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Executive summary
UPC Robbins Island Pty Ltd are proposing a wind energy project on Robbins Island off the
north‐west coast of Tasmania (the Robbins Island Renewable Energy Park). The transportation
of the workforce, construction equipment, and construction materials requires access
between Robbins Island and mainland Tasmania in the form of transport infrastructure across
Robbins Passage and a wharf on the east coast of the island for the ocean delivery of wind
turbine generator (WTG) components. GHD were engaged to undertake coastal processes
modelling for the two structures.
A characterisation of the available met‐ocean and coastal processes was undertaken by
Mortlock and Goodwin (2018a) along with preliminary modelling that encompassed Robbins
Passage and the eastern coast of Robbins Island (Mortlock and Goodwin 2018b). This
assessment evaluates the potential impacts on the local wave, hydrodynamics and morphology
of the five options for a structure across Robbins Passage and three options for the wharf on
the east coast of Robbins Island.
The following three options were evaluated for the wharf:


Option J1: A solid jetty and wharf that extends offshore ~460 m.



Option J2: As J1 but with a pile support jetty that connects to the solid offshore wharf.

 Option J3: As J1, but the structure is entirely piled with the exception of a 100 m concrete
ramp over the beach area connecting the wharf to the main arterial road.
The following five options were evaluated in this assessment for the structure across Robbins
Passage:
 Option C1: A causeway across Robbins Passage with a 100 m bridge span two‐thirds of the
distance from the Tasmanian mainland and three rectangular culverts.


Option C2: As option C1, but with two 200 m bridge span and no culverts.



Option C3: As option C2, but with two 100 m bridge spans.



Option C4: As option C1, but with one 800 m bridge span.

 Option C5: Single 1,290 m bridge span with concrete ramps approximately 100 m long at
both ends.
For the most part, a comparative impact assessment of a range of simulations of a variety of
industry‐standard models relative to baseline was utilised, because of the lack of
measurements of currents, waves and seabed properties to provide confidence in the absolute
magnitude of impact. Water level measurements in Robbins Passage were used to validate the
hydrodynamic model in this complex tidal dynamics environment. The impacts of each option
to the hydrodynamics (water levels, currents), waves and sediment transport were evaluated
relative to the baseline for the following three cases:


Ambient: A 1‐year simulation of 2012 that represents typical or ambient conditions.

 Two following 200‐year Average Recurrance Interval (ARI) design storms to primarily
sediment erosion and accretion of the shoreline and/or seabed:
– North‐easterly storm: Significant wave heights at the northern and eastern open
model boundaries of ~5 m and wind speeds of ~19 m/s from the north‐east.
– Westerly storm: Significant wave heights from the south‐west at the southern and
western open model boundaries of ~12 m and wind speeds of ~22 m/s from the west.
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The following impacts are predicted for the wharf on the east coast of Robbins Island:
 The three wharf options J1, J2 and J3 are predicted to have minimal impacts on water
levels within 1 km of the wharf location (~2‐5 cm) relative to the baseline for the two extreme
storm events. No material changes to water levels are predicted either option J1, J2 or J3
relative to the baseline for ambient conditions.
 Option J1 blocks the near‐shore currents with a concomitant increase from ~0.2 m/s
(baseline) to ~0.3 m/s around the offshore end of the wharf, which is not predicted with the
support pile options J2 or J3. Option J1 generates large‐scale circulation gyres of ~1 km and ~2
km for the westerly and north‐easterly extreme storm events, which are not simulated for the
baseline or options J2 or J3.
 A relatively minor amount of sand accretion (~20 m) is predicted on the south‐eastern side
of the option J1 proposed wharf due to the estimated baseline littoral drift of 50,000‐100,000
m3/year. A similar effect, though to a lesser degree, is predicted for option J3 for sea level rise
conditions only, whereby sand accretion of ~13 m is predicted on the south‐eastern side of the
solid beach ramp. The option J2 support pile jetty is predicted to cause no material
interruption to the littoral drift along the beach.
 Scour regions immediately adjacent to the solid portions of the wharf are predicted, and
need to be considered in its design and construction.
The following impacts are predicted for the structure across Robbins Passage:
 For all five structure options, the residual impacts relative to baseline of ambient water
levels are negligible as the bridge openings would allow for the propagation of the tidal wave.
 Tidal current speeds through the openings of the bridge(s) (and culverts) would increase
and decrease current speeds by ~0.1‐0.2 m/s in proximity to the bridge spans (and culverts)
and the solid causeway reaches, respectively. The culverts in the southern portion of the
causeway for option C1 do not allow sufficient flow to pass with a concomitant decrease in the
currents to the large southern tidal channel to the west of this option. Options C2 and C3 with
the southern bridge allows connectivity of tidal flows to the southern tidal channel to the west
of the causeway, and thereby have less impacts on the patterns of the baseline currents of
Robbins Passage. The large bridge that spans both the northern and southern tidal channels
has no material impacts relative to the baseline condition.
 The Robbins Passage morphology is primarily governed by ambient tidal dynamics more so
than periodic extreme storms. The main changes to the baseline seabed morphology are
predicted to occur beneath the bridges and immediately to the west as flood tides focus the
tidal prism volume into the primary southern and northern tidal channels to the west of the
proposed Robbins Passage bridge.
 In contrast, during ebb tides these two tidal channels merge into a single northern tidal
channel just to the east of the proposed Robbins Passage bridge. For options C1, C2 and C3,
current speeds through the bridge openings are predicted to be ~0.8 m/s during peak ambient
flood tides, substantially greater than the baseline of ~0.4 m/s.
 The predicted bed erosion is ~1 m at the bridge openings with most of the eroded
material deposited to the west of the proposed Robbins Passage bridge during flood tides. For
options C4 and C5, impacts to tidal flows and tidal flat morphology are predicted to be very
limited with only minor localised erosion and accretion near the intersections of the bridge
and ramp structures. Generally options C2 (two 200 m bridges), C3 (two 100 m bridges), C4
(one 800 m bridge) and C5 (one 1,290 m bridge) are preferable to option C1 (one 100 m bridge
and three 3.6 m x 3.6 culverts) because direct connectivity is maintained during flood tides
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with the distribution of tidally‐driven flows to both the northern and southern tidal channels
of western Robbins Passage.
 The maximum tidal flux (at flood tide) reduces from ~1,000 m3/s for the baseline to ~850
m3/s for option C1 (one 100 m bridge). Options C2 (two 200 m bridges) and C3 (two 100 m
bridges) have much smaller predicted reductions in the volumetric tidal discharge, and options
C4 (one 800 m bridge) and C5 (one 1,290 m bridge) are predicted to be the same as the
baseline condition.
This report is subject to, and must be read in conjunction with, the limitations, assumptions and
qualifications contained throughout the Report.
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1.

Introduction
1.1

Background

UPC Robbins Island Pty Ltd are proposing a wind energy project on Robbins Island off the
north‐west coast of Tasmania (the Robbins Island Renewable Energy Park). The transportation
of the workforce, construction equipment, and construction materials requires access
between Robbins Island and mainland Tasmania in the form of transport infrastructure across
Robbins Passage and a wharf on the east coast of the island for the ocean delivery of wind
turbine generator (WTG) components. The location of these structures is shown in Figure 1.
The available met‐ocean and coastal processes data has been evaluated by Mortlock and
Goodwin (2018a). Initial simulations of the coastal processes of study area were carried out by
Mortlock and Goodwin (2018b).

Figure 1 Locations of proposed structures (red) across Robbins
Passage and the wharf (reference: Australian Hydrographic
Office Chart AUS000790 Stokes Point to Circular Head)

1.2

Purpose of this report

The purpose of this report is to evaluate the potential impacts on the local wave climate,
hydrodynamics and sediment processes from the following proposed structures:


Causeway(s), culvert(s) and/or bridge(s) across Robbins Passage.



Wharf on Back Banks beach north of Little Bluff on the east coast of Robbins Island.

1.3

Assessment approach

An integrated numerical modelling approach is used here to evaluate the potential impacts on
coastal processes from the proposed Robbins Passage and wharf structures whereby:
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 Industry‐standard Danish Hydraulic Institute (DHI) numerical modelling software is applied
as follows:
– MIKE21 FM (flexible mesh) two‐dimensional (2D) hydrodynamic model to evaluate
potential changes to the water currents from the proposed structures.
– MIKE SW (spectral wave) model to evaluate potential changes to the wave climate
from the proposed structures.
– MIKE ST (sand transport) model to evaluate potential cumulative morphological
changes from the proposed Robbins Passage structure.
 DHI’s LITPACK and Deltares XBEACH is applied to predict the potential impacts that the
proposed wharf may have on beach profiles and sand transport during ambient and storm
conditions, respectively.
 As with Mortlock and Goodwin (2018b), MIKE21 FM was verified with Donaldson et al
(2012) water level measurements within and proximal to Robbins Passage. There are no local
observations of waves and sediment transport to verify the wave and sand transport models.
Further, there are no local measurements of water currents to further verify the
hydrodynamic model.
 This suite of models was used to evaluate the existing baseline condition relative to
several design options of the proposed structures.

1.4

Assumptions and limitations

1.4.1

Assumptions

General assumptions in this coastal processes impact assessment include:
 The adoption of industry‐standard model parameters is appropriate for the impact
assessment approach that is used here on the basis of comparisons between simulations of
the baseline (existing) condition and those for the various design options of the marine
structures.
 Water levels within and proximal to Robbins Passage are the only validation data available
(e.g. no proximal current or wave measurements). It is assumed that the predicted currents
and wave climate of the Robbins Passage region are reasonably well simulated with the suite
of model inputs and adoption of industry‐standard parameters.
 All simulated scenarios had identical initial bathymetry except for the inclusion of the
proposed structure options.
 The following modelling inputs and settings were based on Mortlock and Goodwin
(2018a,b):
– Sediment properties (Sections 3.4.4‐3.4.6).
– Wave directional spreading (Section 3.4.3).
– Synthetic 200 year Average Recurrence Interval (ARI) storm inputs for waves and
winds (Section 3.3.2).
– Other model settings in Appendix 2 of Mortlock and Goodwin (2018b).
– The synthetic storms were assumed to:
o Occur concurrently with a typical spring tide (worst case).
o Have a duration of 2 days for all scenarios.
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1.4.2

Limitations

Limitations of this assessment include:
 Given the lack of model input (e.g. sediment properties, geotechnical assessment) and
validation (morphological measurements, water current speeds and directions) data, this is a
comparative assessment of the potential relative impacts of the proposed structures on
coastal processes, rather than an absolute quantitative assessment of potential changes.
 The tidal boundary conditions were a mix of estimates from a harmonic analysis of water
level observations and global tidal model output. The global tidal models evaluated here
generally under‐predicted water level variations along the northern and eastern boundaries.
This issue was identified by Mortlock and Goodwin (2018a,b), which was resolved by the
harmonic analysis approach, which has been adopted in this assessment.
 The effects of infra‐gravity (IG) waves in conjunction with the presence of shore‐parallel
sand bars was discussed in Mortlock and Goodwin (2018a,b). This process was not evaluated
here because of the lack of data.


1.5

The sand transport model was not verified due to a lack of measurements.

Disclaimer

This report: has been prepared by GHD for UPC Robbins Island Pty Ltd and may only be used and relied on by UPC
Robbins Island Pty Ltd for the purpose agreed between GHD and the UPC Robbins Island Pty Ltd as set out
throughout this report.
GHD otherwise disclaims responsibility to any person other than UPC Robbins Island Pty Ltd arising in connection
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in
the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions encountered and
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this
report to account for events or changes occurring subsequent to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD
described in this report. GHD disclaims liability arising from any of the assumptions being incorrect.
GHD has prepared this report on the basis of information provided by UPC Robbins Island Pty Ltd and others who
provided information to GHD (including Government authorities), which GHD has not independently verified or
checked beyond the agreed scope of work. GHD does not accept liability in connection with such unverified
information, including errors and omissions in the report which were caused by errors or omissions in that
information.
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2.

Overview of recent literature and
available data
A brief overview of the coastal processes of Robbins Island and its proximal surrounds by
Mortlock and Goodwin (2018a) is provided in this section.

