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EXECUTIVE SUMMARY
Background
The Swansea Channel has been significantly modified from its natural state from which the
geomorphology of the channel continues to adjust. Changes include:






the construction of training walls at the ocean entrance in mid 1880s;
construction of the Swansea Bridge;
the extension of the channel (mid 1800s) to Marks Point (previously flowed
westward from Naru Point) with spoil from the associated dredging activities
sidecast as a continuous low lying island extending northward from Naru Point in
front of Swan Bay; and
ongoing maintanence dredging of the navigation channel the previously extended
north south channel.

Sediment mobilised by the improved hydraulic efficiency of the entrance is propagated
upstream in pulses by the dominant flood tide and is deposited in the upper region of the
channel creating a navigation hazard for deep-keeled yacht and cruisers.
The NSW Department of Primary Industries (Lands) (DPI Lands) engaged
Royal HaskoningDHV (RHDHV) and ETS to undertake a sediment tracing study to improve
the understanding of sediment transport processes at Swansea Inlet, with particular
emphasis on identifying the source/s of sand leading to the infill of the channel and growth of
the flood tide delta.
Tracer Deployment and Sampling
The first step involved the deployment of different coloured fluorescent sand tracer material
at five locations within Swansea Channel, namely:






red tracer in the main channel;
yellow tracer near the Western Shoals;
orange tracer in the Airforce Channel;
green tracer adjacent to Elizabeth Island; and,
blue tracer adjacent to Spoil Island.

Following the placement of tracer material in November 2015, two sampling exercises were
undertaken in December 2015 and March 2016 (respectively). The sampling region
extended from Salts Bay in the south (downstream) to the upstream extents of
Swansea Channel. The collected samples were subsequently analysed to assess the
transport directions of the tracer material under the local coastal processes.
Samples were generally collected from within a sampling region which comprised numerous
channel-normal transects located within an area extending from Salts Bay in the south
(downstream) to the upstream extents of Swansea Channel. Spacing between adjacent
transects typically varied between around 100 m and 250 m.
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Prevailing Conditions and Morphology
Tidal currents are considered to be the primary forcing mechanism driving morphological
change in Swansea Channel. The significant rainfall event in January 2016 would have
resulted in increased ebb tide discharges through the study area and a greater potential for
ebb tide driven sediment transport.
An assessment of bathymetric change in the upper channel during the study period was
undertaken based on a comparison of hydrographic surveys completed in October 2015 and
June 2016. This assessment provided an indication of areas of accretion and erosion during
the study period.
Inferred Sediment Transport Processes
Sediment transport processes experienced in Swansea Channel during the study period
have been inferred from the tracer results, the hydrodynamic modelling, and the assessment
of bathymetric change. A conceptual description of the key sediment transport processes
identified from the study is presented in Figure ES1 and is summarised as follows:


Significant ongoing scour of the main channel is the primary cause of sedimentation
in the upper channel.



It is evident that sediment transport from the main channel is flood tide driven. This
process occurs largely as a result of the tidal velocity asymmetry, with higher flood
tide currents likely dominating sediment transport fluxes. Flood flows would also be
expected to dominate shoal areas that become exposed around low tide.



North of the former Pelican Marina site, there is a natural tendency for the
development of an east-west braided channel resulting in a more defined (deeper)
Airforce Channel over time.



Similarly, there is a natural tendency for the main channel to deflect to the west at
Naru Point as part of this braided channel.



Flow discharge through the Airforce Channel is ebb tide dominated. While net
sediment transport in this channel is flood tide dominated (as per the entire upper
estuary), there is a high potential for significant ebb tide driven transport in this
relatively shallow channel, particularly following significant rainfall events.



Furthermore, ebb tide discharges through the Airforce Channel contribute to the
growth of the problematic shoals located opposite the former Pelican Marina site.
Sedimentation on these shoals may also occur during flood tides with material
scoured from the main channel.



Sand scoured from the main channel appears to be the primary source of material
resulting in the observed growth of the problematic shoals located opposite the
southern entrance to Swan Bay.
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Flood tide dominated discharges and sediment transport occur in the main northsouth channel (i.e. north of the southern entrance to Swan Bay). However, the
development of intermittent shoals along this section of the channel during the study
period suggests that this section of the channel was not self-scouring and is
therefore becoming less defined.



Discharges and current speeds through the Western Shoals are relatively minor in
comparison to the Airforce Channel and the main north-south channel. As such, the
sediment transport potential through this region is likely to be relatively minor.



The eastern foreshore of Elizabeth Island and the western foreshore of Spoil Island
are not active erosional areas. In particular, the eastern foreshore of Elizabeth
Island is a key depositional area in the upper channel.



The strong and turbulent flows through the main channel are capable of transporting
coarse sand fractions significant distances upstream. The finer size fractions placed
at each release site were observed to be transported throughout the entire upper
channel where tracer material was recorded.
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Figure ES1: Conceptual description of sediment transport processes inferred from
study findings
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1

INTRODUCTION

1.1

Project Background
The Swansea Channel (Figure 1) has been significantly modified from its natural state by
construction of training walls at the ocean entrance, construction of the Swansea Bridge and
the completion of a number of dredging campaigns to address navigation problems faced by
waterway users. The adjustment of the Swansea Channel to training of the entrance has
resulted in erosion of sand primarily from Salts Bay and scour of the outer channel.
Sediment mobilised from these areas by the improved hydraulic efficiency of the entrance is
propagated upstream in pulses by the dominant flood tide and is deposited upstream of
Swansea Bridge creating a navigation hazard for deep-keeled yacht and cruisers.

Figure 1 Aerial view of Swansea Channel
The Swansea Channel has generally been dredged at irregular intervals on an “as-required”
basis to relieve constraints to navigation in specific areas of shoaling. Recently, in
February 2015, NSW Crown Lands undertook a large scale “once off” maintenance dredging
3
campaign. This involved removing around 80,000 m of sand from the Swansea Channel
that was pumped 3 km to Blacksmiths Beach for dune nourishment.
The Swansea Channel Dredging Review of Environmental Factors (RHDHV, 2014) prepared
for the February 2015 dredging works described the ‘relatively short-lived benefits from
previous dredging campaigns’. This highlighted the limited understanding of:



the source/s and movement of sand in the area that contributed to the requirement
to undertake the recent ‘once-off’ dredging campaign, and:
the fate of material placed during previous smaller maintenance dredging
campaigns.
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The NSW Department of Primary Industries (Lands) (DPI Lands) engaged
Royal HaskoningDHV (RHDHV) and ETS to undertake a sand tracing study to improve the
understanding of sediment transport processes at Swansea Channel, with particular
emphasis on identifying the source/s of sand leading to the infill of the channel and growth of
the flood tide delta. Sand tracers provide unequivocal and tangible data on actual sediment
transport on a site-specific basis.
Outcomes from the study are expected to be used for the development of a sand
management strategy which may include installation of engineered features and/or dredging
that is optimised and sustainable in the medium to long-term.

1.2

Study Scope and Objectives

1.2.1

Study Scope
The study initially involved the placement of tracer material at five locations within
Swansea Channel, namely:






red tracer in main channel;
yellow tracer near the Western Shoals;
orange tracer in the Airforce Channel;
green tracer adjacent to Elizabeth Island; and,
blue tracer adjacent to Spoil Island.

The tracer material was deployed in November 2015.
Following the placement of tracer material, two sampling exercises were undertaken to
ascertain the transport of the tracer under natural processes. The timing of these sampling
exercises was as follows:



Sampling Exercise 1 – December 2015; and,
Sampling Exercise 2 – March 2016.

The selection of sample locations for each sampling exercise required a flexible approach
that considered the expected sediment transport pathways and extents during the preceding
period. The approach was based primarily on:






observed erosion or accretion,
the scale and location of intervening dredging works,
results from preceding sampling exercises (relevant for Sampling Exercise 2 only);
site conditions at the time of sampling; and,
vessel availability and weather conditions with regard to timing.

Samples were generally collected from within a sampling region which comprised numerous
channel-normal transects located within an area extending from Salts Bay in the south
(downstream) to the upstream extents of Swansea Channel. Spacing between adjacent
transects typically varied between around 100 m and 250 m.
The sampling region and tracer deployment locations are depicted on Figure 2.
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Figure 2: Sampling region and tracer release locations
The existing hydrodynamic numerical model of Lake Macquarie and Swansea Channel was
updated as part of this study. This first required the collection of hydrodynamic and
bathymetric data within Swansea Channel. Outputs from the updated model provided
information on the hydraulic processes driving the transport of the deployed tracer material.
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1.2.2

Study Objectives
The primary objective of the Swansea Channel sand tracing study is to improve the
understanding of sediment transport processes within Swansea Channel. Key study
outcomes include the following:






better understand the sediment transport pathways that are contributing to the
development of problematic shoal areas, including near the southern entrance to
Swan Bay and opposite the former Pelican Marina site;
assess the likely fate of material placed during previous maintenance dredging
campaigns at Elizabeth Island and Spoil Island;
update the existing hydrodynamic numerical model for Swansea Channel; and,
develop high level recommendations for optimising future dredging activities.

