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Executive Summary
Roads and Maritime Services has committed $274 million to deliver the Batemans Bay Bridge
replacement project on the A1 Princes Highway over the Clyde River at Batemans Bay to replace the
existing bridge.
In August 2018, concern was raised by the community regarding the potential for coastal erosion
impacts to be caused by the Batemans Bay Bridge replacement in the Surfside area. In response to
these concerns, Roads and Maritime engaged GHD to carry out an independent assessment (the
Assessment) to investigate the potential changes to the riverbed and foreshore caused by the
Batemans Bay Bridge replacement in the Surfside area.
Objective of the Independent Assessment
The Assessment aimed to:


Independently evaluate the impact the new bridge would have on riverbed and shoreline
changes, waves, flooding, sea level rise and currents in the Clyde River compared to the existing
bridge.



Identify any mitigation measures that would be required if the impacts of the new bridge were
predicted to be worse than the existing bridge.

Scope of Work as provided by Roads and Maritime
The Scope of Work requested of GHD from Roads and Maritime is to understand:


Impacts of the new bridge on the tides and currents



Impacts of the new bridge on the sediment transport



Impacts of the new bridge on wave climate



Impacts of the new bridge on shoreline



Impacts of the new bridge due to flooding 10 year, 20 year, 100 year flood events on sediment
transport and shoreline



Impacts of the new bridge due to storm surges on sediment transport and shoreline impacts



Impacts of the new bridge on flood evacuation of the northern suburbs of Batemans Bay



Identify mitigation measures if the new bridge is found to cause more impacts on hydrodynamic
and sediment transport than the existing bridge

Methodology
The Assessment was undertaken firstly via a detailed review of key studies and investigations
undertaken by Roads and Maritime and the appointed bridge designers/contractors, as well as reports
provided by the community.
Numerical modelling was then undertaken using the hydrodynamic (HD) and sand transport (ST)
modules from DHI MIKE. This suite of tools was selected because they had not been used in other
previous studies and could therefore minimise the potential risks of shortfalls in the modelling
software.
Four bridge layouts were considered in the Assessment:


Reference layout, which excludes any bridge piers and abutments in the model domain



Existing bridge, which is the current Batemans Bay Bridge with nine piers in the river
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Existing bridge and new bridge, which represents the period where both bridges co-exist during
the new bridge construction



New bridge, which has the existing bridge piers and abutments removed and only the three new
piers and abutments remained

Identical model bathymetry was used for all four layouts, except at the locations of piers and
abutments where modifications to the bathymetry and topography were required to reflect the
differences in layouts.
Key findings
The Assessment found:


The hydrodynamic modelling undertaken in this Assessment produced similar results to the
Review of Environmental Factors (Aurecon, 2017) and the John Holland/Jacobs (2018) detailed
design studies.



The funnel shape of Batemans Bay and the natural “narrowing” of the river banks and topography
at the bridge location is the primary constraint on river flow conditions. Results from the
hydrodynamic modelling indicate that the new bridge only plays a secondary role in the formation
of water backlog, flooding and downstream flushing, due to the improved hydrodynamic efficiency
in the pier design.



The impacts resulting from the new bridge on hydrodynamics and sand transport are predicted to
be less severe than those associated with the existing bridge. Indeed, based on the modelled
scenarios, noticeable improvements were associated with the new bridge.



Considering the location and geometry of the bridge and the typical wave climate of Batemans
Bay, the new bridge is not expected to impact the wave climate inside the Bay.



Given the geometry of the river entrance which forces waves to propagate through a vast area of
shallow water, the reduced number of piers from the new bridge is not expected to result in a
significant increase in wave action immediately upstream during extreme events.



Erosion of the northern shoreline was predicted to occur during flood events with or without the
bridge in place. The new bridge is not predicted to induce additional impacts.



The simulated impacts of the new bridge on hydrodynamics and sand transport do not extend
beyond Pinnacle Point. Moreover, the Chenier Plain east to the Surfside Beach East is well
sheltered by Pinnacle Point and outside the impact zone of the new bridge.



The new bridge is not simulated to exacerbate nor mitigate the impacts of sea level rise within
Batemans Bay.



During the sea level rise scenario, the new bridge was predicted to cause less impacts to water
level, current velocity, and riverbed morphology than the existing bridge.
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1.

Introduction
1.1

Background

Roads and Maritime Services has committed $274 million to deliver the Batemans Bay Bridge
replacement project on the A1 Princes Highway over the Clyde River at Batemans Bay to
replace the existing bridge.
In August 2018, concern was raised by the community regarding the potential for coastal
erosion impacts to be caused by the Batemans Bay Bridge replacement in the Surfside area. In
response to these concerns, Roads and Maritime engaged GHD to carry out an independent
assessment (the Assessment) to investigate the potential changes to the riverbed and foreshore
caused by the Batemans Bay Bridge replacement in the Surfside area.
The study area is shown in Figure 1.

Figure 1 Study area for the first focus topic as highlighted by red box (Image
source: Google Map)

1.2

Objectives

The Assessment aimed to:


Independently evaluate the impact the new bridge would have on riverbed and shoreline
changes, waves, flooding, sea level rise and currents in the Clyde River compared to the
existing bridge.



Identify any mitigation measures that would be required if the impacts of the new bridge
were predicted to be worse than the existing bridge.

1.3

Scope of Work as provided by Roads and Maritime

The Scope of Work requested of GHD from Roads and Maritime is to understand:


Impacts of the new bridge on the tides and currents



Impacts of the new bridge on the sediment transport



Impacts of the new bridge on wave climate

GHD | Report for Roads and Maritime Services - Batemans Bay Independent Coastal Impact Assessment , 2127712 | 2



Impacts of the new bridge on shoreline



Impacts of the new bridge due to flooding 10 year, 20 year, 100 year flood events on
sediment transport and shoreline



Impacts of the new bridge due to storm surges on sediment transport and shoreline impacts



Impacts of the new bridge on flood evacuation of the northern suburbs of Batemans Bay



Identify mitigation measures if the new bridge is found to cause more impacts on
hydrodynamic and sediment transport than the existing bridge

1.4

Purpose of this Report

The purpose of this report is to document the assumptions, limitations, development, and
implementation of the desktop investigations required to evaluate the impact of the new bridge
to hydrodynamic and sand transport characteristics of Clyde River.
This report should not be considered as a coastal hazard management study, which was
undertaken by Eurobodalla Shire Council separately and relevant information can be found on
the Council’s website.
The Assessment did not include a review on the methodology adopted by scientists to derive
sea level rise projection, nor review the decision-making and considerations behind adopting a
projection.
Additionally, the Assessment did not review the coastal management policies adopted and
being implemented by Eurobodalla Shire Council.

1.5

GHD approach

In order to minimise the potential risks of shortfalls in the modelling software, the GHD
independent assessment was undertaken using the hydrodynamic (HD) and sand transport (ST)
modules from DHI MIKE. This modelling suite is completely different from that used in the
previous studies.
The following boundary conditions, as supplied by RMS from a previous study[1], were adopted:


9.5%, 5%, and 1% AEP (Annual Exceedance Probability) Clyde River design hydrographs



Design hydrographs equivalent to the February 1992 and the October 1999 flood events



Bathymetric and topographic surveys conducted in various years between 1986 and 2016



Pier geometries from design drawings[2] for the existing bridge and the new bridge

This study did not include the undertaking of site surveys nor repeating the analytic works
undertaken in previous works for establishing the river discharge characteristics. Rather, critical
review was conducted on the boundary conditions before adopting them in this study.

1.6

Assumptions and limitations

1.6.1

Assumptions

Numerical models are simplifications and abstractions of the natural system. The accuracy of a
model depends on the quality of input data and assumptions made to simplify the complex
behaviour of the natural system.

1

Conducted by Aurecon (2017)
Existing bridge drawings taken from Info Doc 001 001B05950 CO 19590201 WAE Drawings(1954); New bridge drawing taken
from John Holland BBB-TGP-DWG-ST(2018)
2
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In this section, general considerations and assumptions made in the study relevant to the
investigation of the impacts resulted from the new bridge are documented, supplemented with
brief discussions on the implication(s) of the assumptions. Assumptions and limitations more
specific to the undertaking of numerical modelling can be found in the relevant sections later in
the report.
It is important to note that whilst refinement of the model assumptions against additional data
would improve the level of confidence and accuracy of the model, the adopted assumptions are
considered suitable in the context of the Assessment objectives outlined in Section 1.2.


The model verification carried out in this study adopted the 20% and 5% AEP design
hydrographs estimated by Aurecon (2017) for the flood events that occurred in October
1999 and February 1992, respectively. The hydrographs for the two events were based on
the design events of similar magnitudes, rather than the actual measurement. As
demonstrated in model calibration/verification by both Aurecon and GHD (this study), the
20% and 5% AEP hydrographs were generally in agreement with the tide measurement at
Princess Jetty tide gauge. Based on the available information, GHD considered the design
hydrographs sufficiently representative of flood conditions during the corresponding design
events for the purpose of this study.



GHD assumed that for all simulated scenarios the initial bathymetry was identical, except
some minor modifications were applied to account for different abutment designs between
the existing bridge and the new bridge, based on the design drawings for the two bridges.
The approach allowed comparative assessment of bridge impacts of the current situation
without introducing uncertainties from historic morphology evolution.



The study on the estuary processes in the Batemans Bay Clyde River undertaken by WBM
(2000) calculated an average sand supply of 22,000 m3/year at the bridge location. This
study is the most recent and the only source of information where the sediment transport
rate was estimated. As such, the value was adopted in this study.



GHD assumed the sediment inflow rate in the upstream boundary is in a steady state, for
the modelling of design event. In real world, the inflow rate varies with the amount of water,
with the majority of the inflow occurred during flood events

1.6.2

Limitations



For morphological modelling of bed levels, wind and wave dynamics are generally not
deemed as important as flood flows due to the elevation of these forces act on i.e. on the
water surface. As such, these factors were not modelled in this study.



Various coverages, resolutions, and years of bathymetry and topography survey data were
identified during the review process. As the bathymetry surveys suitable for the modelling
exercise were not the most up-to-date, in light of the dynamic nature and estuarine
environment of Batemans Bay these surveys may not have captured the up-to-date
features of the bathymetry/topography. Notwithstanding the above, the influence of the
older surveys on the modelling exercise is not expected to be significant, as from other
project experience the impacts from bridge piers are generally localised.



Estimation of the spatial distribution of sediments in this study was based on the shields
curve, hydrodynamic results, and geotechnical investigations. In the tidal delta, grain sizes
were specified based on the beach sand grain sizes, where in the river channel the sizes
were based on shield curves. The estimate of sedimentation was then verified with
historical satellite images.



Despite the effort spent on verification, estuary is a dynamic area in nature and
sedimentation different from those simulated in the model should be expected, which GHD
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considered it reasonable given the available information and current development of
technologies and theories in sediment modelling.


The modelling work considered the project site holistically and did not focus on local-scale
processes such as scouring holes, vortex shedding, upwelling and mixing near the bridge
piers.



This study investigated impacts from the bridges to hydrodynamic and morphological
changes associated with design events. This study was not intended to investigate historic
morphology evolution downstream the bridge, which would be addressed in the second
focus topic.