2.1

Study area

2.1.1

Project site

The proposed Renewable Energy Park on Robbins Island would be located off the north‐
western Tasmanian coast. Robbins Island (40.7°S, 144.9°E) is separated from mainland
Tasmania by Robbins Passage. The study area has a complex coastline with numerous inlets,
offshore islands, a network of tidal channels, intertidal and shallow subtidal flats, and
interspersed seagrass beds (Figure 2).
Robbins Passage has an area of ~60 km2 with the eastern and western portions separated by a
low tide exposed flood ramp at Robbins Crossing. This ramp is the location of the proposed
structure. Swell‐sheltered and tide‐dominated Boullanger Bay forms the western entrance to
Robbins Passage with an area of ~160 km2, which is comprised of a vast intertidal sand and
seagrass flats with extensive subtidal seagrasses that are dissected by a complex network of
tidal channels. The eastern portion of Robbins Passage and Robbins Island are exposed to wind
and waves from the northeast.

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 4

314,000

315,000

5,502,000

2

316,000

317,000

318,000

319,000

320,000

321,000

322,000

323,000

324,000

325,000

326,000

327,000

328,000

329,000

330,000

331,000

332,000

333,000

66

5,501,000

64

335,000

336,000

337,000

338,000

339,000

1:30,000

68

9

334,000

5,502,000

313,000

5,501,000

312,000

120

69

39

31

Boullanger
Bay

20

5,495,000

10

5,494,000

7

12

5,493,000

79

65

11

47

70
19

80

24

5,492,000

27

SS1

4

14

5,491,000

6
2

66

5,490,000

9
64

5
8

5,489,000

22

16

68
69

86

36
34

92

82

29

35

5,499,000
5,498,000

Big Bluff
61

62
57

63

59

55

Cape Elie
Reids Point

51

84

30

Guyton Point

58

53

54

81

Little Bluff

121

56

52

50

83

Sbs

25

100

60

114
107

122

118

112

104

97

85

78

28

90

98

119

116

Sbs
108

93
87

77

113
102

120

115

109

99

88

40

33
74

3

42

117

110

101

89

118

111

103

91

44

21
26

67

Sbs

75

17
1

45

76

23

105

95

41

73

106

96

38

72

18

Five Islets

94

37

Back
Banks

5,497,000

1:30,000

49

5,496,000

48

32

5,494,000

Knot Point

121

43

5,493,000

5,498,000

Wdb

5,492,000

15

Wdb

119

5,490,000

Wdp

Ransonnet Bay

Mosquito
Inlet

5,495,000

Bird Point

MAS

5,491,000

13

5,496,000

46

71

13
15

5,486,000

5,487,000

5,487,000

5,488,000

Robbins
Passage

312,000

313,000

1:70,000
0

0.5

1

314,000

@ A3
1.5

2

Kilometres
Map Projection: Transverse Mercator
Horizontal Datum: GDA 1994
Grid: GDA 1994 MGA Zone 55

315,000

316,000

317,000

318,000

319,000

320,000

321,000

322,000

323,000

324,000

325,000

326,000

327,000

328,000

The Project Site

2 x 220kV underground cable (indicative)

Area available for irrigation

Met mast

Bridge alignment

Maintenance and service facility storage area (MASfs)

WTG layout

Robbins Island Road upgrade
Arterial road
Spur road

1 x 220kV underground cable (indicative)

4 x 220kV underground cable (indicative)
Wharf

Wharf access

Siltstone quarry zone (SS1)
WTG exclusion zone

Maintenance and service facility (MAS)
Substation (Sbs)

Wash down bay (Wdb)

Wash down pad (Wdp)

Wastewater treatment facility (Wwf)

G:\32\1855801\GIS\Maps\Deliverables\DPEMP\32_1855801_02-03_OperationalSitePlan_RevH.mxd

© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.
Data source: ESRI - Background Imagery. UPC Renewables - Boundary, inset imagery, turbine layout, roads, underground cables, infrastructure. The List - Land boundary, access road. GHD - Environmental constraints, infrastructure locations, roads, bridge, quarry locations, wharf. Created by:tdcoates

329,000

330,000

331,000

332,000

333,000

334,000

335,000

336,000

UPC Robbins Island Pty Ltd
Robbins Island Renewable Energy Park

Project site and proposed
development
2 Salamanca Square, Hobart Tasmania 7000 Australia

T 61 3 6210 0600

337,000

338,000

Job Number
Revision
Date

339,000

32-1855801
H
07 Dec 2020

Figure 2

E hbamail@ghd.com

5,486,000

5,497,000

122

5,489,000

5,499,000

8

5,500,000

MASfs

Wwf

5,488,000

5,500,000

5

W www.ghd.com

2.1.2

Habitats

Mount et al (2010) classified the intertidal and subtidal habitats of Boullanger Bay and Robbins
Passage as:


Intertidal (total of ~108 km2) comprised of:
– Intertidal seagrass of 61 km2 (56%).
– Intertidal flat non‐vegetated with greater tidal, fluvial, wave and wind energy that
consists mostly of sand and outcropping peat platforms with a few mud flats in the
more sheltered estuaries and bays with an area of 46 km2 (43%).
– Outcropping rock of ~1 km2 (1%).



Subtidal (total of ~105 km2) comprised of:
– Subtidal seagrass of 60 km2 (57%).
– Subtidal sand of 43 km2 (40%).
– Outcropping rock (reef) of ~2 km2 (2%).

2.2

Data sources

Table 1 is a summary of the data sets used in this assessment.
Table 1 Data sources used in this assessment.
Data

PDA Survey

ARC
Discovery
LiDAR

Climate
Future
LiDAR

DHI CMAP

Tidal
records

CFSv2winds

BoM wind
records

Description
A single-beach echo-sounder survey of the
nearshore area of the proposed wharf location
in Ransonnet Bay in July 2018 by PDA
Surveyors that was comprised of lines offset by
~50 m extending from the back of the subaerial beach 50 -9.7 m AHD, approximately
1,900 m offshore.
1 m resolution ARC Discovery LiDAR flown by
Airborne Research in 2016 (Goodwin et al In
Prep) to -15 m AHD (68% confidence vertical
accuracy of ±0.15 m) covering Robbins
Passage, and the nearshore regions around
both Robbins Island and Walker Island. This
captured all of the inter- and sub-tidal
morphology in Robbins Passage and supra-,
inter- and sub-tidal around Robbins Island and
Walker Island.
5 m resolution Climate Future LiDAR flown in
2008 to -10 m AHD (68% confidence vertical
accuracy of ±0.25 m) covering most of
Tasmanian mainland nearshore from Clump
Island to Rocky Cape
Depth soundings in Chart Datum (CD) from
DHI’s C-Map that are primarily from Australian
Hydrographic Office nautical chart AUS 790
(Stokes Point to Rocky Cape).
Water level measurements in Robbins Passage
and Boullanger Bay by Donaldson et al (2012),
locations: Howie Island (328821 E, 5488136
N), Kangaroo Island (318580 E, 5492736 N)
and welcome inlet (321250 E, 5490914 N).
Global climate model outputs operated by
NOAA, available from 2011 onwards (hourly,
0.2 degree resolution)
Available at :WILSONS PROMONTORY
LIGHTHOUSE (-39.1297oN, 146.4244oE),
KING ISLAND AIRPORT (-39.8801 oN,
143.8829 oE), FLINDERS ISLAND AIRPORT (-

Datum

GHD comments

LAT (m)

Survey contours
near the proposed
wharf, used for
model bathymetry
(priority 1)

AHD (m)

Topography data
adopted to build
model bathymetry
(priority 2).

AHD (m)

Topography data
adopted to build
model bathymetry
(priority 3).

Chart Datum
(-2.06 AHD

DHI hydro survey
data to fill the
bathymetry gaps
(priority 4)
For the purpose of
model verification
and tidal boundary
inputs
Model wind inputs

Desktop review and
wind verification
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Data

2.3

Description
40.0911 oN, 148.0024 oE) and WYNYARD
AIRPORT(-40.9964 oN, 145.7311 oE)

Datum

GHD comments

Datum

The horizontal projection system in this study is GDA 94/MGA 55.
Australian Height Datum (AHD) is approximately equivalent to Mean Sea Level (MSL) (see
Table 2). All model bathymetry data was converted to the MSL vertical datum.

2.4

Tides

2.4.1

Tidal characteristics

Diurnal tides occur in north‐west Tasmania with substantial variations in their range and timing
due to the interaction between the offshore approaching tidal wave and the regionally
complex bathymetry (Donaldson et al. 2012). Tasmania’s tides initially arrive from the east and
meet towards the western end of the north coast ~5 hours later.
A conceptual model of the tidal currents over the assessment area by Mortlock and Goodwin
(2018a) is reproduced in Figure 3, which shows that:
 The tidal wave from the east (referred to as Tide 1) bifurcates on the eastern coasts of
Robbins Island with the:
– Southern portion propagating to Robbins Crossing.
– The northern portion propagates up the eastern side of Robbins Island, around the
northern tip of Walker Island and down the western side of Robbins Island to enter
wester Robbins Passage as a lagged tidal wave.
The two tidal fronts meet around Robbins Crossing, which effectively makes this a tidal
null point.
 The second tidal wave floods in from the west into Boullanger Bay and also affects the
west coast of Robbins Island (referred to as Tide 2), which is delayed by several hours. Hence,
flood Tide 2 combines with ebb Tide 1 to increase the tidal flow northward up the west coast
of Robbins Island and around the northern tip of Walker Island, and also delays the ebbing of
water out of Boullanger Bay.
Donaldson et al (2012) measured large water level variations across three sites in/near
Robbins Passage that included from east to west Howie Island, Kangaroo Island and Welcome
Inlet. These measurements between November/December 2011 to May 2012 are summarised
in Table 2. Generally, there was a decrease in the tidal range from 3.2 m at Howie Island (west
Robbins Passage) to 2.4 m at Welcome Inlet (east Robbins Passage), which is consistent with
the conceptual model in Figure 3. Donaldson et al (2012) also found:
 Asymmetric tides occur at all three sites with shorter flood than ebb times because
shallow waters slow the speed of the receding tidal wave trough.
 High tide times are nearly coincident at Welcome Inlet and Kangaroo Island, which are ~20
minutes after Howie Island, which suggests Boullanger Bay has a broadly south‐south‐easterly
propagating tidal front.
 Low tide is generally concurrent at Howie Island and Kangaroo Island, but ~40 minutes
later at Welcome Inlet, which may indicate more rapid draining of the main channels than the
upper inlets.
 The National Tide Centre’s model underestimates the tidal range of Boullanger Bay by
~30% likely because higher‐order shallow water harmonics amplify the tidal wave in this area.
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Ebb Tide from East
joined by Flood Tide
from West

Flood Tide
from East
Flood Tide
from West

Robins
Crossing

Figure 3 Reproduction of Mortlock and Goodwin’s (2018a) conceptual
model of tidal flows with Donaldson et al (2012) water level
measurement sites demarcated as pink crosses.
2.4.2

Tidal levels

Tidal planes in Table 2 were extrapolated from ~5 months of observations by Donaldson et al
(2012). HAT levels and thereby the tidal range increase from west to east:


1.19 m above AHD at Welcome Inlet.



1.28 m above AHD at Kangaroo Island.



1.52 m above AHD at Howie Island.



1.64 m above AHD at Burnie ~90 km to the east.