It is envisaged that the sediment tracing study findings could ultimately be used to develop a
sand management strategy for Swansea Channel. This may include installation of
engineered features and/or dredging that is optimised and sustainable in the medium to
long-term. In particular, optimising the maintenance dredging program would have an
influence on the longevity of dredging activities, frequency of repeat maintenance dredging
campaigns, and long term economics. The further investigations required, and the
development of such a strategy, are outside the scope of the study described herein.

1.3

Scope of this Report
In this report, all project activities completed during the study period are described, including:




background sampling and analysis;
tracer manufacture and placement; and,
sample collection and analysis for each sampling exercise.

The scope of this report also includes:







details of the updated hydrodynamic numerical model of Lake Macquarie and
Swansea Channel, such as:
o model establishment;
o model calibration;
o model simulation;
o model results; and,
o derived linkages between hydrodynamic forces and the tracer results;
characterisation of prevailing conditions during the study period based on:
o hydrodynamic numerical model results;
o an assessment of available meteorological data; and,
o the influence dredging activities carried out in January 2016;
interpretation of tracer results and inferred sediment transport processes; and,
high level recommendations for possible future dredging of Swansea Channel based
on an assessment of study findings.
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2

EXISTING CONCEPTUAL UNDERSTANDING OF SEDIMENT DYNAMICS

2.1

Introduction
An important first step in the Swansea Channel sand tracing study was to ascertain the
existing level of understanding regarding coastal processes and associated sediment
dynamics at the study site. This informed the design of the study program, and also
highlighted knowledge gaps that the sand tracing study could fill. This was particularly
relevant for Swansea Channel where sediment transport processes are highly complex and
sedimentation mechanisms are not fully understood.
Various descriptions of sediment dynamics at Swansea Channel are available from a
number of different sources. A review of a selection of these sources is presented below.

2.2

Lake Macquarie Estuary Process Study (AWACS, 1995)
The Lake Macquarie Estuary Process Study (AWACS, 1995) presented a detailed
description of the Lake Macquarie estuary to establish the baseline conditions of the various
processes and their interactions to inform a subsequent Estuary Management Study. A
hydrodynamic model of Lake Macquarie was established as part of this study using the
RMA-2 software, which adopts a two-dimensional finite element solution.
AWACS (1995) assessed the estuarine hydraulics and sediment transport characteristics of
Swansea Channel, which can be summarised as follows:


Lake Macquarie is less than half filled with sediment as a result of the relatively
small size of the inflowing streams and a low rate of supply of marine sand (via
Swansea Channel); the latter suggesting that frequently in the geological past the
ocean inlet was blocked by sand bars. However, the improved hydraulic
conveyance characteristics of the channel associated with the entrance training
works ensures that it remains open and most likely is the reason for recent increases
in the rates of flood tide delta sedimentation.



Prior to any breakwater or training wall construction, the entrance region was
plagued with shifting sand shoals as indicated in Figure 3. The entrance in this
condition would have severely constricted tidal conveyance. Training wall
th
construction in the late 19 century intersected the natural sand spit that extended
southwards from Blacksmiths Beach, thereby cutting off sand supply to the spit
which had disappeared by 1914. Furthermore, the reduction in friction across the
entrance by removal of the shoals enhanced tidal propagation into the channel and
the transport and deposition of sand throughout the channel.



Further engineering works which followed the training wall construction was
reclamation for the northern approach to the road bridge. This has locally restricted
the channel waterway area, resulting in increased velocities and turbulence in the
vicinity of the bridge. This effect is amplified due to the increased hydraulic
efficiency of the adjacent trained channel areas, particularly at the ocean entrance.
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Maximum tidal current speeds occur in the vicinity of the road bridges and exceed
1 m/s during spring tides. Field measurements undertaken in 1986 showed that
there was an abrupt head loss through the structure in the order of 0.1 to 0.2 m.



The increased hydraulic efficiency of the entrance resulted in increased velocities in
the channel, scour along the foreshores and deposition at the flood and ebb tide
deltas. Groynes were constructed at the Pelican foreshore in the 1980s to arrest the
erosion, although continued scour resulted in progressive failures that required
upgrades to these structures.



The earliest maps of the area show that the Lake entrance of Swansea Channel was
directed westerly past Pelican Island (Figure 3). Considerable dredging at the
Lake’s entrance was undertaken in the 1950s, which resulted in a northerly
orientation of the Channel into the Lake across Swan Bay and Marks Point.
Dredged material was placed across the entrance face to Swan Bay to form
Spoil Island.



Continuing erosion of the Salts Bay foreshore was predicted, with the eroded sand
being transported upstream and deposited at the entrance to Black Neds Bay and at
the drop-overs to Lake Macquarie. This sedimentation will be a continuing cause of
reduced navigability, particularly around Marks Point, and the requirement for
maintenance dredging in the channel.
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Figure 3: Swansea Channel configurations between 1861 and 1854
(Source: PWD, 1976)

2.3

Investigation into Hydraulics, Sediment Transport and Navigation in
Swansea Channel and Swan Bay (WBM, 2003)
WBM (2003) investigated navigation, erosion and sedimentation issues in the northern
extents of Swansea Channel, particularly adjacent to the southern entrance into Swan Bay.
This included an assessment of the hydraulic and sediment transport processes along the
upper region of Swansea Channel, and understanding the link between bank erosion and
channel migration.
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It should be noted that, at the time of this investigation in 2003, the southern entrance to
Swan Bay was around 200 m wide where an easterly migrating shoal created a ‘dog leg’
1
channel configuration that presented significant navigation problems for the area . A key
recommendation of WBM (2003) was to implement full or partial closure of the southern
entrance to Swan Bay to improve the stability of the dredged channel. This is discussed
further in Section 2.4.
The RMA-2 hydrodynamic model of Lake Macquarie developed by AWACS (1995) was
updated by WBM (2003), which also included a sediment transport model. While the
sediment transport rates calculated from the model were considered to be in the order of
magnitude that occurs in the study area, it was noted that sediment transport calculations
are generally subject to a significant amount of uncertainty, and the quantities calculated
were estimated to be within a range of 1/3 to 3 times the values that could actually occur.
A summary of the key sediment transport processes identified by WBM (2003) are listed
below. A conceptual model of the observed outcomes of these processes is reproduced in
Figure 4.


Catchment sourced flooding is not dominant in Swansea Channel; the dominant
hydraulic process is tidal.



The most likely source for sediment into the study area has been the significant
erosion of Salts Bay following training of the entrance. This supply of sediment is
the prime cause of navigation issues in the study area. The location of the specific
problem changes from year to year as pulses of sediment move from one location to
another, ultimately reflecting a net transport of sediment upstream for eventual
deposition at the drop-overs into Lake Macquarie.



Swansea Channel does not have a stable channel configuration, and the crosssectional area of the channel is gradually adjusting to the impact of entrance training
works. The erosion resulting from the ‘under-regime’ status of the channel has been
partially exacerbated by the construction of the road bridges and approaches at
Swansea, which cause very high velocities and erosion under the bridge.



Significant areas of foreshore erosion and channel deepening occur adjacent to the
Swansea foreshore south of Coon Island and in the vicinity of the (former) Pelican
Marina.



As the main channel becomes constrained in the vicinity of the southern entrance to
Swan Bay, it is highly likely that more flow is being encouraged through the Western
Shoals and Airforce Channel. This is commensurate with ongoing accretion where
these two channels ‘drop over’ into the lake.

1

Maintenance dredging of the navigation channel was carried out in the first half of 2003 to bypass the ‘dog-leg’ at
the southern entrance to Swan Bay and restore safe navigation through the Channel. This involved the removal of
around 120,000 m3 of sand. Whilst this dredging was successful, the separation of tidal flows resulting from the new
southern entrance of Swan Bay meant that this particular location would always be susceptible to shoaling, thus
limiting the potential effectiveness of such maintenance works (WBM, 2004).
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The area to the north of the Cross-over is a complex system of braided navigation
channels which are in conflict with community expectation of a single deep
navigation channel.



There is a tendency for the navigation channel adjacent to Spoil Island to move
eastwards, encouraging erosion along the western foreshore of Spoil Island.



The large shoal in the vicinity of the southern entrance to Swan Bay formed as a
result of sedimentation during both flood and ebb tides as velocities drop with flows
partly directed into Swan Bay. The shoal can also migrate in an easterly direction
under the influence of westerly winds, which most commonly occur around the end
of winter.



