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1

Introduction
The Queensland Government, through the Department of State Development (DSD), plans to
enhance maritime infrastructure within Boat Bay, Mission Beach, to improve boating safety. The
objective of the Mission Beach Safe Boating Infrastructure Project is to provide conditions that allow
the safe transfer of passengers and goods during ambient conditions. A risk for the project is the
potential for siltation in the lee of the proposed structure. If the siltation potential is significant then
regular ongoing maintenance dredging may be required, with associated environmental impact and
cost implications.
BMT WBM Pty Ltd has been commissioned to undertake a coastal process and impact assessment
for the proposed marine structure works at Clump Point. The goal is to assess the wave climate
behind the proposed infrastructure, and assess the resulting siltation potential. A number of project
design configurations have been assessed in order to provide information which (along with other
considerations) can be used to inform a decision on the preferred configuration.
This report details the works undertaken to develop numerical modelling tools to inform the potential
reduction in wave action behind the structure, and also quantify any impacts and potential for siltation.
High spatial resolution, phase-resolved wave modelling has been performed to investigate the wavestructure interactions and the degree of sheltering offered by the structure. The siltation impact
predictions have been undertaken using a coupled hydrodynamic, wave and sediment transport
modelling approach.

G:\Admin\B22205.g.skh._Clump Point Development Plan\R.B22205.004.01.Modelling_Report.docx

Clump Point Boat Ramp Development Plan – Coastal Process Modelling Study

2

Coastal Environment and Geomorphology

2

Coastal Environment and Geomorphology
Clump Point is a coastal promontory comprised of Cainozoic basalts. Clump Point forms a shallow,
north-facing coastal embayment known as Boat Bay. Due to its shallow depths and the plentiful
supply of fine terrigenous sediments from rivers in the wider region, wind and tidal currents regularly
result in re-suspension of sediments and high turbidity within Boat Bay and adjacent coastal waters.
These features and processes exert a significant influence on the water quality and biodiversity
values of the study area.
Clump Point and Boat Bay are part of the ‘Kurramine to Cowley Beach Coastal Sector’ described by
Holmes and Jones (1993). While there is a general trend of sand movement south to north along
the coast, sand is not known to pass around Clump Point (BMT WBM 2016 – see Figure 2-1). As a
result, there is no active source of sand supply to the study area. Holmes and Jones (1993) identified
Liverpool Creek as the major source of sand for the Kurramine to Cowley Beach coastal sector, with
an estimated annual average supply rate of 25,000m 3 per year. This supply is supplemented by
sediment from Maria Creek which is located approximately 6km to the north of Clump Point.
Table 2-1

Clump Point Tidal Planes (MSQ, 2012)

Tidal Planes

Water Levels
(m AHD)

Highest Astronomical Tide (HAT)

1.94

Mean High Water Springs (MHWS)

1.04

Mean High Water Neaps (MHWN)

0.33

Mean Sea Level (MSL)

0.05

Australian Height Datum (AHD)

0.00

Mean Low Water Neaps (MLWN)

-0.19

Mean Low Water Springs (MLWS)

-0.89

Lowest Astronomical Tide (LAT)

-1.68

Seabed sediment grab sampling within Boat Bay and associated Particle Size Distribution (PSD)
analysis was undertaken during July 2016 and is detailed in the Marine Ecology, Water Quality and
Sediment Sampling report. The majority of samples were silty-sand material, with in excess of 70%
sand size fraction (0.06–2.00 mm). The proportion of silt/clay fines was generally less than 30%,
except for two samples adjacent to the existing Clump Point boat ramp break-water, which had fines
proportions exceeding 55%.
A state government storm tide monitoring station has been operating at Clump Point since 1976.
Tidal planes for Clump Point (MSQ, 2012) are summarised in Table 2-1.
Current measurements from a metocean data collection campaign described in the Metocean Data
Collection technical note indicate that prevailing current speeds in the vicinity of Clump Point are
typically in the range of 0.0–0.3 m/s. In open lagoon waters flood tide currents flow towards the south
and ebb tide currents towards the north. Current speeds and directions are influenced by tidal range
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Coastal Environment and Geomorphology

