level

Swell Boundary Wave

Wind

Sea Level Rise

100-year ARI Design Event
1

100-year ARI

50-year ARI

100-year ARI

+0 (Present Day)

2

100-year ARI

50-year ARI

100-year ARI

+0.5 (2070)

3

100-year ARI

50-year ARI

100-year ARI

+0.8 (2100)
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200-year ARI Design Event
4

200-year ARI

100-year ARI

200-year ARI

+0 (Present Day)

5

200-year ARI

100-year ARI

200-year ARI

+0.5 (2070)

6

200-year ARI

100-year ARI

200-year ARI

+0.8 (2100)
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The significant wave heights were extracted from the nearshore model at the -0.5m AHD contour, the
approximate seawall toe location for the Dutton Way and Henty Bay sections where the pipelines are proposed
to cross the shoreline.
TABLE 3-6

PREDICTED SIGNIFICANT WAVE HEIGHT ALONG SEAWALL SECTIONS (METRES)

Scenario Number

Dutton Way (Intake Location)

Henty Bay (Outfall Location)

100-year ARI Design Event
1

1.6

1.5

2

1.9

1.7

3

2.1

1.9

200-year ARI Design Event

3.3.4

4

1.6

1.5

5

2.0

1.7

6

2.1

1.9

Future Climate Change Influences

Sea level rise as a consequence of future climate change could result in potentially greater depths of water
along Dutton Way - allowing greater wave energy to impinge on the rock-armoured seawall. The higher ocean
level also has the potential for inducing greater wave overtopping on a seawall built to accommodate presentday wave and ocean water conditions. Given that the crest level of any seawall is likely to be vulnerable to
wave overtopping during severe storms, the implications of future sea level rise needs to be considered in the
design of any proposed seawall works.
This is not to suggest that new seawall works need to be constructed to accommodate all aspects of future
climate change now. It would however be prudent to design the armour layer to be able to accommodate the
expected increased wave energy (as a consequence of sea level rise and changed storm climatology).
The predicted increase in wave overtopping could be included as subsequent upgrading works if/when it
manifests itself. For instance, the design could be undertaken to structurally accommodate present-day
overtopping rates by incorporating crest armour and/or raising the crest level, whilst being cognisant of the
possibility that future works (such as raising the crest level even higher) may be required in the later years of
the seawall’s design life.
In this way the design and construction would not compromise the options of dealing with increased
overtopping due to climate change at a later date, yet still provides a structure that is more closely matched
with existing bank alignments and levels.
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The fundamental design philosophy adopted for addressing potential effects of future climate change in the
design of the seawall at the intake and outfall locations is as follows:
◼

Sea level rise to the year 2070 – consider implications of sea level rise of 0.5 metres above present day
mean sea levels.

◼

Sea level rise to the year 2100 – consider implications of a sea level rise of 0.8 metres above present-day
mean sea levels.

◼

Wave climate to the year 2100 – consider implications of a 10% increase in offshore wave heights

To address these future climate considerations the seawall design has been developed such that:
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◼

The crest elevation is at the level required by the year 2070 – incorporating a sea level rise of 0.5m above
present day level.

◼

The rock armour sizing is based on the requirements by the year 2100 – this means that future upgrade
works can be readily undertaken without significant modification of the structure.

Therefore, the design waves heights at the locations where the pipelines cross the shoreline used in the
concept design are for Scenario 6 as presented in Table 3-6.

3.4

Conceptual Seawall Design

The conceptual seawall designs proposed in this section are consistent with concept designs currently being
developed for the Glenelg Shire Council for the full length of the Dutton Way / Henty Bay / Ferguson Road
seawalls at the time of issue of this report. It is recommended that the seawall design be confirmed with
Council and the Department of Environment, Land Water and Planning at the detailed design phase.