The groyne located immediately south of Naru Point deflects flood tide flows away
from the entrance to Swan Bay. The groyne creates turbulent eddies, representing
the dissipation of energy that is trying to move the channel to the east but is
hindered by the groyne.



The channel is deepening significantly adjacent to the end of the Belmont Airport
runway, which may ultimately destabilise the foreshore that is currently protected by
a sloping concrete wall.



South of the (former) Pelican Marina, the construction of groynes has maintained a
stable beach in the area, however erosion of the channel bed offshore of the beach
may eventually destabilise this section of foreshore.



A secondary channel from Swansea Channel into Lake Macquarie around the
northern foreshore of Coon Island (i.e. via the Western Shoals) in a response to
increased tidal flow. As the main channel becomes increasingly constrained in the
vicinity of the southern entrance to Swan Bay, it is highly likely that more flow will be
directed through the Airforce Channel and across the Western Shoals.



The tidal shoal west of Marks Point is the most active location for sediment
deposition from Swansea Channel (i.e. at the drop-over).



The Western Shoals have migrated considerably into the main navigation channel
since 1996, resulting in a narrowing and deepening of the channel in the vicinity of
Pelican Marina. The easterly migration of this shoal has been a result of increased
flows across the Western Shoals (due to the shoaling of the main navigation channel
in the vicinity of Swan Bay), and may be exacerbated by sediment transport
associated with waves induced by dominant westerly winds.
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Figure 4: Conceptual model of sediment transport outcomes in study area in 2003
(Source: WBM, 2003)
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2.4

Improvement Works at the Swan Bay Southern Entrance: Design Assessment
Report (WBM, 2004)
WBM (2004) considered a range of options for partial closure of the southern entrance to
Swan Bay. Using a combination of sediment transport and water quality modelling, the
preferred solution was found to be partial re-closure of the southern entrance, with an
indicative gap width of 30 m. The developed solution was considered to best satisfy two
criteria: optimising sediment transport in the main navigation channel and maintaining
reasonable tidal flushing within Swan Bay.
Works were subsequently undertaken in 2006 to partially close the southern entrance to
Swan Bay, retaining a gap of 30 m which is present today.
Sediment transport modelling results of the adopted option are provided in Figure 5. These
results predicted that there would be an almost continuous corridor of erosion potential
through the main navigation channel as a result of the works, including in the vicinity of the
southern entrance to Swan Bay (i.e. self-scouring channel, shown in blue in Figure 5).
While the progression of channel deposition in the vicinity of the former dog leg would
appear to be slowed as a result of the partial closure of the southern entrance to Swan Bay,
it is clearly evident that the channel is not in a self-scouring mode in this area, as
demonstrated by the ongoing requirement for maintenance dredging. This highlights the
requirement for further physical investigations to better inform the conceptual understanding,
numerical modelling and analysis of the complex hydrodynamics and sediment transport in
the region.
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Figure 5: Sediment transport model result for option of partially closing the southern
entrance to Swan Bay, retaining a 30 m gap (Source: WBM, 2004)

2.5

Tidal Modelling of Lake Macquarie (WorleyParsons, 2010)
WorleyParsons (2010) carried out a numerical modelling study of Lake Macquarie, including
Swansea Channel, with the objective of characterising the lake’s tidal response to projected
sea level rise. This involved updating an existing MIKE hydrodynamic model system of
Lake Macquarie, with addition of the MIKE 21 SW (Spectral Wave) and ST (Sand Transport)
modules.
WorleyParsons (2010) presented morphological modelling results that supported the
conclusion by Nielsen and Gordon (2008) that the channel is currently not in an equilibrium
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state and is instead tending towards increased hydraulic efficiency through erosion resulting
in deepening of the channel. Furthermore, scour of the channel is likely to be reinforced
under sea level rise, although this erosion will not be uniform; instead the channel will
become increasingly defined and the shoals will continue to accrete and shift around.
Comparison of hydrographic surveys carried out in 1996 and 2008 indicated that during this
time the entire channel experienced a net loss of sediment and that the scoured sediment
has likely been deposited at either end of Swansea Channel (i.e. on the lakeward drop-overs
and on the ocean side of the entrance bar). This net loss of sediment was in excess of that
removed by dredging campaigns during the same period.
As noted in Section 2.3, WBM Oceanics (2003) postulated that the most likely source for
sediment infeed to the upper reaches of Swansea Channel was erosion of Salts Bay.
However, the modelling results presented in WorleyParsons (2010) found that peak flows
downstream of Swansea Bridge are ebb tide dominated, which indicates that sediments
scoured from this section are likely deposited on the entrance bar system or within Salts
Bay, rather than the upper reaches of Swansea Channel. This statement was further
supported by the presence of ebb tide dominated sand waves in Salts Bay resolved in the
2008 bathymetry.
Furthermore, the modelling results presented in WorleyParsons (2010) found that peak flows
upstream of Swansea Bridge are flood tide dominated, which indicates that sediments
scoured from this section are likely transported upstream towards the lake. This statement
was further supported by the presence of flood tide dominated sand waves in the main
channel resolved in the 2008 bathymetry.
Based on the above, there is strong evidence to suggest that the most likely source of
sediment contributing to shoaling in the upper reaches of Swansea Channel is ongoing scour
of the main channel upstream of the bridge, rather than erosion of Salts Bay. Tidal velocity
asymmetry is the dominant mechanism to explain this observation, and this mechanism for
net export of material is likely to continue in the future. This tidal velocity asymmetry is
indicated in Figure 6, which presents a plot of the difference between the peak flood
(assumed positive) and ebb (assumed negative) tidal currents estimated by the model for
2008 conditions. The tidal velocity asymmetry that occurs in the channel was attributed to
the following factors:






Water levels and tidal currents are in phase in the channel resulting in an overall
slight bias towards flood tide flows due to minor reduction in frictional effects at high
water.
For wider areas of the channel, the reverse can also be true. Since the strongest
flood tide currents occur when the water is deepest this leads to more distributed
flow and less sediment transport potential. During the maximum ebb tide flow, the
water depth is lowest and flow tends to become more channelised with greater
sediment transport potential.
The shape of the channel and, in particular, the entrance area and the 90° bend at
Swansea Bridge.

Furthermore, WorleyParsons (2010) observed that wave action within the entrance area is
unlikely to supply sediment to the channel. Similarly, PWD (1976) noted that coastal
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processes have not changed significantly since construction of the breakwater in the 1880s,
suggesting no major changes to marine sediment pathways (and hence limited sediment
infeed into the lake from the coast).

Figure 6: Peak current speed differences in Swansea Channel for 2008 conditions
(Source: WorleyParsons, 2010)

2.6

RHDHV Understanding of Sediment Dynamics to Inform Sand Tracing Study
Based on the information provided above, it is clear that the sediment transport processes at
Swansea are highly complex. Despite the investigations undertaken to date, it is evident that
these processes are not fully understood, which can largely be attributed to the dynamic and
continually evolving nature of the erosion and sedimentation patterns in the upper channel.
A key objective of this sand tracing study is to improve this level of understanding by
providing evidence of the key processes that prevailed during the study period.
Tidal currents are considered to be the primary forcing mechanism driving morphological
change in Swansea Channel. The problematic shoal areas, including near the southern
entrance to Swan Bay and opposite the former Pelican Marina site, are postulated to migrate
in an easterly direction under the influence of westerly winds, which most commonly occur
around the end of winter.
Swansea Channel does not have a stable channel configuration, and the cross-sectional
area of the channel is continuing to adjust to the impact of entrance training works. As such,
the channel is currently not in an equilibrium state and is instead tending towards increased
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hydraulic efficiency through erosion resulting in deepening of the channel. This process will
continue to progress into the foreseeable future until equilibrium is achieved (likely in the
order of centuries), and shoals will continue to accrete and shift around.
The main physical process driving the need for ongoing maintenance dredging of the
channel upstream of Swansea Bridge is the continual supply of sediment from downstream
sources. Previously, the most likely source for sediment infeed to the upper reaches of
Swansea Channel was erosion of Salts Bay. However, recent works in Salts Bay, including
groyne construction and beach nourishment, have stabilised this foreshore and restricted the
supply of sediment to the channel. Instead, ongoing scour and deepening of the main
channel upstream of the bridge is considered to be the primary source of sand contributing
to sedimentation in the upper channel.
Overall, sediment transport upstream of Swansea Bridge is flood tide dominated, with
sediments scoured from this section transported upstream towards the lake. The tracer
study results can be used to confirm this process.
There is a tendency for the navigation channel adjacent to Spoil Island to move eastwards,
encouraging erosion along the western foreshore of Spoil Island. This was assessed as part
of the sand tracer study reported herein via deployment of tracer material along this
foreshore. Similarly, stability of the Elizabeth Island foreshore was assessed via deployment
of tracer material at this location.
Shoaling in the vicinity of the southern entrance to Swan Bay continues to present
challenges for managers of the Swansea Channel. As the main channel becomes
constrained in this area, it is likely that more flow is being encouraged through the Western
Shoals and Airforce Channel. In turn, this may contribute to further growth of the shoals
opposite the southern entrance to Swan Bay, with lower flow velocities in this area
encouraging sedimentation. A negative feedback loop is thus introduced, which can only be
alleviated by ongoing maintenance dredging campaigns.
RHDHV consider that the natural tendency of the channel is to turn to the west from near the
airport runway, and enter Lake Macquarie in the vicinity of the Airforce Channel. This was
also suggested in PWD (1976), which argued that the natural meander pattern of the estuary
should be taken into account, similar to the apparently steep and deep channel that existed
in the 1860s.
A key objective of the sand tracer study is to better understand the sediment transport
pathways that are contributing to the development of problematic shoal areas, including near
the southern entrance to Swan Bay and opposite the former Pelican Marina site. It is
possible that sedimentation in these areas is being driven by:





deposition of material transported via the main channel during flood tides;
deposition of material transported via the Airforce Channel during ebb tides (for both
shoal areas);
deposition of material transported via the Western Shoals during ebb tides (for the
shoal area opposite the former Pelican Marina only); or,
a combination of some (or all) of the above processes.
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This was investigated as part of the sand tracer study reported herein via tracer deployments
in the main channel, Western Shoals and Airforce Channel.
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3

BACKGROUND SAMPLING AND ANALYSIS

3.1

Purpose
Background sampling and analysis was carried out before the commencement of the tracer
deployment in order to determine whether there was any background fluorescent material
present in the natural sediment that may interfere with analysis of the introduced tracer. The
background samples were collected before any tracer mixing or release took place.

3.2

Sampling Details

3.2.1

Sample Locations
Background samples were collected throughout the proposed sampling region (refer
Figure 2, Section 1.2.1). A total of 26 background samples were taken at the locations
indicated in Figure 7.
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Figure 7: Background sampling locations, October 2015
3.2.2

Background Sampling
Background samples were collected on 27 October 2014. Weather during the sampling was
characterised by moderate southerly winds and light rain.
Sediment sampling was undertaken from a fibreglass fishing vessel. Samples were
collected using a 30 cm long stainless steel dredge pipe with a 10 cm diameter opening,
which was provided by Manly Hydraulics Laboratory. The end of the dredge pipe was
covered with geofabric material to permit drainage whilst still trapping fine particles. A
photograph of the dredge pipe is provided in Figure 8.
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Figure 8: Dredge pipe used for background sampling
Prior to sampling, the dredge pipe was thoroughly rinsed in seawater and new geofabric
material was taped to the end of the pipe. This process was repeated between sampling
locations to avoid any potential contamination between sites.
The dredge pipe was lowered to the sea bed at each sampling location, and then dragged
along the bed for several metres to collect the sediment. The dredge pipe was then hauled
back onto the vessel where sub-sampling was carried out.
Samples were transferred from the dredge pipe into a stainless steel bowl and then into
plastic containers using a stainless steel spoon. The spoon and bowl were also rinsed in
seawater following collection of each sample to minimise the risk of cross-contamination
between sites. Each sample container was clearly labelled and stored in a plastic zip-lock
bag to preserve the sample in the event that the plastic container was damaged prior to
analysis.

3.3

Background Sample Analysis

3.3.1

Analysis Method
All the collected samples were shipped to the ETS ISO 9001 certified laboratory in the UK.
All samples were analysed for fluorescent particle counts, which were then converted into
particle counts per square metre of the grab area.
The following analysis protocol was used for each sample:
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1.

All samples that arrived in bags or sample containers were individually checked for
integrity and wiped down to remove any possible source of contamination.

2.

The samples were then placed in order (according to the log sheet provided by the
field team and given a unique ETS number) following the ETS Standard Operating
Procedure (SOP) ‘QA003 Receipt of Samples’ document.

3.

The total wet mass of sediment sample received was recorded.

4.

The total contents of each sample container were mixed until homogeneous and two
sub-samples were then removed for analysis; namely approximately 20 g for wet to
dry weight ratio calculations and approximately 500 g wet mass for tracer count
analysis. The remainder of the sample was re-sealed and stored for any
subsequent re-sampling if required.

5.

Wet to Dry weight ratios
i.

A 30 mL weighing boat was labelled with a unique ETS reference number and
weighed. The weight was recorded on a spreadsheet.

ii.

The 20 g sub-sample was transferred into the weighing boat and weighed. The
mass was recorded on a spreadsheet. The sample was then dried to a constant
mass in a drying oven.

iii.

Once dry, the sample was weighed immediately after being removed from the
oven. The mass was recorded on a spreadsheet.

6.

Tracer count analysis
i.

A foil tray was labeled and weighed. The mass was recorded on a spreadsheet.

ii.

The 500 g sub-sample was decanted into the foil tray.

iii.

The sample was then dried to a constant weight in a drying oven, normally
overnight.

iv.

Once dry, the sample was weighed immediately after being removed from the
oven. The weight was recorded on a spreadsheet.

v.

A smaller foil container was tared on the balance and 300 g of the dry sample
was decanted into this and the sample weighed. The mass was recorded on a
spreadsheet.

vi.

The 300 g sample was examined as a monolayer for all fluorescent particles on
non-fluorescing material using a magnifying ultra-violet (UV) stereo inspection
microscope. All fluorescent particle counts and size data were recorded on a
spreadsheet.

7.

3.3.2

All original paperwork, forms and printouts were kept in the relevant folder in the
Laboratory in order to allow referral should the need arise. All data was then
transferred and updated onto the ETS digital file server, with routine data backups
every 24 hours.

Results
From analysis of the background samples it was observed that there was no natural
fluorescence in the samples which could interfere with the analysis of the introduced
fluorescent tracer particles used in this study.
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4

TRACER MANUFACTURE AND DEPLOYMENT

4.1

Particle Sizing

4.1.1

Particle Size Distribution – Native Material
In order for the sand tracers to behave in the same way as the target sediment, it was
important to ensure that the tracer particles had similar physical characteristics to the native
sediment. This involved analysis of Particle Size Distribution (PSD) data previously collected
in the study area prior to the manufacture of tracer material.
A comprehensive sediment sampling and analysis program was undertaken in the study
area in May 2014 as part of the investigations for the February 2015 dredging works. Details
of this sampling and analysis results are presented RHDHV (2014). Sampling locations are
indicated on Figure 9.
The May 2014 investigations included surface sediment sampling at eight (8) locations within
Swansea Channel (samples SC1 to SC8 in Figure 9). All samples were analysed for PSD
by the NATA accredited ALS Laboratory Group (Newcastle laboratories). Analysis was
accredited for compliance with ISO/IEC 17025.
The laboratory Certificates of Analysis detailing the PSD results for each sample collected in
Swansea Channel in May 2014 is provided in Appendix A.
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Figure 9: Swansea Channel Sediment and Water Quality Sampling Sites
(Source: RHDHV, 2014)
4.1.2

Adopted Particle Sizing – Tracer Material
Based on the assessment of particle size results for the native material outlined above, fine
to medium sand-sized tracers (125 to 500 µm) were manufactured and utilised for this study.
The PSD of all three sand tracers was measured at the Faculty for Earth and Environmental
Analysis (FEEA) at St. Andrews University in the United Kingdom, with the results presented
in Table 1. FEEA has a Coulter LS230 laser granulometer which measures particle size by
laser diffraction. Laser particle size analysis is based on the principle that particles scatter
and diffract light at certain angles based on their size, shape and optical properties.
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Table 1: Particle size distribution for each tracer
Percentage of Tracer Fraction Retained on Sieve by Weight (%)
Tracer
Yellow
Red
Orange
Green
Blue

4.2

710µm

500µm

355µm

250µm

180µm

125µm

63µm

0.1
0.2
0.0
0.7
0.2

2.4
2.6
1.6
1.1
1.6

15.0
14.3
15.4
17.6
17.9

21.7
20.1
21.8
22.6
24.3

41.1
43.8
42.9
38.2
38.7

19.5
18.8
18.2
19.3
16.7

0.2
0.2
0.1
0.5
0.6

Tracer Manufacture
ETS’ EcoTrace fluorescent sediment particle tracers are designed to be transported like
natural sediment, thus assimilating the processes of tidal currents, wind and waves to give
an integrated assessment of sediment transport. The tracers are a solid solution of
fluorescent dyes in a thermoplastic polymer base. The Material Safety Data Sheet (MSDS)
for the tracer material is provided in Appendix B.
The tracers are whole tracer particles and fluorescent throughout rather than a coating on
natural sediment grains from the environment. Coated sediment grains can be abraded
reducing recoverability and detection, whereas the ETS EcoTrace particles remain highly
fluorescent and can be detected over long timescale projects in high energy environments
even after some abrasion.
The EcoTrace particles do not contain any substances presenting a health hazard within the
meaning of the Dangerous Substance Directive 67/548/EEC as amended by the Seventh
Amendment 92/32/EEC, refer Appendix B.
Testing has also been carried out on the EcoTrace particles to assess potential impacts with
regard to ecotoxicology and human consumption, as described in Appendix C.
3