and stage as well as by the local wind conditions. The highest current speeds occur in spring tide
periods and also during strong onshore wind conditions.
The prevailing winds at Clump Point are south-easterly trade winds, strongest in May to October,
with generally more light variable winds for the remainder of the year, and occasional high wind
events associated with low pressure systems and tropical cyclones.
Wave data was collected during a 14 day instrument deployed during July 2016 to the north east of
Clump Point, in approximately 6 m depth. The deployment period included periods of South-Easterly
winds with speeds exceeding 30 km/h, as measured at the Lucinda AWS. Under these conditions,
significant wave heights exceeding 0.9 m were measured.
Clump Point provides a moderate level of protection to Boat Bay from the prevailing south-easterly
winds and waves (Aurecon, 2014a). However, there is little natural protection from waves generated
by north-easterly winds. The 1 year Average Recurrence Interval (ARI) significant wave height at
the Perry Harvey Jetty is 1.3 m (in the absence of cyclonic conditions) while the median significant
wave height (50th percentile) is 0.21 m (Aurecon, 2014b).
The entire foreshore within the study area is within the erosion prone area, as mapped under the
Coastal Protection and Management Act 1994. This includes the area 40 m from highest
astronomical tide (HAT) and the area likely to be inundated by a sea level rise of 0.8 m by 2100. In
addition, the foreshore is within the future climate storm tide inundation area, based on a 1% Annual
Exceedance Probability (AEP) storm event in the year 2100.
Modelling undertaken by BMT WBM as part of the CCRC Coastal Hazard Assessments (2015)
indicates a current climate 1% AEP (equivalent to the 100 year ARI) design water level of 2.7 m AHD
at Clump Point (not including the influence of waves). The design water level statistics derived by
BMT WBM considered the influence of both non-cyclonic and cyclonic events. Overtopping of the
car park at the Clump Point boat ramp already occurs during storm events as parts of the carpark
are only at HAT or slightly above.
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Figure 2-1

Conceptual model of sand movements at study area and surrounds
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3

Numerical Model Description

3.1

Digital Elevation Model
Bathymetry for the numerical models has been derived from the following sources in descending
priority:
 Bathymetry and seabed topography of Clump Point collected for DSD in July 2016;
 Australian Hydrographic Service Navigation Chart AU259 (Hinchinbrook Channel);
 Australian Hydrographic Service Navigation Chart AU828 (Pal Isles to Brook Islands and Palm
Passage); and
 James Cook University Project 3DGBR (Beaman, 2010).

3.2

Boundary Condition Datasets
In order to provide suitable boundary conditions during a hindcast period, several datasets were
acquired from global models.
The model boundary water level was forced offshore with predicted tidal water levels. These were
sourced from the Oregon State University (OSU) Topex/Poseidon global tidal inversion model
harmonic analysis (http://volkov.oce.orst.edu/tides/global.html).
Atmospheric data were sourced from the National Oceanic and Atmospheric Administration (NOAA)
Climate Forecast System version 2 (CFSv2) global model. Wind and mean-sea-level pressure were
extracted for the entire domain at hourly intervals.

3.3

Wave Models
A wave modelling system has been established in order to investigate the penetration of the waves
into Boat Bay (in behind Clump Point). This combines two models; (1) the industry standard
Simulating WAves Nearshore (SWAN) wave model, simulating the broad-scale wave environment
from off the continental shelf to inside the GBR lagoon, and (2) the sister model Simulating WAves
till SHore (SWASH) which simulates the detailed propagation of waves penetrating the bay and
interacting with the proposed structures.

3.3.1

SWAN Modelling
SWAN (Delft University of Technology, 2006) is a third-generation spectral wave model, which is
capable of simulating the generation of waves by wind, dissipation by white-capping, depth-induced
wave breaking, bottom friction and wave-wave interactions in both deep and shallow water. SWAN
simulates wave/swell propagation in two-dimensions, including shoaling and refraction due to spatial
variations in bathymetry and currents. This is a global industry standard modelling package that has
been applied with reliable results to many investigations worldwide.
A regional SWAN model that extended off the continental shelf was forced with design wind
conditions. Four nests of increasing resolution were then used to resolve the waves closer to the
area of interest. Finally, the spectral output of these nested SWAN models was used to force the
SWASH model, which has then been used to simulate these spectra over ten minutes.
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The resolutions (spacing of grid elements) and extents of the various SWAN domains are shown in
Figure 3-2.