1.7

Disclaimer

This report has been prepared by GHD for Roads and Maritime Services and may only be used
and relied on by Roads and Maritime Services for the purpose agreed between GHD and the
Roads and Maritime Services as set out in Sections 1.2, 1.3, and 1.4 of this report.
GHD otherwise disclaims responsibility to any person other than Roads and Maritime Services
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 Roads and Maritime
Services 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.
The opinions, conclusions and any recommendations in this report are based on information
obtained from, and testing undertaken at or in connection with, specific sample points. Site
conditions at other parts of the site may be different from the site conditions found at the specific
sample points.
Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of buildings, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.
Site conditions (including the presence of hazardous substances and/or site contamination) may
change after the date of this Report. GHD does not accept responsibility arising from, or in
connection with, any change to the site conditions. GHD is also not responsible for updating this
report if the site conditions change.
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2.

Literature Review Relevant to the
Bridge Replacement Project
As part of the design development and approval process of the new bridge, various studies and
investigations were undertaken by Roads and Maritime and the appointed bridge
designers/contractors. This section provides an overview of the key studies and investigations
where relevant to the Assessment.
Additional information reviewed as part of the Assessment is listed in Section 8.

2.1

Batemans Bay Bridge Hydrology and Coastal Processes
Assessment – Aurecon 2017

Aurecon conducted an assessment to support the development of Batemans Bay bridge
replacement project. The study contained three major components:


Hydrological assessment



Hydrodynamic assessment



Coastal process assessment

Aurecon’s assessment was based on the conceptual design of the new bridge, consisting of
nine piers of which five were positioned in the river channel.
The hydrological modelling was undertaken using the flood catchment modelling software XPRAFTS. It aimed to simulate the rainfall and runoff processes and derive flood hydrography as
the boundary condition for the hydrodynamic model. Overall, three hydrological scenarios were
identified to reflect the three different flood events i.e., 1% AEP design flood event, Probable
Maximum Flood event and 0.05% AEP event. Additional events such as 9.5% and 5% AEP
hydrographs were provided in the XP-RAFTS model. The assessment used industry-accepted
modelling software TUFLOW. The model aimed to simulate the hydrodynamics and potential
inundation areas under the impacts of the proposed new bridge from the three design events.
Aurecon undertook the coastal process assessment on a desktop level given the bridge design
back then had similar number of piers as the existing bridge. The assessment considered the
completed project post-construction and post-demolition of the existing bridge. The assessment
began by reviewing the existing coastal management plans, which summarised that the Wharf
Road area and the Central Business District of Batemans Bay are vulnerable to coastal
inundation from tidal flood waters and sea level rise, due to their low-lying elevation.
In the report, Aurecon concluded that:


The bridge design was considered to be consistent with Eurobodalla Shire Council’s
coastal management plans



Despite the southern approach of the bridge design encroached into the mapped boundary
of the SEPP14 wetland area associated with Mcleods Creek, the new bridge was not
expected to have any impact on the Mcleods Creek area and the coastal process in the
area, given the new bridge was of similar size and form to the existing bridge

Aurecon’s assessment is one of the key study for the Batemans Bay Bridge replacement
project. Some of the results such as hydrological assessments and the identified flood events
were referred to in the subsequent studies.
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2.2

Batemans Bay Bridge Flooding Assessment – John
Holland/Jacobs 2018

As part of the Batemans Bay bridge detailed design & construction project, Jacobs conducted
an independent review of previous hydrologic and hydraulic assessments for the main
contractor John Holland, and undertook hydrodynamic and flood modelling of the detailed
design pier arrangement (i.e. in total five piers in which three piers are in the river channel).
The Jacobs flood modelling used TUFLOW with the same model inputs as the Aurecon study,
except small updates to represent the topography and hydraulic controls. The amendments in
the Jacobs model included:


Removal of the existing Batemans Bay Bridge, abutments and approach embankment



Updated the topography with the new road design



Updated with the new Batemans Bay bridge in accordance with the detailed design

Model outcomes were generally in line with the results reported in the Aurecon report, with
minor discrepancies/improvements resulting from the updated detailed design. The bridge
detailed design was demonstrated to be more hydraulically efficient than the bridge concept
design and the existing bridge.
Jacobs concluded the reduced number of piers in the river channel and a much smaller pier
projected area to the river current contributed to the improvement achieved. The risk of
inundation upstream of the new bridge, as indicated in model results, was expected to improve
upon existing conditions.
The Jacobs study evaluated the design flood, bridge scour as well as scour protection
measures required.

2.3

Eurobodalla Coastal Hazard Assessment – WRL 2017

A coastal hazard study was undertaken by the Water Research Laboratory (WRL) of the School
of Civil and Environmental Engineering at UNSW Sydney for the shoreline of Eurobodalla Shire
Council. The investigated area ranges from 10 km north to 10 m south of Batemans Bay,
covering overall 17 beaches under the risk of coastal hazards such as coastal inundation,
shoreline and sand dune erosion.
The scope of this study included:


Desktop review of the basic geomorphologic settings and sediment properties in this area
such as distribution of sediment types and grain sizes. A short summary was provided to
identify the gaps of information required for more accurate sediment transport and
morphology modelling e.g., the rate of carbonate production and transports, the supply of
fluvial sand from Clyde River, the on-offshore exchange of sand within sediment
compartments etc.



Coastal process modelling and assessment. WRL carried out a comprehensive
assessment of governing coastal processes in Batemans Bay. This included storm tide
analysis, storm wave modelling, wave setup, run-up and overtopping calculation as well as
beach erosion and shoreline recession prediction.



Probabilistic and deterministic erosion assessment. The study has adopted a Monte-Carlo
method to evaluate the coastal erosion and shoreline recession considering the uncertainty
in sea level rise, Bruun factor and underlying shoreline movement.
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2.4

Factual Geotechnical Report for Conceptual Design –
Newcastle Geotech 2017

The Newcastle Geotech geotechnical factual report provides an understanding of the sediment
composition near the new bridge location. An array of boreholes and laboratory testing for the
design development was undertaken in 2017. Of relevance to the Assessment are the six overwater boreholes BBR1 to BBR6 on either side of the new bridge.
The drill logs and laboratory testing of the six over-water boreholes suggested the sediments
consist of granular soil (Sand, Silty Sand), cohesive soils (Silty Clay, Clayey Silt, Sandy Silt),
and gravel. This information was used during the verification process to define the sediment
distribution and nominal grain sizes.

2.5

Erosion of Batemans Bay’s Northern Beaches and
Addendum to Erosion of Batemans Bay’s Northern Beaches –
Vivek Sethi 2017 and 2018

Surfside resident, Mr Vivek Sethi, prepared a report which was followed by an addendum,
documenting the research and investigations that he conducted for the identification of possible
causes of historical erosions in Batemans Bay area, particularly around the northern beaches
(Surfside). The report and the addendum describe the historic erosion of the northern sand spit
over the past ~70 years based on published information and interviews with other residents.
While the report and the addendum mainly focused on the coastal processes in the northern
beaches, Section 10 of the report discussed the new bridge proposal and provided excerpts
from relevant RMS information. Upon further review of Section 10, GHD notes that the findings
from the report were based on the conceptual design of the replacement bridge. GHD notes that
several design changes have since been implemented based on community feedback.
Consequently, the findings provided in Section 10 of the report are considered no longer valid
for the Assessment.

2.6

Bridge design drawings

Pier designs contained in the Work as Executed drawings (Department of Main Roads NSW,
1954) and the detailed design drawings of the new Batemans Bay Bridge (John Holland/Jacobs,
2018) were used to set up the DHI MIKE model.
Figure 2 gives a visual comparison between the existing Batemans Bay Bridge and the new
bridge, with the piers highlighted in colours.

Figure 2 Comparison of the existing bridge pier arrangement (upper pan) with
that of the new bridge (lower pan). Not to scale
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In summary, the differences between the two bridges relevant to the Assessment are:


The new bridge has fewer piers than the existing bridge. In total, the new bridge has five
piers with three of them located in the river channel, compared to the existing bridge which
has nine piers with eight of them in the river channel



The new piers are more streamlined than the piers from the existing bridge and have less
projected area facing the river flow



Spans of the new bridge are approximately doubled the existing bridge, reducing the
number of piers required



The new bridge incorporated an improved abutment design which is set-back further than
the existing bridge abutments to minimise interruption to river flow, in particular during peak
flood events



Pile configuration is improved. The existing bridge has two caissons in a row and up to 3.6
m in diameter, whereas the new bridge has three piles in a row and 2.1 m in diameter



Caissons of the existing bridge would be either fully removed or removed well below the
riverbed, minimising risk of exposure due to scour from new bridge

2.7

Other information provided by the community

As part of the Assessment, two community consultation sessions were held in October and
December 2018 at Batemans Bay. The information provided by the community were reviewed
and considered in the Assessment where applicable to the scope.
Appendix B gives a summary of the consultations made by the community for the Assessment.
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3.

Physical Description of the Site
3.1

Datum

The vertical datum adopted in the numerical model was Australian Height Datum (AHD). Map
Projection system was GDA94/MGA 56.
To adjust the datum of various survey data, the following conversions were adopted[3]:


Batemans Bay Hydro Datum (BBHD) = -0.889 m AHD



Bermagui Hydro Datum (BHD) = -0.714 m AHD



Batemans Bay Lowest Astronomic Tide (LAT) = -0.850 m AHD



Batemans Bay Mean Sea Level (MSL) is approximately equivalent to AHD

3.2

Survey data

Bathymetry and topography surveys adopted in the Assessment are summarised below:
Topography Survey


High resolution topography survey conducted in 2011 covering a larger area surrounding
Batemans Bay. This survey was undertaken to obtain a digital elevation model of the entire
Clyde River estuary including both the upstream mud flats, the city centre, and downstream
low-lying lands. This dataset was used in the model.



Topography survey data named survey_GDA_1994_MGA_Zone_56.xyz (year unknown).
The dataset covers a smaller domain near the Batemans Bay city centre with most of the
survey area overlapped with the 2011 survey. As such, this dataset was not used in the
model.



Topography survey conducted in 2018 concentrating around the location of the Batemans
Bay bridge replacement, named as BBBCD Topographic Survey Model- 19.04.2018.xyz.
The dataset covers only the elevated land area adjacent to the bridge location, and is
outside of the anticipated zone of impacts from river flood. As such, this dataset was not
used in the model.



Topography in 2018 for the access road and abutment of the proposed new bridge, named
tri_bbb_detail_no_bridge_20180724.xyz. This dataset was used in the model.

Bathymetry Survey

3



Bathymetry survey undertaken in 1986 at downstream of Batemans Bay bridge, named as
Batemans_Bay_1986-87_mga56_ahd.xyz. This dataset was used in the model.



Additional bathymetry survey undertaken in 1995 at downstream of Batemans Bay bridge,
named Batemans_Bay_1995_mga56_ahd.xyz. It overlaps most of the survey area as in the
1986 bathymetry survey, however, this survey provides different survey tracks and
coverages. As such, this dataset was used in the model to supplement the 1986 survey and
to maximise the survey coverage.



1998 hydrography survey from the Office of Environment and Heritage of the Clyde River
main channel both upstream and downstream of the bridge, as well as additional survey of
the side channel. The composed survey data named Clyde_River_1998_mga56_ahd.xyz
was used in the model.