ETS used a generic sediment particle density of 2.65 g/cm , equivalent to the density of
silica, to provide comparable results of transport of the sand tracers to natural sediment
under typical conditions. The tracer particle density was measured by an external accredited
laboratory Exova (Glasgow, UK), following procedures set out in British Standard BS812.
In order to ensure that tracer particles behave in the same way as target sediment, ETS
routinely carries out additional tests to assess the physical behaviour of tracer particles and
compares these with the sediment from a study site. For this study, fall velocity tests were
conducted for the sand tracers, which are described in Appendix D.
The fall velocity tests provided a reliable comparison in the laboratory between natural sandsized sediment collected from the study site and the sand-sized tracer particles used to
mimic the sediment to ensure similar behaviour in the environment. The results of the fall
velocity tests indicated that the sand-sized tracer particles had similar fall velocities to the
natural sand grains.
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4.3

Tracer Deployment
The sand tracer material was deployed at the locations shown in Figure 2 (Section 1.2.1).
The tracer material was deployed on 6 November 2015. Weather during the deployments
was fine, followed by a late thunderstorm, with light to moderate northerly winds prevailing
throughout the deployments. Deployment details are outlined in Table 2.
Table 2: Tracer deployment details
Red Tracer

Yellow Tracer

Orange Tracer

Green Tracer

Blue Tracer

Location
Description

Main channel

Western shoals

Airforce Channel

Elizabeth Island

Spoil Island

Amount of
Tracer

150 kg

150 kg

150 kg

50 kg

50 kg

Deployment
Method

Dissolving bags

Dissolving bags

Dissolving bags

Direct
placement

Direct
placement

Deployment
area
(approx.)

Channel-normal
deployment line
300 m long

Channel-normal
deployment line
120 m long

Channel-normal
deployment line
500 m long

25 m × 15 m

80 m × 5 m

As described in Table 2, two tracer deployment methods were utilised for this study:
dissolving bags and direct placement. These methods are described below. It should be
noted that all deployment equipment, including the vessel utilised during the deployments,
was thoroughly cleaned and rinsed following each deployment to ensure that crosscontamination of tracer material did not occur at the release sites.
Dissolving bags were utilised at the red, yellow and orange release sites. Prior to release,
the tracer particles were mixed with sand from the site to ensure they adsorbed the same
electro-chemical charge as natural sand particles. The tracer/sand mixture was then
transferred into multiple starch-based dissolving bags which were tied off to ensure the
material did not spill out during release. A GPS was used to navigate the vessel into the
correct position, and the bags were then gently placed over the side of the vessel one at a
time to prevent bag rupture, ensuring that the tracer material was evenly distributed across
the respective channel.
Following placement of the dissolving bags into the water column, the bags were observed
to settle directly to the bed and typically dissolved within a few minutes. The tracer material
was then subjected to natural bed currents. The use of dissolving bags at the red, yellow
and orange release sites was necessary for the following reasons:



water depths of several metres at the deployment locations meant that direct
placement was not possible; and,
it ensured that the tracer material would be subjected to natural bed currents upon
release (i.e. as the dissolving bags disintegrated), rather than surface winds and
currents.

Photographs of the dissolving bag tracer deployments are provided in Figure 10.
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Figure 10: Red, yellow and orange tracer deployments, 6 November 2015
Direct placement of the tracer material was undertaken at the green and blue release sites.
Prior to release, the tracer particles were wetted and mixed with sand from the site to ensure
they adsorbed the same electro-chemical charge as natural sand particles. This also
prevented the tracer material from being blown away from the placement location by wind
action. The tracer/sand mixture was then spread evenly throughout the deployment area,
and shovels were used to further mix the tracer material into the bed. The blue and green
tracers were deployed adjacent to the respective shorelines in water depths of less than
around 0.3 m.
Photographs taken during the green and blue tracer deployments are provided in Figure 11
and Figure 12 (respectively).

Figure 11: Green tracer deployment, 6 November 2015
tracer mixing (left), during placement (right)

Figure 12: Blue tracer deployment, 6 November 2015
during placement (left), post-placement (right)
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5

PREVAILING CONDITIONS

5.1

Tidal Currents
As described in Section 2, tidal currents are considered to be the primary forcing
mechanism driving morphological change in Swansea Channel. Sampling Exercise 1 was
therefore scheduled around one month following tracer deployment to enable assessment of
the tracer movement over one complete tidal cycle. Sampling Exercise 2 was scheduled a
further 16 weeks later, enabling assessment of tracer movement over a total period of five
spring-neap tidal cycles.
The WorleyParsons (2010) hydrodynamics numerical model of Lake Macquarie and
Swansea Channel was updated to inform the sand tracing study. The updated model was
calibrated using hydrodynamic data collected as part of this study as well as recent
bathymetry data collected in October 2015. A detailed description of the updated model is
provided in Appendix E, including a summary of the model establishment, model calibration,
model simulation, results and conclusions. In addition, the model results were used to
inform assessment of the tracer results, as discussed in Section 8.
The hydrodynamic modelling results showed strong ebb and flood tide currents within
Swansea Channel of around 1 to 1.5 m/s. Figure 13 presents a plot of the difference
between the peak flood (assumed positive) and peak ebb (assumed negative) tidal currents
estimated by the model. This shows that the channel can be described as being flood tide
dominated (in terms of peak velocities) although areas of ebb tide dominated currents occur
in parts of Salts Bay. This provides further evidence of tidal velocity asymmetry in the
channel, which is considered to be a key process driving morphological change in the study
area, as described in Section 2.5.
In general, more active sediment transport conditions would be expected to occur during
spring tidal cycles compared with neap cycles.
As described in WorleyParsons (2010), and demonstrated in the model results, tidal current
patterns within Swansea Channel are very complex. This is largely due to the high
velocities, the shape of the channel, the breakwaters, the constriction and approximately 90°
bend at Swansea Bridge.
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Figure 13: Peak current speed difference from updated hydrodynamic model

5.2

Meteorology
Strong wind waves and flooding events may also influence sediment transport processes in
Swansea Channel, albeit to a much lesser degree than tidal currents. For example, flooding
events in Lake Macquarie result in increased ebb tide discharges through Swansea Channel,
while the problematic shoal areas near the southern entrance to Swan Bay and opposite the
former Pelican Marina site can migrate in an easterly direction under the influence of
westerly winds. Furthermore, the relatively long fetch distance across Lake Macquarie to the
north of Swansea Channel means that northerly winds can lead to the development of wind
waves and wave setup through the main navigation channel.
The Lake Macquarie (Cooranbong) weather station operated by the Bureau of Meteorology
collects daily wind and rainfall data which is applicable to the study area. Daily rainfall data
for the study period is plotted in Figure 14. Daily wind data, including wind speed and
direction at 9:00 AM, 3:00 PM, and maximum wind gust, is presented in Table 3.
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Figure 14: Daily rainfall data from Lake Macquarie (Cooranbong) weather station
during study period
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Table 3: Daily wind data from Lake Macquarie (Cooranbong) weather station during
study period
Date
6/11/15
7/11/15
8/11/15
9/11/15
10/11/15
11/11/15
12/11/15
13/11/15
14/11/15
15/11/15
16/11/15
17/11/15
18/11/15
19/11/15
20/11/15
21/11/15
22/11/15
23/11/15
24/11/15
25/11/15
26/11/15
27/11/15
28/11/15
29/11/15
30/11/15
1/12/15
2/12/15
3/12/15
4/12/15
5/12/15
6/12/15
7/12/15
8/12/15
9/12/15
10/12/15
11/12/15
12/12/15
13/12/15
14/12/15
15/12/15
16/12/15
17/12/15
18/12/15
19/12/15
20/12/15
21/12/15
22/12/15
23/12/15
24/12/15
25/12/15
26/12/15
27/12/15
28/12/15
29/12/15
30/12/15
31/12/15
1/1/16
2/1/16
3/1/16
4/1/16
5/1/16
6/1/16
7/1/16

Dir
NNW
ESE
SSE
ESE
E
E
ESE
N
S
ESE
ESE
ESE
W
E
WNW
SW
ESE
ESE
E
ESE
W
ESE
E
ESE
ESE
N
SSE
ESE
ESE
E
E
ESE
E
SSE
ESE
NW
ESE
ESE
ESE
E
ESE
E
ESE
ESE
NNE
SE
S
SE
ESE
ESE
N
SSE
S
E
ESE
ESE
E
E
ESE
E
ESE
SSE

