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Executive Summary
This report has undertaken idealised hydrodynamic and sediment transport modelling to define first order
coastal processes and associated impacts of potential coastal engineering designs on the east coast of Robbins
Island and in Robbins Passage.
We find that the landing facility design is essentially a groin placed perpendicular to the Seven Mile Beach
shoreline. Since both directional wave modes (W and NE) produce defined alongshore currents, the groin
design has the potential to significantly interrupt the flow field and sand transport. We expect that the landing
facility will starve the shoreline of Seven Mile Beach to the southeast of the facility, until a new equilibrium is
reached and potentially sand bypassing of the facility occurs. We suggest that a pier design is trialed to allow
for the bi-directional littoral flow to pass through the structure.
The first causeway design with a single 100-m bridge span causes extreme modification to the Robbins Passage
tidal regime and splits the Passage into a western and eastern estuary with constricted tidal exchange and
hydraulic jumps in the water level. A causeway design with two wide open span sections of at least 600 m
length each are required to minimise a significant perturbation of the tidal flow in Robbins Passage and to
maintain the natural tidal processes and sedimentary form.
Climate change is expected to increase the tidal prism within Robbins Passage and also lead to directional wave
and wind climate change, towards a more NE to E dominant climate. The direction of the littoral current
between Guyton Point and Back Barrier is sensitive to the directional wave climate, flowing north-westwards
under NE conditions and south-eastwards under energetic W conditions. We also find that directional wind
climate change may be at least, if not more, important than sea level rise in the locality of the proposed
causeway within its design life.
The preliminary modeling is not calibrated to field observations of sand transport. Field observations of sand
transport rates, model calibration and long model runs are required to simulate the real sand transport and
shoreface adjustment to the landing facility. We recommend fully validated modelling of more mature coastal
engineering designs.
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1.

Introduction

1.1

PROJECT BACKGROUND

UPC Robbins Island Pty Ltd has submitted a permit application under the Land Use Planning and Approvals
Act 1993 to undertake a wind energy project on Robbins Island, off the north-west coast of Tasmania, known
as the Robbins Island Renewable Energy Park.
The transportation and installation of the turbines require suitable access between Robbins Island and
mainland Tasmania in the form of a causeway or bridge structure within Robbins Island Passage, as well as
the possibility of a marine landing facility on the east coast of the island for large size components (location
map shown below in Figure 1).

Figure 1. Location map of Robbins Island and Robbins Passage area. Background map is Australian Hydrographic Office
(AHO) chart AUS000790 – Stokes Point to Circular Head.

To appraise these options, GHD has engaged Macquarie University and sub-consultants Risk Frontiers to
undertake a review of the local met-ocean and coastal processes, followed by an impact assessment of some of
these engineering options on the local hydrodynamics and sedimentation processes.

1.2

PROJECT SCOPE

The project has been broken down into two phases. Phase 1 (complete) established the existing met-ocean
(winds, waves, tides, sea level, barometric pressure, climate drivers), bathymetric, topographic and
sedimentological conditions of Robbins Passage and the east coast of the island and derived design extreme
water levels for the proposed engineering structures, and wave climate conditions for the east coast of the
island, from these data.
Phase 2 (current phase) requires an assessment of the impacts of the proposed causeway structure in Robbins
Passage and landing facility on the east coast of Robbins Island on the local wave, hydrodynamics (flow) and
sedimentation/erosion processes (cumulative morphological change).
1
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1.3

APPROACH TAKEN

A numerical modelling approach has been taken to assess the potential wave, flow and sediment transport
impacts of a causeway structure across Robbins Passage and a landing facility located on Seven Mile Beach on
the east coast of Robbins Island (north of Second Bluff). We have used industry-standard modelling software
(DHI MIKE 21 suite of models) with boundary metocean conditions and high-resolution bathymetric datasets
compiled during Phase 1.
We have validated the flow model with local observations made by Donaldson et al. (2012) inside Robbins
Passage. The calibrated model showed good results against observations (correlation coefficient, R2, > 0.90),
with a RMSE of 0.2 m. At present, there are no local observations of waves or sediment transport with which
to validate the wave and morphological models.
In the absence of instrumental data of inshore waves, currents and sand transport), we have used expert
judgement and knowledge of geohistorical coastal processes (detailed in the Phase 1 metocean report), to
evaluate the gross performance of the sediment transport model with respect to transport direction and relative
magnitude under the range of modelled wave climates. We also cite the nominal pre-tuned performance of the
industry-standard DHI MIKE 21 models at other sites in Australia as an indication of the suitability of model
physics in modelling the typical hydrodynamic processes along Australian coasts, at this stage. We envisage
that model calibration would be undertaken at a future stage of this project.

1.4

REPORT STRUCTURE

Following this introductory section, this report consists of:
•

Section 2: Detailed overview of modelling results, and;

•

Section 3: Key findings and recommendations.

Four appendices follow the main report. These include:

1.5

•

Appendix 1: A description of the models used and details on model set-up (configuration);

•

Appendix 2: Details on model calibration and validation;

•

Appendix 3: A description of the model scenarios used, and;

•

Appendix 4: Structure designs and implementation in the model.

DISCLAIMER

The results in this report should be treated as guidance only and need to be assessed by a suitably qualified
engineer before being applied to any structural design or impact assessment associated with the Robbins Island
Renewable Energy Park project. It is implicit that the use of these results to design structures or undertake
impact assessments reflects an endorsement by the GHD engineering team.
The report has been prepared with the structural design configurations provided by GHD at the time of writing.
As such, this is a ‘live’ document with potential amendment and review required as additional or alternative
design information becomes available.
The idealised modelling experiments used in this report are fit for understanding the general patterns of wave,
flow and sedimentological change that could potentially occur with structures in place. The modelling requires
further refinement and, importantly, observations for calibration before results can be applied to support a
detailed impact assessment.

2
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2

Modelling Results

The modeling experiments were designed as a first step to define the nearshore hydrodynamics and to make
preliminary tests of the impacts of the proposed engineering designs upon coastal processes. Another
limitation on the numerical modeling was the available computation time. Consequently, we ran the modeling
for idealised scenarios as a first pass assessment. The scenarios are:
i.

Modal (non-storm) wave and wind forcing from the W and NE for a one-month period to examine the
wave, flow and sediment transport patterns under ambient waves and winds and through a full springneap tidal cycle; and,

ii.

Extreme (storm) wave and wind forcing from the W and NE at 15-minute intervals for a three-day
synthetic event to examine the wave, flow and sediment transport patterns at the 200-yr ARI level on
the east coast of the island and inside Robbins Passage.

Details on how these scenarios were constructed and the climate and oceanographic rationale is given in
Appendix 3. The extreme storm model runs are designed to be representative of the impact of extreme wave
events and also to be representative of the spatial pattern of flow and sediment transport during modal
conditions if they occur for extended periods.

2.1

MODAL HYDRODYNAMICS ON THE EAST COAST OF ROBBINS ISLAND

The east coast of Robbins Island experiences low wave energy and a moderate tidal range ~3 m. This results in
a beach and surf zone morphology that ranges from tide-dominated to tide-modified (after Short, 2006). This
results in a reflective shoreline and a surf zone characterized by low amplitude shore-parallel sand bars
(defined by the typology in Short and Aagaard, 1993, as Reflective with multi-ridges). The wavelength of the
ridges is produced by reflected infragravity wave energy. Hence, sediment transport and coastal morphological
or shoreface depth variability on the east coast of Robbins Island is controlled by the bidirectionality of wave
and wind conditions, the interaction of wind-waves with tides, and the resulting ratio between wave energy
and tidal range.
The present-day beach and upper shoreface morphology are equilibrated to a wave and wind climate that is
comprised of low energy, long-period refracted W swell waves and shore-normal, locally-generated Northerly
quadrant wind sea, most frequently from the NE (see Phase 1 report for a detailed description of the local wave
climate).
The nearshore model bathymetry is constructed from the marine LiDAR data which was surveyed in MarchApril 2017 and the surf zone barred morphology is considered to be representative of seasonally persistent late
summer-autumn bidirectional wave climate. Therefore, it is important to note that all modeled bathymetric
changes are relative to this initial configuration, and when the model is run with exclusively NW, N, NE or W
wave conditions, the morphology attempts to re-equilibrate to changes in the wave conditions.
Model runs indicate that NE waves and winds produce stronger nearshore wave power than W conditions
(Figure 2 A and B). This is despite the offshore deepwater waves at the model boundary being significantly
smaller during NE conditions. For example, modal waves from NE have a deepwater Hs of 0.5 and a Tp of 5.1,
whereas modal waves from the W have a deepwater Hs of 2.2 and a Tp of 10.6 but become highly refracted
when shoaling near the east coast of the island.
Most of the W wave energy is dissipated on the shallow shoreface or propagates south-eastward (offshore).
The offshore propagation of W wave energy is enhanced by strong W winds. Therefore, there is very little wave
energy during W modal conditions to drive sediment transport, and the nearshore flow field is principally
controlled by tide. As can be seen in Figure 2 D and F, the flow pattern under W modal wave conditions is
synonymous with the tidal flow. It is important to note that this is not the case for storm wave conditions from
the W, when the increase in wave power over-rides the underlying tidal current (see Figure 8).
By comparison, NE waves approach broadly perpendicular to the east coast, meaning there is less energy
dissipation (as shown in Figure 2 A) and this sets up cellular circulation in the surf zone with small regularly
3
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spaced rip currents, particularly evident at low tide. Because the amount of nearshore wave power is higher
than during W conditions, NE waves either enhance a northward alongshore flow during an incoming tide
(Figure 2 C) or oppose and complicate the nearshore flow field during an outgoing tide (Figure 2 E). This
suggests the daily to seasonal nearshore current field on the east coast of Robbins Island is bi-directional and
sensitive to wave/wind direction and tidal state.