The conversions are based on the information provided by RMS from the previous studies
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Earth Technology Solutions undertook a geophysical survey on the riverbed in close
proximity to the proposed new bridge location in 2017. The survey was used to define the
riverbed elevation at the piers.

In addition to the above survey data, it is noted a local resident also collected the bathymetry of
entire Batemans Bay in 2015 using Do-It-Yourself underwater drones. This dataset was
considered for the modelling, however, was deemed only suitable for identification of broad
scale seabed features since the dataset is not benchmarked to a known datum and the
accuracy of the survey equipment is unknown. As such, in the modelling work this dataset was
not used.

3.3

Metocean conditions

3.3.1

Tidal plane

Tidal levels at Batemans Bay are summarised in Table 1.
Batemans Bay is dominated by semidiurnal tide showing two high tides and two low tides each
24 hours.
Table 1 Tidal Planes at Batemans Bay
Tidal Plane
Highest Astronomical Tide
(HAT)
High High Water Solstices
Springs (HHWSS)
Mean High Water Springs
(MHWS)
Mean High Water
Neaps(MHWN)
Mean Sea Level (MSL)
Mean Low Water Neaps
(MLWN)
Mean Low Water Springs
(MLWS)
Indian Spring Low Water
(ISLW)
Lowest Astronomical Tide
(LAT)
3.3.2

Water Levels[4]
(m LAT)
1.9

Water Levels
(m AHD)
1.0

Average Annual Tidal
Planes for Princess Jetty[5]
-

-

-

0.920

1.5

0.6

0.607

1.3

0.4

0.408

0.9
0.5

0.0
-0.4

0.048
-0.312

0.3

-0.6

-0.511

-

-

-0.735

0.0

-0.9

-

Tidal gauge data

Available tidal records in the vicinity of Batemans Bay are summarised in Table 2.
Table 2 Tidal data summary table
Tidal Data[6]
Batemans Bay Offshore
Bermagui (approx. 80 km
south of project site)

Location
150.2533˚ E,
35.7794˚ S
150.0715˚ E,
36.4263˚ S

Coverage
20/9/2000 to
17/10/2017
29/07/1987 to
23/6/2017

Datum
MSL Adjusted
Bermagui Local Hydro
Datum

4

Australian National Tides Tables 2012, Water levels are rounded to the nearest decimal place, and potential tidal variation
throughout the Bay may be expected
5
Manly Hydraulic Laboratory 2012
6
Sourced from MHL website https://www.mhl.nsw.gov.au/data/realtime/oceantide/Where
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Tidal Data[6]
Ulladulla (approx. 50 km
north of project site)
Princess Jetty[7]

Location
150.4765˚ E,
35.3577˚ S
150.1778˚ E,
35.7038˚ S

Coverage
6/12/2007 to
26/10/2018
12/12/1985 to
8/11/2015

Datum
AHD
AHD

Figure 3 shows the locations of the above tide gauges.

Figure 3 Location of tide stations
It is noted that no additional verification was undertaken on the Princess Jetty tide data given
the project scope and delivery timeframe. However, based on the comparison with other gauges
as exemplified in Figure 4, the tide measurement at Princess Jetty gauge showed good
agreement in both tide amplitudes and phases with other gauges. As such, the tide data from
Princess Jetty is considered adequate to inform the scope of the Assessment.
The averaged water level observed at the Princess Jetty gauge is approximately 0.1 m higher
than the Batemans Bay Offshore and Bermagui, which is expected given that the tide gauge
recorded the discharge from Clyde River.

Figure 4 Tidal gauge data comparison, an example from January 2015
7

Also known as ‘T-head’ jetty
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3.3.3

Storm surge

Table 3 provides a summary of storm surges established by Aurecon (2017), DECCW (2010),
and WRL (2017). The data sources produced similar estimates of storm surge in the Bay.
Table 3 Storm surges estimates
Eurobodalla[10]
(m AHD)

-

Newcastle - Sydney
- Wollongong[9]
(m AHD)
1.24

20%

1.26

-

-

10%

1.31

1.35

-

5%

1.34

-

1.37

2%

1.38

1.41

-

1%

1.40

1.44

1.43

AEP

Princess Jetty[8]
(m AHD)

100%

3.3.4

-

Sea level rise (SLR)

Eurobodalla Shire Council adopted the sea level rise projections established in the South Coast
Regional Sea Level Rise Planning and Policy Response. In this policy, a local adjustment was
applied to the IPCC projections from a reference year-2015 to account for variations of global
SLR in this region.
For the Assessment, a SLR allowance of 0.38 m to year 2068 was adopted, in accordance with
the Eurobodalla Shire Council policy.
3.3.5

Current

Clyde River estuary is subject to dynamics of both tidal flows and river discharges. The tidal flow
is typically in the order of 0.1 m/s in the tidal delta, where an increase in the flow velocity is
expected in the tidal channels due to additional available water depth.
During storm events, the river discharges become more dominant than the tidal flows, which are
typically an order of magnitude higher than the tidal currents.
3.3.6

Waves

Batemans Bay is exposed to offshore swells and locally generated wind-waves within the Bay
during major weather events associated with East Coast Low-pressure systems. (Aurecon,
2017). However, the lower Clyde River experiences smaller swells and waves, mostly due to the
natural shape of headlands and distance of the Bay to the offshore boundary. A series of
islands, rocky outcrops, and sand shoals in the Bay also encourage the dispersion of energy as
waves propagate to the Bridge (Aurecon, 2017).
The open funnel shape channel only allows offshore swell from east to south-south east (I R
Coghlan et al, 2012) to propagate into the inner Bay area, which also subject to wave refraction,
wave diffraction, wave breaking as well as diffusion of wave energy from bottom friction. The
inner Batemans Bay is therefore within a weak wave energy regime
GHD’s assessment showed:

8

Aurecon 2017, based on BMT WBM 2009. Includes wave set-up
DECCW, 2010
10
WRL 2017, Eurobodalla Coastal Hazard Assessment
9
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The river flow could be supercritical/near supercritical during flood events at the tidal delta.
Under such a flow condition, waves were greatly affected by river currents and would
experience difficulty in propagating upstream



River flow also pushed the wave breaking zone further offshore, leading to much smaller
waves at the Study Area



Extreme flood events rarely occur in conjunction with extreme waves



The existence of the bridge(s) would not significantly differ the wave pattern

As such, for the scope of this Assessment and based on the above summary, the wave
dynamics are not considered in the modelling.
3.3.7

Ambient wind climate

Batemans Bay is located at an area of humid subtropical climate with mild and cool wind in
winter and stronger and hot wind in summer. GHD reviewed wind data at the closest Bureau of
Meteorology weather station at MORUYA AIRPORT AWS (station 069148), approximately 20
km south of Batemans Bay, as shown in Figure 5, and summarises the following:


Weak and variable winds (majority <4 m/s) from west in winter season (April to September)



Dominant winds from northeast in summer season (October to March); wind speeds are
generally stronger in those months
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Figure 5 Monthly wind roses at MORUYA AIRPORT AWS
3.3.8

Extreme winds

At Batemans Bay, extreme wind events are often associated with East Coast Low-pressure
systems. The system generates local winds and waves from the same direction (Lawson and
Treloar Pty Ltd, 1987) offshore that may propagate into the bay area.
Extreme wind events do not occur regularly in conjunction with extreme rainfall and flood
events, where the influences of such are often an order of magnitude larger than the wind. In
addition, the existence of the bridge(s) would not significantly differ the wind pattern. As such,
for the scope of this Assessment the wind was not considered in the modelling.

3.4

Hydrology

The Clyde River originates within the Budawang National Park in the Budawang Range, which
is part of the Great Dividing Range, and flows parallel to the east coast into the Tasman Sea at
Batemans Bay. The Clyde River catchment is characterised by an area of 1,723 km². The river
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is 102 km long and joined by nine tributaries, including Bimberamala, Yadboro and
Buckenbowra Rivers.
The instantaneous flow discharge of the Clyde River is measured at Brooman (station #216002)
by the NSW Department of Primary Industries, Office of Water. The station is approximately 38
km upstream Batemans Bay and the river discharge registration is available starting from 1960
to date.
The flood events of February 1992 and October 1999 are shown in Figure 6 and Figure 7
respectively. These events were used to verify the hydrodynamic model.

Figure 6 February 1992 – Clyde River hydrograph at Brooman

Figure 7 October 1999 – Clyde River hydrograph at Brooman
A summary of the registered peak flow discharges and peak timing of the two historical flood
events at Brooman station is given in Table 4.
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Table 4 Historical hydrographs at Brooman
Flood Event
February 1992
October 1999

Peak Discharge
(m³/s)
4035.9
2692.5

Date

Time

10/02/1992
25/10/1999

10:08 PM
5:06 AM

The discharge hydrographs are derived from measured water levels at the Brooman gauge
station by applying the stage-discharge relationship supplied by the data provider. The stagedischarge relationship used to derive the flow hydrographs has not been checked at this stage
of the study, and a careful review of the adopted rating curve needs to be undertaken as part of
a comprehensive hydrological modelling of the Clyde River catchment.
The Brooman hydrographs exhibit a very small discharge in the days before the flood events. A
visual inspection of satellite images indicates that the Clyde River at Brooman is characterised
by a significant baseflow, which is not captured in the derived flow hydrograph. This fact could
be related either to the procedure used to derive the flow hydrograph (i.e., by neglecting the
water levels measured before a certain date), or to the estimated stage-discharge relationship.
As discussed in Section 1.6, the design hydrographs estimated by Aurecon (2017) using the
XP-RAFTS software and the ARR 1987 IFD curves were applied to the GHD numerical models
as inflow boundary conditions.
The Brooman historical hydrographs have been recorded approximately 38 km upstream the
model domain of the Assessment. Several tributaries flow in the Clyde River between Brooman
and the upstream boundary of the hydrodynamic model, thus consistently changing the peak
flow discharge and shape of the hydrograph in proximity of Batemans Bay when compared to
Brooman. For this reason, the design hydrographs estimated by Aurecon (2017) have been
adopted in lieu of the Brooman historical hydrographs as upstream inflows during the
verification phase of the model, with the peak timing of the flood estimated by applying a
kinematic wave approach to the Brooman peak flood timing.

3.5

Geomorphology and sediments

3.5.1

Geometric settings

Bateman Bay consists of a 24 km stretching shoreline between Three Islet Point and Mosquito
Bay Head. The Bay exhibits a funnel shape with the width narrowing down from approximately 6
km near the offshore entrance to approximately 300 m at the existing Batemans Bay Bridge,
within 7.5 km linear distance.
The Bay includes ten embayed beaches on its northern shore and eight beaches at the south.
The Bay faces south-east and has acted as a natural sink for marine quartz and carbonate
sand, which has built the beaches, barriers and the shallow sand spit.
Along the southern bank, shoreline protection structures such as the revetments and river
training wall have been constructed. The northern bank is not directly exposed to mainstream
river flow, due to the existence of tidal delta in the Bay; some revetments have been constructed
along Wharf Road.
The channel of Clyde River along the southern bank of the Bay has been dredged, with a large
shallow tidal delta to the north of the channel.
3.5.2

Geotechnical investigations near the bridge

Geophysical mapping near the bridge suggests the site is located within an area underlain by
both Ordovician sediments of the Wagonga Formation and Quaternary alluvium.
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Geotechnical investigations were carried out by Newcastle Geotechs at six borehole locations
near the Bridge. Review of the borehole logs indicates granular soils are present at shallow
depths, underlain by cohesive materials which are in turn underlain by gravels. The thickness of
the surface alluvial sediment is generally greater at on-land boreholes (in the order of 10 m)
than over-water locations (only 0.3 m at BBR3 in river channel near northern bank).
Laboratory tests on the cored samples showed Ordovician bedrock elevations range from
approximately -2.4 m AHD to -31.4 m AHD at over-land locations and from -9.25 m AHD to 26.6 m AHD at over-water locations. The tests also suggested approximately 80% of poorly
graded sand near ground level in the river channel. The percentage of sand reduced
substantially with depth.
3.5.3

Sediments

Within the Bateman Bay area, there are three existing provinces exhibiting different surface
sediment nature as described below (Wright and Thom 1976).