3.4.1

Dutton Way Section

As noted in Section 2.2.1, around 20 pipelines are to be installed along a 100-metre length of the wall. To
install these pipes the existing rock wall effectively needs to be dismantled and rebuilt to an engineered
standard around the intake pipelines. The rock in the existing seawall should be able to be recycled into a
standard two-layer seawall design.
The proposed design is presented in Figure 3-3.
Details on the how each pipeline is configured through the seawall should be confirmed on selection of the
agreed wall configuration at the detailed design phase. This will depend on the level the pipe passes through
the wall, which determines where the geotextile later is located relative to the pipeline.
The two alternatives are:
a.

The pipeline lies on the seabed embedded to approximately -1m AHD with some underlayer type rock on
top of the geotextile and the pipeline sits on the underlayer. The pipeline has to puncture the geotextile
where it passes through it. Therefore, it is necessary to ensure that there is a geotextile wrap around the
pipeline going through the wall and that is has an effective 600mm overlap with the geotextile of the
seawall slope. This would be relevant for the Option 1 concept design.

b.

The pipeline actually punctures the geotextile at the bottom of the slope so that there is no rock between
the pipeline and the geotextile. The same principle as noted above applies regarding overlap so that there
is minimal risk of leaching of backfill fine material through the wall.

It is noted that the seawall sections will only be constructed by Yumbah where the existing seawall is
demolished for the purposes of laying the intake or outlet pipes.

3.4.2

Henty Bay Section
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As discussed in Section 2.2.2, the existing seawall varies considerably in this section as a result of the historical
erosion sequence and the construction methods. At the proposed outlet locations, much of the existing seawall
is constructed with a single layer of armour rock over smaller rubble.
Depending on the volume and sizing of rock at each proposed outfall section of seawall one of two design
options may be suitable:
◼

Option 1 – a deformable wall utilising all of the existing rock and adding sufficient rock to achieve a volume
of at least 20m3/m length of wall.
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◼

Option 2 – a statically stable two-layer armour rock design (essentially the same as for the Dutton Way
section).

For both options a geotextile needs to be laid at the interface between the sand and the rock.
Option 1 is presented in Figure 3-4 and Option 2 is assumed to be same as for the Dutton Way section
(Figure 3-3).
As for the Dutton Way section, details on the how each pipeline is configured through the seawall should be
confirmed on selection of the agreed wall configuration at the detailed design phase. The same alternatives
apply.
Given that a deformable wall design will experience movement of rocks following storm events and may require
a ‘top up’ of rock sometime into the future as part of a maintenance program it is recommended that the
statically stable Option 2 design be implemented for the Henty Bay sections.

3.4.3

Further Considerations

A nominal toe depth of -1 to -1.5m AHD is proposed for the seawall designs. It is recommended that for
detailed design, a geotechnical investigation involving trial pits at the pipeline locations be undertaken to
determine if there is underlying reef that could impact on the toe depth design.
The analysis and concept designs presented in this report assume that sand bypassing by the Port of Portland
will continued at a rate of 50,000 m 3 per year.

3.5

Monitoring and Maintenance

3.5.1

On-going Works

The rock armour of the proposed seawall designs has been sized so as to accommodate the expected effects
of future sea level rise, as well as changes to the regional wave climate. As such, the rock armouring is more
robust than needs to be for present day climate conditions and there will be no need to later increase the rock
characteristics. It is therefore not anticipated than on-going works will be required once the wall is in place.
A higher ocean level in the future (beyond 2070) may result in an increase in wave overtopping. This can be
included as subsequent upgrading works. The design approach adopted has been to structurally
accommodate overtopping rates up to conditions at 2070 and is cognisant of the possibility that future works
(such as raising the crest level slightly higher by adding another layer of rocks) may be required in the later
years of the seawall’s design life (up to 2100). In this way the design and initial construction do not compromise
options for dealing with any possible increased overtopping due to climate change at a later date, beyond
2070.