Figure 2. Wave power (A, B) and flow conditions on an incoming tide (C, D) and outgoing tide (E, F) on the east coast of
Robbins Island during one month of modal (non-storm) winds and wave conditions from the NE (A, C, E) and from the
W (B, D, F). Red line shows shoreline position. Grey areas denote dry cells or, in the case of (A) and (B), wave power <
0.05 kW/m.

In this study, we use a 2D phase-averaged model which can only give a gross approximation of open-coast
(wave-dominated) morphological change. To resolve surf zone and beach morphological change in detail, a 3D
phase-resolved wave and morphological model should be coupled to the suite of models used here.

4
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2.2

EXTREME HYDRODYNAMICS IN ROBBINS PASSAGE AND ON THE EAST

COAST OF ROBBINS ISLAND
Model results indicate that, even under extreme wave forcing from opposing directions (W and NE), there is
very little penetration of wave power into Robbins Passage (Figure 3 C and D) and the flow pattern (and
morphological change) through the passage is principally controlled by tide and wind. Note that the numerical
modeling is for surface ocean gravity waves and does not account for the propagation of infragravity (IF) wave
energy. It is possible that IF energy propagates into Robbins Passage.
Surface water flow conditions on the east coast of the island from Cape Buache to Cape Ellie, conversely, are
wave, wind and tidally forced. The nearshore current field and resultant morphological change on the east
coast is therefore sensitive to shifts in the directional wave climate, while Robbins Passage is not.
Figure 3 compares the wave power and direction and current speed and direction at the peak of the synthetic
storm, for the NE and W extreme conditions scenarios. Therefore, in each image there is the same state of tide
(at the spring high tide), with differing wave and wind conditions.

Figure 3. Wave (A, B) and flow conditions (C, D) through Robbins Passage and on the east coast of Robbins Island during
200-yr ARI extreme wind and wave conditions from the NE (A, C) and the W (B, D). Red line shows shoreline position.
Grey areas denote dry cells or, in the case of (A) and (B), wave power < 0.1 kW/m.

East coast of Robbins Island
During a NE storm event, the model suggests a shore-normal current bifurcates on Guyton Point with a
northward longshore current running towards Second Bluff, and a southward alongshore current flowing
towards Cape Ellie at the eastern entrance of Robbins Passage (Figure 3 C). The northward longshore current
recirculates clockwise, north of Second Bluff as an offshore-directed eddy current. Current speeds are
approximately 0.5 to 0.7 m/s in a northward-oriented alongshore direction in this area. Conversely during W
extreme wind and wave conditions, a weaker (0.2 to 0.4 m/s) southward longshore current is set up along the
entire east coast of the island (Figure 3 D).

5
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Results indicate that the maximum distance offshore that significant bed elevation change occurs along the
east coast of the island is approximately 40 m, to around 7 m water depth. This occurs during the NE design
storm event (200-yr ARI). Outside of storm events, significant bed elevation change occurs to approximately
33 m offshore, to around 5 m water depth. As detailed in Appendix 2, we regard ± 0.05 m as being significant
(to 95 % confidence level).
Our modelling runs for storm wave events show that NE winds and waves (no tide) produce a northward
alongshore current on east coast of between 0.3 to 0.4 m/s, that is combined wave-driven current and surface
flow to restore wave and wind setup. In contrast, W winds and waves (no tide) produce no significant nearshore
flow field (< 0.1 m/s) because of highly refracted waves, normal to the shoreline and offshore winds.
Conversely, the flood tide produces a northward alongshore current of between 0.2 to 0.4 m/s, while the ebb
tide produces a southward alongshore current of between 0.2 to 0.3 m/s, along the shoreface.
In summary, this means that between Guyton Point to Back Banks:
•

NE waves/winds + flood tide produce a north-westward alongshore current. This occurs under
both modal and storm conditions.
NE waves/winds + ebb tide produce opposing alongshore currents that lead to a complex
nearshore flow field of eddies under both modal and storm conditions.
Modal W waves alone do not produce any significant alongshore current and during these
conditions all nearshore flow is controlled by tidal currents. Storm W waves, however, have
sufficient energy to override the tidal flow and produce a south-westward alongshore current
during all tidal states.

•
•

Phase 1 identified that under the present-day climate, W to SW conditions constitute approximately 50 to 60
% of winds and waves; with the remainder coming from the NE (and to a lesser extent, ESE). This means the
direction of the littoral current on the east coast is likely to switch seasonally and during periods of meridional
weather. There is the possibility that this will change under future climate scenarios (see section 2.4).
Robbins Passage
Inside Robbins Passage, as the tide floods in from the E towards high tide, strong NE winds significantly elevate
water levels (wind setup) in the passage (Figure 3 C) compared to the same tidal forcing with westerly winds
(Figure 3 D). At the 200-yr. ARI level, the model suggests there is a 12 % increase at spring high tide in the
wetted area between the eastern entrance to Robbins Crossing under NE winds (0.46 km2) compared to under
W wind forcing (0.41 km2). This expands the tidal prism which reduces flow speeds and floods a greater surface
area of the intertidal flats throughout the passage. Under NE winds, flow speeds do not exceed approximately
0.8 m/s, whereas these increase to above 1 m/s in some areas during more tidally-constricted W wind forcing.
The area that is most impacted by the additional wind setup during NE conditions is the mainland coast
between Robbins Crossing and Montague Island. This can be seen by comparing the wetted area in this location
between Figure 3 C and D. This suggests that this area is likely to be the most sensitive in Robbins Passage to
directional shifts in the wind climate, and associated impacts on sediment transport.

2.3

LOCALISED IMPACTS OF STRUCTURES ON HYDRODYANMICS AND

SEDIMENT TRANSPORT PATTERNS
Causeway
To investigate the tidal flow and morphological impacts of a causeway structure anchored between the
mainland and Robbins Island, the model was run under the ‘worst-case’ scenario (as identified in Section 2.2;
a three-day storm event comprising 200-yr ARI winds from the NE plus spring tides), both without and with
the proposed structure in place.
Two causeway designs were modelled; one with a 100-m bridge opening approximately two-thirds of the way
north along the cross-section and a second with two 600-m openings either side of a central 300-m rubble
6
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mound section. Details on the structure designs, and their implementation in the model, are given in Appendix
4.
Figure 4 shows the flow conditions, surface water levels and modelled cumulative bed elevation change under
the ‘no structure’ scenario during a flood tide (close to high water, panels A and C) and on an ebb tide (close to
low water, panels B and D). Figure 5 and Figure 6 similarly show modelled conditions with design 1 and design
2 in place.

Figure 4. Flow (A, B), surface water elevation (C, D) at high tide (A, C) and low tide (B, D), and cumulative bed elevation
change (E) at the proposed causeway location – with no structure in place - in Robbins Passage during a three-day
extreme wave and wind event from the NE, plus spring tides. Red line is shoreline position, grey areas are dry cells.