3.3.2

SWASH Modelling
SWASH (Delft University of Technology, 2010) is an advanced numerical wave-flow model capable
resolving the transformation of waves from offshore through dispersive regions and into the beach
front. SWASH employs the non-hydrostatic non-linear shallow water equations (NH NLSWE) to
model the agitation of the water’s surface with time-varying resolution. Unlike SWAN, SWASH can
accurately resolve the fine-scale effects with spatial scales down to sub-metre and sub-second
temporal scales. SWASH has been adopted for this study to accurately resolve the propagation of
waves around the breakwater and also model the accurate wave breaking and overtopping of the
structures. A snapshot of model water level predictions from a SWASH model simulation are shown
in Figure 3-1.

Figure 3-1

SWASH model example water level snapshot

The SWASH model has been forced with spectral output from the finest SWAN grid, generating a
stochastic distribution of the wave field at that point. Figure 3-2 shows the extent of the SWASH
model nested within the SWAN grid.

3.4

Siltation Modelling
In order to understand the potential for siltation and erosion around the region, a coupled
hydrodynamic and sediment model has been developed. BMT WBM’s in house TUFLOW FV model
(https://www.tuflow.com/Tuflow%20FV.aspx) has been used to model the depth-averaged regional
currents and the associated sediment transport. TUFLOW FV is a numerical hydrodynamic for the
Non-Linear Shallow Water Equations (NLSWE), suitable for modelling a wide range of hydrodynamic
systems of vastly different scales. The Finite-Volume (FV) numerical scheme employed by TUFLOW
FV is capable of solving the NLSWE on both structured rectilinear grids and unstructured meshes
extending from high resolution areas of particular interest, to lower resolution in the far-field without
requiring domain nesting. Further details regarding the numerical scheme employed by TUFLOW FV
are provided in the TUFLOW FV Science Manual (BMT WBM, 2013).
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Figure 3-3 shows the TUFLOW FV mesh, which extends 27 km from Cleveland Bay in the south to
Cairns in the north. The resolution ranges from 7 km along the offshore boundary to 5 m in the
immediate area of interest with 35386 2D cells over the whole domain.
The hydrodynamic model has been configured with forcing from tides, atmospheric wind and
pressure. These inputs have been collected from the output of global models developed by thirdparties. Outputs from the SWAN wave models (described in 3.3.1) were also used to force the
sediment model.
The sediment transport model was configured with both a sand-sized and silt-sized sediment fraction
in order to represent the bi-modal sediment characteristics observed at the site. The particle size
distribution through the model domain was “warmed up” prior to undertaking the siltation assessment
simulations.

3.5

Model Calibration
Metocean data collection was undertaken at Clump Point for the period between 19 th July 2016 and
1st August 2016. Measurement of currents, waves and turbidity were taken over this period. Field
collection equipment used for this included:
 A seabed mounted 1000kHz Nortek Acoustic Wave and Current Profiler (AWAC) – Deployed
19/7/2016-1/8/2016
 A McVan Analite Turbidity Probe – Deployed 19/7/2016-1/8/2016
 A boat mounted 1200kHz Teledyne RD Acoustic Doppler Current Profiler (ADCP) – Operated
20/7/2016 and 21/7/2016.
The location of the boat-mounted transects and bed mounted deployment are shown in Figure 3-5.
Comparisons of the water level and current velocity magnitude between the measured ADCP
observations and the modelled TUFLOWFV simulation are shown in Figure 3-6. The model matches
the water level observations well. Currents speeds and directions are reasonably well represented
noting that the tidal currents in the area are quite low (<0.2 m/s). Several comparisons of current
magnitude and direction for the observed ADCP transecting are shown in Figure 3-8 to Figure 3-11.
The transect comparisons show the model captures the complicated directional changes of the
currents near to Clump Point.
The SWAN wave model calibration to the AWAC measurements is shown in Figure 3-8 and
demonstrates that the model performed well at predicting the peak wave conditions during the
deployment period, however it frequently overpredicted wave heights during calmer conditions. It is
thought that this result is due to the use of NCEP CFSRv2 model hindcast wind conditions as model
boundary conditions which will not include seabreeze / landbreeze effects and which may have a
tendency to overestimate inshore windspeeds.
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Figure 3-6

Water level (Top); and Current Magnitude (Bottom) comparison at ADCP

Figure 3-7

Significant Wave Height Comparison
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Figure 3-8