The outer estuary - offshore province exhibited much of the flood tide channel, whereas the
outer bay area with fine to very fine lithic (quartz) sands and 35-50% fine calcareous sand.



The outer estuary - inshore province extends around the perimeter of the bay shore and
has medium to coarse lithic (quartz) sand and approximately 50% carbonate.



The inner estuary province is located in an area of Clyde River west of the Bridge with fine
to medium lithic (quartz) and low carbonate.

From these three provinces, it can be seen that the lithic quartz sediment is a common type of
sediment source. This source likely comes from both the Clyde River fluvial sands and the inner
shelf sand transported landwards during the sea level transgression.
Long Beach, Maloney Beach, Surfside Beach and Sunshine Beach consist of fine sand with D50
ranges between 0.21 mm to 0.25 mm. The carbonate content at Long Beach (78%), Maloney
(76%) and Cullendulla (62%) suggests the three beaches are likely to have similar sediment
source(s). The tidal delta and the lower carbonate content at Surfside Beach (20%) suggest the
sediment source may be different from that of the other three beaches, or it has the same
source but experiences different hydrodynamic sorting processes. Sediments with lower
carbonate content were shown to have higher mobility, particularly in the study area, Batemans
Bay and the lower Clyde River.
Due to the constant flushing from river flow, the grain size in the river channel is expected to be
coarser, as finer sediments would have been transported out offshore.
Comprehensive sediment sampling and mapping of sediment distribution within the entire
Batemans Bay has not been undertaken to-date to inform the sand transport modelling further.

GHD | Report for Roads and Maritime Services - Batemans Bay Independent Coastal Impact Assessment , 2127712 |
18

4.

Modelling Methodology
4.1

Model tools

The following numerical models were deployed for the Assessment:


DHI’s MIKE Flexible Mesh Hydrodynamic (HD) module as the tool for hydrodynamic
simulations. DHI MIKE 21 and MIKE 3 HD is based on incompressible Reynolds averaged
Navier-Stokes equation subject to assumptions of hydrostatic pressure. The model was
developed to simulate the circulations associated with tide, surface wind, Coriolis force,
pressure gradient, boundary inflows as well as radiation stresses. The unstructured mesh
allows maximum flexibility for tailoring grid resolution in the model domain.



Sand transport modelling was undertaken using DHI’s MIKE Sand Transport (ST). MIKE ST
simulates transport of non-cohesive material (sand) of both bed load and suspended load,
and accounts for movement from both waves and currents outside the surf zone.

The overall modelling framework is conceptualised in Figure 8.

Inputs

Modelling
Tools

Outputs/
Analysis

Tide level inputs at
offshore boundary

River discharge inputs

MIKE Hydrodynamic Model

Sediment grain size,
bottom layer property

MIKE ST Model

Hydrodynamics, Sediment transport,
Morphology

Figure 8 Model framework

4.2

Model settings

4.2.1

Model domain

As shown in Figure 9, the model domain covered the area between Hawks Nest Headland and
the end of the river training wall (approximately 2.6 km downstream of Batemans Bay bridge),
as well as the Clyde River channel and flooding zones approximately 3 km upstream.
The model mesh consisted of a mixture of quadrangular-mesh and triangle mesh.
Quadrangular-mesh was used for hydro-solutions in the river channel where the mesh was
refined to approximately 8 m across the river. In other areas such as nearshore water, mudflats
and tidal delta, triangle meshes were used which provide more flexibility to tailor the grid size to
match the complex shoreline boundary.
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Figure 9 Model domain
4.2.2

Bridge layouts

Overall, four bridge layouts were considered in the Assessment:


Bathymetry with no bridge abutments nor piers (Figure 10). This layout is defined as the
‘reference layout’ during post-processing of the modelled result and result interpretation



Bathymetry with the existing bridge abutments and piers (Figure 11)



Bathymetry with both the existing and new bridge abutments and piers (Figure 12)



Bathymetry with the new bridge abutments and piers (Figure 13)

Identical model bathymetry was used for all four layouts, except at the locations of piers and
abutments where modifications to the bathymetry were required to reflect the differences in
layouts.
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Figure 10 Reference layout – no piers and abutments

Figure 11 Existing bridge piers and abutments (yellow contours and indigo to
maroon colour patches on land)
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Figure 12 Existing and new bridges piers and abutments (cyan and yellow
contours, and indigo to maroon colour patches on land)

Figure 13 New bridge piers and abutments (cyan contours and indigo to
maroon colour patches on land)
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4.2.3

Pier implementation

The built-in subgrid parametric model is available from MIKE for the implementation of pier
structures. The model calculates the current-induced drag force on each individual pier and
equate this force with a shear stress contribution compatible with the MIKE 21 momentum
formulation (DHI, 2017). Whereas in TUFLOW, it applies the friction along the entire bridge in
one lot (as a transect). The parametric model from MIKE produces a more realistic flow where
the increased flow velocity between piers and reduced flow velocity in front and behind the piers
are both simulated. The parametric model minimises the time required to compute the
hydrodynamics around the piers while still maintains adequate resolution to simulate overall flow
condition.
It is noted that, due to the intrinsic limitation of hydrostatic-hydrodynamic models as well as
implementation of subgrid parametric models, simplification of model precision near the piers
and scouring holes adjacent to the piers is inevitable. Model results at locations in close
proximity to the piers should therefore only be regarded as qualitative rather than quantitative.
Nevertheless, it is not expected that the simplification would influence the scope of the
Assessment, which is to investigate bridge impacts holistically.
Details of pier implementation for the Assessment in the MIKE model are shown in Table 5 for
the existing bridge and Table 6 for the new bridge.
Table 5 Piers of the existing bridge

Easting (m)
Northing (m)
Orientation (˚N)
Height (m)
Width (m)
Length (m)
Easting (m)
Northing (m)
Orientation (˚N)
Height (m)
Width (m)
Length (m)

Pier 1
244825
6045445
330
2.5
2.2
9.5
Pier 6
244695
6045367
330
2.5
3
9.5

Pier 2
244813
6045438
330
2.5
3
9.5
Pier 7
244664
6045347
330
2.5
3
9.5

Pier 3
244784
6045421
330
2.5
3
9.5
Pier 8
244638
6045331
330
2.5
3
9.5

Pier 4
244755
6045403
330
2.5
3.65
9.5
Pier 9
244622
6045321
330
2.5
2.2
9.5

Pier 5
244726
6045385
330
2.5
3.65
9.5
-

Table 6 Piers of the new bridge

Easting (m)

Pier 1
244826

Pier 2
244756

Pier 3
244687

Pier 4
244622

Pier 5
244565

Northing (m)

6045481

6045445

6045410

6045368

6045315

Orientation (˚N)

330

330

310

310

310

Height (m)

2.5

2.5

2.5

2.5

2.5

Width (m)

3

3

3

3

3

Length (m)

14

14

14

14

14

4.3

Model scenarios

GHD considered 29 scenarios as detailed in Table 7:


Two verifications with the existing bridge layout
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24 runs to evaluate the impacts of the existing bridge, existing plus the new bridges, and
the new bridge at current sea level



Three runs to evaluate the impacts of the existing bridge and the new bridge during sea
level rise event

Table 7 Model scenarios
Scenarios

Reference

Feb 1992 Flood

-

Existing
Bridge
Verification 1

Existing +
New Bridges
-

New
Bridge
-

Oct 1999 Flood

-

Verification 2

-

-

9.5% AEP flood + typical spring tide

SC11

SC21

SC31

SC41

5% AEP flood + typical spring tide

SC12

SC22

SC32

SC42

1% AEP flood + typical spring tide

SC13

SC23

SC33

SC43

9.5% AEP flood + 9.5% AEP storm
surge + typical spring tide
5% AEP flood + 5% AEP storm surge
+ typical spring tide
1% AEP flood + 1% AEP storm surge
+ typical spring tide
1% AEP flood + 1% AEP storm surge
+ typical spring tide + SLR (0.38 m)

SC14

SC24

SC34

SC44

SC15

SC25

SC35

SC45

SC16

SC26

SC36

SC46

SC17

SC27

-

SC47

4.4

River inflow boundary

The design hydrographs estimated by Aurecon (2017) were applied as upstream river discharge
boundary conditions. The phases of design hydrographs were artificially shifted to match the
peak of the simulated typical spring tide using kinematic method (refer to Section 5.1).

Figure 14 River discharge boundary conditions

4.5

Offshore tidal boundary

Bermagui tidal gauge data were used as the offshore boundary as it has the longest records
(since 1985). For scenario modelling, a typical spring tide exemplified in Figure 15 was adopted.
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Figure 15 Typical spring tide for scenario modelling
To account for the impacts from storm tide, storm surge levels as provided in Figure 15 were
added to the typical spring tide to match the maximal storm tide at peak tide level.

4.6

Friction

The spatial distribution of manning roughness (Manning’s ‘n’) adopted in the model is shown in
Figure 16. The spatial distribution was determined on the basis of the Aurecon 2017 report with
minor modification in the river channel to match the low tide levels during verification periods as
the result of sensitivity tests (further discussed in Section 5.1).

Figure 16 Friction map

4.7

Grain sizes and bed materials

The literature review suggested fine to medium riverine lithic (quartz) is found at Surfside Beach
West with the medium grain size of approximately 0.25 mm. The tidal delta likely consists of the
similar type of sand as Surfside Beach. In light of the natural process of sand sorting, some
spatial variation of sand sizes is expected. In the models, medium sand size was assumed 0.25
mm for the tidal delta and shallow flood flat.
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The river channel is subject to entirely different hydrodynamic conditions from the tidal flat. The
initial test runs using constant 0.25 mm sand in the river channel showed significant erosion of
river channel even with a small amount of flood water. It was assumed the historic floods had
modified the river channel so much that the river bed would not be eroded during ambient flow
condition. To account for the sediment stability during ambient flow condition, the numerical
modelling assumed that under such flow condition the shear stresses in the river bed were
identical to the critical shear stresses of bed materials. With the assumption, the spatial
distribution of sand sizes was then calculated on the basis of the shield curve diagram and
simulated shear stresses.
Non-erodible layers for areas protected by seawalls, revetments, or urban areas that have been
paved were set-up accordingly in the model, based on satellite imageries from Google Maps.