With no structure in place, typical flow speeds during both flood and ebb tides are up to 0.4 m/s. However,
there is a significant difference in the flow structure at high and low water. The flood tide runs across
approximately 1.5 km of channel width as sheet flow, whereas the ebb tide is channelized in two principle
conduits around a central seagrass bank. The surface water elevation exhibits a graded slope in the direction
of the tide.
Over the duration of the three-day storm event, there was no significant modelled bed elevation change near
the proposed structure. Over the longer-term, however, aerial imagery suggests there is a slow migration of
7
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morphology from east to west in Robbins Passage (Mount et al., 2010), which is in the same direction as the
net hydrodynamic flow (Donaldson et al., 2012).
The narrow (100-m) opening under the bridge in the first causeway design significantly constricts tidal
exchange, causing tidal amplification with increased tidal currents and causes water level differentials of up to
20 cm either side of the structure. The design effectively dams the tidal flow. Flow speeds of up to 2 m/s occur
on the flood tide, and up to 1 m/s on the ebb tide, which is up to five times the background level. The water
level differential occurs on the flood tide, with higher water levels to the east of the structure, aided by NE wind
setup on top of a westward-propagating tide.
The model indicates bed lowering of up to 2 m under the bridge, with most deposition occurring to the west of
the causeway (up to 0.5 m), but some also to the east (up to 0.2 m). Net transport under the bridge is in the
direction of the flood tide (westward) because the tide through the passage is ebb-dominant (i.e. more time on
the ebb tide, thus lower flow speeds). This is consistent with long-term observations of sand shoal migration
in a westerly direction into Boullanger Bay.
This design causes extreme modification to the Robbins Passage tidal regime and splits the Passage into a
western and eastern estuary with constricted tidal exchange and hydraulic jumps in the water level.

Figure 5. As per Figure 4, but with causeway design 1 in place.
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The two wide (600-m) openings built into the second causeway design allow for a less constricted tidal
exchange that broadly aligns with the locations of the two channels that control the flow pattern around low
water. As a result, flow speeds are reduced (and more equilibrated through the tidal cycle) to a maximum of
approximately 0.8 m/s on both the flood and ebb tides. Simulated erosion is also reduced; bed lowering of
approximately 0.2 m occurs under the two openings, which is an order of magnitude smaller than design 1.
Zones of accretion do not exceed 0.1 m.
Model results suggest design 2 allows maintenance of the existing tidal regime with minimal constriction of
flow. There remains some tidal flow constriction in the northern channel which indicates the opening on the
north side of the passage needs to be relocated approximately 100 m further south to better align with the low
tide morphology of the channel.
If a more detailed assessment of local scale flow dynamics and tidal exchange through the causeway is required,
a hydraulics-based model (such as MIKE Flood) would need to be coupled to the existing hydrodynamic model.

Figure 6. As per Figure 4 and 5, but with causeway design 2 in place.

Landing facility on Seven Mile Beach
To investigate the impact of a landing facility structure on the coastal processes along the east coast of the
island (north of Second Bluff), storm wave and wind scenarios from opposing directions (NE and W) were
9
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modelled both with and without the landing facility in place. Figure 7 illustrates the modelled impact of the
landing facility on waves and flow at high and low tide during a 200-yr ARI storm wave and wind event from
the NE. Likewise, Figure 8 illustrates the same for a storm wave and wind event from the W.
Under NE storm conditions, wave energy is focused on Guyton Point. This produces a northward depthaveraged littoral current of up to 0.5 m/s in places, which acts to re-distribute water alongshore (Figure 7 C).
Littoral flow speeds are accelerated north of Second Bluff, around the proposed location for the landing facility.
The littoral flow then recirculates as an offshore-directed gyre at the southern end of Back Banks barrier. The
location of this offshore-directed flow may be related to the local curvature of the shoreline, which reduces the
obliquity of NE waves to near zero.
Significant bed elevation change extends to approximately 40 m offshore. There is a general lowering of the
subaerial beach and a shore-parallel onshore migration of sand across the upper shoreface. Nearshore
significant wave heights are between 1 to 1 .5 m.

Figure 7. Wave power (A, B), flow from comibined wave-driven and tidal currents at high tide (C, D) and flow from
comibined wave-driven and tidal currents at low tide (E, F) at the proposed landing facility location at Second Bluff on
the east coast of Robbins Island, both without (A, C, E) and with (B, D, F) the proposed structure in place, during a threeday extreme wave and wind event from the NE, plus spring tides. A and B show conditions at the peak of the storm. Red
line is shoreline position, grey areas are dry cells.
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With the landing facility in place, the northward littoral flow is disrupted causing it to deflect in an offshore
direction on the inside of the breakwater recurve (Figure 7 D and F). Flow speeds in the deflection zone are
between 0.4 to 0.5 m/s, similar to the maximum flow velocity without the structure in place. The deflected flow
then rejoins the southward Ekman wind-driven flow offshore to Guyton Point. This essentially shortens the
alongshore length of the east coast gyre, leading to recirculation approximately 150 m further south than would
otherwise occur.
Significant wave heights on the outside offshore arm of the structure are around 1.3 m, with a wave shadow on
the inside of the recurve arm grading from 0.3 to 1.0 m.

Figure 8. As per Figure 7, but for a three-day extreme wave and wind event from the W, plus spring tides.

Modelling the changes to shoreface bed elevation suggests the structure disturbs the shore-parallel onshore
movement of sand on the upper shoreface that would otherwise occur in this area during NE wind and wave
conditions with no structure in place. Increased sedimentation occurs directly to the south of the structure
(inside the wave shadow). To the north, the natural pattern of morphological readjustment to NE wave
conditions continues, but to a reduced magnitude.
Under W storm conditions, highly refracted W waves reach the coast slightly oblique to the planform, and
together with the westerly surface winds, drive a southward littoral flow of up to 0.3 m/s (Figure 8 C). Unlike
during W modal conditions, the wave-driven southward flow is strong enough to persist on both an incoming
(northward tidal flow) and outgoing tide (southward tidal flow).
11
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Because of the high refraction that is required for W waves to reach the east coast of the island, there is
considerable energy dissipation. Nearshore significant wave heights are between 0.5 to 0.8 m, less than half
those experienced under NE conditions. As a result, the magnitude of morphological change is less than that
produced during NE storm waves, with reduced subaerial beach lowering.
The landing facility is better aligned for W wind and wave conditions as the recurve allows for the southward
littoral flow to continue southward (Figure 8 D). Flow speeds at the offshore tip of the recurve arm do not
exceed 0.3 m/s – similar to the maximum flow velocity experienced in the natural state. Some weak (< 0.01
m/s) recirculatory eddying occurs on the inside edge of the recurve arm. Significant wave heights on the
offshore edge of the structure are around 0.3 m, with a wave shadow on the inside of the recurve arm grading
from < 0.01 m to 0.2 m.
The shore-parallel onshore migration of sand that occurs naturally under W conditions still takes place largely
undisturbed to the north of the structure but is reduced in the lee of the recurve arm. For example, significant
bed elevation change occurs out to approximately 33 m offshore on the north side of the landing facility, but
only to approximately 15 m offshore in the direct lee (south) of the structure.
The recurve arm in the present design of the landing facility does not produce a large wave shadow because
neither W nor NE conditions produce highly oblique wave directions on the east coast of Robbins Island.
Additionally, the recurve allows for the continuation of littoral flow during W conditions but disrupts flow
during NE conditions.
However, the modeling experiments provide a short snapshot of these coastal processes and impacts of the
structure. In reality, we expect an accretion of sand on the western side of the structure to form a filet. After
equilibrium, sand bypassing may be restored around the structure, and under the influence of diffracted wave
energy (not modeled) we expect that the seabed on the eastern side of the structure would shoal and require
dredging episodically.
We suggest that a pier, rather than a rubble mound design, is trialed to allow for the bi-directional littoral flow
to pass through the structure, with a longer recurve arm (orientation to be decided) to provide a larger
sheltered area for vessel mooring. The location of the structure could also be trialed further north, to align
better with the natural termination of the littoral cell and offshore-directed flow at the southern end of Back
Banks barrier.
The direction of the recurve is dependent on the long-term directionality of the wind and wave climate. As
highlighted in Phase 1, and by previous authors, there may be a potential under-sampling of E and NE wave
and wind conditions in the CFSR reanalysis winds and consequentially the CAWCR wave hindcast. If so, this
may lead to an under-estimation of the frequency of NE events and an over-estimation of the magnitude of
extreme wave parameters from this direction. In addition, there is the potential for a future shift towards a
more NE wind and wave climate associated with the ongoing global warming trend, as discussed below.