Maximum wind gust
Speed (km/h)
46
26
24
20
26
24
30
22
20
28
24
31
35
22
37
26
22
28
33
28
57
28
33
28
26
33
31
24
28
30
24
28
22
43
24
54
31
33
30
28
33
33
30
33
37
37
20
30
30
30
28
31
28
31
24
28
24
24
30
33
33
31

Time
12:04
14:00
12:46
12:14
14:51
13:40
14:07
12:00
6:38
10:59
12:55
13:52
14:03
13:58
13:57
23:58
11:37
12:08
14:26
13:35
12:32
14:57
11:54
14:29
14:20
15:56
15:30
11:43
12:04
13:00
15:24
10:36
12:39
19:15
11:46
13:42
13:13
14:05
15:56
20:38
12:05
15:21
13:55
14:14
16:40
13:31
8:51
11:37
13:08
16:43
13:15
1:35
12:01
14:48
13:15
15:05
13:01
12:44
11:07
14:40
8:00
4:20

Dir
NW
SW
SW
S
ESE
ESE
NNE
N
WSW
S
SSW
NNW
NW
E
SE
ENE
ESE
N
E
NNW
E
NE
NNE
SSW
SSE
SE
ENE
N
E
N
N
S
N
SE
NNW
W
ESE
SE
SE
E
ESE
N
SW
SSW
ESE
N
N
SSW
SW
SSW
SW
NW
SSE
S
SSW
NNW
ESE
SSW
WSW
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9:00 AM
Speed (km/h)
9
6
6
6
4
2
2
2
4
9
6
2
9
2
Calm
6
6
4
6
2
11
2
6
4
2
Calm
6
9
6
4
Calm
11
2
9
6
2
4
4
4
4
4
6
4
2
Calm
6
4
2
6
6
7
6
4
4
4
4
4
6
6
2
15
11
9

Dir
NNE
E
SSW
ENE
ENE
ESE
ESE
NNE
S
SE
ESE
E
WNW
ESE
WNW
SE
ENE
SSE
E
ESE
NW
E
ENE
ESE
E
N
SSE
E
ESE
E
ESE
ESE
ESE
NW
E
W
ESE
ESE
ENE
E
W
E
ESE
ESE
NNW
SSE
S
ESE
E
E
N
S
WSW
ESE
ESE
ESE
E
ESE
W
E
ESE
SSW
SSW

3:00 PM
Speed (km/h)
4
15
7
11
9
13
19
6
7
11
11
13
15
15
17
11
7
11
20
15
17
17
13
15
13
17
13
9
11
15
15
13
6
6
7
19
15
19
11
11
2
17
20
15
15
15
4
4
15
19
11
9
4
11
13
15
13
13
4
15
13
9
9
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Date
8/1/16
9/1/16
10/1/16
11/1/16
12/1/16
13/1/16
14/1/16
15/1/16
16/1/16
17/1/16
18/1/16
19/1/16
20/1/16
21/1/16
22/1/16
23/1/16
24/1/16
25/1/16
26/1/16
27/1/16
28/1/16
29/1/16
30/1/16
31/1/16
1/2/16
2/2/16
3/2/16
4/2/16
5/2/16
6/2/16
7/2/16
8/2/16
9/2/16
10/2/16
11/2/16
12/2/16
13/2/16
14/2/16
15/2/16
16/2/16
17/2/16
18/2/16
19/2/16
20/2/16
21/2/16
22/2/16
23/2/16
24/2/16
25/2/16
26/2/16
27/2/16
28/2/16
29/2/16
1/3/16
2/3/16
3/3/16
4/3/16
5/3/16
6/3/16
7/3/16
8/3/16
9/3/16
10/3/16
11/3/16
12/3/16
13/3/16
14/3/16

Dir
ESE
E
ESE
NW
NW
ESE
W
S
SE
SE
ENE
E
NW
SW
N
SSE
SE
ESE
ESE
ENE
ESE
N
E
N
NNW
E
ESE
S
S
ESE
ESE
ESE
ESE
ESE
NE
ESE
S
ENE
S
E
ESE
ESE
S
SE
ESE
NE
E
E
SSE
ESE
E
ESE
ESE
ESE
ESE
E
E
E
E
ESE
E
ESE
ESE
E
E
E

Maximum wind gust
Speed (km/h)
24
22
28
41
33
22
41
35
28
24
22
24
30
39
22
33
15
24
31
26
19
31
24
44
31
22
28
37
37
28
24
24
35
28
26
28
26
22
28
22
24
26
30
26
28
26
30
26
30
30
19
28
30
30
30
31
28
35
26
33
30
24
33
26
26
24

Time
16:27
13:54
16:07
19:44
10:25
14:53
15:37
5:14
11:37
9:21
17:33
15:12
9:44
18:30
23:59
15:11
16:02
15:13
16:27
17:15
16:58
11:10
13:09
13:04
11:09
14:28
13:02
15:46
9:40
12:10
14:21
10:21

Dir
SSW
WSW

14:36
14:02
15:52
15:55
18:58
13:24
13:50
14:24
15:54
15:12
14:09
10:34
15:28
9:10
15:08
16:25
15:27
10:46
13:34
12:19
14:02
13:33
14:46
16:37
14:39
13:50
15:14
12:23
14:30
14:06
14:21
13:24
15:19
12:39

N
SSW

ESE
WSW
N
SSW
SW
WSW
SSE
E
SW
NW
SW
S
ENE
NE
NNE
SE
NNW
SW
SSW
SSE
SW
SW

NNE
SW
SSW
SSW
SW
NNE
SSW
N
NE
NE
NNE
SSW
ESE

SW

N

NNE

WNW
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9:00 AM
Speed (km/h)
6
4
Calm
Calm
6
2
11
7
6
7
4
Calm
2
Calm
2
9
6
2
6
4
Calm
2
2
Calm
6
7
Calm
7
9
2
Calm
6
Calm
4
2
Calm
4
Calm
7
2
7
2
7
7
Calm
2
2
6
2
9
15
Calm
Calm
2
Calm
Calm
7
Calm
Calm
Calm
Calm
4
Calm
Calm
Calm
Calm
2

Dir
E
ENE
E
NNE
SSW
E
NNW
SW
SE
SSE
E
ENE
NNW
N
E
SSE
SE
E
E
E
NE
NNW
SE
NW
ESE
E
SW
S
SE
ESE
ESE
SE
E
E
ESE
E
ENE
ESE
SE
ENE
ESE
E
S
E
ESE
E
E
NW
S
ESE
ENE
ENE
E
E
E
E
E
ESE
E
E
E
ESE
E
E
ESE
E

3:00 PM
Speed (km/h)
9
11
11
6
6
11
11
7
13
7
11
7
7
11
6
9
6
9
13
15
6
4
11
17
Calm
9
9
11
9
11
13
13
9
13
9
9
13
7
11
13
7
9
11
11
9
17
13
15
7
11
11
11
11
17
13
17
17
17
20
17
13
15
15
15
13
17
9
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Date
15/3/16
16/3/16
17/3/16
18/3/16
19/3/16
20/3/16
21/3/16
22/3/16
23/3/16
24/3/16

Dir
SSW
SSE
SSW
NNW
SE
S
SSW
S
E
ESE

Maximum wind gust
Speed (km/h)
24
20
17
28
24
31
28
26
19
26

Time
12:57
16:30
13:26
14:34
14:05
13:01
13:41
17:11
14:59
15:15

Dir
SSW
S
SSE
W
S
SW
SW
SW

9:00 AM
Speed (km/h)
7
7
2
Calm
6
7
4
9
6
Calm

Dir
SW
SW
ESE
N
SSE
SW
SSE
SSW
SSW
E

3:00 PM
Speed (km/h)
7
4
7
7
9
7
11
9
6
13

Analysis of the rainfall and wind data indicated that, for the period between tracer
deployment and Sampling Exercise 1 (6/11/15 to 4/12/15):






There were no major rainfall events that would have resulted in flooding of
Lake Macquarie.
Wind conditions were generally characterised by calm to moderate breezes
predominantly with an easterly component.
th
th
There were brief periods of moderate to strong westerly breezes on the 18 , 20
th
and 26 November 2015 which would have resulted in the development of small
wind waves with the potential to transport sediment in an easterly direction across
the Airforce Channel and Western Shoals.
Overall, the sediment transport potential associated with the recorded rainfall and
wind conditions is considered to be negligible in comparison to tidal currents.