3.5.2

Monitoring Requirements

5930_R01V06

The wall should be inspected at least annually to ensure that minor damage (e.g. vandalism) is identified and
rectified promptly. The wall should also be inspected after any major storm events to identify any damaged or
dislodged rocks which may threaten the integrity of the structure or present a safety hazard so that these risks
can be addressed.
An on-going five yearly program of Condition Surveys is recommended – a coastal engineer should inspect
any seawall section constructed on a five-yearly basis to check its structural integrity.
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3.5.3

Repair and Maintenance

It is noted that the revetment design is such as to limit damage levels to 5%. Even this damage level may not
necessarily require any significant repair works. The term “damage” nominated in such a way in coastal
engineering designs accounts for the percentage of individual rocks which move from their initially placed
position – which can be to a more stable position within the rock armour matrix. Often during severe storm
events, the rock armour slope consolidates – resulting in a tightening of interlocking between individual rocks.
So future 5% “damage” can also represent an improvement in structural stability at some locations within the
revetment.
If, following inspection by a coastal engineer, it is determined that the structural has suffered damage sufficient
to warrant repairs, any required repairs and maintenance is to be undertaken as soon as practicable. This may
include re-placement of rock armour which have moved during storm events. It is anticipated that timing of
repair works may be subject to the scale of the repair and (in the event of larger-scale repairs) availability of
suitable contractors as well as prevailing tides and wave conditions.
Wave overtopping of the structure during extreme storm tide events although unlikely may result in damage
and/or erosion of soil and vegetation, to the rear of the seawall crest. This will not affect the structural integrity
of the wall, but reinstatement of the soil and vegetation should be undertaken to restore the visual amenity of
the site.

3.5.4

Costs
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Yumbah will be responsible for all costs associated with the wall sections that are rebuilt for the purposes of
laying the intake or outlet pipes.
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FIGURE 3-3 DUTTON WAY SECTION - TWO-LAYER DESIGN CONCEPT
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FIGURE 3-4 HENTY BAY SECTION – OPTION 1, DEFORMABLE WALL CONCEPT
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4

PIPELINE STABILITY AND BURIAL

Yumbah have advised that the design approach for the intake and outfall pipelines is to provide anchoring
such that the pipes will be buried as much as possible into the existing ground, particularly across the beach
and nearshore areas so as to minimise impacts on other users, for security, and to minimise effects on coastal
processes. As with the existing Narrawong aquaculture farm, the pipelines will typically lie on the seabed and
be anchored with concrete weights and potentially screw anchors at some locations.
The following section provide further generic considerations and advice on the stability and burial for the
pipeline design to support the design approach.

4.1

Design Considerations

The following conditions should be considered when assessing the stability and exposure of the proposed
intake and outfall pipelines (Veritec, 1988):
◼

Environmental conditions (currents and waves)

◼

Geotechnical conditions along the pipeline route

◼

Topographic conditions and bathymetry of the seabed (i.e. slope, rock outcrops, depressions)

◼

Pipe data (diameter, wall thickness, coatings)

4.1.1

Environmental Conditions

Waves and current should be assessed at a number of locations along the length of each pipeline. For
example, the conditions where the pipeline crosses the beach and nearshore will be different to those towards
the offshore extent of structure where the pipe is permanently submerged. As discussed in Section 2.3.1,
currents are unlikely to be significant in and around the pipelines. However, wave conditions will be varying
depending on the pipe location. Design wave conditions adjacent to the seawall are described in Section 3.3.
The sections of pipe between the wall and the low water mark are likely to experience the most severe wave
conditions. The same analysis can be applied to other locations along the pipeline routes to confirm the
appropriate design wave conditions.

4.1.2

Geotechnical Conditions
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The amount of support provided along the pipeline route by the existing ground surface can influence the type
of pipe to be used. The following information on the sea bed material on and immediately below the surface if
the sea bed along the pipeline route including the intertidal area between the seawall and the low tide mark is
required:
◼

Soil classification (sand, silt, clay, rock etc)

◼

Density of soil (sand only)

◼

Strength of soil (clay only)

◼

Possibility of soil slides or liquefaction.