Table 2 Donaldson et al (2012) tidal levels.
Tidal Range
HAT

Burnie

Howie Island

Kangaroo
Island

Welcome Inlet

1.66

1.52

1.28

1.19

ISHW

1.45

1.17

1.06

MHWS

1.38

1.15

1.05

MHWS

1.19

0.93

0.87

MHWN

1.02

0.72

0.72

0.01

-0.02

0.00

-0.82

-0.60

-0.60

MSL
MLWN

-0.01
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Howie Island

Kangaroo
Island

Welcome Inlet

MLWN

-1.10

-0.91

-0.81

MLWS

-1.41

-1.05

-1.05

Tidal Range

Burnie

ISLW

-1.43

-1.21

-1.06

LAT

-1.90

-1.63

-1.35

-1.24

Tidal range

3.56

3.15

2.63

2.42

2.5

Extreme sea levels

An assessment of the July 1984 to February 2018 (33.5 years) tidal gauge measurements at
Burnie by Mortlock and Goodwin (2018a) found:
 A 6.4 cm gross sea level rise (average 1.9 mm/yr) inclusive of land subsidence/uplift, which
is consistent with the 1920‐2000 Australian (Church et al 2006) and 20th century global
average (Church and White 2006) averages of 1.2 and 1.7 mm/yr, respectively.
 The three highest water levels at Burnie since 1952 occurred on June 2009, May 2016 and
October 2007 with values of 0.37, 0.36 and 0.30 m above HAT, respectively (2.01, 2.00 and
1.94 m above AHD, respectively).
 The three largest surge residuals (differences between the measured water level and
predicted tide) at Burnie occurred on 25 August 2009 12:00, 26 May 1994 7:00 and 12 July
2016 2:00 with values of 0.71, 0.70 and 0.68 m, respectively, during wind directions of 241,
250 and 329 degrees, respectively. All of these largest surge residuals were produced by
westerly to north‐westerly winds through Bass Strait.
 Though Burnie may be exposed to both westerly and easterly surge events, Robbins
Passage and the eastern coast of Robbins Island are more vulnerable to the less common
easterly surge events due to wind and wave sheltering from the west. The three largest surge
residuals at Burnie from the east occurred on 26 August 2009 0:00, 21 November 1992 5:00
and 11 September 1996 12:00 with values of 0.69, 0.58 and 0.58 m, respectively, for wind
directions of 127, 28 and 15 degrees, respectively.
 The statistically derived 200 year ARI estimate from the 1992‐2018 hourly measurements
for extreme sea levels (2.10‐2.13 m AHD) compares well with Haigh et al (2014) hydrodynamic
modelling estimates at Burnie (~2.1 m AHD, 1.9‐2.3 m 95% confidence interval).
 ARI estimates for extreme sea level events from the east at Burnie are summarised in
Table 3.
Table 3 ARI estimates for extreme sea level event from the east at
Burnie (Mortlock and Goodwin 2018a).
ARI
50
100
200
500

2.6

Barometric
Pressure Surge (m)
0.37
0.38
0.39
0.40

Wind Set Up
Surge (m)
0.53
0.56
0.58
0.61

Total Surge (m)
0.73
0.76
0.79
0.82

Tide Plus Surge
(m)
2.03
2.06
2.10
2.15

Sea level rise

McInnes et al (2016) undertook a sea level rise (SLR) and allowances study for Tasmania on the
basis of the Intergovernmental Panel on Climate Change (IPCC) AR5 report with a summary of
their projections for Circular Head in Table 4 for the four Representative Concentration
Pathways (RCPs) that define a specific emissions (i.e. CO2) trajectory. RCP2.6 assumes global
greenhouse emissions peak during 2010‐2020 and reduce substantially thereafter, whereas
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RCP8.5 assumes business‐as‐usual with no emissions reduction. RCP8.5 was adopted in this
study as a maximum credible SLR projection during the design life of the proposed facilities
(operate until year 2100).
Table 4 Projected SLR with mean, 5th to 95th percentile ranges and
allowances (A) for the four IPCC RCP scenarios.
Scenario
RCP2.6
RCP4.5
RCP6.0
RCP8.5

2100

2050
Mean

Range

Allowance

Mean

Range

Allowance

0.17
0.18
0.17
0.21

0.11-0.23
0.13-0.24
0.11-0.24
0.14-0.28

0.18
0.19
0.18
0.22

0.40
0.48
0.51
0.68

0.23-0.57
0.31-0.67
0.32-0.70
0.46-0.94

0.47
0.57
0.60
0.84

2.7

Winds

2.7.1

Ambient winds

The study area experiences a predominately south‐westerly wind climate year‐round with
secondary directions from the east and north. Mortlock and Goodwin (2018a) note the
following:
 O’Grady and McInnes (2010) found that winds from the NCEP Climate Forecast System
Reanalysis v.2 (CFSv2) that served as inputs into CSIRO’s CACWR (Centre for Australian
Weather and Climate Research) wave model, generally underestimate peak wind speeds in
Bass Strait, and more so for easterly wind events.
 This is likely due to easterly wind (and wave) events that are driven by meso‐scale low‐
pressure systems, which due to their size may not be tracked and resolved well by the model
in contrast to westerly wind (and wave) events that are derived from larger scale systems.
2.7.2

Extreme winds

The ARI wind speeds that were derived by Mortlock and Goodwin (2018a) for the three
dominant directional sectors (easterly at 30‐150°, south‐westerly at 150‐320°, and northerly at
320‐30°) are reproduced in Table 5, which are utilised for the storm analyses of this
assessment.
Table 5 ARI estimates for winds (at 10 m/s above water surface)
derived from 19.3 years of Smithton measurements
(Mortlock and Goodwin 2018a).
ARI
50
100
200
500

2.7.3

All
21.0
21.4
21.8
22.3

East (°)
19.1
19.3
19.5
19.8

South-West (°)
21.1
21.5
21.9
22.5

North (°)
18.8
19.0
19.2
19.5

Climate change effects on winds

As projected by CSIRO (2015), the wind climate in Tasmania may experience a pattern of
increased winter wind speeds. However, due to uncertainties in projections, wind variations
from climate change were not considered in this assessment.
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2.8

Barometric pressure

Mortlock and Goodwin (2018a) applied a linear regression between barometric pressure and
extreme wind speeds to estimate atmospheric pressure for the ARI winds in Table 5 of Section
2.7.2, which are presented in Table 6.
Table 6 ARI wind estimates from Table 5 with corresponding
estimates of barometric sea surface pressure (hPa in
parentheses) (Mortlock and Goodwin 2018a).
ARI
50
100
200
500

All
21.0 (956)
21.4 (955)
21.8 (954)
22.3 (953)

East (°)
19.1 (960)
19.3 (959)
19.5 (959)
19.8 (958)

2.9

Waves

2.9.1

Ambient wave climate

South-West (°)
21.1 (956)
21.5 (955)
21.9 (954)
22.5 (953)

North (°)
18.8 (961)
19.0 (960)
19.2 (960)
19.5 (959)

Similar to winds, the mean offshore wave directions are from the south‐west. Because of the
study area’s complex nearshore bathymetry, the local wave climate is highly refracted and
shoaled. Mortlock and Goodwin (2018a) also note the following:
 CSIRO’s CACWR wave hindcast model output (Durant et al 2014) compared reasonably
well to the CSIRO short‐term wave buoy deployment at Cape Grim between March 1991‐April
1992 (~1.1 year) (Reid and Fandry 1994).
 Though a short‐term measurement record, the reasonably good comparisons of significant
wave heights and wave periods provide confidence that CACWR1 simulations are reasonably
accurate along the western boundary of the study area.
The ambient wave climate was extracted from a Wave Watch III (WWIII) simulation to
represent the wave climate. The offshore wave climate near Robbins Island is summarised in
Table 7.
Table 7 Offshore wave climate from WW3 data set on the northeastern
model boundary
Hs (m)

Wave direction (ON)
0-45

45-90

90-135

135-180

180-225

225-270

270-315

315-360

Total

0-1

0%

0%

0%

0%

7%

37%

0%

0%

45%

1-2

0%

0%

0%

0%

7%

41%

1%

0%

49%

2-3

0%

0%

0%

0%

0%

4%

0%

0%

6%

3-4

0%

0%

0%

0%

0%

0%

0%

0%

0%

Total

0%

1%

0%

0%

15%

82%

1%

0%

100%

2.9.2

Extreme waves

Mortlock and Goodwin (2018a) identified the following extreme wave conditions with the
potential to affect the assessment area:


1

High energy south‐westerly to westerly swell waves propagating into western Bass Strait.

Note that CACWR utilises WaveWatchIII, which is used here for wave inputs at the boundary.
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 Mixed sea‐swell waves from the north‐west propagating into western and northern Bass
Strait.
 Predominately seas from the northeast to east‐north‐east from Bass Strait together with
north‐east swell propagating from the Tasman Sea.
The ARI of wave heights and periods from Mortlock and Goodwin (2018a) for these three
conditions are reproduced in Table 5, which are utilised in this assessment for storm analyses.
Table 8 ARI estimates for wave significant heights (HS, m) and peak
wave periods (TP, s) in parentheses from CAWCR wave
hincast model over the period of 1979-2014 (Mortlock and
Goodwin 2018a).
ARI
50
100
200
500

2.9.3

South-West to West
11.4 (14.7)
11.6 (14.8)
11.8 (15.0)
12.2 (15.2)

North-West
7.8 (11.3)
8.0 (11.4)
8.3 (11.7)
8.6 (11.9)

North-East to East-North-East
4.9 (8.5)
5.0 (8.6)
5.1 (8.6)
5.2 (8.7)

Climate change effects on waves

There is too much uncertainty to incorporate changes to the waves from climate change into
this assessment.

2.10

Conceptual Sediment Transport Pathways

Mortlock and Goodwin (2018a) developed a conceptual sediment transport model around
Robbins Island that is reproduced in Figure 4, which includes:


Five open coastal sediment compartments around Robbins Island.

 The predominant sand supply sources are along the continental shelf along north‐west
Tasmania and the shallower continental shelf of western Bass Strait.
 Bathymetry and aerial images along the Ransonnet Bay coast from Walker Island to Cape
Elie (easternmost point of Robbins Island) indicate insignificant sand transport from southeast
to north‐west.
 Given the low wave heights and low wave periods, littoral sand exchange between coastal
compartments is likely restricted to <5 m water depth. Eastward bypassing of Guyton Point
between compartments 3 and 4 likely occurs under the frequent periods of swell from the
north‐west and winds from the west‐north‐west.
 In Robbins Passage, the thin layer of sand over the underlying peat and bedrock is most
likely supplied from Perkins Bay by the net westward tidal currents. This is supported by a
19 year time series (1990 to 2009) of Landsat imagery of the Robbins Passage area that shows
a migration of meanders and sand banks in western Robbins Passage channel in a north‐west
direction into Boullanger Bay (Mount et al 2010). This conforms to the geomorphological
evolution of an ebb‐tidal delta in Boullanger Bay and a flood delta in the eastern entrance of
Robbins Passage.
 Seagrass influence on the geomorphology of the Robbins Passage and Boullanger Bay area
is primarily through sediment trapping. Landsat imagery analysis by Mount et al (2010)
indicated that sand bands and tidal channels migrated, though large subtidal seagrass beds
were stable.
 Shoreline trends in the Circular Head region from the 1950s to present through historical
aerial photography analysis by Prahalad (2014) indicate that:

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 12

– Over 75% of the saltmarsh shoreline eroded with the highest rates of retreat in
Perkins Passage (up to 70 m over the study period).
– Erosion rate estimates were 12‐30 cm/year and 0‐18 cm/year for saltmarsh and non‐
saltmarsh shorelines, respectively, with greater rates from 1968 onwards.
– Mount et al (2010) and Prahalad (2014) suggest the erosive shoreline state is due to
low historical sedimentation and relative exposure to wind‐waves, and the recent sea
level rise trend.

1

2

3
4

5

Figure 4 Reproduction of Mortlock and Goodwin’s (2018a) conceptual
model of sediment transport pathways around the Robbins
Island area with five coastal sediment compartments (black
lines and numbered). Red arrows show sediment pathways
by tides, winds and waves from the west, whereas blue
arrows are pathways propagated by tides, winds and/or
waves from the east.
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3.

Methodology and model inputs
3.1

Modelling strategy

A numerical modelling approach was adopted to evaluate the residual impacts from the
proposed structures on the waves, currents, sediment transport and coastal morphology. Two
modelling approaches were used to evaluate the differing primary sediment transport
mechanisms on the tidal flats of Robbins Passage (tide dominant) and eastern sandy beaches
of Robbins Island (wave dominant).
3.1.1

Impact assessment of structure options across Robbins
Passage

Robbins Passage experiences regular tidal flushing of the tidal channels and periodic flooding
and submergence of the tidal flats. Sand (sediment) resuspension and deposition in this
environment also depends on the presence or absence of seagrass. In short, the bed
morphology of Robbins Passage is determined by a number of factors, such as tidal dynamics
(currents and water levels), local wave climate (primarily from winds), complex bathymetry of
flats and channels and presence/absence of seagrass (effects on currents and sediment
dynamics). The following numerical models were used to evaluate potential impacts (effects)
on coastal processes from the proposed structure across Robbins Passage:
 DHI’s MIKE Two‐Dimensional (2D) Flexible Mesh (FM) Hydrodynamic (HD) model simulates
water levels and currents. The model simulates the 2D hydrodynamics from tides, winds,
Coriolis forcing, air pressure variations, inflows and wave radiation stresses. The unstructured
FM allows maximum flexibility for tailoring grid resolution in the model domain to incorporate
complex proposed structures and tidal channels.
 Wave modelling with DHI’s MIKE FM Spectral Wave (SW) model simulates the growth,
transformation and decay of wind‐generated waves and swells in offshore and coastal waters.
 Sand transport modelling with DHI’s MIKE Sand Transport (ST) model simulates transport
of non‐cohesive material (sand) from both waves and currents outside the surf zone.
The overall modelling framework is conceptualised in Figure 5.
Tide level inputs at
offshore boundary

Inputs

Modelling
Tools

Outputs/
Analysis

CFS winds

WW III wave
boundary

Sediment grain size, seabed
property

MIKE Hydrodynamic Model
MIKE SW Model

MIKE ST Model

Hydrodynamics, Wave climate, Sediment transport, Morphology

Figure 5 Modelling framework for impact assessment of proposed
structure across Robbins Passage.
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Establishment of the model included:


Preparation of the open boundary inputs files for the tidal water levels (DHI Global
Tidal Model and tidal constituents from local water level measurements) and waves
(WW III), and the wind and atmospheric pressure inputs over the surface (from CFSv2
data).