For the period between Sampling Exercise 1 and Sampling Exercise 2 (5/12/15 to 24/3/16):






5.3

Significant rainfall occurred in early January, with around 250 mm rainfall between
4/1/16 and 7/1/16. This would have resulted in elevated water levels in
Lake Macquarie, with associated increases in ebb tide discharges and potential
changes to the tidal sediment transport regime through Swansea Channel during
this brief period.
There were no other major rainfall events between December 2015 and March 2016
that would have resulted in flooding of Lake Macquarie.
Wind conditions were generally characterised by calm to moderate breezes
predominantly with an easterly component.
There were brief periods of moderate to strong breezes with northerly and westerly
components, however the sediment transport potential associated with the recorded
wind conditions is considered to be negligible in comparison to tidal currents.

Dredging Activities
Two minor dredging campaigns were undertaken in the study area during the study period.
These works were carried out to improve navigation through the channel in the vicinity of the
southern entrance to Swan Bay. The timing and dredge quantity for each campaign was as
follows:



3

December 2015 - 2,000 m (approximately); and,
3
January 2016 - 4,000 m (approximately).
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Dredged material for both campaigns was placed onto Spoil Island above the waterline.
The dredging campaign in December 2015 was undertaken after Sampling Exercise 1, so
the results from this sampling exercise are not influenced by dredging activities.
However, both dredging campaigns were carried out prior to Sampling Exercise 2, which
means that the results from this sampling exercise should be assessed considering that
3
6,000 m of material had been removed from the key depositional area opposite the
southern entrance to Swan Bay. This made it more difficult to assess the likely sources of
material and sediment transport pathways that are responsible for the growth of this
problematic shoal. This was partly addressed by collecting several samples from the
dredged material stockpile on Spoil Island during Sampling Exercise 2 on the basis that any
tracer material present in these samples had previously been deposited on the shoal. This is
described further in Section 6.1.2.

5.4

Bathymetric Change
A comprehensive bathymetric survey of the channel was undertaken by Astute Surveying in
October 2015, immediately prior to the deployment of the tracer material on
6 November 2015. The extent of the October 2015 survey is shown in Figure 15. A detailed
survey of the upper region of the main navigation channel was undertaken by Astute
Surveying in June 2016. The extent of the June 2016 survey is shown in Figure 16.
An assessment of bathymetric change between October 2015 and June 2016 was
undertaken for the common area covered by both surveys, i.e. the upper navigation channel
between the cross-over and Marks Point (excluding the upstream regions of the
Western Shoals and Airforce Channel). A difference plot of bed levels between the two
surveys is provided in Figure 17.
The purpose of this assessment was to provide an indication of areas of accretion and
2
erosion during the study period reported herein (November 2015 to March 2016) . Key
observations include:


The difference plot does not account for the removal of sand from the shoals
opposite the southern entrance to Swan Bay during the dredging campaigns
undertaken in December 2015 and January 2016 (refer Section 5.3). The indicative
dredge area is shown on Figure 17.
o
o

This is a likely explanation for the lower bed levels in the eastern portion of
this area in June 2016 compared to October 2015 (up to 0.8 m lower).
Despite the dredging campaigns, bed levels in the western portion of this
area were up to 0.7 m higher in June 2016 compared to October 2015. This
provides evidence of significant sedimentation in this area during the study
period.

2

While it is acknowledged that the June 2016 survey was undertaken three months after completion of the study
period, the bathymetric change between the two surveys provide a sound basis for identifying the likely areas of
erosion and accretion during the study period.
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Intermittent shoals developed along the northern navigation channel (i.e. between
the southern entrance to Swan Bay and the drop-over). This suggests that this
section of the channel was not self-scouring during the study period and is therefore
becoming less defined. Notable areas of shoaling included the area opposite the
northern entrance to Swan Bay where flow velocities slow down, and on the outer
edge of the drop-over. Lakeward growth of the drop-over shoals provides evidence
of a flood tide dominant sediment transport process in this upper portion of the
entrance channel.



The main navigation channel between the runway and the southern entrance to
Swan Bay deepened by up to around 0.8 m across a width of approximately 75 m.
However, accretion of up to around 1.5 m occurred just south of the entrance to
Swan Bay at Naru Point, which appears to be pushing the navigation channel in a
westerly direction. This suggests that the diversion of flood tide flows into Swan Bay
is still resulting in sedimentation in this area, despite the relatively narrow entrance
opening.



The Airforce Channel became slightly more defined, deepening by around 0.1 to
0.3 m between October 2015 and June 2016. This suggests a tendency for
increased flow through this channel during the study period.



Concurrent with the slight deepening of both the Airforce Channel and the main
navigation channel between the runway and the southern entrance to Swan Bay was
growth of the sand spur that runs along the north-eastern edge of the
Airforce Channel.



The main channel between Coon Island and Pelican became slightly more defined
(i.e. deeper) on the western side of the channel, with bed levels typically lowering by
0.2 to 0.3 m in this area. This is consistent with a tendency for increased flow
through the Airforce Channel. This slight deepening was accompanied by
sedimentation and accretion to the east in this area, including on the shoals opposite
the former Pelican Marina.
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N

Figure 15: October 2015 Bathymetric Survey
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Figure 16: June 2016 Bathymetric Survey
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Figure 17: Bathymetric change between October 2015 and June 2016
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6

SAMPLE COLLECTION AND ANALYSIS

6.1

Sample Locations

6.1.1

Sampling Exercise 1
The objective of the first tracer sampling exercise was to assess movement of the tracer
particles over the short term, i.e. one complete spring-neap tidal cycle (28 days) following
3
tracer deployment . As noted in Section 5.1, tidal currents are considered to be the
dominant process influencing sediment transport in Swansea Channel. The tracer results for
Sampling Exercise 1 could therefore be used to describe the spatial extents of sediment
transport within the study area during a typical tidal cycle, as well as the main pathways.
A total of 112 samples were collected during Sampling Exercise 1. The locations of these
samples are plotted in Figure 2 (refer Section 1.2.1).

6.1.2

Sampling Exercise 2
The objective of the second tracer sampling exercise was to assess movement of the tracer
material over the medium term. Sampling Exercise 2 was undertaken around five springneap tidal cycles (20 weeks) following tracer deployment. The tracer results for
Sampling Exercise 2 can therefore be used to identify the key depositional areas and,
importantly, likely source locations for these areas.
In addition, the Sampling Exercise 1 results indicated that very limited dispersion of the
green tracer occurred during the one month period following tracer deployment, with just two
positive samples recorded (out of 112 samples collected). It was considered to be possible
that the green tracer deployment site adjacent to Elizabeth Island is an active depositional
area, which may have resulted in burial of much of the green tracer material that could not
be detected in the surface samples.
As such, both depth-averaged and surface samples were collected at three (3) sample
locations in the immediate vicinity of the green tracer deployment site (Transect C16). It
should be noted that one of these sample locations was in addition to the locations utilised
during Sampling Exercise 1.
Furthermore, as described in Section 5.3, minor dredging campaigns were undertaken in
3
December 2015 and January 2016 which involved dredging around 6,000 m of sand from
the shoal opposite the southern entrance to Swan Bay with sub-aerial placement of the
dredged material onto Spoil Island. It is likely that some of the tracer material had deposited
on these shoals prior to the dredging campaign, and would therefore be present in the
placed material stockpile. Moreover, identifying the source(s) of material contributing to the
growth of this shoal is a key objective of this study. As such, four (4) samples were collected
from the placement site to assess the possible presence of tracer particles in the dredged
material. Two (2) of these samples were collected from the top of the stockpile while the
remaining two (2) samples were collected from mid-height of the stockpile.

3

The duration of a spring-neap tidal cycle is 28 days. The tracer was deployed on 6 November 2015, while
Sampling Exercise 1 was undertaken on 3-4 December 2015, i.e. 27-28 days after tracer deployment.
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A total of 121 samples were collected during Sampling Exercise 2. The locations of these
samples are plotted in Figure 19. This includes each of the 112 sample locations visited
during Sampling Exercise 1 plus the following additional samples:





one (1) surface sample in the vicinity of the green tracer deployment site;
three (3) depth-averaged samples in the vicinity of the green tracer deployment site;
four (4) samples from the dredged material stockpile on Spoil Island; and,
one (1) surface sample on the shoal opposite the former Pelican Marina.

Figure 18: Sample locations for Sampling Exercise 2
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6.2

Sample Collection
The dates and site conditions during each sampling exercise are summarised in Table 4.
Table 4: Sampling details
Sampling Exercise

Dates

Weather Conditions

Sampling Exercise 1

3 to 4 December 2015

Sampling Exercise 2

23 to 24 March 2016

Fine
Light south to south-easterly winds
No rainfall
Fine
Calm conditions
Minor rainfall in preceding week

Surface samples were collected using a stainless steel Shipek grab sampler with bucket
attachment. Sediment sampling was undertaken from a flat-bottom barge. The grab
sampler was lowered to the sea bed at each sampling location where the bucket attachment
was triggered to close and penetrate the sediment.
Prior to sampling, the grab sampler bucket was thoroughly rinsed in seawater. This process
was repeated between sampling locations to avoid any potential contamination between
sites.
Samples were transferred from the grab sampler bucket into plastic containers using a
stainless steel spoon. The spoon was also rinsed in seawater following collection of each
sample to minimise the risk of cross-contamination between sites. Each sample container
was clearly labelled and stored in a plastic zip-lock bag to preserve the sample in the event
that the plastic container was damaged prior to analysis.
Photographs taken during the Exercise 1 sampling are provided in Figure 19.