As noted in Section 2.3.2, the surfaced sediment is composed predominantly of sand with underlying reef
exposed in some areas. The sand size present along the foreshore in the vicinity of the proposed pipeline is
considered to be fine sand with a median diameter of around 0.18mm. This means that the sand is easily
mobilised by waves, currents and wind. Such fine sediments with low-cohesion are also susceptible to
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liquification, which can increase the self-burying ability of marine pipelines but may also affect the horizontal
stability of the pipe. No information is currently available on the density of the sand.

4.1.3

Topographic / Bathymetric Conditions

Information on the topographic and bathymetric conditions, such as the presence and depth of sand layers,
and outcropping or underlying reefs in Portland Bay near the development is necessary for detailed detail.
Yumbah Narrawong have undertaken detailed bathymetric survey of the areas affected by the intakes and
outfalls.
For the pipeline stability assessment, relevant data includes:
◼

Presence of obstructions in the form of rock outcrops,

◼

Topographic features such as slopes,

◼

Variation in depth along the pipeline route.

The existing information can be analysed further to provide this information for the detailed design. At the
current concept design stage this information has been considered when defining the generalised pipeline
routes including the alignment and length of the pipeline necessary to provide the appropriate water depths at
the inlets and outlets.

4.1.4

Pipe Data

The following pipe data is required for detailed design:
◼

Outside diameter,

◼

Wall thickness,

◼

Density of the contents at operating pressure,

◼

Thickness and density of any corrosion coating (if required),

◼

Density of any weighting coating (if included),

◼

Mechanical properties of the pipeline material.

Available pipe details are provided in Table 5-1.

4.2

Pipe Stability Design

4.2.1

General Requirements
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For a pipeline resting on the seabed prior to any form of stabilisation (e.g. burial, anchoring) its stability is
directly related to the submerged weight of the pipeline, the environmental forces and the resistance developed
by the seabed material. Therefore, the aim of the stability design is to confirm that the submerged weight if the
pipeline is sufficient to meet the stability criteria. The submerged weight of the pipe must exceed its buoyancy
so as to avoid floatation.
For the intake and outlet pipelines, this involved evaluating the weight of the pipelines and their contents, less
the buoyant force. Any differences in density or temperature of the discharge flows should be considered,
along with the inclusion of any coatings on the pipe.
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To promote the self-burial of the pipeline the specific weight of the water filled pipe should be greater than that
of the soil (including water contents). This process can be enhanced by adding weight to the pipe though
coatings or as part of the anchoring system, discussed below.

4.2.2

Self-Burial and Anchoring

On a sandy seabed such as within Portland Bay with significant wave action and high rates of sediment
transport self-burial of a pipeline can occur. Self-burial is the propensity of any object on the seabed to sink
into the sand as a result of erosion and scour processes and natural backfilling. The pipeline will sink into the
seabed until the soil reaction can balance the downward forces (Braestrup et al, 2005). Liquefication of the
seabed under wave action can also to further self-burial.
The greater the specific weight of the pipeline the higher the likelihood of self-burial on sandy seabeds. The
addition of concrete weights increases the pipeline loading and can encourage self-burial. Concrete weights
are typically spaced at 4-5m intervals (Doering and Robertson, 2000). A minimum specific weight is required
so that the pipeline will become self-buried to a preferred pipe embedment when the bed becomes unstable
or liquified. The specific gravity is determined from the equilibrium of vertical forces acting on the pipe (Teh et
al, 2006).
Soil anchors have been developed and applied to flexible pipelines. They increase the soil friction after pipeline
embedment to reduce the risk of uplift buckling. They also have the added benefit of stimulating the burial
process on erodible seabeds. Soil anchors can be placed at wider intervals compared to concrete weights
(i.e. 30-40m spacing, Doering and Robertson, 2000) and may therefore be more cost-effective.
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For the intake and outfall pipes either concrete weights or soil anchors will be used to increase the opportunity
for self-burial where possible along the pipeline routes.
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5