4.8

Sampling points

Sampling points from the numerical model are shown in Figure 17 and Figure 18. Sampling
points near the bridge were assigned to evaluate the bridge afflux, while sampling points along
the river channel were assigned to evaluate the flow condition along the river channel as well as
impacts from river geometry and bridge structures. A sampling profile approximately 50 m
downstream of the existing bridge was defined to evaluate the morphology changes near the
bridge during different model scenarios.

Figure 17 Sampling points and profile near the bridge
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Figure 18 Sampling points along the river channel
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5.

Model Verification
5.1

Approach and methodology

The verification of a numerical model consists of adjusting the model parameters, i.e. the
roughness coefficients, in order to obtain a match between the variables calculated by the
model (such as water levels, flow discharges and or flow velocities) and the measured data.
The verification of the Batemans Bay MIKE model was carried out with two historical flood
events, consistent with the previous 2017 Aurecon modelled exercises:


25th October 1999



10th – 11th February 1992

For both historical events, the verification was performed by comparing the water levels
calculated by the model with the water levels recorded at the Princess Jetty gauge. The
measured water levels at the Princess Jetty gauge location are influenced by both the tide
oscillations characterising Batemans Bay and the flow discharges from the Clyde River and
tributaries.
The verification process aimed to assess the sensitivity of the model results against the
following parameters:


Peak flow timing



Model roughness coefficients

The peak flow timing estimation is critical to assess the joint probability of occurrence of the
peak flow and the high tide level and hence, to correctly estimate the occurring water levels at
the Princess Jetty gauge station. The effects of different peak flow timing on the model results
are shown in Sections 5.2.3 and 5.3.3.
The estimation of the peak flow timing was carried out by considering the available flow
discharge registrations at the Brooman gauge for both the flood events. The Brooman gauge is
located about 38 km upstream Batemans Bay along the Clyde River. The kinematic wave
approach was applied to estimate the peak celerity of the flood wave and, hence, to estimate
the propagation lag of the flood wave peak between Brooman and the upstream inflow
boundary of the hydrodynamic model. Following this approach, the peak flow lag was estimated
at approximately 3-3.5 hours.

5.2

October 1999 flood event

5.2.1

Upstream boundary condition

According to Aurecon (2017), the flood event which arrived at the Clyde River floodplain in
October 1999 was characterised by a return period of 5 years (i.e., 20% AEP flood event).
The model verification was carried out by applying the 20% AEP design event hydrographs
produced by Aurecon (2017) as inflow boundary conditions at the upstream boundary crosssections of the Clyde River and tributaries.
The estimated peak flow timing which was applied to the 20% AEP hydrograph representing the
October 1999 flood event is summarised in Table 8.
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Table 8 Peak flow timing - Flood event of October 1999
Location
Brooman Station (recorded)
Upstream cross-section of the numerical
model (estimated)

Date
25/10/1999
25/10/1999

Time
5:06 AM
8:00 AM

The adopted upstream boundary conditions featuring the estimated peak flow timing for the
October 1999 flood event are shown in Figure 19 below.
A detailed discussion on the sensitivity tests carried out to assess the effects of the hydrograph
shape and peak flow timing on the prediction of water levels at the Princess Jetty gauge station
is given in Section 5.4.
5.2.2

Downstream boundary condition

There were no measured tide levels at Batemans Bay Offshore station for the October 1999
event. As such, the tide levels measured at the Bermagui tide gauge station during the October
1999 event were used as the alternative downstream boundary condition for the model
verification.
The tide levels measured at Bermagui station showed good agreement with the tide levels
measured at Batemans Bay Offshore station for a series of recent tide registrations, as
discussed in Section 5.4. The tide measurement at Bermagui station was smoothed by
removing the water level oscillations in order to assign the measurement as the downstream
boundary condition. The smoothing has been carried out by interpolating the recorded water
levels with a spline curve. A comparison between the measured and adjusted tidal signal is
shown in Figure 19.

Figure 19 October 1999 flood event – boundary conditions
5.2.3

Scenarios and verification results

A summary of the scenarios analysed for the October 1999 event is contained in Table 9. The
model verification was carried out as follows:
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Run 1 to Run 3 were aimed at assessing the effects of different peak flow timing of the
Clyde River hydrograph on the computed water levels at Princess Jetty gauge. Three peak
flow timings were considered in the analysis as follows:
–

Peak flow timing of the inflow hydrograph coincides with the peak flow timing of the
recorded historical hydrograph at Brooman (Run 1)

–

Peak flow timing of the inflow hydrograph was assumed as simulated by Aurecon
(2017) (Run 2)

–

Peak flow timing of the recorded hydrograph at Brooman was delayed by 3-3.5 hours
in order to simulate the propagation lag of the flood wave between Brooman the
upstream inflow boundary of the model



Run 3 to Run 7 were aimed at assessing the effects of different friction coefficients of the
riverbed to the computed water levels in the proximity of the bridge. Different distributions of
roughness coefficients were tested, with Manning’s coefficient ranging between 35 to 55
m1/3/s along the Clyde River and the Bay



Run 8 was aimed at assessing the effect of adding a baseflow at the Clyde River
hydrograph

Table 9 Scenarios for model verification for the October 1999 event
Simulation
ID
Run 1

Roughness
Coefficients
Roughness
coefficients
distribution #1

Upstream boundary
Condition
20% AEP design
hydrograph

Run 2

Roughness
coefficients
distribution #1
Roughness
coefficients
distribution #1
Roughness
coefficients
distribution #2
Roughness
coefficients
distribution #3
Roughness
coefficients
distribution #4
Roughness
coefficients
distribution #5
Roughness
coefficients
distribution #5

20% AEP design
hydrograph

Run 3

Run 4

Run 5

Run 6

Run 7

Run 8

20% AEP design
hydrograph
20% AEP design
hydrograph
20% AEP design
hydrograph
20% AEP design
hydrograph
20% AEP design
hydrograph
20% AEP design
hydrograph with
baseflow of 1500
m³/s

Hydrograph
Peak Timing
Coincides with
peak timing of
recorded
hydrograph at
Brooman
Peak timing as
set up by
Aurecon (2017)
Peak timing
delayed of 3.5
hours
Peak timing
delayed of 3.5
hours
Peak timing
delayed of 3.5
hours
Peak timing
delayed of 3
hours
Peak timing
delayed of 3
hours
Peak timing
delayed of 3
hours

Downstream
Boundary Condition
Tide levels @
Bermagui gauge
station

Tide levels @
Bermagui gauge
station
Tide levels @
Bermagui gauge
station
Tide levels @
Bermagui gauge
station
Tide levels @
Bermagui gauge
station
Tide levels @
Bermagui gauge
station
Tide levels @
Bermagui gauge
station (adjusted)
Tide levels @
Bermagui gauge
station (adjusted)

The key verification results for the October 1999 flood event are shown in Figure 20. The figure
show a comparison between the tide levels assigned as downstream boundary condition
(“Bermagui” and “Bermagui (adjusted)”), the water levels recorded at Princess Jetty
(“Measured”), and the water levels computed using the numerical model (“Computed – Run 1”,
“Computed – Run 2” and “Computed – Run 7”).
Detailed discussion is provided in Section 5.4.
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Figure 20 Verification results – October 1999 flood event

5.3

February 1992 flood event

5.3.1

Upstream boundary condition

According to Aurecon (2017), the flood event exhibited by the Clyde River catchment in
February 1992 was a 5% AEP flood event, i.e. a larger event than the October 1999 event in
terms of peak flows and water volume.
The comparison between the water levels recorded at the Princess Jetty station identified higher
water levels and larger hydraulic loss from the upstream inflow boundary to the downstream
offshore boundary of the numerical model for the October 1999 flood event than for the
February 1992 event. This suggests the February 1992 event may be an event more frequent
than 5% AEP as assigned by Aurecon.
Notwithstanding the above, from the independent assessment perspective, the issue is only
about the correct naming of AEP; it does not have any impact on the numerical assessment of
proposed modelling scenarios[11].
In order to perform a high-level estimation of the AEP characterising the February 1992 flood
event, two design events were considered in the model verification runs as a comparison,
namely 5% and 20% AEP. The peak flow timing of the February 1992 was estimated according
to the procedure described in Section 5.2 for the October 1999 flood event. A description of the
peak flow timing recorded at the Brooman station and estimated using a kinematic approach is
contained in Table 10.
Table 10 Peak flow timing – Flood event of February 1992
Location
Brooman station (recorded)
Upstream cross-section of the hydrodynamic
model (estimated)

Date
10/02/1992
11/02/1992

Time
10:08 PM
1:00 AM

11

To confirm the correct AEP, a comprehensive hydrologic modelling of the Clyde River catchment should be carried out to
obtain the actual hydrograph characterising the flood event and estimate the actual AEP of the event. Nevertheless, this is not
part of the Assessment.
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The adopted upstream boundary conditions for the February 1992 flood event are shown in
Figure 21. Detailed discussion is provided in Section 5.4.
5.3.2

Downstream boundary condition

The downstream boundary conditions for the February 1992 event simulation consisted of the
tide levels recorded at the Bermagui tide gauge station during the flood event.
In analogy with the October 1999 event, no tide level measurement is available from Batemans
Bay Offshore gauge station for February 1992. However, the tide levels recorded at Bermagui
and Batemans Bay Offshore gauge stations showed similar amplitudes and phases when
considering more recent events. The comparison between the two stations is discussed in
Section 3.3.2.
The Bermagui tide measurement was adjusted to remove the oscillations characterising the tide
registration and to obtain a smoothed tidal signal to be used as a downstream boundary
condition in the model. A comparison between the measured and adjusted tidal signal is shown
in Figure 21.

Figure 21 February 1992 flood event – boundary conditions
5.3.3

Scenarios and validation results

A summary of the validation runs performed for the February 1992 flood event is Table 11.
The model validation runs for the February 1992 flood event are summarised as follows:


Run 1 to Run 3 were aimed at assessing the effect of different peak timing on the computed
water levels at Princess Jetty gauge station. The set of analysed peak timing was selected
according to the procedure adopted for the October 1999 flood event



Run 3 and Run 4 were aimed at assessing the effect of different roughness distributions on
the computed water levels in the proximity of the bridge



Run 5 was aimed at assessing the actual AEP of the February 1992 flood event. A 20%
AEP design hydrograph was trialled as the inflow boundary condition in lieu of the 5% AEP
hydrograph as named by Aurecon (2017).
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Table 11 Scenarios for model validation for the February 1992 event
Simulation
ID

Roughness
Coefficients

Run 1

Roughness
coefficients
distribution #5

Run 2

Roughness
coefficients
distribution #5

5% AEP design
hydrograph

Run 3

Roughness
coefficients
distribution #5
Roughness
coefficients
distribution #6
Roughness
coefficients
distribution #5

5% AEP design
hydrograph

Run 4

Run 5

Upstream
Boundary
Condition
5% AEP design
hydrograph

5% AEP design
hydrograph
20% AEP design
hydrograph

Hydrograph
Peak Timing
Coincides with
peak timing of
recorded
hydrograph at
Brooman
Peak timing as
set up by
Aurecon
(2017)
Peak timing
delayed of 3
hours
Peak timing
delayed of 3
hours
Peak timing
delayed of 3
hours

Downstream
Boundary
Condition
Tide levels @
Bermagui gauge
station (adjusted)

Tide levels @
Bermagui gauge
station (adjusted)
Tide levels @
Bermagui gauge
station (adjusted)
Tide levels @
Bermagui gauge
station (adjusted)
Tide levels @
Bermagui gauge
station (adjusted)

The key validation results of the February 1992 flood event are shown in Figure 22.