2.4

CLIMATE CHANGE CONSIDERATIONS

Sea level rise
McInnes et al. (2016) downscaled the IPCC’s sea level rise projections for the Circular Head region. Projections
for the most extreme IPCC scenario (RCP 8.5) were used here. By 2050 under this scenario, 0.21 m of sea level
rise is expected, and by 2100 0.68 m is expected (relative to the present-day mean sea level, which
approximates to AHD).
The NE and W storm scenarios were run with these sea level increments added to the boundary water level
timeseries, effectively elevating the tidal prism for each time horizon. Figure 9 shows the resulting change in
the wetted area through Robbins Passage at spring high tide, from present day to 2100. Differences between
time horizon indicate areas that are sensitive to sea level rise (shown in Figure 9 as red boxes); differences
between directional storm scenarios for the same time horizon indicate areas that are sensitive to directional
wind climate change (shown in Figure 9 as black boxes).
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It is worth noting that the 2050 scenario (+ 0.21 m) is equivalent to the model RMSE error (± 0.20 m) and is
considered not be significantly different from the present-day scenario. The 2100 scenario is significantly
different from the 2050 and present-day scenarios.
The model indicates there are two areas that are most sensitive to changes in the high-water mark with sea
level rise (Figure 9 A, C, E). These are the mainland coast area at the western entrance to Robbins Passage, and
the southern shoreline of Robbins Island on the eastern entrance to Robbins Passage. While not modelled
explicitly, we expect increased bank erosion through Robbins Passage in response to the rising tidal prism. As
a result, the causeway structure may require armouring at the mainland and island attachment points in
anticipation of potentially increased bank erosion in the future.
Morphological change with sea level rise was not reported here because this requires a long-term (months to
years) modelling exercise to allow the morphology to adapt to a rising tidal prism. Over the short-term events
modelled here, results indicate a deflation of the ebb tidal delta at the eastern entrance of Robbins Passage
with sea level rise. This is synonymous with greater water depths enabling wave energy to propagate further
inside the passage before breaking. The extent to which there is sufficient sediment supply at the eastern
entrance to Robbins Passage to keep pace with sea level rise is at present unknown.
Directional wind and wave climate change
In addition to sea level rise, there is the potential for directional shifts in the wind and wave climate because
of the trend towards southward migration of the Southern Ocean westerly winds, and their replacement with
more frequent northerly and easterly quadrant winds associated with anthropogenic climate change. The
mechanisms for this, and specific projections, are detailed in the Phase 1 report, but these changes can be
conceptualized here as a potential shift towards more NE-dominant wind and wave conditions at the expense
of the present-day SW/W climate.
While speculative, such a shift may lead to:
•

•

•
•

More frequent north and east quadrant waves producing a higher energy wave climate along the east
coast of the island than experienced at present, with associated morphological re-adjustment. This
would involve net movement of sediment away from the subaerial beach to the surf zone;
A directional change in the net longshore current along the east coast of the island from southward to
northward, although in the region of Back Banks and Walker Island, tidal currents would remain the
strongest feature;
An increase in the frequency of elevated water levels (wind setup events) inside Robbins Passage, and;
An increased supply of sand into Robbins Passage which may help the estuary keep pace with sea level
rise.

This study has already demonstrated that water levels in Robbins Passage are sensitive to tide and wind, but
not waves. Morphological change on the east coast of Robbins Island, however, is wave and tide-driven. Thus,
both areas will likely be impacted by any future shift in the wind and wave direction.
The model suggests there are two areas that are most sensitive to changes in the wind direction (Figure 9 B, D,
F). These are the mainland coast areas between Robbins Crossing and Montague Island, and between
Montague Camp Ground and Perkins Island. These areas are larger than those identified as being sensitive to
sea level rise, suggesting that directional wind climate change may be at least, if not more, important than sea
level rise in the future morphological evolution of Robbins Passage.
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Figure 9. Climate change sensitive areas in Robbins Passage. (A, C, E) show 200-yr ARI extreme wave and wind event
from the NE, plus spring tides, for (A) present-day, (C) 2050 and (E) 2100 sea level rise increments. (B, D, F) show 200yr ARI extreme wave and wind event from the W plus spring tides, for (B) present-day, (D) 2050 and (F) 2100. Red boxes
highlight areas of change with sea level rise; black boxes highlight areas of change with change in wind direction. Red
line is shoreline position, grey areas are dry cells.
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3

Key Findings and Recommendations

3.1

NATURAL COASTAL HYDRODYNAMICS AND PROCESSES

The key findings on natural coastal hydrodynamics and processes are as follows:
•

The dominant sand transport on the east coast is from Walker Island south-eastwards towards
Second Bluff.

•

NE waves/winds + flood tide produce a north-westward alongshore current between Back Barrier
and Guyton Point. This occurs under both modal (non-storm) and storm conditions.

•

NE waves/winds + ebb tide produce opposing alongshore currents that lead to a complex
nearshore flow field of eddies under both modal and storm conditions between Back Barrier and
Guyton Point.

•

Modal W waves alone do not produce any significant alongshore current on the east coast and
during these conditions all nearshore flow is controlled by tidal currents. Storm W waves, however,
have sufficient energy to override the tidal flow and produce a south-westward alongshore current
on the east coast during all tidal states.

•

Phase 1 identified that under the present-day climate, W to SW conditions constitute
approximately 50 to 60 % of winds and waves; with the remainder coming from the NE (and to a
lesser extent, ESE). This means the direction of the littoral current on the east coast is likely to
switch seasonally and during periods of meridional weather. There is the possibility that this will
change under future climate scenarios.

•

Inside Robbins Passage, as the tide floods in from the E towards high tide, strong NE winds
significantly elevate water levels (wind setup) in the passage compared to the same tidal forcing
with W winds.

•

The area that is most impacted by additional wind setup during NE conditions is the mainland
coast between Robbins Crossing and Montague Island. This suggests that this area is likely to be
the most sensitive in Robbins Passage to directional shifts in the wind climate, and associated
impacts on sediment transport.

3.2

IMPACTS OF THE LANDING FACILITY

The key findings on the hydrodynamic and morphological impacts of the Landing Facility are as follows:

3.3

•

The landing facility design is essentially a groin placed perpendicular to the Seven Mile Beach
shoreline. Since both directional wave modes (W and NE) produce defined alongshore currents,
the groin design has the potential to significantly interrupt the flow field and sand transport.

•

We expect that the landing facility will starve the shoreline of Seven Mile Beach to the southeast
of the facility, until a new equilibrium is reached and potentially sand bypassing of the facility
occurs.

•

We suggest that a pier design is trialed to allow for the bi-directional littoral flow to pass through
the structure. The location of the structure could also be trialed further north, to align better with
the natural termination of the littoral cell and offshore-directed flow at the southern end of Back
Banks barrier.

IMPACTS OF THE CAUSEWAY

The key findings on the hydrodynamic and morphological impacts of the causeway design on Robbins Passage
are as follows:
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•

The first causeway design with a single 100-m bridge span causes extreme modification to the
Robbins Passage tidal regime and splits the Passage into a western and eastern estuary with
constricted tidal exchange and hydraulic jumps in the water level.

•

A causeway design with two wide open span sections of at least 600 m length each are required to
minimize a significant perturbation of the tidal flow in Robbins Passage and to maintain the
natural tidal processes and sedimentary form.

•

Directional wind climate change may be at least, if not more, important than sea level rise in the
locality of the proposed causeway within its design life.

3.4

MODELLING LIMITATIONS

Some key considerations on the modelling undertaken during this study include:

•

The model was calibrated and verified using water level observations inside Robbins Passage, with
an R2 > 0.9 and an RMSE 0f 0.2m.

•

Modelling was for surface ocean gravity waves and does not account for the propagation of
infragravity (IF) wave energy. It is possible that IF energy propagates into Robbins Passage and
plays a role in the morphological evolution of the east coast of Robbins Island.

•

The hydrodynamic modeling has been idealised to define the first order coastal processes and
associated impacts of potential coastal engineering designs.

•

The preliminary modeling is not calibrated to field observations of sand transport. Field
observations of sand transport rates, model calibration and long model runs are required to
simulate the real sand transport and shoreface adjustment to the landing facility.