IMPACT ASSESSMENT

5.1

Overview

The following impact assessment relates to the potential impacts of the proposed intake and outfall pipelines
on the coastline within Portland Bay. The general layout of the pipelines along with the pipe diameters is
summarised in Table 5-1.
TABLE 5-1

DETAILS OF PROPOSED INLET AND OUTLET PIPES

Parameter

Location 1
Western
Intake

Location 2 Western
Outlet

Location 3 Central
Outlet

Location 4 Eastern
Outlet

Discharge (ML/d)

-519

130

130

259

Outlet Diameter (m)

-

2x1

2x1

4x1

Intake Diameter (m)

20 x 0.71

-

-

-

~40 m

~50 m

~50 m

112
163

128
190

117
157
197
213

Separation between Outlets along same
Pipe Corridor (m)
Distance from Shoreline to Outlets and
Inlets (m)

408

As noted in Section 4, the aim is to bury the pipes as much as possible so as to minimise impacts on other
users, for security and to minimise effects on coastal processes. This will involve the use of concrete weights
and potentially screw anchors at some locations.

5.2

Impact on Coastal Processes

The impact on coastal processes will depend on the form of seawall crossing and the height and form of the
structure locating them in place. Based on advice from Yumbah, we have assumed the pipelines will lie on
the seabed and be anchored with concrete weights and potentially screw anchors at some locations. There
will be some embedment of the pipelines into the sand, reducing the height of exposed pipe above the existing
beach level.
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Profiles along the approximate alignment of the intake and outlet pipes are shown in Figure 5-1 to Figure 5-4.
These have been derived from available survey and LiDAR data.
◼

Intakes – the intakes are to be located along the alignment shown at Location 1 (Figure 5-1). They will
extend approximately 408m offshore. Over approximately the first 60m from the seawall the structures
will be located above -2 m AHD. The elevation at the end of the pipes is around -6m AHD. Each intake
pipe has a diameter is 0.71m.

◼

Outlets – the western outlets are located along the alignment shown at Location 2 (Figure 5-2). They will
extend a maximum of 163m offshore. Over approximately the first 50m from the seawall the structures
will be located above -2 m AHD. The elevation at the end of the pipes is around -4m AHD. Each outlet
pipe has a diameter of 1m.

◼

Outlets – the middle bank of outlets are located along the alignment shown at Location 3 (Figure 5-3).
They will extend a maximum of 190m offshore. Over approximately the first 60m from the seawall the
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structures will be located above -2 m AHD. The elevation at the end of the pipes is around -4m AHD.
Each outlet pipe has a diameter of 1m.
◼

Outlets – the eastern outlets are located along the alignment shown at Location 4 (Figure 5-4). They will
extend a maximum of 213m offshore. Over approximately the first 60-70m from the seawall the structures
will be located above or around -2 m AHD. The elevation at the end of the pipes is again around -4m
AHD. Each outlet pipe has a diameter of 1m.

A structure protruding above the natural beach surface has the potential to act as a groyne, retaining sand on
the updrift side of the structure. There are two existing groynes located along Dutton Way, which were trialled
as an attempt to stabilise the adjacent beach. They have been generally unsuccessful in this as the structures
are too short (less than 60m in length) given the very fine sand grain size (typically around 0.18mm) and the
flat beach slope (varies between 1 in 30 to 1 in 60) (CES, 2003). To be effective under these conditions, the
groynes would need to be in the order of 150m in length, with a crest elevation at least 1m above the local sea
bed so that the longshore drift is blocked under moderate waves and allow sand to pass over the structure and
to nourish downdrift beaches under storm conditions.
The pipelines will end further seaward than the existing groyne structure, however they will protrude less than
1m above the adjacent seabed, at depths of greater than -2m AHD over much of their lengths. It is possible
that some sand may be retained updrift (to the west) of each series of pipes near the shore, slightly reducing
the littoral drift under low to moderate wave conditions however based on the low level of pipe protrusion and
the high mobility of the fine sand in the area the magnitude of this reduction is likely to be limited. For example,
there has been no observed reduction in littoral drift due to the presence of the pipelines at the existing
Narrawong farm which is likely to experience a similar longshore transport rate due to the similar sand size at
the site compared to the proposed pipeline locations.
Although considered an impact on coastal processes, any reduction in littoral drift due to the presence of the
pipelines may improve the amenity of the beach to the west of the structures due to a slight increase in the
beach extents. Beach areas to the east would conversely experience erosion and loss of amenity. The existing
seawalls in these downdrift areas would also be impacted if any reduction of beach levels occurred.
To mitigate against the potential for the pipelines to reduce littoral drift along Dutton Way and Henty Bay the
following actions are recommended:
◼