Figure 22 Validation results – February 1992 flood event

5.4

Discussion on the verification and validation results

The key features highlighted by the verification and validation are summarised as follows:


The simulation of the October 1999 flood event highlighted a good agreement between the
computed and measured water levels at Princess Jetty gauge (Run 7, Figure 20) in
proximity of the flood peak (i.e., 25/10/1999 at 8:00 AM), thus suggesting that the 20% AEP
design hydrograph may be suitable to represent the October 1999 event.



Some differences between the computed and measured water levels in the 1999 event
were observed in the earlier phases of the discharge peak. These differences are
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suspected to have resulted from the shape of the design hydrograph, which is highly likely
to differ from the shape of the actual October 1999 hydrograph. A comprehensive
hydrologic modelling of the Clyde River catchment would allow the estimation of the actual
October 1999 hydrograph and, hence, a better match between model results to field
observations. Nevertheless, the current model is expected to be sufficiently representative
to enable the identification of broad trends relating to erosion and accretion in the vicinity of
the proposed bridge.


The modelling results showed some differences between the computed and measured
water levels at Princess Jetty gauge for the February 1992 flood event when applying a 5%
AEP design hydrograph (Run 1 to Run 3, Figure 22) as suggested by Aurecon (2017).



The above observation was also corroborated by the comparison between the water levels
measured during the analysed historic flood events, with the February 1992 event showing
lower water levels than the October 1999 event at Princess Jetty gauge station.



The peak flow timing played a key role in the estimation of the water levels at the Princess
Jetty gauge location. The modelling results showed significant difference in water levels
when considering different flood peak timing (Run 1 to Run 3 in Figure 20 and Figure 22).
The peak timing estimated using the kinematic wave approach predicted water levels very
close to the measured water levels at Princess Jetty gauge.



The sensitivity analysis carried out using different distributions of roughness coefficients
highlighted negligible differences between the computed and measured water levels at
Princess Jetty gauge location, thus suggesting little sensitivity of the model results to the
bed friction. As such, the correct estimation of the inflow hydrographs became the dominant
factor in the simulation of water levels in the proximity to the bridge.

Overall, the main discrepancies showed in model verification/validation could be attributed to
the differences between the design hydrograph and the actual hydrograph of corresponding
historical events (not available). Given that scenario assessment utilised only pre-defined
design hydrograph and tidal levels, and that the model performance would only be affected by
roughness and pier implementation, the way these two events were implemented at upper
boundaries was not likely to influence the scenario assessment demonstrated in the following
sections.

5.5

Bridge afflux verification

An assessment of flow afflux immediate downstream the bridge for different layout scenarios
were conducted. The main findings are summarised as:


For the existing bridge layout, model results during 1% AEP flood showed comparative
bridge afflux (0.31 m) comparing to the previous TUFLOW results (0.35 m, from Aurecon
2017), which was also in the range modelled by HEC-RAS (0.32 m for typical bridge and
0.5 m for abrupt transition, from Aurecon 2017). Refer to Table 12



Although different intrinsic approaches to parametrise piers were incorporated, all three
models predicted comparable bridge afflux across the existing bridge. This agreement
verified that the GHD models correctly implemented the existing piers



For the layout of new bridge, the model results showed approximately 0.1 m bridge afflux
during the 1% AEP flood and approximately 0.03 m of bridge afflux during the 9.5% AEP
event. The larger bridge affluxes reported in Aurecon 2017 was based on the concept
design of the new bridge consisting of nine piers, which is superseded. The Jacobs report
stated that independent verification of TUFLOW bridge afflux was undertaken using the
detailed design of the new bridge; however these data are not available from their report
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Table 12 Comparison of bridge afflux between GHD and Aurecon model
results
Scenario

9.5%
AEP
flood
level, no
storm
surge
1% AEP
flood
level, no
storm
surge

Upstream
Water Level
(m AHD)

Downstream
Water Level
(m AHD)

GHD
Bridge
Afflux from
DHI MIKE
(m)
0.08

Aurecon
Bridge
Afflux from
TUFLOW
(m)
N/A

Aurecon
Bridge
Afflux from
HEC-RAS
(m)
N/A

Existing
Bridge

1.15

1.07

New and
Existing
Bridges
New Bridge
Existing
Bridge
New and
Existing
Bridges
New Bridge

1.16

1.07

0.09

N/A

N/A

1.11
1.75

1.08
1.44

0.03
0.31

N/A
0.35

N/A
0.32

1.78

1.44

0.34

N/A

N/A

1.60

1.47

0.13

*0.37

*0.28

* Estimation base on the superseded nine-pier conceptual bridge design
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6.

Model Results
6.1

Hydrodynamic impacts assessment

6.1.1

Impacts from stratification/ three dimensionality of flow

The complexity of fresh and saltwater interaction/ turbulent mixing was reviewed in this study.
GHD MIKE 3D model results showed that salt water at the Study Area was flushed out
completely after 12 hours of simulation before the peak flood arrived (see Figure 23). The
impacts from stratification were therefore considered negligible, due to the limited presence of
saline water.

Figure 23 3D HD model results – bottom layer salinity distribution (SC21)
Figure 24 compares the results from the 2D and 3D models (depth-averaged currents, water
levels, shear stresses, near surface and near bottom current velocity) at the middle of river
channel (Easting 244800 m, Northing 6045300 m).
It can be seen that only minor differences are observed between the two models, where the
depth-averaged current velocity are essentially identical. The slight discrepancy in shear stress
between the two models is likely due to the intrinsic difference of bottom roughness approaches
utilised in the 2D and 3D models: In the 3D model, the bottom friction was determined by bottom
roughness rather than the Manning ‘n’ coefficient. The difference in the implementation of
bottom friction led to slightly higher friction in the deep channel and slightly less friction on the
shallow tidal flat, with minimal overall impacts to flow field.
The bottom panel of Figure 24 shows an example of near surface and near bottom current
velocity in the river channel. The simulated current velocity near the riverbed is approximately
30% lower than at the surface, which is expected due to the bottom friction. Salinity wedge
(seawater intrusion) and large cross channel flow were not observed in 3D model results.
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Figure 24 Comparison of 2D and 3D model results in river channel for 9.5%
AEP flood
In sum, no significant differences between the 3D model and the 2D model were found in terms
of hydrodynamic solutions.
6.1.2

Mainstream flow condition

A profile comparison of peak flood levels and depth-averaged current velocity along the
centreline of the Clyde River channel are shown in Figure 25 and Figure 26.
Figure 25 shows that the water level of the River slowly reduced from upstream until P05 (refer
to Figure 18 for its location), where the width of the river channel began to reduce rapidly and
formed a funnel shape near the existing bridge.
As the result of the funnel shape geometry near the bridge location, Figure 26 demonstrated the
increase in current velocity by approximately 30% from P05 to the bridge location, followed by a
decrease as the peak water passes through the narrowest point. According to Bernoulli’s
Equation, water level decreases as the flow velocity increases, which explains the large gradient
of water level drop when the flow passes through the bridge piers. In all events, the increase in
current velocity resulted from the new bridge once the flood passes through the piers appears to
be confined within a zone 500 m downstream the bridge location, as can be seen in P8, P9, and
P10.
Water level backlog is observed in the upstream from all four layouts. Nevertheless, the water
backlog during the 1% AEP event was only weakly affected by the existing bridge (~+0.2 m) and
showed almost no impacts from the new bridge (<+0.1 m).
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Reference

Figure 25 Profiles of 1% AEP flood levels along the mainstream channel
Reference

Figure 26 Profiles of current velocity along the mainstream channel
6.1.3

Typical peak flood hydrodynamics

The hydrodynamic conditions under the design events was investigated in order to characterise
the overall flow pattern in Clyde River. Figure 27 shows the resultant plots from the
hydrodynamic model for the 1% AEP event; plots for other events and scenarios can be found
in Appendix A.
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The mainstream flood of the Clyde River is regulated by the natural bending as well as the
funnel shape of the channel near the bridge. The funnel shape of the channel induces a large
water level gradient at the northern bank upstream the bridge, as discussed in Section 6.1.2.
The location of Budd Island shelters the southern bank of the River near the CBD from the
water level increase.
The results indicate that Pinnacle Point appeared to provide effective sheltering to the Surfside
Beach East, given the current velocity in the Surfside Beach East is an order of magnitude
smaller than in the main River channel. The phenomena were observed in all layouts and are
considered a natural process that is irrelevant to bridge layouts. Current velocity reached 5 m/s
near the narrowest point of the river, approximately 4 m/s at both upstream and downstream,
and up to 0.5 m/s at Surfside Beach East. Current velocity on the tidal delta was much smaller
than that in the river main channel.
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Reference Layout

Existing Bridge

New Bridge

Water
level
(m
AHD)

Current
velocity
(m/s)

Figure 27 Hydrodynamics of different bridge layouts in 1% AEP flood + typical tide
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6.1.4

Difference plots to hydrodynamics

To visualise the impacts of the bridge structure more clearly, the model results are presented in
so-called ‘difference plots’, which is a comparison showing the relative changes from the bridge
layouts (existing bridge, existing plus new bridge, and new bridge) to the reference layout[12].
This approach provides a benchmark for evaluating the impacts of the bridge layouts.
The impacts resulted from the new bridge compared to the existing bridge as well as the
presence of both bridges are evaluated for both water levels and current velocity. In the plots,
red colours represent an increase in water level / current velocity compared to the reference
layout, and blue colours represent a decrease in those values compared to the reference layout.
Difference plots to peak water levels
The impacts of the bridge piers to peak water levels under different design events are
demonstrated in Figure 28 and can be summarised as follows:

12



For the existing bridge, depending on the design events the model results showed
approximately 0.1 m to 0.3 m of elevated water levels upstream the Clyde River. The
results are generally in line with the predictions from Aurecon 2017, noting the difference in
the number of piers.



The peak water level upstream the bridge was slightly higher during the construction phase
where both bridges co-exist. This is observed for all design events. However, in the lower
AEP events such as the 9.5% AEP the increase in water level was less than 0.1 m.



The new bridge contributed to less than 0.1 m of upstream water level increment in the 1%
AEP event. The model results suggested that the impacts of the new bridge to the
downstream water level are negligible.



Observing the impacts caused by the new bridge to that of the existing bridge:
–

It is evident that the elevated water level upstream the bridge location reduced
significantly under the 1% AEP event, and is considered comparable to the reference
layout.

–

In lower AEP events, the impacts from the new bridge is non-observable whereas
elevated water level could still be identified with the existing bridge.