Preparation of a spatial input file of the seabed layer properties including the
non‐erodible layer, and bottom friction for tidal flats and seagrass beds.



Coupling the hydrodynamic and wave models to simulate the wave climate of the
assessment area with a relatively coarse grid resolution (minimum ~100 m resolution).



Coupled hydrodynamic and sand transport models (utilise wave simulation output
from coarse grid resolution) to simulate the changes to hydrodynamics (water levels
and currents) and morphology (erosion and accretion) with a finer grid resolution
(minimum ~30 m resolution) in the vicinity of the proposed structure across Robbins
Passage.

Wave modelling at the finer grid resolution requires substantially longer run times that do not
provide much improvement in the predicted wave climate.
3.1.2

Impact assessment of wharf on Back Banks beach

Long term shoreline evolution
Beach formation along the eastern coast of Robbins Island is mainly controlled by longshore
and cross‐shore sand transport dynamics that are driven by the combination of nearshore
waves and tides. Littoral drift and wave driven longshore non‐cohesive sediment transport
likely play major roles in the shoreline’s evolution and stability. Placement of cross‐shore
structures (e.g. groynes and jetties) may interrupt the nearshore longshore transport pathways
with resultant accretion upstream and erosion on the lee. These potential impacts cannot be
characterised with MIKE ST, which only simulates sand transport beyond the surf zone.
DHI’s LITPACK is used to simulate the longshore transport of the existing baseline conditions
and several wharf options. LITPACK is an integrated modelling system that simulates non‐
cohesive transport along quasi‐stationary coastlines with an n‐line approach. It is an effective
tool to evaluate long‐term impacts of coastal structures on littoral drift and shoreline
evolution.
The long‐term shoreline response to the proposed wharf on Back Banks beach was predicted
as follows:


The nearshore waves, water levels and currents in the locale of the proposed wharf
were extracted from the coupled hydrodynamic (HD) and spectral wave (SW)
simulation at a relatively coarse resolution grid (~100 m, Section 3.1.1) as inputs to
LITPACK.



The longshore sediment transport from oblique incoming waves was predicted with
LITPACK.



The shoreline evolution of the modelling scenarios was estimated with LITPACK’s
Littoral Processes FM module.

Storm erosion
Storm‐induced erosion near the landing structure was simulated with Deltares’ XBEACH model.
XBEACH is a 2D numerical model that simulates hydrodynamic and morphological changes
from storms on sandy coasts. The model accounts for short and long wave transformations,
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wave setup, and unsteady currents in the swash zone (e.g. rip current, over‐washing on
beach). It is a proven tool to evaluate sediment transport and beach erosion during storm
events.

3.2

Model implementation

3.2.1

Model grids

MIKE HD and SW meshes
Two meshes were used, namely:
 A relatively coarse mesh was used for model verification of water levels and to carry out
wave simulations. The unstructured mesh reasonably resolves the complex shorelines and
network of tidal channels in the tidal flats. The grid resolution of the coarse mesh ranged from
~5 km offshore to ~100 m near the proposed structures (Figure 6). As shown later, this
adequately resolves tides (water levels, currents) and waves (patterns of refraction and
diffusion).
 A finer mesh in the immediate region of the proposed structures to ~30 m was used to
predict the impacts on the hydrodynamics, sand transport and seabed morphology at the
assessment locales within Robbins Passage and Back Banks beach (Figure 6).
The model domain is bounded by a rectangular box between 114‐145.5 oE and 40.8‐40.3 oS,
which has an area of ~300 km2 around Robbins Island. The offshore boundaries are ~45 km
from the assessment area, which provides sufficient fetch for the growth of wind waves. The
water depth is <60 m over most of the model domain except at the southwestern corner open
boundary.
LITPACK mesh
The LITPACK model domain extends ~4 km along the shoreline (~20 m alongshore spatial
resolution) to the ~10 m depth contour at ~2.5 km offshore (5 m cross‐shore resolution) as
shown Figure 6. The alongshore spatial resolution was larger than any probable spatial extent
of shoreline impacts from the proposed wharf. LITPACK uses a quadrangular mesh to evaluate
the long‐term shoreline response to the ambient wave climate. The LITPACK spatial resolution
was deliberately smaller in the cross‐shore (~5 m) than alongshore (~20 m) directions to allow
finer resolution of predicted changes to the beach profile.
XBEACH mesh
The Deltares XBEACH model simulates waves and hydrodynamics with a finite difference
method that requires a curvilinear mesh to maintain high order accuracy. The mesh was
generated with the Delft 3D grid editing toolbox with a built‐in functionality to orthogonalise
the mesh (Figure 6). The grid resolution is ~15 m in both the alongshore and cross‐shore
directions.
3.2.2

Proposed structures

Design Criteria
Mortlock and Goodwin (2018a) followed Harper’s (2007) recommended engineering impact
assessment procedure for coastal structures. The design life of the Robbins Passage bridge and
wharf were estimated as 100 and 10 years, respectively, with occurrence probabilities during
the design life of 50% and 5%, respectively. These design life and occurrence probabilities yield
average recurrence intervals (ARI) of 144 years and 195 years for the Robbins Passage bridge
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and wharf, respectively. Hence, the design ARIs for both proposed structures were set to 200
years by Mortlock and Goodwin (2018a), which is adopted in this assessment.
Wharf
The proposed wharf would be located on the eastern side of Robbins Island at Back Banks
beach, where large WTG components would be offloaded (Figure 7). The preliminary design
options assessed in this study are:
 Option J1: Solid jetty and wharf (Figure 7) extending ~460 m offshore with a width of
~27 m.
 Option J2: As J1, but with a piled support jetty that connects the shoreline to the solid
offshore wharf (Figure 7).
 Option J3: As J1, but the structure is entirely piled with the exception of a 100 m concrete
ramp over the beach area connecting the wharf to the main arterial road (Figure 7).
Robbins Passage bridge
The proposed structure between Robbins Island and the mainland of Tasmania would traverse
across the tidal flats and tidal channels of Robbins Passage.
Five design options were evaluated to ascertain if predicted impacts to tidal dynamics across
Robbins Passage were acceptable (Figure 7). Bridge piers are secondary factors in regards tidal
flow and sediment transport (erosion and accretion) effects and therefore were not
considered.
The five proposed bridge and/or Robbins Passage bridge options evaluated in this assessment
are:
 Option C1: A causeway comprised of a solid causeway across Robbins Passage with one
100 m bridge span between 980‐1,080 m (0 m at the start of the southern extent of the
causeway on the Tasmanian mainland) and three rectangular culverts (3.6 m  3.6 m) at ~250,
~600 and ~1350 m north of the Tasmanian mainland.
 Option C2: As option C1, but with two 200 m bridge spans at ~400‐600 m and ~1250‐1340
m with no culverts.
 Option C3: As option C2, but with two 100 m bridge spans at ~450‐550 m and ~1,200‐
1,300 m.


Option C4: As C2, but with one 800 m bridge span.

 Option C5: Single 1,290 m bridge span with concrete ramps approximately 100 m long at
both ends.
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Figure 6 Model grids
SW model grid (top); HD, SW and ST model grid (bottom)

LITPACK model grid (top); XBEACH model grid(bottom)
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Figure 7 Design options for proposed structures
Wharf

Robbins Passage bridge options

Option
1

Option
2

Option
3

Option
4

Option
5
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3.3

Scenarios

Model scenarios were formulated to evaluate both long‐term (ambient wind and wave
climate) and short‐term (storm) impacts on coastal processes from the proposed structures.
3.3.1

Ambient year

A typical ambient year was selected through comparisons of the annual significant wave height
(Hs) and wind speed exceedance curves to that of the multi‐year exceedance curve. The
exceedance curves were estimated from both CFSv2 wind data and Bureau of Meteorology
(BoM) wind measurements at Wilson station (BoM station 085096), and wave height statistics
estimated from Wave Watch III (WW III) data. Year 2012 (red dash line in Figure 8) had the
most representative Hs and wind speeds relative to the multi‐year (2011‐2017) exceedance
curves, so it was adopted as the ambient year.
3.3.2

Storm events

The potential impacts to coastal processes from the proposed structures in response to short‐
term storm events was evaluated with two synthetic 200 year ARI storm events from the west
and northeast that were defined by Mortlock and Goodwin (2018a) (Table 9).
Table 9 200 year ARI storm events (Mortlock and Goodwin 2018a).
Wind
Speed
(m/s)

Wind
Direction
(oN)

Pressure
(hpa)

Hs
(m)

Tp
(s)

Wave
Direction (oN)

200 year ARI W

21.9

270

954

11.8

15

225

200 year ARI NE

19.2

45

960

5.1

8.6

45

Storms

3.3.3

Model scenarios

Table 10 summarises the model scenarios that were evaluated in this assessment, which
include:
 Twelve one year ambient simulations with and without SLR to evaluate the long‐term
effect of the proposed structure options on the coastal processes of Robbins Passage.
 Twenty‐four extreme storm simulations to evaluate short‐term impacts to coastal
processes on Robbins Passage from the proposed structure options with and without SLR.
 Eight LITPACK simulations to evaluate the long‐term shoreline responses from the
proposed wharf with and without SLR.
 Eight XBEACH simulations to evaluate the impacts to coastal processes form the proposed
wharf from an extreme northeast storm with and without SLR.
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Table 10 Model scenarios
Scenarios

HD, SW, ST (HSS)
Baseline

C1+J1

C2+J2

C3+J2

LITPACK (L)
C4+J2

C5+J3

XBEACH (X)

Baseline

Baseline
J1

J2

J3

(B)

(CJ1)

(CJ2)

(CJ3)

(CJ4)

(CJ5)

(B)

HSS 1‐B

HSS 1‐CJ1

HSS 1‐CJ2

HSS 1‐CJ3

HSS 1‐CJ4

HSS 1‐CJ5

L1‐B

L1‐J1

L1‐J2

L1‐J3

HSS 2‐B

HSS 2‐CJ1

HSS 2‐CJ2

HSS 2‐CJ3

HSS 2‐CJ4

HSS 2‐CJ5

L2‐B

L2‐J1

L2‐J2

L2‐J3

200 year ARI NE

HSS 3‐B

HSS 3‐CJ1

HSS 3‐CJ2

HSS 3‐CJ3

HSS 3‐CJ4

HSS 3‐CJ5

200 year ARI W

HSS 4‐B

HSS 4‐CJ1

HSS 4‐CJ2

HSS 4‐CJ3

HSS 4‐CJ4

HSS 4‐CJ5

HSS 5‐B

HSS 5‐CJ1

HSS 5‐CJ2

HSS 5‐CJ3

HSS 5‐CJ4

HSS 5‐CJ5

HSS 6‐B

HSS 6‐CJ1

HSS 6‐CJ2

HSS 6‐CJ3

HSS 6‐CJ4

HSS 6‐CJ5

Year 2012

J1

J2

J3

X3‐B

X3‐J1

X3‐J2

X3‐J3

X5‐B

X5‐J1

X5‐J2

X5‐J3

(B)

Year 2012,
100 year SLR

200 year ARI NE,
100 year SLR
200 year ARI W,
100 year SLR
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Figure 8 Exceedance curve of wind speeds (CFSv2 and BoM winds, m/s) and Hs (SW ad NE WWIII waves, m)
Wind speed exceedance curves

Hs exceedance curves
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3.4

Model inputs

3.4.1

Open water boundaries

During the model verification phase of this assessment, the following three tidal boundary
inputs at the open water boundaries were evaluated:


Tidal water levels from DHI’s DTU global ocean tide model (0.125° spatial resolution).