•

We recommend fully validated modeling of more mature coastal engineering designs.
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APPENDIX 1 Model Description and Configuration
A1.1 DESCRIPTION OF MODELS USED
The MIKE 21 suite of models developed by the Danish Hydraulic Institute (DHI) was used for modelling in
this study (DHI, 2017). A spectral wave model was coupled to a hydrodynamic flow model and a sediment
transport model to simulate wave growth, wind- and wave-driven set up, wind- and wave-driven currents,
sediment transport and morphological change in Robbins Passage and on the east coast of Robbins Island.
MIKE21 models uses a Flexible Mesh (FM) approach. This allows the use of a variable-resolution mesh,
meaning local areas of interest within a regional-scale model can be more highly resolved without the need for
a series of nested runs. In this way, it allows an efficient method for dynamical downscaling. At each time step,
the morphological change calculated for each computation cell in MIKE21 is fed back onto the waves and the
currents for the next time step.
Spectral wave model
The wave model (MIKE 21 Spectral Wave, SW) simulates the growth, decay and transformation of windgenerated waves and swell in offshore and coastal areas (DHI, 2017).
MIKE 21 SW includes two different formulations; a directionally decoupled parametric formulation which is
based on a parametrization of the wave action conservation equation in the frequency domain, and a fully
spectral formulation which is based on the wave action conservation equation as described in Komen et al.
(1994) and Young (1999).
In this study, the directionally decoupled formulation was applied in quasi-stationary mode because it was
found to be the more stable solution for the complex bathymetry within the study area. The quasi-stationary
solution is recommended for instances of fetch-limited wind-wave growth as has been identified for this area
(see Phase 1 report).
In sensitivity testing, results showed the directionally decoupled approach to yield improved results over the
fully spectral method, and similarly for the quasi-stationary solution over the in-stationary solution, largely
because of the instabilities that arose (and compensatory numerical adjustments that were needed) in using
the latter. The decoupled formulation and quasi-stationary solution are also computationally more efficient,
reducing model run times by a factor of ~ 4 compared to the fully spectral and in-stationary approach. The
fully spectral formulation is designed for use in offshore locations where seas are not yet fully developed and
are still being generated.
In directionally-decoupled mode, MIKE 21 SW includes the physical effects of;
•

dissipation due to bottom friction;

•

dissipation due to depth-induced wave breaking;

•

refraction and shoaling due to depth variations;

•

wave-current interactions;

•

moderate reflection (phase-averaged), and;

•

the effect of time-varying water depth and related currents.

Water level variations and current conditions are derived from the hydrodynamic component of the coupled
model. Reflection can be accounted for when parts of the domain boundary are defined as reflective (i.e. such
as rocky headlands), whereby a coefficient defining the amount of reflection or absorption is used. Since
reflection is a sub-wave-phase phenomenon, reflection can only be approximated empirically in the phaseaveraged spectral wave model.
Wind-wave generation and white-capping are not included as it is assumed these processes do not dominate
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in coastal locations. Likewise, non-linear wave-wave interactions such as triads and quadruplets are excluded
because the resultant energy transfer between frequencies requires the fully spectral computation. The phasedecoupled refraction-diffraction approximation proposed by Holthuijsen et al. (2003) was applied but can only
resolve weakly diffractive processes in nearshore regions.
Hydrodynamic (flow) model
The hydrodynamic model, MIKE 21 Flow Model HD, is a two-dimensional non-hydrostatic flow model based
on the depth-integrated incompressible Reynolds-averaged Navier-Stokes equations. The flow model consists
of equations for continuity, momentum, temperature, salinity and density.
The continuity and momentum equations are the two governing shallow water equations in the model, and
integrate the effects of Coriolis, gravity, water density and atmospheric pressure. For this study, a simple
barotrophic density model was used as the temperature and salinity of the water column was assumed constant
in time and space (at 13 °C and 32 psu).
Coriolis forcing was included as varying in space, based on the geographical position (latitude) of the model
domain. In the Southern Hemisphere, Coriolis deflects ocean surface currents to the left of the wind forcing. A
horizontal eddy viscosity formulation (the Smagorinsky formulation) was used to estimate the Coriolisinduced lateral stresses based on the depth-averaged velocity gradients.
For this study, the hydrodynamic calculations were performed in 2D, because it can be assumed that the water
column is well mixed and thus un-stratified. The 2D calculations assume there is hydrostatic pressure and that
turbulent stresses are proportional to the gradients in the mean velocity field (Boussinesq assumption). These
assumptions allow the Navier-Stokes equations to be solved much faster.
The hydrostatic assumption means depth-integrated flow calculations are used to calculate sediment transport
(by using a log velocity profile with depth). This assumption is appropriate for coastal waters where the water
column is well mixed and there is no bottom boundary current.
The main boundary inputs to the flow model are wind forcing, water level variations or currents, and
barometric air pressure. Second-order stresses due to breaking of short period waves are derived from wave
radiation stress output from the spectral wave model.
Flow dynamics near the sea bed vary over short spatial distances and can be difficult to resolve. Determination
of the bottom stress is important for morphological change calculations because this determines the transport
rate for bed load and the resuspension rate for suspended load sediment. In MIKE 21 Flow Model HD, the
bottom stress is calculated based on a depth-averaged flow velocity (assuming a log-profile in the 2D
implementation of the model) and a simple quadratic drag coefficient. The bed resistance was described as a
direct function of bed roughness, where the drag coefficient is calculated from a Manning or Chezy number
defined for each computational cell.
Sediment transport model
Sediment transport due to combined currents and waves is calculated using the Sediment Transport (ST)
module by using output from the wave and flow components of the coupled model system.
Bed load is calculated according to the model of Engelund and Fredsøe (1976), using the critical Shield’s
parameter. For suspended load transport, the model calculates the vertical variation of the suspended
sediment concentration (the suspended sediment profile) from the vertical diffusion equation of Fredsøe et al.
(1985) and assumes a Vanoni depth-profile shape.
In both the 2D and 3D implementation of the model, the sediment transport calculations are carried out using
a mean horizontal velocity component. In 2D, the mean horizontal velocity component is set to the depthaveraged velocity from the 2D hydrodynamic model calculations and then fitted to a log-normal vertical
velocity profile in order to derive a bottom current velocity value.
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A1.2 MODEL CONFIGURATION
Domain extents
The model boundaries were aligned with lines of longitude and latitude for efficient coupling with global wave
and tide model output. In an anti-clockwise direction, the western boundary follows the 144.6 ° E meridian
from 40.8 to 40.35 ° S; the northern boundary follows 40.35 ° S from 144.6 to 145.5 ° E; and the eastern
boundary follows the 145.5 ° E meridian from 40.35 to 40.95 ° S at Rocky Cape. In total, the model extends
approx. 75 km east-west and 55 km north-east, covering over 300 km2.
Robbins Island is situated in the approximate centre of the domain. All other offshore islands and mainland
coastline topography likely to affect wave refraction, flow patterns and transport were included in the model.
In addition to Robbins Island, a further nine island (Walker Island, Hunter Island, Three Hummock Island,
Perkins Island, Albatross Island, Trefoil Island, Bird Island, Stack Island, Steep Island) and additional offshore
rocky outcrops were included in the model geometry.
Along the western and northern boundaries, water depths reach 60 m (AHD). Along the eastern boundary,
depths extend to 45 m.
Validation mesh
The model uses a flexible mesh approach meaning the resolution can be increased in areas of interest without
having to run multiple nested grids. The mesh controls the resolution of the bathymetry, bed maps and
computational grid.
Two meshes were used – a first for model calibration and validation, and a second, more detailed mesh for
running the model scenarios. The validation mesh graded from an offshore element length of approximately 5
km (or, 0.05 °) to approximately 50 m at the shoreline (Figure 10), comprising approximately 17,600 nodal
points.

Figure 10. The model mesh used for calibration and validation.
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Scenarios mesh
The scenarios mesh graded from an offshore element length of 5 km to 50 m at the shoreline, with two higherresolution areas covering Robbins Passage and the east coast of Robbins Island (Figure 11). These areas
comprised a maximum element length of 100 m to better resolve the wave, flow and transport patterns in these
areas of complex geomorphology (Figure 11 a).

Figure 11. The model mesh used for running the model scenarios, with inset (A) showing the higher-resolution (100-m)
mesh for Robbins Passage and the east coast of the island, and (B) and (C) showing the very high resolution (10-m) mesh
around the causeway and landing facility structures, respectively.

200 m either side of the causeway and landing facility structures, the mesh resolution was increased to 10 m
to make full use of the high-resolution LiDAR bathymetry in these areas and to capture small-scale processes
associated with the imposition of the structures (Figure 11 b, c). The scenarios mesh comprised a total of 31,300
nodal points in total.
Bathymetry and topography
A bathymetry and topography grid was generated for the model from three data sources;
•

the Airborne Research (1 m2) LiDAR DEM (2016);

•

the Tasmanian Climate Futures (10 m2) LiDAR DEM (2008), and;

•

digitised contours and soundings from the AHO Chart AUS790.