The height of the exposed pipelines above the seabed should be minimised,

◼

Bi-annual beach monitoring should be conducted to assess changes in beach levels, and beach
nourishment provided if the results indicate any downdrift changes.
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The assessment above assumes that sand bypassing by the Port of Portland will continued at a rate of 50,000
m3 per year.
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FIGURE 5-1 CROSS-SHORE PROFILE ALONG ALIGNMENT OF INTAKE PIPES (LOCATION 1)

FIGURE 5-2 CROSS-SHORE PROFILE ALONG ALIGNMENT OF OUTFALL PIPES (LOCATION 2)
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FIGURE 5-3 CROSS-SHORE PROFILE ALONG ALIGNMENT OF OUTFALL PIPES (LOCATION 3)

FIGURE 5-4 CROSS-SHORE PROFILE ALONG ALIGNMENT OF OUTFALL PIPES (LOCATION 4)
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5.3

Impact of Flow Rates

As noted in Section 2.3.1, available measurements in Portland Bay indicate low current speeds with little
influence on sediment transport along the Dutton Way / Henty Bay shoreline (CES, 2003). Waves are the
dominant mechanism for sediment transport along the Dutton Way / Henty Bay shoreline.
The end of the intake pipes is located approximately 408m offshore and at a depth of around -6m AHD, while
the end of the outlet pipes is located a maximum of 213m offshore at a depth of around -4m AHD. The
proposed intake and outlet flow rates will therefore have negligible impacts on local currents and associated
coastal processes within Portland Bay.

5.4

Shoreline Enhancement

As discussed in Section 2.1, the existing wall structures at the proposed pipeline locations are in variable
condition. Rebuilding of the sections of wall in these areas will improve their performance and the visual
amenity at these locations.
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If monitoring identifies changes to the beach to the east of the pipelines, the provision of beach nourishment
to the west of each series of pipelines cross the beach area will assist with managing any further impacts on
coastal processes and may also improve the beach amenity. The presence of the sand will reduce the visual
impact of the pipelines on the foreshore.
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6

SUMMARY

6.1

Overview

Yumbah Aquaculture Limited (Yumbah) are proposing to construct a large abalone aquaculture farm on the
foreshore of Portland Bay. The proposed Yumbah Nyamat farm will pump seawater from the adjacent coast
through the land-based abalone aquaculture farm and discharge the return water to the marine environment
through a series of outlets.
The intake and outlet pipelines are to be located where there are existing seawalls along the foreshore of
Dutton Way and Henty Bay. The Dutton Way seawall was originally constructed by government agencies to
protect Dutton Way from coastal erosion. The Henty Bay seawalls are generally of a lower standard and were
constructed by property owners to protect their foreshore allotments and houses.
The objective of this study was to provide advice on how the seawall should be reinstated after the pipeline
has been installed, and if and how the intake and outfall pipelines will impact on the existing seawalls and
coastal processes along the Dutton Way / Henty Bay shoreline. It is noted that the seawall sections will only
be constructed by Yumbah where the existing seawall is demolished for the purposes of laying the intake or
outlet pipes.