Tidal water levels from Oregon State University’s TPXO7 global ocean tide model
(Egbert & Erofeeva 2002, 0.25° degree resolution).



Tidal water levels from the Donaldson et al (2012) tidal constituents at Howie Island
and Kangaroo Island that were generated with the t_tide harmonic analysis toolbox.

Tidal water levels from DTU and TPXO7 were nearly equivalent along the open boundaries of
the model domain, but under‐predicted the tidal range by approximately 30% along the
northern and eastern open boundaries. This is consistent with the assessment by Donaldson et
al (2012), which found that astronomical tides from secondary port tidal constituents in the
region under‐predicted local tidal variations. Mortlock and Goodwin (2018b) in their modelling
investigation of the study region reproduced the phase and amplitude of observed water levels
at several locations in Robbins Passage through application of the Donaldson et al (2012) tidal
constituents along the northern and eastern open boundaries of the model domain, and global
tidal model predictions along the deeper western open boundary.
In this assessment, the tidal inputs applied at the open boundaries were implemented as
follows in a similar manner to Mortlock and Goodwin (2018b):


Temporal and spatial variations of water level inputs along the nodes of the western
and southwestern open boundaries were generated from the DTU Global Ocean Tide
model. Global tidal models reproduce tidal levels well along these boundaries because
of the open to the west.



Water level inputs along the eastern boundary were based on the Donaldson et al
(2012) tidal constituents at Howie Island. A one hour phase shift was applied to adjust
the timing of tidal wave propagation at the eastern open boundary relative to Howie
Island.



Along the northern open boundary, the surface water level inputs were interpolated
between the northern extents of the eastern and western open boundary nodal
values. This approach reduces the occurrence of numerical artefacts (e.g. shock wave
generation) from inconsistent open boundary inputs.

3.4.2

Winds

NCEP CFSv2 winds served as temporally (hourly) and spatially (0.2°) varying inputs during the
representative 2012 ambient year. For storm events, the 200 year ARI winds from Table 9 in
Section 3.3.2 served as constant wind inputs. Wind drag on the surface waters utilised
industry‐standard relations with increased values during high speed winds.
3.4.3

Waves

Wave Watch III (WWIII) data was used at the boundary condition wave inputs for simulations
of the ambient year (2012) wave climate.
For storm events, the wave conditions from Table 9 of Section 3.3.2 served as the steady state
wave inputs.

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 23

3.4.4

Seabed friction

Seabed friction (i.e. bed resistance or bottom drag) affects the simulated water current
speeds. The seabed friction in the hydrodynamic model is represented by the dimensionless
Manning coefficient. A spatially variable Manning coefficient was implemented for the
hydrodynamic simulations with a value of 30 over seagrass beds and salt marsh, and 42 over
tidal flats and sandy habitat. These are typical roughness values for these types of seabeds.
The sensitivity of simulated water levels to variations in seabed friction (Manning coefficient)
was low in agreement with Mortlock and Goodwin (2018b), which suggests the greater
influence of open boundary conditions relative to seabed friction.
3.4.5

Erodible bed layer thickness

The erodible bed layer thickness describes the amount of bed material available for erosion. As
with Mortlock and Goodwin (2018b), spatial variations in the thickness of the model’s erodible
bed layer thickness was configured on the basis of the Lucieer et.al (2007) SeaMap habitat
map and additional habitat mapping by Mount et.al (2010) as follows:


An erodible bed layer thickness of 5 m was configured for sand, silty sand and hard
sand substrates, which occur primarily on intertidal flats and the vicinity of the
proposed structures. A 5 m erodible bed layer thickness was deemed sufficient. Areas
with no seabed habitat information were assumed to have a 5 m erodible bed layer
thickness.



A non‐erodible bed layer was configured for salt marsh, seagrass and rocky reef
habitats.

The erosion of a surface sand layer that may expose mud or rocky platforms would lead to
reduced sediment resuspension through exhausting the erodible bed layer thickness. This
effect is not considered in this assessment.
3.4.6

Sediment properties and transport tables

Particle size distribution (PSD) data of the seabed material was not available for this
assessment. Sediment properties were estimated as typical values for sandy seabeds of
Australia nearshore waters. A median grain diameter (D50) of 0.2 mm was adopted over the
entire model domain as Mortlock and Goodwin (2018b).
The grading coefficient defines the spread of the grain size distribution relative to the median
diameter (D50). As with Mortlock and Goodwin (2018b), the grading coefficient was set to 1.2
in this assessment.
As Goodwin and Mortlock (2018b), a sediment transport table was generated for a range of
current, wave and geomorphic combinations to determine sediment transport rates in Robbins
Passage. The input parameters to generate the sediment transport table are summarised in
Table 11. These input parameters were optimised for the typical simulated wave and current
conditions in Robbins Passage. The sediment transport table is only used to estimate the
morphological changes in Robbins Passage. Changes to the morphology associated with the
wharf location were modelled directly with LITPACK and XBEACH for ambient and storm
conditions, respectively.
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Table 11 Model inputs for the generation of a sediment transport table
for Robbins Passage.
Sediment Transport Table Inputs

First value

Spacing

Number of Points

Current speed (m/s)

0.05

0.1

10

Wave height (m)

0.1

0.2

15

Wave period (s)

5

2

7

0.01

0.1

10

0

30

12

Sediment grain size (D50 mm)

0.15

2

3

Sediment grading

1.2

0.15

3

Bed slope to current angle (radian)

-0.04

0.02

5

Bed slope normal to current angle (radian)

-0.04

0.02

5

Wave height/Water depth ratio
Current to wave angle (°)
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4.

Model verification of water levels
Water level measurements in Howie Island (Robbins Passage East) and Kangaroo Island
(Robbins Passage West) by Donaldson et al (2012) served as the model verification dataset for
the hydrodynamic model of Robbins Passage. The model captured the magnitude and phase of
the measured water levels adequately at both sites (Figure 9, Figure 10).

Figure 9 Comparison of measured and simulated water levels at
Howie Island

Figure 10 Comparison of measured and simulated water levels at
Kangaroo Island
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5.

Impact assessment
This coastal process impact assessment is based on relative comparisons of simulations
without (baseline) and with the proposed bridge and wharf structures. The simulations are
used to:
 Characterise the coastal processes (e.g. hydrodynamics, waves and morphology/sediment
transport dynamics) in the vicinity of the proposed structures.
 Evaluate the residual impacts of the proposed structures relative to the simulated baseline
conditions.
The following simulation results in Table 10 of Section 3.3.3 are not reported:
 Relative simulated differences of the ambient wave climate between the baseline and
proposed structures because of the very small seas in Robbins Passage and relatively
moderate wave climate at the wharf.
 The simulation results of the proposed wharf with the DHI ST model because the greatest
impacts occur in the surf zone where this model is not valid. Relative impacts from the
proposed wharf in terms of long‐term shoreline evolution (ambient year) and nearshore
seabed morphology (extreme storm event) are predicted with LITPACK and XBEACH,
respectively.
Spatial plots of the simulated differences between the various structure options and the
baseline conditions are the primary manner that residual impacts to coastal processes were
evaluated. Spatial snapshots during peak flood tides are shown in this section to generally
represent the greatest predicted differences in currents and water levels due to the proposed
structure options across Robbins Passage.

5.1

Hydrodynamic impacts from the wharf

5.1.1

Water levels

The simulated maximum water level over the ambient year (2012) was ~1.7 m AHD (near HAT)
(top row of Figure 12). However, there were no material differences in water levels between
the three wharf options and the baseline (upper panels of Figure 12). Storm events over the
one year ambient simulation with wind speeds up to ~16 m/s did not generate significant
storm surge at the wharf site.
The north‐easterly 200 year ARI storm simulated a maximum water level of 1.83 m AHD at the
nearshore waters adjacent to the shoreline, which were ~0.2 m higher than those several
hundred meters offshore due to breaking waves and wave setup (3rd row Figure 12). Option J1
(solid jetty to the solid wharf) was simulated to have a ~2‐5 cm increase and decrease in water
levels to the north and south of the wharf, respectively. For options J2 and J3, water levels did
not materially differ from the baseline for the north‐easterly 200 year ARI storm.
The westerly 200 year ARI storm had simulated maximum water levels of ~1.3 m AHD at the
wharf site, which where were lower than those offshore due to transport by the strong
offshore winds (4th row Figure 12). Option J1 (solid jetty) had a simulated ~2‐5 cm increase in
water levels to the north and south of the wharf location. Options J2 and J3 had modelled
water levels that did not differ materially from the baseline for this extreme westerly storm.
Overall, the proposed wharf is predicted to have minimal effect on water levels (~2‐5 cm) that
are localised and in the immediate vicinity of the wharf during both 200 year ARI storm events.
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Sea level rise
The predicted impacts to water levels from the proposed wharf for existing sea level
conditions were similar to those of the SLR scenarios during the one year ambient simulations
(2nd row Figure 12), as well as those for the north‐easterly (5th row Figure 12) and westerly (6th
row Figure 12) 200 year ARI storm events.
5.1.2

Currents

Simulated ambient currents along the Back Banks beach shoreline at the proposed wharf site
were north‐westwards during flood tides and south‐eastwards during ebb tides. Simulated
peak tidal currents were typically ~0.3 m/s in the nearshore waters at the proposed wharf site,
but rapidly decreased over a short distance offshore (i.e. high alongshore currents are
proximal to the shoreline) (1st row Figure 13). Additionally, simulated spatial variations in the
vicinity of the proposed wharf site were substantial with stronger tidal flow in Mosquito Inlet
and to the east around Guyton Point. The proposed solid jetty (option J1) is predicted to yield a
~0.2 m/s increase in current speeds at the offshore end of the wharf. The simulated currents
for options J2 (pile supported jetty with solid wharf structure) and J3 (entirely piled jetty and
wharf structure) do not notably differ from the baseline case. Overall impacts to coastal
current are very minimal during the ambient year simulation.
The simulated alongshore currents during the 200 year ARI north‐easterly and westerly storm
events were ~1 m/s and ~0.6 m/s at the proposed wharf site, respectively (3rd and 4th rows
Figure 13). This alongshore flow within the surf zone was primarily generated from the
combination of breaking storm waves and wind forcing, which are superimposed over the
ambient tidal currents of lower magnitude. The north‐easterly storm generated strong north‐
easterly nearshore currents in the same direction as the peak flood tide direction, whereas the
westerly 200 year ARI storm generated currents in the opposition direction to the peak flood
tide direction. Simulations of option J1 (solid jetty) predicted the formation of a large eddy
(gyre) with high currents that penetrated into the offshore waters during the north‐easterly
200 year ARI storm event. This was also simulated to a lesser degree for the westerly 200 year
ARI storm event. Option J2 (pile supported jetty with solid wharf structure) simulated much
smaller changes to the currents relative to the baseline for both 200 year ARI storm events,
particularly in the region adjacent to the shoreline. Negligible changes to currents were
predicted for option J3 (entirely piled structure) relative to baseline conditions.
Sea level rise
The simulated differences in currents in terms of both magnitude and spatial extent between
option J1 (solid jetty) and the baseline were greater for the SLR storm scenarios (5th and 6th
rows Figure 13) than under the existing sea level condition (3rd and 4th rows Figure 13). The
simulated differences in currents of option J2 (pile supported jetty with solid wharf structure)
from the baseline during the ambient and storm event model runs for the SLR condition was
not material relative to the existing sea level condition. Option J3 (entirely piled structure) did
not result in any significant changes to currents relative to the baseline condition for the SLR
simulations.