ADCP Transect Comparison 20/07/2016 09:26

Figure 3-9

ADCP Transect Comparison 20/07/2016 13:42
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Figure 3-10 ADCP Transect Comparison 20/07/2016 15:48

Figure 3-11 ADCP Transect Comparison 20/07/2016 12:26

G:\Admin\B22205.g.skh._Clump Point Development Plan\R.B22205.004.01.Modelling_Report.docx

14

Clump Point Boat Ramp Development Plan – Coastal Process Modelling Study

15

Impact Assessment

4

Impact Assessment

4.1

Scenarios
The proposed development consists primarily of the development of a new and larger break-water
and an associated jetty/landing structure and moorings leeward of this structure along with
associated upgrades to onshore facilities including car park facilities, toilets and pull-off bays. Three
concept design options have been proposed in terms of marine infrastructure:
 Option 1 – 120 m long detached breakwater structure, with a 30 m gap to the existing breakwater.
This option will be supported by a pontoon/landing structure and berths/moorings in the lee of the
break-water, in addition to upgrades to the existing break-water. There are two concept options
for the breakwater:
○ Option 1A - Fully detached breakwater with 5 m wide crest at an elevation of 4 m AHD, 1:2
front batter, 1:1.5 back batter
○ Option 1B - Breakwater with a 3.5 m wide road connected to the existing breakwater by a
bridge, 8 m wide crest at an elevation of up to 5.5 m AHD,1:2 front batter, 1:1.5 back batter.
 Option 2 – A proposal by the Mission Beach Boating Association (MBBA) and designed by Mager
Construction Pty Ltd, which consists of a 200 m long detached breakwater structure, with a road
on top connected to the existing breakwater by a bridge over a 20 m gap.
The Option 1B case is likely to have the slightly higher impact (because of height and footprint) of
the two Option 1 configurations. As such, for the purpose of a comparative options assessment only
the Option 1B case has been assessed alongside the MBBA Option 2 design.
From the interest of wave propagation, the two designs differ on length, angle, and the size of the
gap between the proposed structure and the existing breakwater. Option 1(B) also involves removing
the return at the end of the existing breakwater, which may further open the effective gap in between
the two structures. Option 2, has a proposed new boat ramp at the end of this return, which may
serve to further restrict this gap.
As the wave penetration through this gap and around the end of the proposed structure is important
for both the waves and potential for siltation behind the structures, and the siltation potential within
the gap itself, a series of sensitivity test have been undertaken. The following three (3) additional
options have been assessed:
 Option 1 with a 20 m gap;
 Option 1 with a 45 m gap; and
 70m long detached breakwater (Option 1 alignment) with a 30 m gap.
Layouts and the bathymetry of these options are shown in Figure 4-1.
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Figure 4-1

Design Scenario Bathymetry and Layouts
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4.2

Wave Penetration Investigation
An assessment of the wave penetration in and behind the breakwater has been carried out using the
SWAN / SWASH modelling system. In order to assess the breakwater’s response in both typical and
extreme conditions, a 1 year Average Recurrence Interval (ARI) and 50 year ARI design conditions
were chosen to be assessed. Aurecon (2014b) reported design wind speeds of 15.5 m/s (30 kt) for
a 1 year ARI and 34.7 m/s (67 kt) for a 50 year ARI.
The design wind speeds were modelled for a range of incident directions from southeast through to
northeast in order to assess the sensitivity of wave penetration to direction. The Aurecon (2014b)
study recommended 1 mAHD as a 1 year ARI water level and 2.25 mAHD for a 50 year ARI design
condition, which were adopted in the wave penetration investigation scenarios. While these wind
speeds and coincident water levels provided a sound basis for the current preliminary options
assessment it is recommended that they should be further refined before undertaking detailed
design.
The adopted design winds and water levels were applied to the nested SWAN models which were
run in a stationary mode in order to simulate a fully developed sea state for those wind conditions.
Spectral wave outputs from the SWAN models were then applied to the SWASH model eastern
boundary. The SWASH model was run for a 10 minute simulation to allow the waves to fully develop
throughout the domain, and a significant wave height was then calculated by statistically sampling
the final 9 minutes of the simulation.
Spatial plots of the modelled significant wave height of the Option 1 30m gap scenario under a 1 year
ARI wind speed are presented for the south-easterly, easterly and north-easterly wind conditions in
Figure 4-2 to Figure 4-4. These figures show the base case, the developed case and the impact to
the base case for each scenario.
As the easterly condition is most strongly impacted by the breakwater, spatial plots of the modelled
significant wave height for the one year return period of an easterly wind condition for all the
scenarios are presented in Figure 4-5 to Figure 4-9.
Criteria for ‘good’ wave climate in small craft harbours (as reproduced in Table 4-1 below) were used
to assess the protection benefits of the structure options. Wave penetration was largely correlated
with size of the gap and the length of the breakwater. The larger gap sizes increased the wave
penetration, resulting in a smaller protected area. The shorter breakwater option also resulted in
reduced sheltering, with more waves penetrating around the end of the breakwater and into the bay.
In the case of Option 2, both the longer breakwater, and the smaller effective gap (due to the boat
ramp at the end of the existing breakwater extent) both contributed to a higher level of sheltering
behind the structure.
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Table 4-1