The extents of these datasets and associated metadata are described in the Phase 1 report.
Priority was given to the best dataset (Airborne Research LiDAR), then Climate Future LiDAR, then AHO data.
Where the Climate Future LiDAR overlapped with the Airborne Research LiDAR, the Climate Future LiDAR
was clipped. Both datasets were also clipped to exclude elevations greater than + 5 m AHD. A buffer of
approximately 500 m was left between the LiDAR datasets and the AHO soundings to ensure a smooth
transition and to avoid stepping.
The Airborne Research LiDAR extended down to – 15 m AHD, while the Climate Futures LiDAR extended to
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– 10 m AHD. The Airborne Research LiDAR captures a good portion of Petrel Banks off the east coast of
Robbins Island. The combined LiDAR-derived datasets provide an excellent representation of the morphology
through Robbins Passage and Boullanger Bay.
Since the LiDAR only reaches to – 15 m AHD, there are some areas of the central tidal channel in Robbins
Passage that are not captured. It is understood that UPC have commissioned a single-beach bathymetric survey
of this area to capture the seabed topography of the channel. However, this dataset was not available at the
time of writing.
The Airborne Research LiDAR was down-sampled to the same resolution as the Climate Futures dataset (10
m2) for use in the model. All elevations were referenced to AHD and positions projected in GDA 1994 MGA
Zone 55.
The elevation data was interpolated to the computational mesh using a nearest neighbour algorithm.
Land boundary and shoreline
As can be seen in Figure 10 and Figure 11, the model land boundary was set at + 5 m AHD to allow sufficient
space for flood and dry processes under high water level conditions, and to also provide a source of sand from
the sub-aerial beach during erosion events. This means, in addition to the subaqueous bathymetry, the model
incorporates the subaerial topography of the coastal zone below + 5 m AHD.
Erodible bed layer thickness
The erodible bed layer thickness describes the vertical amount of sediment available for erosion and transport
within the model and will vary according to habitat type. We used the SeaMap habitat mapping by Lucieer et
al. (2007) and additional mapping by Mount et al. (2010) to define habitat extents within the model domain,
including reef, seagrass, sand and saltmarsh.

Figure 12. Bed layer thickness map (‘mud map’) used for modelling. Areas of reef, seagrass and saltmarsh – as mapped
by Lucieer et al (2007) and Mount et al. (2010) - were defined as “non-erodible”.

Only the areas of supra-, inter- and sub-tidal sands were set as available sediment sources in the model. It is
assumed that areas of seagrass and saltmarsh, while still accretable in the model, will not be significant sources
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of sediment for transport as the sediment is generally retained within the habitat structure. Indeed, these
habitat types are often regarded as sediment sinks rather than sources.
Over areas of sand, the bed layer thickness was set to 5 m which is essentially an infinite erodible layer thickness
over the duration of one storm event (Figure 12). In some areas, this will be an exaggeration as sands are
underlain by mud platforms close to the surface. These mud platforms will also have different flow retardation
and wave friction effects than the overlying sands and thus may modify the hydrodynamic regime if they
become exposed at the surface. This effect was not considered in the modelling.
For all other non-sand areas (reef, saltmarsh and seagrass), the bed thickness was set to zero to simulate the
non-erodibility of these habitat types over the duration of a single storm event.
As there is no information on the depth or type of sediment off the east coast of Robbins Island, all wet cells in
the model outside Robbins Passage were defined as sand, and thus erodible in the model. Aerial imagery
suggests there are some areas of exposed rock reef, although more observations are required to confirm the
extent of these reefs. The assumption of an entirely sand substrate on the shoreface off the east coast of the
island may therefore be an over-estimate.
Habitat mapping by Lucieer et al. (2007) and Mount et al. (2010) both indicate that a seagrass mat covers the
tidal channel at the eastern entrance of Robbins Passage. Local observations, however, suggest that this is not
continuous and is interspersed by sand and cobble features. The model was run both with and without this
seagrass mat in the bed layer thickness map to test the model sensitivity to excluding this area as an erodible
feature.
It was found there was low sensitivity to this area as a source of erodible sediment because the channel is up
to 15 m deep in places, and therefore beyond the depth of significant sediment transport (based on available
LiDAR bathymetry – the channel may be deeper in places that the LiDAR did not cover).
Sediment properties
The grain size distribution in the model is described by the median grain diameter, d50, and a grading
coefficient, α. While the model can incorporate spatially-varying sediment characteristics for areas of sand,
there was no observational data on how this varies within the domain. Therefore, a single d50 of 0.2 mm was
used for all areas of sand, derived from sediment core samples.
The grading coefficient, α, defines the spread of the grain size distribution around d50. A previous study by
Mortlock et al. (2017) found the grading coefficient to vary between 1.17 and 1.56 along the NSW open coast,
with most locations below 1.4. In the absence of sediment sample data, a value of 1.2 (the mean of the NSW
data) was used for all areas of sand.
Sediment transport tables
For combined waves and currents, sediment transport rates are found a priori from linear interpolation in a
sediment transport table which is generated by a quasi-three-dimensional sediment transport model
(STPQ3D). This includes solving transport calculations for a combination of wave, flow and geomorphic
conditions that are likely to occur at the site of interest. The parameter combinations used for this study are
given in Table 1.
Table 1. Parameter combinations used in the pre-processed sediment transport table.

Parameter

Smallest value

Interval

Largest value

Current speed (m/s)

0.05

0.5

5.05

Wave height (m)

0.5

0.5

7.0

Wave period (s)

5

1

18

Wave height / water depth ratio

0.05

0.1

1.55
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Current-to-wave angle (°)

0

30

360

Grain size (mm)

0.2

0.05

0.6

Sediment grading

1.15

0.15

1.45

Bed slope-to-current angle (°)

-0.04

0.02

0.06

This produced almost 48.5 million parameter combinations, taking approximately 30 hours to compute. While
this takes a significant amount of time to generate, it allows the coupled model to be run much faster.
A range of wave theories are available to calculate transport rates for these parameter combinations. Previous
sensitivity testing by Mortlock et al. (2017) indicates a combination of the Doering and Bowen (1995) and Isobe
and Horikawa (1982) semi-empirical wave theories (for all water depths) produces the best results on the upper
shoreface, when compared to surveyed bed level change along the NSW coast. In the absence of surveyed
bathymetric change for sensitivity testing at Robbins Island, these formulations were used here.
Wave directional spreading
Wave directional spreading describes the spread of the wave energy spectrum around the mean wave direction.
It affects the direction of the wave radiation stress, and ultimately, the directional spread of wave-driven
currents and sediment transport. Directional spreading varies with wave-age and can be parameterised based
on whether the wave climate is predominantly wind-sea, intermediate sea-swell or swell.
Wave climate analysis in Phase 1 showed that boundary wave conditions propagating into the study area are a
mix of sea and swell. On the western boundary, waves are predominantly long-period swells. On the northern
boundary, wave conditions are a mix of sea and swell, while on the eastern boundary, waves are predominately
locally-generated wind sea with the possibility of long-period waves entering from an acute swell window.
Where boundary wave conditions were identified as swell (peak spectral wave period, Tp, > 9 s), a directional
spreading of 15 ° was used, as recommended (DHI, 2017). For intermediate boundary waves (6 < Tp < 9 s), a
directional spreading of 20 ° was used. For predominantly wind-sea conditions (Tp < 6 s), a directional
spreading of 25 ° was used.
Wind forcing
It is important to note that wind forcing was applied as a time-variant but spatially constant forcing within the
domain. This means wind forcing does not account for topographical accelerations, Venturi effects or other
small-scale fluid dynamic processes associated with near-surface wind fields. To include this, the model would
need to be coupled to a 3D atmospheric model, such as the Weather Research and Forecasting (WRF) model.
We would expect, therefore, that W winds to be over-estimated in the model scenarios to the lee (east) of
Robbins Island, and that both NE and W winds be under-estimated through Robbins Passage where
topographical accelerations are likely.
Computational timestep
The computational timestep was 15 minutes to provide sufficient temporal resolution to replicate water level
variations within a single tidal cycle.
Computational demand
The model was parallelised on a 20-core server running 64-bit Windows Server 2016 with 256 GB of RAM and
two 2.20 GHz Intel Xeon Processors. An 84-hr scenario run (at 15-min intervals) took ~3 hours to complete
(with no structures) and ~9 hours (with structures) using the high-resolution scenarios mesh (31,300 nodes).
A 1-month calibration run (at 15-min intervals) took 2 hours to complete using the coarser validation mesh
(17,600 nodes).
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APPENDIX 2 Model Calibration and Validation
A2.1 WAVE AND HYDRODYNAMIC MODEL CALIBRATION
The coupled wave and hydrodynamic components of the model were calibrated using 5-minute water level
timeseries observed at Howie Island (Robbins Passage East) and Kangaroo Island (Robbins Passage West)
between November 2011 and May 2012 by Donaldson et al. (2012) (Figure 13). A 1-month sub-set of this period
was used to calibrate the model (Nov-Dec 2011), and then a 2-month period (Jan-Mar 2012) unseen by the
model was used for validation.