5.2

Hydrodynamic impacts from the Robbins Passage bridge

5.2.1

Water levels

Robbins Passage experiences a similar tidal range at the proposed bridge site as the wharf.
During the one year ambient simulation, the maximum water level of ~1.9 m AHD was
marginally greater than 1.7 m AHD of the wharf site. The simulations of the five Robbins
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Passage bridge options did not predict a material impact on peak flood tide levels relative to
the baseline over the ambient year (1st row Figure 14 and Figure 15).
Further, there were no significant changes in water levels predicted for Robbins Passage bridge
option C5 (long bridge span of 1,290 m across Robbins Passage) for the two simulated storm
events, relative to baseline conditions (3rd and 4th rows, Figure 15). However, the two storm
events simulated a range of water level variations for the other four Robbins Passage bridge
design options (C1‐C4) relative to the baseline, namely:
 For the north‐easterly 200 year ARI storm the simulated maximum water level was ~2.5 m
(3rd row, Figure 14 and Figure 15). The simulated ~0.6 m water level residual (i.e. increase in
water level above tidal level) for this storm event was driven by wind setup along the large
shallow tidal flat on the eastern side of Robbins Passage. Simulated water levels to the east
and west of the Robbins Passage bridge options were ~0.2 m (option C1 with a single 100 m
bridge and three culverts), ~0.05 m (option C2 with two 200 m bridges), ~0.1 m (option C3
with two 100 m bridges) and ~0.02 m (option C4 with one 800 m bridge) higher and lower
than the baseline condition, respectively. These variations were driven by wind setup that
piled water on the eastern side of the causeway sections (higher water level than baseline)
and transported waters to the west on the western side of the causeway sections (lower
water level than baseline).
 For the westerly 200 year ARI storm the simulated maximum water level did not
materially differ from the baseline conditions for any of the five Robbins Passage bridge
options (4th row Figure 14 and Figure 15). More importantly, this westerly storm caused
waters in Robbins Passage and the proximal nearshore waters to be transported offshore,
which resulted in a simulated residual water level that was ~0.9 m lower than the tidal level.
The effect of the five Robbins Passage bridge options on water levels was immaterial as the
effect of ‘draining’ Robbins Passage by this storm event was the dominant mechanism, more
so than whether a causeway was in place across Robbins Passage.
Sea level rise
For Robbins Passage bridge options C1‐C4, the predicted impacts to water levels from the
proposed Robbins Passage bridge at existing sea level conditions were similar to those that
were predicted for the SLR scenarios for the ambient condition (2nd row Figure 14 and Figure
15), and the north‐easterly 200 year ARI storm event (5th row Figure 14 and Figure 15), but had
moderately greater water level variations that covered a larger spatial extent. The 0.6 m SLR
increase in mean sea level yields a much larger tidal prism volume in the shallow Robbins
Passage area with a corresponding greater impact on water level variations. The effect of the
larger SLR tidal prism volume for the westerly 200 year ARI storm event yielded larger water
level variations relative to the baseline across the causeway for options C1 and C3, but less so
for options C2 and C4 (6th row Figure 14).
For Robbins Passage bridge option C5, predicted differences in water levels relative to the
baseline were negligible for the SLR scenario.
5.2.2

Currents

The simulated ambient peak flood tidal currents in the main tidal channel of Robbins Passage
decreased from ~0.5 m/s at the north western entrance gradually to ~0.3 m/s at the north‐
eastern entrance (1st row Figure 16 and Figure 17). Generally, across the proposed Robbins
Passage bridge corridor, higher currents were simulated in the primary tidal channel in the
north and lower current speeds on the submerged tidal flats in the south. The simulated effect
of the proposed Robbins Passage bridge is to increase the velocities up‐ and down‐current of
the bridge span(s) (or culverts) and to decrease the velocities up‐ and down‐current of the
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solid causeway by ±0.2 m/s, with the exception of options C4 and C5, which had very minor
predicted changes in currents relative to the baseline. The increase in velocities through the
bridge spans are caused by channelling of the tidal prism volume into smaller openings along
the Robbins Passage bridge options. The length scale of the down‐ and up‐current impacts on
velocities was limited to within ~250 m of the proposed Robbins Passage bridge.
A time series of currents speeds over a typical spring‐neap tidal cycle in the tidal channel
beneath the northern bridge for the baseline and five options is illustrated in Figure 11.
Generally, the peak flood tides during the baseline were 0.5‐0.7 m/s while those of the ebb
tides were 0.2‐0.3 m/s. The velocities during peak flood tides increased substantially for
options C1, C2 and C3, often in excess of 0.8 m/s, albeit for a short duration. The ebb tide
peaks also increased substantially generally in excess of 0.4 m/s for these three options. For
options C4 and C5, both flood and ebb tides at northern opening were effectively the same as
the baseline case, and thereby these designs have the smallest impacts to velocities among the
five options.

Figure 11 Simulated current velocity magnitude over spring-neap tidal
cycle in the tidal channel below the Robbins Passage bridge
for the baseline and options C1, C2, C3, C4 and C5.
Simulated current speeds during the north‐easterly 200 year ARI storm coincident with peak
flood tide were ~0.7 m/s (3rd row Figure 16 and Figure 17), considerably greater than the
typical ambient peak flood tidal current speed of ~0.4 m/s along the northern portion of the
proposed Robbins Passage bridge corridor. C1, C2 and C3 options had current speeds that
were nearly 1 m/s greater than the baseline condition through the bridge spans. Options C1
and C3 also resulted in a reduction of ~0.1‐0.2 m/s across a large proportion of Robbins
Passage, whereas option C2 with the two 200 m bridge spans had a much more limited effect
on reduced currents that was primarily localised to the down‐current (western) side of the
causeway sections relative to the baseline condition. Simulated impacts to tidal flow velocities
across Robbins Passage were greatly reduced for option C4 with very localised increases in
current speeds through the bridge span and decreases in the vicinity of the causeway sections.
Predicted changes to tidal flow velocities were negligible for option C5 (Figure 17).
Simulated current speeds during the westerly 200 year ARI storm coincident with the peak
flood tide were low along the Robbins Passage bridge corridor (4th row Figure 16). The effect of
the westerly storm was to transport a majority of the Robbins Passage waters offshore,
thereby the effect of the five Robbins Passage bridge options on currents was relatively minor
for this storm event relative to the baseline condition.

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 30

Sea level rise
As with water level, simulated differences in velocities between the five Robbins Passage
bridge options and the baseline were generally of greater spatial extent for the SLR scenarios
(5th and 6th rows Figure 16 and Figure 17) than for the existing water levels (3rd and 4th rows
Figure 16 and Figure 17) relative to the ambient condition (1st and 2nd rows Figure 16 and
Figure 17). The increased SLR of 0.6 m yields a larger tidal prism volume that contributes to the
small increase in the spatial extent of velocity differences across Robbins Passage relative to
the baseline condition.
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Figure 12 Baseline water levels (left) and differences caused by the three wharf options (middle left, middle right, and right) during peak flood tides along the eastern
shoreline of Robbins Island.
Scenario

Baseline Hydrodynamics

Wharf 1 – Baseline

Wharf 2 – Baseline

Wharf 3 - Baseline

Year
2012

Year
2012,
100 Year
SLR

200 Year
ARI NE

200 Year
ARI W
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Scenario

Baseline Hydrodynamics

Wharf 1 – Baseline

Wharf 2 – Baseline

Wharf 3 - Baseline

200 Year
ARI NE,
100 Year
SLR

200 Year
ARI W,
100 Year
SLR
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Figure 13 Water currents during peak flood tides for baseline conditions (left) and differences caused by options 1 (middle) and 2 (right) of the wharf options along the
eastern shoreline of Robbins Island.
Scenario

Baseline

Wharf 1 – Baseline

Wharf 2 - Baseline

Wharf 3 - Baseline

Year
2012

Year
2012,
100 Year
SLR

200 Year
ARI NE

200 Year
ARI W
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Scenario

Baseline

Wharf 1 – Baseline

Wharf 2 - Baseline
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200 Year
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200 Year
ARI W,
100 Year
SLR
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Figure 14 Baseline water levels (left) and differences caused by Robbins Passage bridge options 1-3 (middle left, middle right and right) during peak flood tide water levels
within Robbins Passage.
Scenario

Baseline Hydrodynamics

Option 1 – Baseline

Option 2 – Baseline

Option 3 – Baseline

Year
2012

Year
2012,
100 Year
SLR

200 Year
ARI NE
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Scenario

Baseline Hydrodynamics

Option 1 – Baseline

Option 2 – Baseline

Option 3 – Baseline

200 Year
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200 Year
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100 Year
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200 Year
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100 Year
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Figure 15 As Figure 14, for Robbins Passage bridge options 4 and 5 (middle and right, respectively)
Scenario

Baseline Hydrodynamics

Option 4 – Baseline

Option 5 – Baseline

Year
2012

Year
2012,
100 Year
SLR

200 Year
ARI NE
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Figure 16 Water currents during peak flood tides for baseline conditions (left) and differences caused by options 1 (middle left), 2 (middle right) and 3 (right) of the bridge
options within Robbins Passage.
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Figure 17 As Figure 16, for Robbins Passage bridge option 4 (middle) and 5 (right)
Scenario

Baseline

Option 4 - Baseline

Option 5 - Baseline

Year 2012

Year 2012,
100 Year
SLR

200 Year
ARI NE

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 42

Scenario

Baseline

Option 4 - Baseline

Option 5 - Baseline

200 Year
ARI W

200 Year
ARI NE,
100 Year
SLR

200 Year
ARI W,
100 Year
SLR

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 43

5.3

Wave impacts from the wharf

The proposed wharf would be sheltered from the Southern Ocean’s southerly swell. The
WaveWatch III (WWIII) simulations indicate that over 90% of the offshore waves to the north
of the proposed wharf site are <2 m. Because of this relatively low ambient energy wave
climate, the impact of the three wharf options on the local wave climate is minimal, and
therefore is not evaluated further in this assessment.
The significant wave height inputs at the open boundaries of ~12 m and ~5 m for the
northeasterly and westerly storm events (Section 3.3.2), respectively, yielded predicted wave
heights of 4 m and 2 m, respectively, several kilometres offshore of the proposed wharf site
(Figure 18). The simulated wave heights further decreased with proximity to the shoreline
from depth‐limited wave breaking. The simulated effect of both wharf options relative to the
baseline on the wave climate was minimal. Overall, the effects of the proposed wharf on the
simulated wave climate were restricted to the immediate area on the lee side of the structure.
No material differences were simulated with the SLR storm scenarios.

5.4

Wave impacts from the Robbins Passage bridge options

The wave climate in Robbins Passage is primarily generated by winds. Significant wave heights
are dependent on water depth, wind speed, wind duration and wind fetch. Because of the low
ambient energy wave climate throughout Robbins Passage, the impact of the five Robbins
Passage bridge options on the local wave climate would be minimal, and therefore is not
evaluated further in this assessment.
Simulations of the northeasterly 200 year ARI storm predicted a gradual reduction in
significant wave heights from ~1 m at the eastern entrance of Robbins Passage to less than
~0.6 m along the proposed Robbins Passage bridge corridor (Figure 19 and Figure 20). The
model predicted a ~0.2 m decrease in the significant wave heights on the western side of
causeway sections for options C1, C2 and C3 except for limited areas through the bridge spans
that allowed waves to pass and diffract. The slight increases in the significant wave height for
the SLR scenarios across the tidal flats of southern Robbins Passage on the upwind side of
these three causeway options was likely from the future increased water depths (Section
5.1.1) that allowed greater significant wave heights. Options C4 and C5 with the long bridge
spans (~800 m and 1,290 m respectively) across Robbins Passage had the smallest predicted
impact areas in terms of wave impacts relative to baseline conditions (Figure 20), with option
C5 the better of the two designs from a wave impact perspective.
Predicted significant wave heights were lower during the westerly 200 year ARI storm than
those for the north‐easterly event, primarily due to the lower water depths. As discussed in
Section 5.2 the westerly storm winds caused a substantial decrease in water levels relative to
the ambient tidal level (water transported inshore to offshore), whereas the northeasterly
storm yielded a substantial increase in water levels relative to the ambient tidal condition
(water transported offshore to inshore). Hence, there were no predicted material differences
in the wave climate between the baseline and five Robbins Passage bridge options during the
westerly extreme storm event. However, increased mean water depths in Robbins Passage for
the SLR scenarios yielded a simulated ~0.2 m decrease in significant wave heights on the
eastern side of the causeway sections for options C1, C2 and C3 and negligible impacts for
options C4 and C5.
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Figure 18 Baseline significant wave height during peak flood tides (left) and differences in significant wave height between options 1 (middle left), 2 (middle right) and 3
(right) at the wharf location. Note wave directions superimposed as vectors on baseline (left).
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Figure 19 Baseline significant wave height during peak flood tides (left) and differences in significant wave height between options 1 (middle left), 2 (middle right) and 3
(right) within Robbins Passage. Note wave directions superimposed as vectors on baseline (left).
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Figure 20 As Figure 19, for Robbins Passage bridge options 4 (middle) and 5 (right).
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5.5