AS3962 Guidelines for Design of Marinas (Table 4.2)

A spatial plot of modelled significant wave height for option 1 (30 m gap) scenario under a 50 year
return period is shown in Figure 4-10. This demonstrates the incoming significant wave height
exceeds 4 m, which on top of the 2.25 m AHD water level results in significant overtopping of the
breakwater with wave crest levels exceeding 2 m above the design deck level. As such extreme
conditions are well beyond the reasonable limits for consideration of wave penetration benefits no
further figures for the 50 year case have been presented.
The wave impact plots shown in Figure 4-5 to Figure 4-9 indicate that there would be some wave
reflection from the eastern side of the breakwater, which would generate standing wave interactions
between incoming and reflected waves. These standing waves would in turn be expected to result
in increased wave-induced shear stresses acting on the seabed within 1-2 wavelengths (~100m) of
the eastern side of the structure. The seabed in this area is sandy and there may be some localised
morphological response to the changed conditions. The potential for siltation in the lee (to the west)
of the breakwater structure is considered further in Section 4.3.
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Figure 4-2

Option 1 – 30m gap, 1 year ARI North-Easterly

Figure 4-3

Figure 4-4

Option 1 – 30m gap, 1 year ARI Easterly

Option 1 – 30m gap, 1 year ARI South-Easterly
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Figure 4-5

Option 1 – 20m gap, 1 year ARI easterly

Figure 4-6

Option 1 – 30m gap, 1 year ARI easterly

Figure 4-7

Option 1 – 45m gap, 1 year ARI easterly
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Figure 4-8

Option 1 – 70m breakwater, 1 year ARI easterly

Figure 4-9

Option 2, 1 year ARI easterly

Figure 4-10 Option 1 – 30 m gap, 50 year ARI easterly
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Base Case

Option 1 – 20 m gap

Option 1 – 30 m gap

Option 1 – 45 m gap

Option 1 – 70m breakwater

Option 2

Figure 4-11 Significant wave height exceedance envelopes for 1 year ARI waves (all
directions)
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4.3

Siltation Investigation
The siltation assessment used the coupled TUFLOW FV – SWAN models to simulate sediment
transport over a one-month period. This period was selected as the 20/07/2016 to 20/08/2016, which
encompasses the end of the data collection period, and has wind conditions reasonably typical of
the long-term prevailing conditions (Figure 4-12).
Multiple options were modelled and siltation impacts were derived in relation to an existing case
scenario. The resulting change in bed material at the end of the design month was converted to an
equivalent annual quantity, with the computed volume of deposition in the lee of the structure
(including the existing facility) presented in Table 4-2.
Table 4-2
Scenario

Modelled Siltation Volumes
Total Siltation (m3/y)

Existing (base)

26

Option 1 (30m gap)