Figure 13. Map showing location of water level observation stations in Robbins Passage West (Kangaroo Island) and
Robbins Passage East (Howie Island), and boundary coupling points with a Global Ocean Tide Model.

Three different model parameters and boundary conditions were tested:
•

Tidal boundary conditions;

•

Bed resistance, and;

•

Wind drag.

Over the calibration and validation periods, half-hourly winds (velocity and direction) from Smithton
Aerodrome were used. Phase 1 identified Smithton winds to be most representative of the wind climate on
Robbins Island. Hourly wave conditions from the CAWCR wave hindcast (significant wave height, peak
spectral wave period and mean wave direction) were used.
Tidal boundary conditions
Three types of tidal boundary data were tested. These included:
•

Water level timeseries generated from a Global Ocean Tide Model;

•

Water level timeseries generated from tidal constituents observed at Howie and Kangaroo Islands,
and;
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•

A combination of the two.

Boundary water level timeseries were obtained from the DTU10 0.125 ° global ocean tide model (Chen and
Andersen, 2010), at points spaced 0.15 ° apart along the west, north and east boundary of the Robbins Island
model (Figure 13), at 15-minute intervals over the calibration period (Nov-Dec 2011).
Water level timeseries were also generated over the calibration period using the tidal constituents derived by
Donaldson et al. (2012) at Howie and Kangaroo Islands, using the IOS method (Foreman, 1977), and applied
along the model boundaries.
It was found that model results at Howie Island were much improved when using the constituent-derived water
levels on the eastern boundary, instead of tides derived from the global tide model (GTM) (Pearson’s squared
correlation coefficient, R2, improved from 0.75 to 0.92, and the Root Mean Squared Error, RMSE, reduced
from 0.41 to 0.24 m).
Model results at Kangaroo Island, however, did not improve when using constituent-derived water levels on
the western boundary. In fact, results were best when the GTM timeseries were applied at the western
boundary, with a much-improved representation of the peak water levels.
This suggests that the GTM replicates the tide flooding in from the west well, but not the easterly tide
propagating in from Bass Strait. Specifically, the amplitude of the easterly tide is under-represented by the
GTM. Speculatively, this may be associated with an inaccurate representation of the shoreface bathymetry and
complex topographic features along the north coast of Tasmania in the GTM.
Donaldson et al. (2012) also found that the National Tide Centre underestimated the tidal range in this area by
approximately 30 %. The east tide is probably the most important for this study as it directly affects the east
coast of Robbins Island and is responsible for hydrodynamic flow for most of Robbins Passage.
These findings also suggest that, while the Howie Island constituents are appropriate along the eastern
boundary of the model, the Kangaroo Island constituents are not appropriate along the western boundary. This
is probably because there is complex topography and bathymetry separating Kangaroo Island and the western
boundary of the model domain, whereas the tide has a free passage between the eastern boundary and Howie
Island.
Considering these findings, we applied the Howie Island derived constituents along the eastern and northern
boundaries and the GTM water level timeseries along the western boundary. This gave the best results at both
observation stations (mean bias of 0.1 m, R2 of > 0.9 and RMSE of approximately 0.23 m). However, it led to
an erroneous area of tidal currents in the far north-west corner of the domain, where the Howie Island-derived
tides and GTM-tides met. Because of the difference in amplitude between the two tidal curves, an artificial
surface water slope was created, producing an over-estimate of tidal current speeds in this area.
This effect was reduced by moderating the tidal amplitude difference between boundary points around the NW
corner of the domain, although this did not entirely remove the error. However, this area is shielded from the
study sites by Three Hummocks and Hunter Islands and does not affect results in Robbins Passage or the east
coast of Robbins Island.
Bed resistance and wind drag
Bed resistance is the drag effect of the seabed on the vertical velocity profile and is a function of the roughness
of the seabed. Bed resistance is defined in terms of Manning’s M in the flow model, which is related to the
Nikuradse (hydraulic) roughness, kn.
Wind drag describes the shear stress exerted on the water surface by moving air. It is described by a
dimensionless friction factor in the flow model. Both bed resistance and wind drag are commonly used as
calibration parameters as exact values are often unknown.
The model was run with a range of Manning’s M values between 30 and 42 (equivalent kn of between ~0.05
and 0.4 m) and wind friction factors between 0.0001 and 0.003. However, model results suggested very little
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sensitivity to bed resistance and wind drag variations, at least at the two observation sites over the calibration
period. This suggests that residual errors in water level variations are the result of deficiencies in boundary
tide forcing. As such, the model default parameters (M 32 and wind friction 0.001255) were used.

A2.2 WAVE AND HYDRODYNAMIC MODEL VALIDATION
The coupled wave-flow model was validated using an unseen portion of the observational record at Kangaroo
and Howie Islands, from January to February 2012. Figure 14 shows the validation results over this period.

Figure 14. Model validation results at Howie and Kangaroo Islands. Observation (5-min intervals) and modelled (15min intervals) water levels are shown in black and red, respectively.

Figure 14 shows the optimised model replicates the water level timeseries very well at both the east and west
entrances to Robbins Passage. There is a low mean residual bias of 0.04 m and average RMSE of 0.20 m. The
level of correlation is very strong (R2 > 0.90 at 95 % confidence interval).
The water level peaks at both sites are still slightly over-estimated (positive bias). This may be related to the
coarseness of the computational mesh using during calibration/validation through Robbins Passage (see
Figure 10). Indeed, it was found there was a high sensitivity to positioning of the observation sites in the model,
because of small scale flood-dry processes. When the observation locations were snapped to the closest tidallyactive node using a pre-processing script, results were considerably improved. It is expected that the more
highly resolved mesh through Robbins Passage, used for the model scenarios, will resolve this residual bias.

A2.3 SEDIMENT TRANSPORT MODEL VALIDATION
In the absence of observations, the model bed elevation change error bounds have been estimated based on
prior validation of the MIKE 21/3 by Mortlock et al. (2017), which was found to be approximately +/- 0.05 m.
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APPENDIX 3 Model Scenarios
A3.1 STORM, MODAL AND TIDE-ONLY MODEL RUNS
Two directional storm wave and wind scenarios were modelled; a 200-yr. Average Recurrence Interval (ARI)
synthetic storm event from the west (W), and a 200-yr. ARI storm event from the north-east (NE). These
scenarios were modelled both with and without the proposed causeway and landing facility in place.
NE and W storm wave and wind directions were selected to give the broadest range of exposure to the east
coast of Robbins Island and through Robbins Passage. Phase 1 identified that west to south-westerly conditions
constitute approximately 50 % of the directional wave climate and 60 % of the wind climate; and north-easterly
conditions represent approximately 40 % of both the wind and wave climate. This means 90 % (100 %) of the
directional wave (wind) climate range is captured in these two scenarios. The remainder of wave conditions (~
10 %) are rare, locally generated wind sea from the east-south-east.
The storm scenarios were also run without structures in place under 2050 and 2100 sea-level rise scenarios to
examine the potential impacts of sea-level rise during the proposed design life(s).
In addition, one month of modal (non-storm) wave, wind and tide conditions from the NE and W were
modelled without structures to examine the ambient flow and transport pathways through Robbins Passage
and on the east coast of the island.
This led to a total of 12 model runs as shown in Table 2.
Table 2. Model scenarios.