6.2

Conceptual Seawall Designs

Conceptual designs have been developed for locations along the Dutton Way and Henty Bay foreshores where
intake and outlet pipeline will be located. The design approach used is as follows:
◼

Based on appropriate design wave conditions, a stable seawall configuration for the intake and outfall
locations has been determined.

◼

At each crossing location, the seawall should be upgraded over a distance of 5m either side of the areas
where the pipelines are installed.

◼

The upgraded wall will incorporate a geotextile layer to ensure soil and sand behind the seawall cannot
be leached out through the wall. An underlayer of armour rock will also be required.

The 20 intake pipes are to be installed along a 100-metre length of the wall along the Dutton Way section of
the coastline. To install these pipes the existing rock wall effectively needs to be dismantled and rebuilt to an
engineered standard around the intake pipelines. It is proposed that the rock in the existing seawall should be
able to be recycled into a standard two-layer seawall design, as presented in Figure 3-3.
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The outlet pipes will be installed across three locations along the Henty Bay section of the coastline. At the
proposed outlet locations, much of the existing seawall is constructed with a single layer of armour rock over
smaller rubble. Therefore, depending on the volume and sizing of rock at each proposed outfall section of
seawall one of two design options may be suitable:
◼

Option 1 – a deformable wall utilising all of the existing rock and adding sufficient rock to achieve a volume
of at least 20m3/m length of wall (Figure 3-4).

◼

Option 2 – a statically stable two-layer armour rock design (essentially the same as for the Dutton Way
section).

To limit the need for maintenance of the wall sections, Option 2, the statically stable two-layer armour rock
design is recommended.
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At all location, details on the how each pipeline is configured through the seawall should be confirmed on
selection of the agreed wall configuration at the detailed design phase.
The analysis and concept designs presented in this report assume that sand bypassing by the Port of Portland
will continued at a rate of 50,000 m 3 per year.
Given the design criteria adopted for the seawall sections and the adoption of the two-layer statically stable
design, on-going works are not anticipated. Five-yearly condition surveys of any sections of new seawall are
recommended. The purpose of the conditions surveys is to check structural integrity of the seawall section. If
any actions are required they should be implemented as soon as practicable.

6.3

Pipeline Stability and Self-Burial

The design approach for the intake and outfall pipelines is to provide anchoring such that the pipes will be
buried as much as possible into the existing ground, particularly across the beach and nearshore areas so as
to minimise impacts on other users, for security and to minimise effects on coastal processes.
As with the existing Narrawong aquaculture farm, the pipelines will typically lie on the seabed and be anchored
with concrete weights and potentially screw anchors at some locations. The details of the anchoring and
embedment of the pipeline will be confirmed at the detailed design phase.

6.4

Impact Assessment

The impact on coastal processes will depend on the form of seawall crossing and the height and form of the
structure locating them in place. Based on advice from Yumbah, we have assumed the pipelines will lie on
the seabed and be anchored with concrete weights and potentially screw anchors at some locations. There
will be some embedment of the pipelines into the sand, reducing the height of exposed pipe above the existing
beach level.
Based on the assessment detailed in Section 4, it is considered that:
◼

Coastal Processes: It is possible that some sand may be retained updrift (to the west) of each series of
pipes near the shore, slightly reducing the littoral drift under low to moderate wave conditions however
based on the low level of pipe protrusion and the high mobility of the fine sand in the area the magnitude
of this reduction is likely to be limited.
◼

Recommended mitigation measures include:
◼

The height of the exposed pipelines above the seabed should be minimised,

◼

Bi-annual beach monitoring should be conducted to assess changes in beach levels, and beach
nourishment provided if downdrift changes are identified.

Flow Rates: Given the depths of the pipeline at the ocean intake or outlet point the proposed intake and
outfall flow rates will have negligible impacts on local currents and associated coastal processes within
Portland Bay.

◼

Shoreline Enhancement: It is considered that rebuilding of the sections of wall in these areas will improve
their performance and the visual amenity at these locations.
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◼
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