See Section 4.2.2 for the definition of ‘reference layout’.
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Scenario

Existing

Existing and New Bridges

New Bridge

9.5%
AEP
flood,
typical
tide

5% AEP
flood,
typical
tide

Figure 28 Difference plots of water level relative to the reference layout
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Scenario

Existing

Existing and New Bridges

New Bridge

1% AEP
flood,
typical
tide

9.5%
AEP
flood,
typical
tide,
storm
surge

Figure 28 Difference plots of water level relative to the reference layout (continued)
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Scenario

Existing

Existing and New Bridges

New Bridge

5% AEP
flood,
typical
tide,
storm
surge

1% AEP
flood,
typical
tide,
storm
surge

Figure 28 Difference plots of water level relative to the reference layout (continued)
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Difference plots to current velocity
The impacts of bridge piers to current velocity are demonstrated in Figure 29 and can be
summarised as follows:


For the existing bridge, the current velocity was most influenced in the downstream area in
that:
– Under the 1% AEP event, the model results predicted a decrease in current velocity of
up to 0.4 m/s on the northern bank and an increase of up to 0.5 m/s on the southern
bank of the river channel.
– The decrease is possibly due to blockage and sheltering from the piers and abutments
of the existing bridge, compared to when there were no piers and abutments i.e. the
reference layout, mainstream of the River would be naturally concentrated to the outer
bend (northern bank). Once piers and abutments of the existing bridge have been
constructed, the reduction in available cross sectional area of the river channel and
blockage of the mainstream flow yields a reduction in the current velocity.
– As the river flow in the northern part slows down, the water is forced to the south where
the river depth is shallower. Since the discharge volume of the river remains the same,
in accordance with the Mass Conservation a smaller river cross sectional area yields a
higher flow velocity.
– The footprint of the impact zone extends up to 1000 m downstream, depending on
design event considered.



The footprint of impact zone was slightly enlarged in all design events when both bridge coexist. However, severity and pattern of the impact were similar to the existing bridge.



The new bridge exhibited much fewer impacts on current patterns:



–

Comparing to the reference layout and under the influence from the new bridge piers,
the current velocity reduced by approximately 0.2 m/s behind the piers.

–

The footprint of the impact zone reduced to between 100 m to 500 m downstream the
bridge, depending on the design event considered.

–

The flow condition on the southern bank of river channel at lower Clyde River improved
substantially after the abutments and piers of the existing bridge were removed.

Observing the impacts caused by the new bridge to that by the existing bridge:
–

The extent of the impacts downstream of the bridge location was halved under the 1%
AEP event in the new bridge layout; the footprint reduced significantly and was also
identifiable behind the piers.

–

In lower AEP events, the extent and footprint of the impacts are close to negligible with
the new bridge.

–

The severity of the impacts also improved significantly from the new bridge. In lower
AEP events, the severity is close to negligible.
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Scenario

Existing Bridge

Existing and New Bridges

New Bridge

9.5%
AEP
flood,
typical
tide

5% AEP
flood,
typical
tide

Figure 29 Difference plots of currents relative to the reference layout
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Scenario

Existing Bridge

Existing and New Bridges

New Bridge

1% AEP
flood,
typical
tide

9.5%
AEP
flood,
typical
tide,
storm
surge

Figure 29 Difference plots of currents relative to the reference layout (continued)
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Scenario

Existing Bridge

Existing and New Bridges

New Bridge

5% AEP
flood,
typical
tide,
storm
surge

1% AEP
flood,
typical
tide,
storm
surge

Figure 29 Difference plots of currents relative to the reference layout (continued)
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6.2

Morphology impact assessment

6.2.1

Difference plots to morphology

Similar to the presentation of hydrodynamic modelling results, the morphology impact
assessment also adopts the difference plots. In the plots, red colours represent an increase in
riverbed elevation (accretion) compared to the reference layout, and blue colours represent a
decrease in the riverbed elevation (erosion) compared to the reference layout.
The impacts associated with the bridge piers are summarised as:


For the existing bridge, the impact zone is primarily confined within a short distance of the
bridge approximately 100 m upstream and 500 m downstream under the 1% AEP event:
–

Model results suggest up to 0.3 m of additional erosion between piers and up to 0.4 m
of accretion behind the piers under the 1% AEP event may be experienced. Erosion
and accretion with smaller scales were simulated during higher probability (more
frequent) floods. The magnitude of such erosion reduced further away from the bridge.

–

At the tidal delta near the Surfside Beach West, the impacts from the existing bridge
appeared localised with minor severity (< 0.1 m).



With the presence of both bridges, the overall pattern of impact is similar to the existing
bridge, however the footprint was enlarged downstream the bridge. Nonetheless, the
footprint did not extend beyond Pinnacle Point.



The new bridge showed much less impact to river morphology. The impact zone is confined
within 500 m downstream of the bridge under the 1% AEP event, while the magnitude of
such impacts is much smaller further downstream:





–

Under the 1% AEP event, the model simulated up to 0.2 m of accretion in the area
sheltered by the piers, with up to 0.1 m erosion between the piers.

–

Downstream areas such as the tidal delta, Surfside Beach West, and the river channel
were not predicted to be impacted by the piers of the new bridge. For higher probability
floods, no observable impacts were simulated.

Observing the impacts caused by the new bridge to that by the existing bridge:
–

Under the 1% AEP event, the footprint of the impact from the new bridge appeared to
extend by further 400 m downstream than the existing bridge. In lower AEP events, the
footprint of impact from the new bridge is close to negligible.

–

The footprint of the impact from the new bridge was more ‘concentrated’ within the
Clyde River channel, comparing to that resulted from the existing bridge which
appeared to scatter into the tidal delta.

–

Despite an increase in the footprint as mentioned above under the 1% AEP event, the
severity of the impacts resulted from the new bridge improved significantly, with
respect to both erosion and accretion. In lower AEP events, the impact is close to
negligible.

Impacts of the bridge piers on morphology did not appear to be sensitive to storm surge,
based on the modelled results. As evident in the plots, limited differences were identified
between cases simulated with storm surges and those without storm surges.
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Scenario

Existing Bridge

Existing and New Bridges

New Bridge

9.5%
AEP
flood,
typical
tide

5% AEP
flood,
typical
tide

Figure 30 Difference plots to riverbed morphology relative to the reference layout

GHD | Report for Roads and Maritime Services - Batemans Bay Independent Coastal Impact Assessment , 2127712 | 50

Scenario

Existing Bridge

Existing and New Bridges
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typical
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9.5%
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typical
tide,
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Figure 30 Difference plots to riverbed morphology relative to the reference layout (continued)

GHD | Report for Roads and Maritime Services - Batemans Bay Independent Coastal Impact Assessment , 2127712 | 51

Scenario

Existing Bridge

Existing and New Bridges

New Bridge

5% AEP
flood,
typical
tide,
storm
surge

1% AEP
flood,
typical
tide,
storm
surge

Figure 30 Difference plots to riverbed morphology relative to the reference layout (continued)
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Figure 31 shows the extent of impact from the new bridge under the 1% AEP event, compared
to the existing bridge for the same design event. The impact zone extends approximately 600 m
downstream from the bridge location, with riverbed variances in the order of ±0.5 m immediate
behind and in between the piers, and ±0.05 m towards the tail end (downstream) of the impact
zone. These changes are primarily associated with the erosion of existing ridges and infilling of
existing scour channels formed by the current bridge. Beyond the impact zone, no visible
morphological changes in the riverbed were simulated.

Figure 31 Extent of impacts (white hatched area), comparing directly the
new bridge to the existing bridge, under 1% AEP flood event
The variances in riverbed elevation are expected to occur as the riverbed adjusts to a new state
of equilibrium, due to the removal of the existing bridge piers. With reference to the magnitude
of the adjustment under the 1% AEP event, it is expected that during ambient conditions the
variances would be reduced and the impact zone more localised around the vicinity of the
bridge.
6.2.2

Changes in riverbed elevation from the bridges

Subsequent to the above comparison, changes in riverbed elevation from the existing bridge
and the new bridge were also examined along a cross-section approximately 50 m downstream
of the bridge location[13].
In Figure 32 and Figure 33, coloured lines (blue, red, and green) are the modelled results from
the Assessment. The vertical scale of the figures was exaggerated to identify the relatively small
variance on the riverbed. The resultant bathymetries from the modelling were compared against
the bathymetry before the modelling for each bridges.
Profiles from the geophysical surveys carried out in 1947 and in 2017 at the piers, as provided
by RMS from the earlier investigations of the Batemans Bay Bridge Replacement project, were
13

Refer to Figure 17
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superimposed as references for discussion. It appeared the riverbed elevation has decreased
by approximately 2 m along the bridge profile. Comparing to the diving inspection logs for the
bridge piers[14], the decrease may be the result of localised scouring behind the piers.
In addition, the riverbed profile from the 1998 survey approximately 50 m downstream is
included in the figure for comparison. This assumes the riverbed has not changed significantly
within the 50 m distance.
As shown in Figure 32, during the 1% AEP event the piers from the existing bridge caused
impacts to the riverbed. Erosion can be expected between piers where flow velocity increases,
while accretion was simulated at locations sheltered by piers. For smaller design events such as
the 9.5% AEP and 5% AEP events, the variances on riverbed elevation were consequently
smaller. It can also be observed that the riverbed profiles resulted from the 9.5% AEP and 5%
AEP events compare well to the 1998 survey, indicating the impacts generated by the existing
bridge under smaller events are relatively localised to the vicinity of the bridge piers and of
minor magnitude.

Figure 32 Changes in riverbed elevation resulted from the existing bridge
For the new bridge, Figure 33 shows variances on the riverbed regardless of design events are
of a much smaller magnitude than that from the existing bridge. The scour channels on the
riverbed are smoothed after the piers of the existing bridge are demolished, with some infilling
likely to occur. The variances are expected as the riverbed adjusts to the new equilibrium
however, the adjustment would be a long-term process and may not be noticeable during
ambient conditions.

14

The diving inspection was carried out in 2016 to identify the riverbed elevation immediately behind the piers of the existing
bridge
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Figure 33 Change in riverbed elevation resulted from the new bridge
River flow around the channel bend immediately upstream of the bridge location creates a nonuniform flow distribution, with velocities around the outside (north) of the river channel being
higher than the inner side (south). This flow characteristic is believed to be associated with the
natural setting of the river geometry rather than from the influence of the bridge, as the
phenomena was also observed in the reference layout. This flow pattern agrees with the
formation of the river channel in the vicinity of the bridge as evident from Figure 32 and Figure
33, where a deepened riverbed on the northern side of Clyde River was modelled.

6.3

Sea level rise

Figure 34, Figure 35, Figure 36 demonstrate the difference plots of attributes (water level, river
current, and morphology) associated with the existing bridge and the new bridge layouts under
a sea level rise (SLR) scenario. In the plots, red colours represent an increase in the attributes
compared to the reference layout, and blue colours represent a decrease in the attributes
compared to the reference layout.


From Figure 34, the blockage on water level due to the densely-placed piers from the
existing bridge can be observed; the water backlog immediate upstream the bridge location
under the SLR condition may be up to 0.15 m. Whereas with the new bridge, the water
level difference upstream and downstream the bridge location is minimal. Localised water
level increase in both layouts is seen in the plot approximately 600 m downstream the
bridge location. This is possibility due to the interaction between the elevated water level
(SLR) with the peak flood water and riverbed elevation, nevertheless it is obvious that the
impact from the new bridge under the SLR scenario is less than that associated with the
existing bridge.



In terms of current velocity, Figure 35 demonstrates again that the impact from the new
bridge under the SLR scenario is less than that associated with the existing bridge.
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Moreover, impacts from the new bridge is confined within approximately 350 m downstream
the pier location, as opposed to 750 m downstream resulted from the existing bridge.