Sand transport impacts from the wharf

5.5.1

Littoral drift and long-term shoreline impacts

Approximately 50,000‐100,000 m3/year of westward littoral drift was simulated with LITPACK
to the south of the proposed wharf site over the one year (2012) ambient wave climate (Table
12). Littoral drift was predicted to be substantially lower to the north of the proposed wharf,
primarily due to a reorientated shoreline. The longshore sediment transport estimates are
sensitive to shoreline orientation, wave heights, beach slope and other factors. No sand trap
measurements are available to verify the longshore transport rate estimates here (littoral
drift).
Changes to the shoreline morphology from the proposed wharf options were predicted with
DHI’s Littoral Processes FM. A summary of the predicted shoreline’s evolution relative to the
“equilibrium” shoreline of the baseline scenario is illustrated in Figure 21 and includes:
 For option J1, the solid jetty interrupted the littoral drift pathway with simulated accretion
on the south‐eastern side of the structure. The accretion footprint was predicted to extend
~20 m offshore over the 1 year duration of ambient conditions. The beach on the western
(lee) side of the wharf location was predicted to have weak erosion (~5 m of beach) that was
primarily confined within ~300 m due to reduced sand supply.
 The J2 option simulation with a pile supported jetty to the solid wharf did not materially
impact littoral drift relative to the baseline simulation.
 The J3 option simulation with a ~100 m solid beach ramp and piled jetty/wharf did not
materially impact littoral drift relative to the baseline simulation.
 The entire shoreline receded onshore ~20 m for the SLR scenarios of the baseline and
options J1, J2 and J3. The predicted zones of accretion and erosion from the option J1 solid
jetty was the same as the existing mean sea level case because the wave climate was
effectively the same. For option J2, with a piled jetty structure, there were no material
impacts to littoral drift predicted. For option J3, a larger proportion of the solid beach ramp is
submerged (and exposed to waves) for the SLR scenario, and therefore some minor accretion
(13 m of beach extension) is predicted on the south‐eastern side, with weak erosion (~5 m of
beach recession) on the north western (lee) side.
There are uncertainties associated with these long‐term shoreline impact predictions,
particularly with the presence along a shoreline with varying orientation (i.e. the proposed
wharf site is on a beach with a changing orientation), the assumption of unlimited sand supply,
and that 2012 represents the ambient wave climate. Hence, these long‐term shoreline
predictions are indicative.
Overall, littoral drift and a small accretion on south‐eastern side of the proposed wharf is
predicted for option J1 (solid jetty) with no material impacts for options J2 (pile supported
jetty) and very minor impacts for option J3 (pile supported jetty with ~100 m beach ramp).
However, this sand accumulation is subject to sand supply from adjacent beach. The predicted
littoral drift and shoreline response is relatively conservative, given the assumption of
unlimited sand supply of the model.
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Table 12 Littoral drift at modelled cross-shore profiles (see Figure 6
for the location of profiles).
Profiles

Annual Littoral Drift (m3/year)

Profile 1

+6,000

Profile 2

-13,000

Profile 3

-84,000

Profile 4

-86,000

Profile 5

-124,000

Profile 6

-137,000

5.5.2

Morphology impacts

XBEACH was used to predict the relative differences in morphology (bed levels changes)
between the baseline and the three wharf options in response to a northeasterly 200 year ARI
extreme storm event (Figure 22). The predictions include:
 Simulated differences to the beach morphology between the baseline and the three
options were small. Hence, none of the options J1 (solid jetty), J2 (pile supported jetty) or J3
(pile supported jetty with ~100 m solid beach ramp) are predicted to materially change the
beach morphology relative to the baseline.
 Localised differences in bed levels relative to the baseline were predicted in areas
immediately adjacent to the proposed wharf. For option J1 the simulated bed level changes
were larger on both sides of the solid jetty relative to the baseline (i.e. greater relative erosion
due to the structure’s presence). Additionally, bed levels changes relative to the baseline were
lower on the eastern side of the solid jetty beyond the region of relative erosion (i.e. possibly
accretion). Further, lower bed depths (greater relative erosion) were simulated on the
southern side of the solid wharf structure because of localised flow recirculation.
 The predicted morphology impacts for option J2 were similar to those for option J1 in the
locale of the solid wharf. However, the area spanned by the pile supported jetty was predicted
to have higher bed depths relative to the baseline (i.e. less relative erosion) because of the
reduced wave climate on the lee side of the proposed solid wharf. The steady state extreme
storm wave modelling inputs simulated a steady rip current immediately to the south (lee) of
the wharf. Unsteady wave inputs would likely simulate a dynamic rip current and bed depths
under the option J2 pile support jetty may therefore be less than simulated here (i.e. less
erosion relative to the baseline than simulated with the steady state wave climate inputs at
the open boundaries).
 The predicted morphology impacts for option J3 (piled jetty and wharf, solid beach ramp)
were significantly reduced compared to the other two design options. Simulated impacts are
limited to some localised bed erosion towards the offshore end of the beach ramp.
 Patterns of bed depth differences relative to the baseline for the existing mean sea level
simulation were similar for the SLR simulations of both options.
Overall, the morphological impacts from extreme storm events relative to the baseline are
predicted to be localised in the immediate vicinity of the proposed wharf with only minor
impacts to the beach. Though not predicted to cause a material effect on coastal processes,
the findings here demonstrate that appropriate design of the wharf is needed to maintain the
structure’s integrity in response to extreme storm events (e.g. scour protection design).
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Figure 21 Comparison of simulated shoreline changes over 1 year of the three wharf options relative to baseline.
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Figure 22 Differences in bed levels during the north-easterly 200 year ARI storm between the three wharf options and the baseline.
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5.6

Morphology impacts from the Robbins Passage bridge

MIKE ST was used to predict the relative differences in morphology (bed levels changes)
between the baseline and five Robbins Passage bridge options for the two extreme storm
events, the ambient year, and the SLR scenarios (Figure 24 and Figure 25).
Over the ambient year, generally for options C1, C2 and C3, predicted erosion of over 1 m was
simulated below the bridge spans and thereafter ~0.5‐1 m accretion in the northern and
southern primary tidal channels to the west of the Robbins Passage bridge. This pattern of
accretion is not predicted to the east of the Robbins Passage bridge during ebb tides. Flood
tides (westerly flows) yield an erosion impact distance of ~250‐500 m west of the bridge,
whereas ebb tides to the east have a smaller erosion impact distance (<250 m). This prediction
is consistent with the much higher simulated currents during flood tides relative to ebb tides
(Figure 11 of Section 5.2.2). Flood tides cause an accretion zone that extends from ~500 m
from the bridges to ~1 km in the primary southern and northern tidal channels to the west of
the proposed Robbins Passage bridge. The simulated patterns of erosion and accretion from
the proposed Robbins Passage bridge relative to the baseline are largely governed by the
increased currents beneath the bridge spans and the concomitant higher erosion potential.
The relatively high settling velocities of sand results in the eroded sediment settling within
~0.5‐1 km from the bridge(s) as the flood tide currents diminish in the two primary tidal
channels to the west of the Robbins Passage bridge.
The morphology of the extensive tidal flats are not predicted to be materially impacted by any
of the proposed Robbins Passage bridge options. Generally, the morphological impacts of
options C1, C2 and C3 were very similar with perhaps the areal extent of accretion and erosion
zones relative to the baseline with option C2 somewhat lower than the other two options.
Options C4 and C5 yield no material residual bed level change relative to the baseline and
thereby much lower morphological impacts than the other three options (Figure 25).
Because of the short duration of the two extreme storm events, the bed level changes (~0.1 m)
and impact areas (~100‐250 m) are predicted to be much smaller than over the one year
ambient simulations.
The simulated bed level changes for the baseline and the five options over the ambient one
year simulations at the edge (shallow) and centre (deep) portions of the northern tidal channel
below the northern bridge are illustrated in Figure 23 with the following noted:
 The simulated baseline bed level does not change at either location, which provides
evidence that the simulated currents, bathymetry and sand particle size inputs are reasonably
accurate.
 The simulated bed levels for option C1 had the largest degree of erosion at both the edge
(bed level from 0.7 m to 1.4 m) and the centre (bed level from 1 m to 3.5 m) of the northern
tidal channel. The edge of the tidal channel was seemingly approaching the equilibrium bed
level after 1 year, while the levels at the centre of the channel were still decreasing.
 The simulated bed levels for option C2 had much less erosion relative to option C at both
the edge (bed level from 0.7 m to 0.9 m) and the centre (bed level from 1 m to 2.6 m) of the
northern tidal channel. The edge of the tidal channel was nearly at the equilibrium bed level
after 1 year, and nearly so in the centre of the channel.
 The simulated bed levels for option C3 had an intermediate degree of erosion among the
five options at both the edge (bed level from 0.7 m to 1.0 m) and the centre (bed level from 1
m to 3.1 m) of the northern tidal channel. The edge of the tidal channel was nearly at the
equilibrium bed level after 1 year, while the levels at the centre of the channel were still
decreasing.
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 The simulated bed levels for options C4 and C5 were similar. These design options had the
lowest predicted erosion at both the edge (bed level from 0.7 m to 0.8 m) and the centre (bed
level from 1 m to 1.1 m) of the northern tidal channel among the five options. The centre of
the channel was at the equilibrium bed level after 1 year, showing only several centimetres of
difference relative to the baseline. The edge of the tidal channel was nearly equivalent to the
baseline throughout the 1 year simulation.
These bed level changes are conservative in that a 5 m erodible bed layer was assumed
(Section 3.4.5). It is possible that a relatively thin veneer of erodible material may be present
over consolidated or hard substrate.

Figure 23 One year ambient simulation of bed level changes over one
year at the edge (upper panel, ~0.7 m baseline depth,
(321255 E, 5488018 N) and centre (lower panel, ~1 m
baseline depth, 321283 E, 5488068 N) of the northern tidal
channel under the northern bridge for the baseline and five
options.

GHD | Report for UPC Robbins Island Pty Ltd ‐ Robbins Island Renewable Energy Park Approvals, 32185580112 | 55

Figure 24 Differences in simulated bed level changes between the Robbins Passage bridge options 1 (left), 2 (middle) and 3 (right) and the baseline in Robbins Passage.
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Figure 25 As Figure 24 for Robbins Passage bridge options 4 (left) and 5 (right).
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6.

Impact synthesis
6.1

Summary of potential impacts by the wharf

6.1.1

Hydrodynamic changes

Each of the three wharf options are predicted to have minimal impacts on water levels within
1 km of the structure (~2‐5 cm) relative to the existing baseline for both 200 year ARI storm
events. No material changes to water levels are predicted for either option relative to the
baseline over the one year ambient simulations.
The option J3 pile supported jetty had negligible changes to currents relative to the baseline
for the ambient and storm conditions assessed.
The option J2 pile supported jetty had relatively minor differences in the simulated currents
relative to the baseline during the one year ambient simulation. For the two extreme storm
events, minimal changes were predicted to the alongshore currents pathways relative to the
baseline, but minor variations at the down‐current region behind the solid offshore wharf
structure.
The option J1 solid jetty had substantive simulated changes to the currents relative to the
baseline during the two extreme storm events for both the existing sea level and SLR
simulations. In particular, the generation of large scale circulation gyres of ~1 km and ~2 km
diameters for the westerly and north‐easterly extreme storm events were simulated,
respectively, which did not occur for the baseline or option J2 pile supported jetty cases.
Additionally, option J1 obstructs the near‐shore currents with a concomitant increase from
~0.2 m/s (baseline) to ~0.3 m/s around the offshore end of the wharf.
6.1.2

Changes to littoral drift and beach formation

The eastern shoreline of Robbins Island is located in a moderate wave energy environment
with weak tidal currents along the shoreline (peak of ~0.2 m/s). The wave climate is the
dominant factor that shapes the morphology of Back Banks beach between the Mosquito Inlet
entrance and Guyton Point. Littoral drift along the beach shoreline was estimated to be weakly
southwards and northwards at the northern and southern portions of the beach, respectively.
This entire sand compartment is estimated to be relatively stable.
For option J1 (solid jetty) a minor degree of sand accretion (~20 m) was simulated on the
south‐eastern side of the proposed wharf due the estimated baseline littoral drift of 50,000‐
100,000 m3/year. This estimate of littoral drift is sensitive to the defined shore normal
direction, which may change in response to future shoreline morphology evolution. However,
the long‐term accretion rate may be lower than the predictions here because of self‐
adaptation and the formation of a new equilibrium shoreline.
The option J2 pile supported jetty is predicted to cause no material interruption to the littoral
drift along the beach.
The option J3 pile supported jetty with solid beach ramp is predicted to cause no material
interruption to the littoral drift for current mean sea level conditions, and minor increased
accretion (~13 m) on the south‐eastern side for the SLR condition.
Beach formation is unlikely to be affected by the proposed wharf. The predicted wave climate
would remain the same along the entire shoreline except for a small sheltered area on the lee
side of the proposed wharf. Scour regions immediately adjacent to the solid portions of the
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wharf are predicted, and would need to be considered in the structure’s design, construction
and structural integrity monitoring (particularly after extreme storm events).