Wave, wind & tide scenario

Structures

Time horizon

1-month NE modal conditions

Without

Present-day

1-month W modal conditions

Without

Present-day

200-yr. ARI NE storm

Without

Present-day

200-yr. ARI W storm

Without

Present-day

200-yr. ARI NE storm

Causeway design 1 + landing facility

Present-day

200-yr. ARI W storm

Causeway design 1 + landing facility

Present-day

200-yr. ARI NE storm

Causeway design 2

Present-day

200-yr. ARI W storm

Causeway design 2

Present-day

200-yr. ARI NE storm

Without

2050

200-yr. ARI W storm

Without

2050

200-yr. ARI NE storm

Without

2100

200-yr. ARI W storm

Without

2100

Storm events, rather than modal (non-storm conditions) were modelled to test conditions with and without
structures because these are the conditions responsible for significant sediment movement in the low-energy
wave and wind regime on the east coast of Robbins Island and inside Robbins Passage.
In addition, the very small-scale bed elevation change that occurs outside high-energy storm events is within
the estimated error bounds of the model; therefore, our approach is to model the most extreme design cases
to return a reliable model signal to measure structure impacts.
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A3.2 SYNTHETIC STORM DESIGN
Average Recurrence Interval
The 200-yr. ARI was determined in Phase 1 to be an appropriate design level. For both the causeway and
landing facility, the assumed design life is 100 years. In the absence of information otherwise, a first-pass
acceptable risk of encounter is deemed at most 50 %. A 200-yr. ARI equates to a risk of encounter of approx.
39 % over the next 100 years, thus satisfying this condition.
Extreme value analysis (EVA) of the directional wave and wind climate in Phase 1 identified the following peakstorm parameters at the 200-yr. ARI level:
1.

A north-easterly storm: a 200-yr ARI wind speed and direction of 19.2 m/s and 45 °, significant
wave height of 5.1 m, peak spectral wave period of 8.6 s and mean wave direction of 45 °.

2. A westerly storm: a 200-yr ARI wind speed and direction of 21.9 m/s and 270 °, significant wave
height of 11.8 m, peak spectral wave period of 15.0 s and mean wave direction of 270 °.
These data were derived from EVA of the CAWCR wave hindcast (Durrant et al., 2014) and the Smithton
Aerodrome wind observational record. For more information on method, see Phase 1 report.
Synthetic wave and wind timeseries
Synthetic timeseries of hourly wave and wind parameters were generated for boundary forcing for the NE and
W storm scenarios. Each storm event lasted three days (72 hours), after Shand et al. (2011) indicated this was
the median storm duration for extra-tropical storms in Southeast Australia. In each case, this was preceded by
a 12-hour model warm-up period.
A typical asymmetric storm wave height shape was used for each event, where the peak storm wave height was
reached one-third of the way into the storm (i.e. after 24 hours), with a fat tail of 48 hours during which wave
conditions dissipate (Figure 15 A). The peak-storm wave height was defined by the ARI-level, as detailed above.
Each storm wave height timeseries began from the 90th percentile significant wave height, as determined from
an analysis of the relevant directional sector (NE = 1.94 m, W = 4.5 m) from the CAWCR wave hindcast (1979
– 2014, Durrant et al., 2014). This threshold is commonly used to define the start (and end) of storm wave
conditions, as it approximates the point at which the wave height distribution transitions from a non-storm
Rayleigh shape to an extreme value distribution (Mortlock and Goodwin, 2015). Intermediate values between
the start, peak and end of storm were found by linear interpolation. The same method was applied for wind
forcing.
Both the wave and wind directions were held constant through the storm events (45 ° for NE and 270 ° for W).
During a ‘real-life’ storm, the direction changes; for example, for a Southern Ocean low-pressure system
passing through Bass Strait, the storm wave and wind direction often rotates anti-clockwise from the west
through to the north-east as the storm migrates eastwards. However, static wave and wind directions were
used here to simplify the extreme event scenarios, and to elucidate the different impacts pertaining to storm
direction.
The storm wave period timeseries (Figure 15 B) were generated using the relationship of Goda (2010). Goda
(2010) states that for locations where wind-waves are the major component of extreme waves, storm period
may be related to the storm wave height by:

Tp = α ( H s )

β

(Eq. 1)

Where α and β are coefficients. The coefficients were optimised by Shand et al. (2011) to approximate Tp using
Hs at the storm peak for extreme wave events in NSW, where α = 6.5 and β = 0.33. It was found that these
coefficients provided a good approximation of storm wave periods for westerly events in our study area, as they
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are similarly of an open-ocean source. The coefficients were optimized for north-easterly events, which are
generated in a more fetch-limited environment, where α = 4.5 and β = 0.4 best matched the CAWCR data.

Figure 15. Synthetic wave and wind timeseries used for the NE and W storm scenarios, showing (A) wave height and
tide, and (B) wave period and wind speed. A 12-hr model warm up period precedes the 72-hr (3 day) storm event.

Tidal forcing
As shown in Figure 15 A, a spring tidal cycle was used to simulate strong tidal currents in conjunction with the
storm waves and winds. The spring tide peak (1.45 m AHD) was aligned to coincide with the peak storm wave
conditions (24 hrs. into the storm).
The Howie Island tidal constituents were used on the east and north boundaries, and the Global Tide Model
(GTM) tides on the west boundary, after the calibration procedure indicated this optimized modelled water
levels inside Robbins Passage.

A3.3 MODAL WAVE AND WIND SCENARIOS
Wave and wind timeseries
In addition to storm scenarios, modal (non-storm, or ambient) wave and wind conditions from the NE and W
were also modelled over a 1-month period, to estimate long-term sediment transport conditions outside
extreme wave and wind conditions.
The modal wave height and period, and wind speed, were kept constant during this period:
•

Hs 0.5 m, Tp 5.1 s, u10 9.1 m/s with wave and wind direction from 45 ° for NE modal scenario, and;

•

Hs 2.2 m, Tp 10.6 s, u10 9.1 m/s with wave and wind direction from 45 ° for NE modal scenario.
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Tidal forcing
During the modal wave and wind model runs, a 1-month tidal curve was used. This captures the full springneap cycle and uses the Howie Island constituents / GTM boundary tide mix as per the storm scenarios and
used in model validation.
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APPENDIX 4 Structure Designs
A4.1 CAUSEWAY
The preliminary causeway design comprises a rubble mound structure oriented broadly NNE/SSW, with a
100-m bridge opening approximately two-thirds of the way north (Figure 16). Three small box culverts are
included to allow vehicular access at low tide. The bridge is supported by four circular pillars approximately 2
m in diameter. The crest level of the structure is above the Highest Astronomical Tide (HAT) through the whole
cross-section. The width grades from approximately 15 m at the mainland and island attachment points to
approximately 47 m at the widest section at the bridge location.

Figure 16. Cross-section and plan view of preliminary design of the causeway structure in Robbins Passage (east of
Robbins Crossing). Source: GHD (2018).

A4.2 LANDING FACILITY
The preliminary landing facility design comprises a rubble mound structure with a wharf extending
approximately 460 m in a NE direction, with a width of 27 m and a crest elevation of 3.3 m AHD (). An E-W
oriented section comprising a potential breakwater (on the north side), berth pocket and RoRo ramp (on the
south side) extends E from the end of the wharf for approximately 160 m. The E-W oriented section also has a
crest elevation of 3.3 m AHD and width of approximately 56 m.
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Figure 17. Cross-section and plan view of preliminary design of the landing facility structure on the east coast of Robbins
Island (Second Bluff). Source: GHD (2018).

A4.3 MODEL IMPLEMENTATION
The causeway and landing facility structures were parameterised in the hydrodynamic model as a composite
of weirs, culverts and piers. The weir geometries was set as per Figure 16 and Figure 17.
The weirs were parameterised based on a standard weir expression, reduced according to the Villemonte
formula, where the discharge through the structure is related to the width and height of the structure (defined
by the crest elevation and invert level), a weir coefficient and exponential coefficient (DHI, 2018). The weir
coefficient and exponential values were left as per default in the model (1.838 m½/s and 1.5, respectively).
Three rectangular culverts of 3.6 by 3.6 m were inserted into the causeway structure. A Manning’s bed
resistance number along the culvert (for friction loss contribution) was set as the default 0.013 s/m1/3 value.
The structures were implemented in the wave model as a set of line structures using Goda’s formulae (Goda et
al., 1967; 1969) to describe the transmission coefficient (the intensity of a transmitted wave height relative to
an incident wave height), calculated based on the freeboard and the incoming significant wave height. Default
coefficients (α = 2.2 and β = 0.4) were used.
As shown in Figure 18, two causeway designs and one landing facility design were modelled. The first causeway
design consisted of a ~1,200-m rubble mound section on the south side, a 100-m bridge section, and a ~ 500m rubble mound section on the north side, as per design in Figure 16.
After analysing results of this first configuration, it was decided to model a second causeway design which
consisted of two 600-m bridge sections separated by a central 300-m rubble mound section and two ~ 150-m
attachment points on the mainland and Robbins Island (Figure 18 B).
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Figure 18. Structure designs as implemented in the model, showing (A) the first causeway design, (B) the second
causeway design and (C) the landing facility design.
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