For riverbed morphology under the SLR scenario, Figure 36 illustrates that the impact from
the existing bridge is noticeably more severe than that associated with the new bridge,
considering both magnitude and footprint of impact. For the existing bridge, erosion up to
0.4 m between the piers and accretion up to 0.5 m in front of and behind the piers was
predicted. For the new bridge, erosion of up to 0.1 m between the piers and accretion of up
to 0.2 m near the pier locations was predicted. Additionally, the impact zone from the new
bridge was predicted to be further away from the existing shoreline at Wharf Road, where
the impact zone from the existing bridge was predicted to be closer.
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Scenario
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New Bridge
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Figure 34 Difference plots of water level under SLR scenario showing impacts of the Existing Bridge and the New Bridge
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Figure 35 Difference plots of current velocity under SLR scenario showing impacts of the Existing Bridge and the New Bridge

GHD | Report for Roads and Maritime Services - Batemans Bay Independent Coastal Impact Assessment , 2127712 | 58

Scenario

Existing Bridge

New Bridge
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Figure 36 Difference plots of riverbed morphology under SLR scenario showing impacts of the Existing Bridge and the New
Bridge
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7.

Discussion and Conclusions
7.1

Discussions

7.1.1

Independent assessment of model implementation

GHD’s DHI MIKE models were optimised by:
1.

Carrying out sensitivity tests to understand the impacts of friction coefficients and pier
implementation

2.

Verification and validation using the two historic flood events to evaluate the impacts of
upper boundary hydrography

3.

Undertaking both 2D and 3D hydrodynamic modelling to evaluate the impacts of
stratification and estuary mixing

Through comparison with previous TUFLOW model results undertaken by others, GHD found
that:


Data comparison between different tidal gauges suggested water levels measured at the
Princess Jetty gauge were of reasonable quality and were therefore deemed suitable for
the model inputs.



Both MIKE and TUFLOW simulated comparable bridge affluxes for the existing bridge. The
piers were parametrised in the MIKE model and were intrinsically different from the
TUFLOW model. The method produced a more realistic flow field near the bridge with
reduced currents in the area sheltered by piers and slightly increased current velocity
between piers. The bridge piers implementation did not have material impacts to the
simulated peak flood levels, yet it showed some influence to hydrodynamics and sand
transport.



GHD model verification/validation suggested that the flow rate associated with the February
1992 flood could be over-estimated in the Aurecon design hydrograph. For this reason,
peak flood levels associated with the February 1992 flood were possibly over-predicted in
both TUFLOW Model and MIKE model. However, other than it may exaggerate the results,
no material impacts are expected due to the overestimation.



GHD successfully simulated the October 1999 flood events with comparable peak water
levels, which were suggested as equivalent to a 20% ARI flood event.



Historical river discharge data were not available nor were they in the scope for the
Assessment. However, retrospectively hindcast the hydrology of these two historical events
is not considered necessary to inform scope of this Assessment.



Aurecon 1% AEP flood was simulated under a combination of a fixed 1% extreme storm
tide and a 1% river flood. The consideration of jointly using two extreme events may be
conservative, however it does not influence the scope of this Assessment.



A 3D hydrodynamic model was set up in the Assessment to benchmark the performance of
the 2D hydrodynamic model. For the design events simulated, due to the water in the Study
Area is relatively shallow, results from the 3D modelling showed limited discrepancies from
stratification, water mixing, and flow asymmetry. As such, the 2D model was adopted for
sand transport and morphology modelling as the flow field simulated in the 2D model was
comparable to that in the 3D model.

Overall, this Assessment demonstrated that the MIKE models were appropriately configured
with representative hydraulic roughness and bridge afflux and satisfactory mesh size to resolve
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hydrodynamics at both the river channel and tidal flat. Some discrepancies in model results
comparing to the TUFLOW modelling could be attributed to the different assumptions made in
model settings as well as the intrinsic differences between the model algorithms.
7.1.2

Impacts on flood evacuation of the northern suburbs due to the new
bridge

As shown in bridge afflux verification for a 1% flood event, the new bridge improved the bridge
afflux and reduced the upstream water levels by approximately 0.18 m, compared to the existing
bridge, or by 0.15 m compared to Aurecon’s conceptual design of the new bridge using HECRAS modelling.
For flood evacuation, the risk level of flooding for the northern areas resulted from the new
bridge are then therefore lower than previously evaluated by Aurecon (2017). In addition, it is
understood from Roads and Maritime that an additional flood evacuation route has been
provided under the new bridge connecting Wharf Road and Old Punt Road.
7.1.3


Impacts on tide and flood currents due to the new bridge

The new bridge has an improved hydrodynamic design compared to the existing bridge
which has reduced the overall interruption to river flow:
–

The abutments of the new bridge are setback landwards

–

The number of piers is reduced to five among which only three piers are located in the
river channel, minimising obstructions to the mainstream flow



Impacts to the current velocity from the new bridge were confined within the sheltered
areas downstream the piers. From model results and comparing to the existing bridge, the
tidal delta and the shallow area in front of Surfside Beach West did not exhibit observable
impacts.



During the short period when both bridges would co-exist, should a flood event occur there
would be a higher risk of flooding due to the restricted flow area in the river. As exemplified
in the 1% AEP event, it was modelled that the bridge afflux may increase by approximately
10% (< 5 cm). The probability of occurrence for a 1% AEP event in an assumed two-year
construction duration is approximately 2%.



The tidal delta in front of Surfside Beach West provided observable protection to the Beach
during the 1% AEP flood event, where the current flows were weaker than that in the river
channel. In addition, it was evident from the model results that substantial sheltering is
available from Pinnacle Point to Surfside Beach East.



The impacts from SLR are associated with global climate change as well as the associated
coastal processes. The existence of the new bridge is not simulated to mitigate or
exacerbate the impacts of SLR, especially when the bridge impacts were found to be
relatively localised around the vicinity of the bridge and insensitive to offshore water levels.

7.1.4

Impacts on wave climate due to the new bridge

GHD desktop review showed the bridge structures have minimal impact to wave climate in the
Bay:


Both the existing bridge and the new bridge are located at the upstream end of the Bay and
are not exposed to significant offshore wave energy. The only potential impact from bridge
piers to wave condition at lower Clyde River is wave reflection near the piers. Given the
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effect of wave reflection is not obvious for small obstacles with geometry much smaller than
wave lengths[15], the impact is negligible.


WRL’s coastal process study showed that although the wave climate is strong outside of
the Bay, the wave condition near the bridge location is relatively weak. This is primarily
caused by the dispersion of wave energy through frictional bottom, island chain, rock
outcrops, as well as the presence of wave breaking on shallow tidal delta. Historical
satellite images (Figure 37) illustrate the occurrence of wave breaking at the tidal delta
while the upper stream area near the bridge remained calm. During river flood events,
waves are likely to be reduced further as a result of wave-current interaction.
2005

2012

2017

2018

Figure 37 Wave breaking in the shallow tidal delta observed in historical
satellite images
7.1.5

Impacts on sediment transport due to the new bridge

The morphological modelling undertaken in the Assessment simulated the possible sand
transport and morphology changes in the Study Area during each defined scenario.
Overall, the new bridge resulted in fewer impacts to the river morphology compared to the
existing bridge, evident from relevant plots provided in this report. The comparative assessment
also suggests that the main impact zone from the new bridge is confined within a small area
downstream the bridge and does not extend past beyond Pinnacle Point.
Despite the fine size of sand (0.25 mm) that was assigned to the tidal delta, the simulated
impacts to riverbed changes in the tidal delta are considered negligible.
Due to uncertainties resulting from assumptions, the morphological model results should be
considered qualitative and should not be over-interpreted or over-stated without further
substantiations from site survey/mapping and sampling. Nevertheless, the limitation does not
have material impact to the scope of the Assessment, which was undertaken on a comparative
basis.
15

Typical wave length at the bridge location is in the order of 40 m ~ 60 m. The bridge pier is measured 3 m in width and 9.5 m
in length.
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7.1.6

Impacts on shoreline due to the new bridge

Historical satellite images as those shown in Figure 37 illustrate some minor accretion at
Surfside Beach West and nearby areas along the northern bank during 2005 and 2018. On
land, shoreline protection measures have been implemented along a section of Wharf Road to
protect the shoreline and residential areas from erosion.
Based on the numerical modelling undertaken in the Assessment, the new bridge exhibited
minimal impacts to river morphology, compared to the existing bridge. In other words, the
shoreline movement along the northern bank is more likely to be governed by other factors.
The southern bank of Clyde River is highly developed with engineering measures such as
training walls, jetties and revetments. The risk of erosion and shoreline recession due to the
impacts from the new bridge in the southern bank is therefore considered negligible.

7.2

Conclusions



The hydrodynamic modelling undertaken in this Assessment produced similar results to the
Review of Environmental Factors (Aurecon, 2017) and the John Holland/Jacobs (2018)
detailed design studies.



The funnel shape of Batemans Bay and the natural “narrowing” of the river banks and
topography at the bridge location is the primary constraint on river flow conditions. Results
from the hydrodynamic modelling indicate that the new bridge only plays a secondary role
in the formation of water backlog, flooding and downstream flushing, due to the improved
hydrodynamic efficiency in the pier design.



The impacts resulting from the new bridge on hydrodynamics and sand transport are
predicted to be less severe than those associated with the existing bridge. Indeed, based
on the modelled scenarios, noticeable improvements were associated with the new bridge.



Considering the location and geometry of the bridge and the typical wave climate of
Batemans Bay, the new bridge is not expected to impact the wave climate inside the Bay.



Given the geometry of the river entrance which forces waves to propagate through a vast
area of shallow water, the reduced number of piers from the new bridge is not expected to
result in a significant increase in wave action immediately upstream during extreme events.



Erosion of the northern shoreline was predicted to occur during flood events with or without
the bridge in place. The new bridge is not predicted to induce additional impacts.



The simulated impacts of the new bridge on hydrodynamics and sand transport did not
extend beyond Pinnacle Point. Moreover, the Chenier Plain east to the Surfside Beach East
is well sheltered by Pinnacle Point and outside the impact zone of the new bridge.



The new bridge is not simulated to exacerbate nor mitigate the impacts of sea level rise
within Batemans Bay.



During the sea level rise scenario, the new bridge was predicted to cause less impacts to
water level, current velocity, and riverbed morphology than the existing bridge.
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Appendix A – Direct Model Output Plots
Scenarios

Reference
Layout
SC11

Existing
Bridge
SC21

Existing +
New Bridges
SC31

New
Bridge
SC41

SC12

SC22

SC32

SC42

1% AEP flood + typical spring tide

SC13

SC23

SC33

SC43

9.5% AEP flood + 9.5% AEP
storm surge + typical spring tide
5% AEP flood + 5% storm surge +
typical spring tide
1% AEP flood + 1% AEP storm
surge + typical spring tide
1% AEP flood + 1% AEP storm
surge + typical spring tide + SLR
(0.38 m)

SC14

SC24

SC34

SC44

SC15

SC25

SC35

SC45

SC16

SC26

SC36

SC46

SC17

SC27

-

SC47

9.5% AEP flood + typical spring
tide
5% AEP flood + typical spring tide
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