80

Option 2

84

Option 1 20m gap

78

Option 1 45m gap

173

Option 1 70m breakwater

58

Spatial plots showing the distribution of siltation, as well as the difference in the siltation to the existing
case for each scenario are shown in Figure 4-13 to Figure 4-23.
The existing case siltation predictions are in line with the historical experience that there is only very
limited potential for siltation in the immediate lee of the existing breakwater, under typical prevailing
conditions. Based on surveys approximately 650cu.m of siltation has occurred since the boat ramp
was upgraded in 1999 to when removal works were undertaken in 2015. Increased rates of siltation
are expected to have occurred during the landfall of TC Larry and TC Yasi (pers comms Chris Voisey
TMR) The model predicts that only 26m 3/year of siltation occurs for the base case, which is a
relatively small quantity and consistent with the observed siltation.
The modelling has determined that the development options considered are also unlikely to be
constrained by siltation impacts and would be unlikely to require regular maintenance dredging.
Furthermore, the proposed structures are shown to have no significant impacts to hydrodynamic,
wave or sedimentation processes across the bay (to the west).
While both Option 1 and Option 2 scenarios predict higher siltation than the existing case, neither
present levels of siltation that could expect routine maintenance dredging campaigns to be required.
It is possible that following extreme events (such as tropical cyclones) there will be a need to
undertake works to manage material deposited in the lee of the structures, which is consistent with
the requirements presented by the existing breakwater.
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The sensitivity test assessing the effect of shortening the breakwater showed a reduction in the
predicted annual siltation. This is in line with expectations, as there is additionally a reduction in the
sheltered area.
When assessing the sensitivity of the gap size, quite different results were observed. The smaller
gap size had a limited effect on the observed siltation. However, increasing the gap size to 45 m
resulted in a significant increase in predicted siltation rates relative to the other options (however still
only 173 m3/year). Closer inspection of the mechanism driving this result indicated that it was mainly
due to removal of the return at the end of the existing breakwater, which resulted in greater wave
energy reaching an area that was currently sheltered from wave action. This drove the redistribution
of sediment from this area. It is likely that this effect is transient and, upon eroding this available
material back to harder substrate, this sediment movement would stabilise and thereafter siltation
rates should be similar to the other scenarios.
Silt-sized material is unlikely to deposit within the gap, regardless of the spacing, as the wave and
current conditions within this zone is predicted to be too energetic to allow fine material to fall out of
suspension there.
The scope of works for the options modelling assessment included consideration of the potential
benefits of tidal ducts in the breakwater for reducing siltation impacts. As the assessments have
indicated that siltation is unlikely to be a substantial impact there is unlikely to be a benefit in
increasing the breakwater design complexity and cost with the inclusion of pipes. It is also unlikely
that there would be substantial water level gradients across any such tidal ducts and therefore they
would be unlikely to convey significant flows or therefore improve flushing behind the breakwater.
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Figure 4-12 Wind Roses for Long-Term (Top); July (Middle); and August (Bottom)

G:\Admin\B22205.g.skh._Clump Point Development Plan\R.B22205.004.01.Modelling_Report.docx

25

Clump Point Boat Ramp Development Plan – Coastal Process Modelling Study

Impact Assessment

Figure 4-13 Existing case modelled siltation
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Figure 4-14 Option 1 with 30m gap modelled siltation

Figure 4-15 Option 1 with 30m gap modelled siltation impact
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Figure 4-16 Option 2 modelled siltation

Figure 4-17 Option 2 modelled siltation impact
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Figure 4-18 Option 1 with 20m gap modelled siltation

Figure 4-19 Option 1 with 20m gap modelled siltation impact
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Figure 4-20 Option 1 with 45m gap modelled siltation

Figure 4-21 Option 1 with 45m gap modelled siltation impact
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Figure 4-22 Option 1 with 70m breakwater modelled siltation

Figure 4-23 Option 1 with 70m breakwater modelled siltation impact
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5

Conclusions and Recommendations
This numerical modelling assessment to support the Clump Point Boat Ramp Development Plan has
considered multiple option configurations for the proposed development. The assessment has
considered both the wave protection benefits of the structure and the potential for longterm ambient
siltation as an impact from the development.
Based on the modelling assessments it is recommended that the gap between the new breakwater
structure and the existing breakwater should not greatly exceed 30 m as the protection benefits of
the structure are compromised by the larger gap size.
The overall length of the detached breakwater structure should be optimised to accommodate the
planned boating infrastructure (pontoon, access jetty and mooring pens) with sufficient protection
from prevailing wave conditions.

There will be risk of substantial structure overtopping of the

proposed breakwater design during extreme wave conditions and this should be taken into
consideration with the design of the associated boating infrastructure.
A sediment transport modelling assessment has concluded that while there will be potential for some
increased siltation in the lee of a new breakwater structure it is unlikely that this will occur to an extent
that would require regular ongoing maintenance dredging. There may however be a need for some
maintenance works following a severe tropical cyclone event.
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