6.2

Summary of potential impacts by the Robbins Passage
bridge

6.2.1

Hydrodynamic changes

For Robbins Passage bridge options C1, C2 and C3, the residual impacts (i.e. relative to
baseline) to ambient water levels are negligible as the bridge openings would allow for the
propagation of the tidal wave through Robbins Passage. However, focusing the tidal flows
through the openings of the bridge spans would increase and decrease current speeds by ~0.1‐
0.2 m/s for ~250 m down‐current of the bridge spans (and culverts) and the solid causeway
reaches, respectively. Options C4 and C5, with large bridge spans over most of Robbins
Passage, yield no material changes to current speeds over the baseline.
During extreme storm events, proposed Robbins Passage bridge options C1, C2 and C3 would
cause to some degree of higher and lower water levels on the upwind and lee (downwind)
sides of the causeway sections. The simulated impacts are greatest for option C1 (~0.3 m),
intermediate for option C3 (~0.2 m) and lower for option C2 (~0.1 m). Options C4 and C5 had
no material impact on water levels adjacent to the solid portions of the causeway/ramp
sections.
A more detailed assessment of the changes to the simulated ambient current patterns from
the five options relative to the baseline include:
 For option C1 (one northern 100 m bridge and three culverts) the overall tidal flow across
Robbins Passage was moderately impacted by the causeway sections. The culverts do not
allow sufficient flow to pass along the southern portion of the causeway with a concomitant
decrease in currents through the large southern tidal channel to the west of the proposed
causeway. Increased current speeds through the bridge span along with small localised
recirculation patterns would cause localised impacts from erosion and accretion.
 For option C2 (two 200 m bridges) the overall hydrodynamics across Robbins Passage is
predicted to be greatly improved relative to option C1. In particular, the southern bridge span
allows connectivity of tidal flows to the southern tidal channel to the west of the causeway
section.
 For option C3 (as option C2, but with 100 m bridge spans), the narrower bridge spans yield
similar current patterns as option C2, albeit with slightly greater current speeds through the
bridge spans and a minor increase in the spatial extent of lower current speeds adjacent to the
solid portions of the causeway relative to the baseline.
 For option C4 (one 800 m bridge span), the increased bridge span yields no material
impacts across the Robbins Passage relative to the baseline. Limited localised impacts are
greater during easterly extreme storm events with sea level rise conditions, but the impact
area is confined to a very limited extent adjacent to the causeway.
 For option C5 (one 1,290 m bridge span), the increased bridge span yields no material
impacts across the Robbins Passage relative to the baseline. Negligible and highly localised
impacts are predicted during easterly extreme storm events and sea level rise conditions.
Generally, options C2 and C3 have considerably lower impacts than option C1 on the patterns
of the baseline currents through Robbins Passage because the addition of a southern bridge
allows a flow path that connects to the southern tidal channel. Options C4 and C5 have the
lowest impacts relative to baseline water currents as the large bridge spans (800 m for C4 and
1,290 m for C5) effectively allow no impedance to the baseline flow through the northern and
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southern tidal channels. Generally, the predicted impacts from all five options are confined to
localised areas in proximity to the bridges (or culverts) for options C1‐C3 and the solid
segments of the causeway for all options.
6.2.2

Changes to morphology

The Robbins Passage morphology appears to be primarily governed by ambient tidal dynamics
more so than periodic extreme storm events. Generally, the proposed bridge is predicted to
not cause any material changes to the tidal flat’s morphology because of:


The relatively high sand suspension criteria on the tidal flats.



The low wave energy climate that does not contribute much to sediment resuspension.

 The relatively low current speeds over the tidal flats that are generally insufficient to drive
erosion of the sediments.
Changes to the baseline seabed morphology are only predicted to occur beneath the bridge
spans (and culverts for option C1) and primarily to the west of these openings in the proposed
causeway for options C1, C2 and C3. The longer penetration length scale of these high current
jets to the west of the bridge spans (and culverts for option C1) is because flood tides tend to
focus the tidal prism volume into the primary southern and northern tidal channels to the west
of the proposed causeway. In contrast, these two tidal channels merge into a single northern
tidal channel to the east of the proposed causeway. For options C1, C2 and C3, the current
speeds through the bridge openings are predicted to be ~0.8 m/s during peak ambient flood
tides, substantially greater than the baseline of ~0.4 m/s. The predicted bed erosion is ~1 m at
the bridge openings with most of the eroded material deposited to the west of the proposed
causeway during flood tides. For options C4 and C5, modelling predicts the least impacts to
tidal flow and tidal flat morphology showing very limited localized erosion and accretion near
the causeway/ramp structures, while no visible bed level change for areas away from the
causeway sections.
Generally options C2 (two 200 m bridges) and C3 (two 100 m bridges) are more preferable to
option C1 (one 100 m bridges and three 3.6 m x 3.6 culverts) because of the direct connectivity
maintained during flood tides that distribute water to both the northern and southern primary
tidal channels of western Robbins Passage. The morphological differences between options C2
and C3 are generally associated with greater potential scouring for option C3 due to higher
currents under a narrower bridge span. Options C4 and C5 apparently show the least impacts
to Robbins Passage morphology, in particular a much lower risk of scouring at the opening.
Nonetheless, scour protection measures for the bridge infrastructure would need to be
incorporated into the design and construction.
6.2.3

Current speeds and bed level erosion beneath bridges

Focusing of the tidal fluxes through narrow bridge opening(s) in Robbins Passage would
significantly increase the current speeds beneath the bridges as described in Section 5.2.2. The
peak baseline current speeds through the northern tidal channel of ~0.6 m/s increase
substantially for options C1 (~1.8 m/s), C2 (~1.4 m/s), C3 (~1.6 m/s), but remain similar for
options C4 and C5 (~0.6 m/s). The predicted impacts for options C1, C2 and C3 are limited to
relatively short periods during peak flood tide currents.
While the simulated bed levels of the baseline case were at an equilibrium over the one year
ambient duration, options C1, C2 and C3 predicted substantial bed level erosion beneath
bridge spans. Simulated bed level changes below bridge spans for options C2 and C3 were
seemingly approaching equilibrium bed levels after the one year duration of the ambient
model runs, albeit at equilibrium depths of 2.6 and 3.1 m, respectively, substantially greater
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than the 1 m bed level of the baseline case. The simulated bed levels for option C1 had not yet
attained quasi‐equilibrium bed level, and was 3.5 m after the one year ambient model run. The
simulated bed level change for option C4 was with 0.1 m of the baseline case after the one
year simulation, while option C5 was within 0.05 m. These bed level predictions are considered
to be conservative with the assumption of a 5 m erodible bed layer that was configured into
the modelling assessment. For example, if the erodible sand layer across the Robbins Passage
bridge corridor is a relatively thin veneer overlying consolidated (mud) or hard substrate, thin
bed erosion would be much lower than predicted here.
For options C1, C2 and C3, potential impacts from these predicted changes to current speeds
and bed level changes beneath the bridges include:


Boat operability: Peak flood currents speed beneath the bridges in excess of 1‐2 m/s
may affect the manoeuvring of recreational boats through the tidal channels. A
navigation guideline and updates to nautical charts are recommended near the
Robbins Passage bridge to warn skippers of high currents during flood tides if one of
these options is implemented. Additionally, potential accretion zones that may lead to
shallow depths in the tidal channels to the west of the bridges would need to be
considered with provision of a navigation guideline and updates to nautical charts.



Bridge structure integrity: The predicted bed erosion in the tidal channel beneath the
bridges may cause the scouring of bridge piers and bridge abutments. Geotechnical
assessments of the nature of the substrate below the erodible layer and appropriate
bridge design need to consider the substantive increase in current speeds beneath the
bridges for these options.

Potential impacts from options C4 and C5 are very minor and are not predicted to impact
baseline conditions in terms of boat operability and bridge structure integrity.
6.2.4

Changes to tidal flux through Robbins Passage

The impact to the baseline volumetric tidal flux through Robbins Passage from the proposed
Robbins Passage bridge depends on the relative size of the openings (i.e. bridges, culverts). If
sufficiently large openings are placed at strategic locations along the Robbins Passage bridge
(i.e. tidal channels), then the volumetric discharge through Robbins Passage would not be
materially impacted. Figure 26 illustrates the simulated tidal fluxes (negative values are
westwards volumetric discharge) through Robbins Passage during typical ambient conditions
for the baseline and the five proposed Robbins Passage bridge options. The maximum tidal flux
(at flood tide) reduces from ~1000 m3/s for the baseline to ~850 m3/s for option C1 (one 100 m
bridge). Options C2 (two 200 m bridges), C3 (two 100 m bridges) yield much smaller reductions
(<10%) in the volumetric tidal discharge across the proposed Robbins Passage bridge relative
to the baseline. No material change in the tidal flux of option C4 or C5 is predicted relative to
the baseline. The volumetric fluxes across Robbins Passage are only marginally impacted
during ebb tides for all options.
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Figure 26 Simulated volumetric tidal flux across Robbins Passage for
the baseline and five structure options.

6.3

Monitoring and management considerations

Considerations of a monitoring program and management options for the proposed structures
in this assessment on the basis of the predicted impacts are summarised in Table 13 and Table
14 for the wharf and Robbins Passage bridge, respectively. It is important that monitoring and
management be based on an adaptive framework, so that as understanding of coastal
processes improves, the monitoring program and management measures are tailored.
Table 13 Monitoring and management considerations for the wharf
Monitoring
Recommendation

Management and
Mitigation
Recommendation

J1

Increased accretion on the
southeastern side of the
wharf and weak erosion on
the lee side

Beach survey in the vicinity
of the wharf at regular
intervals (e.g. one year after
the completion of
construction, then every year
thereafter)

Beach monitoring program
Potential mitigation measure
of sand bypassing if the
monitoring program identifies
extensive coastal impacts

J2

No material impacts

Not required

Not required

J3

Minor increased accretion on
the south-eastern side of the
solid beach ramp and weak
erosion on the lee side
predicted during SLR
conditions only

Beach survey in the vicinity
of the wharf at regular
intervals (e.g. one year after
the completion of
construction, then every year
thereafter)

Beach monitoring program
Potential mitigation measure
of sand bypassing if the
monitoring program identifies
extensive coastal impacts

Structure
Option

Coastal Impact
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Table 14 Monitoring and management considerations for the propose
Robbins Passage bridge
Structure
Option

C1

C2 and
C3

Coastal Impact
Erosion beneath bridges
Scouring near the pier
foundation and abutment
Accretion to the west of
bridges that leads to
shallower tidal channel
depths
Impacts to the southern tidal
channel from the causeway
with only culvert openings
Erosion beneath bridges
Scouring near the pier
foundation and abutment
Accretion to the west of
bridges that leads to
shallower tidal channel
depths

Monitoring
Recommendation

Management and Mitigation
Recommendation

Field survey to verify the
predicted increase in current
speeds under the bridge(s)
after construction.
Bridge survey at regular
intervals (e.g. every 6 months
over the first 3 years)
Geotechnical survey to
identify the maximal erodible
layer depth

Monitoring program
Mitigation options in event of
unacceptable erosion:
1)
Reinforce the toe
protection to ensure
integrity of structures
2)
Solid rock structure
to guide flow
3)
Reinforce each end
of the causeway with
coarser materials

C4

Scouring near the pier
foundation and abutment

Bridge survey at regular
intervals (e.g. every 12
months over the first 3 years)

C5

Scouring near the pier
foundation and abutment

Bridge survey at regular
intervals (e.g. every 12
months over the first 3 years)

Monitoring program
Mitigation options in event of
unacceptable erosion:
1)
Reinforce the toe
protection to ensure
integrity of structures
2)
Solid rock structure
to guide flow
Monitoring program
Mitigation options in event of
unacceptable erosion:
1)
Reinforce the toe
protection to ensure
integrity of structures
2)
Solid rock structure
to guide flow
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