Figure 19: Exercise 1 sampling, 4 December 2015
grab sampler retrieval (left), example of collected sample (right)
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The depth-averaged samples collected in the vicinity of the green tracer deployment site
during Sampling Exercise 2 were obtained by vertically driving a 30 mm diameter
polycarbonate tube through the bed profile over a distance of up to 0.5 m. A photograph of
the polycarbonate tube used for the depth-averaged sampling is provided in Figure 20.
Sediment from the tube was transferred into plastic containers, with up to three cores taken
per sample. The sediment in the plastic container was homogenised to ensure that the
sample was representative of depth-averaged conditions.

Figure 20: Polycarbonate tube used for depth-averaged sampling
The samples collected from the sub-aerial dredged material stockpile on Spoil Island during
Sampling Exercise 2 were transferred from the upper 5-10 cm of the surface into plastic
containers using a stainless steel spoon. The spoon wiped clean following collection of each
sample to minimise the risk of cross-contamination between samples.

6.3

Sample Analysis
All the collected samples were shipped to the ETS ISO 9001 certified laboratory in the UK.
All samples were analysed for tracer particle counts, which were then converted into particle
counts per square metre of the grab area.
The sample analysis methodology described in Section 3.3 was followed for the samples
collected during each sampling exercise.
Particle sizing of tracer particles detected in each sample was carried out manually,
concurrently with counting the different colours of sand tracer particles. Initially, ETS sized a
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range of sand particles using a fluorescence microscope and a calibrated graticule to cover
the size bands reported, including:




‘small’: 125-250 µm, i.e. equivalent to fine sand (Wentworth grain size classification,
refer Figure 21);
‘medium’: 250-375 µm, i.e. finer fraction of medium sand (Wentworth grain size
classification, refer Figure 21); and,
‘large’: 375-500 µm, i.e. coarser fraction of medium sand (Wentworth grain size
classification, refer Figure 21).

Figure 21: Wentworth grain size classification
Individual grains for each of these size bands were selected from each of the five tracer
stocks (red, yellow, orange, green and blue). These individual grains were mounted on
microscope slides and used as a reference slide to size each fluorescent tracer particle
detected in the samples for each colour.
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7

TRACER RESULTS

7.1

Yellow Tracer (Western Shoals)

7.1.1

Preamble
Yellow tracer counts for both of the sampling exercises are plotted in Figure F1,
Appendix F.
Particle size analysis results for the yellow tracer material for both of the sampling exercises
are plotted in Figure F2. The ‘small’, ‘medium’ and ‘large’ size bands adopted for this study
correspond with the ‘real-world’ sediment size bands as described in Section 6.3.
Yellow tracer results for all samples collected during the study period are also tabulated in
Appendix F.

7.1.2

Tracer Counts
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
4

Positive counts for the yellow tracer were recorded in 11 of the 112 samples collected and
analysed for Sampling Exercise 1. These samples were predominantly collected within
around 400 m (upstream and downstream) of the yellow tracer release site across the
Western Shoals.
In particular, very high yellow tracer counts were recorded across the tracer release site
(Transect W1) and also along Transect W2, located around 200 m west (upstream) of the
2
release site. Tracer concentrations of up to around 18,000 particles/m were recorded in
5
these areas . No positive counts were recorded on Transect W4 where the Western Shoals
enter Lake Macquarie.
These results indicate that, for the one month period between tracer deployment and
Sampling Exercise 1, transport of the yellow tracer was generally limited to within around
400 m of the release area, with a slight predominance towards upstream (flood tide
dominated) transport.
However, it is noted that one positive sample for the yellow tracer was recorded adjacent to
the eastern shoreline of Elizabeth Island, around 1.2 km upstream of the release site. This
indicates that material from the Western Shoals may be transported into the main channel
from where it is subsequently advected relatively significant distances upstream.
No positive yellow tracer counts were recorded in the shoals near the southern entrance to
Swan Bay or opposite the former Pelican Marina site.

4

A positive sample means either small, medium or large sized tracer particles were detected. It was possible to
have multiple size classes detected for a particular sample.
5
Tracer concentrations of 12,438 particles/m2 and 18,312 m2 were recorded at the yellow release site
(Transect W1) and adjacent to Coon Island (Transect W2), respectively.
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Sampling Exercise 2 (March 2016)
Positive counts for the yellow tracer were recorded in 16 of the 121 samples collected and
analysed for Sampling Exercise 2. Similar to the Sampling Exercise 1 results, the highest
concentrations of yellow tracer were recorded in the immediate vicinity of the yellow tracer
release site across the Western Shoals. Positive counts were also recorded along Transects
W3 and W4 where the Western Shoals enter Lake Macquarie.
These results provide further evidence that the transport and deposition of yellow tracer
during the study period was generally limited to within the Western Shoals, particularly
around the release area.
However, several relatively small counts for the yellow tracer were recorded within the
Airforce Channel, while two small counts were recorded at the drop-over. These results
indicate that some of the yellow tracer was transported into the main channel by ebb tide
currents and subsequently transported to the north.
As per the Sampling Exercise 1 results, no positive yellow tracer counts were recorded in the
shoals near the southern entrance to Swan Bay or opposite the former Pelican Marina site.
7.1.3

Particle Size Results
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Large sized yellow tracer particles were recorded in 6 of the 11 positive samples and were
predominantly found around the yellow tracer release site. This indicates that transport of
the large sized tracer particles was very limited during the one month period between tracer
deployment and Sampling Exercise 1.
Medium sized yellow tracer particles were recorded in 10 of the 11 positive samples, each of
which were collected within 400 m of the release site.
Small sized yellow tracer particles were recorded in each of the positive samples. The
relative proportion of small sized yellow particles increased with distance from the release
site. For example, the positive sample recorded adjacent to the eastern shoreline of
Elizabeth Island (around 1.2 km upstream of the release site) was comprised entirely of
small sized tracer particles.
Sampling Exercise 2 (March 2016)
Large sized yellow tracer particles were recorded in 5 of the 16 positive samples and were
predominantly found around the yellow tracer release site, although one of these samples
was recorded adjacent to Elizabeth Island.
Medium sized yellow tracer particles were recorded in 11 of the 16 positive samples, while
small sized yellow tracer particles were recorded in 13 samples. The locations of these
samples were spread throughout the study area, although the relative proportion of small
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sized yellow tracer particles increased with distance from the release site (as per the
Sampling exercise 1 results).

7.2

Orange Tracer (Airforce Channel)

7.2.1

Preamble
Orange tracer counts for both of the sampling exercises are plotted in Figure F3,
Appendix F.
Particle size analysis results for the orange tracer material for both of the sampling exercises
are plotted in Figure F4. The ‘small’, ‘medium’ and ‘large’ size bands adopted for this study
correspond with the ‘real-world’ sediment size bands as described in Section 6.3.
Orange tracer results for all samples collected during the study period are also tabulated in
Appendix F.

7.2.2

Tracer Counts
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Positive counts for the orange tracer were recorded in 35 of the 112 samples collected and
analysed for Sampling Exercise 1. The majority of positive samples were recorded along the
6
entire 1.4 km length of the Airforce Channel , with a number of positive samples also
recorded in the upstream reaches of the main channel towards the drop-over.
These results indicate reasonably significant dispersion of the orange tracer from the release
site in both upstream and downstream directions for the one month period between tracer
deployment and Sampling Exercise 1. However, it is noted that the highest orange tracer
counts were recorded in the immediate vicinity of the release site (Transects A2, A3 and A4).
2
The highest individual tracer count of 30,506 particles/m was recorded along the tracer
release site (Transect A3). This indicates that a relatively high proportion of the orange
tracer remained within around 200 m of the orange release site during the one month period
between tracer deployment and Sampling Exercise 1.
Upstream (flood tide) transport and deposition of orange tracer from the release site
occurred to the limit of sampling where the Airforce Channel enters Lake Macquarie. This
provides evidence of the flood tide dominated growth of these shoals.
Downstream (ebb tide) transport from the orange release site through the Airforce Channel
also occurred during the one month period between tracer deployment and Sampling
Exercise 1, with this transport extending as far as shoals opposite the former Pelican Marina
site.

6

For the purposes of this investigation, the Airforce Channel is considered to extend upstream from the shoals
opposite the former Pelican Marina site to the shoals where the channel enters Lake Macquarie.
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Several relatively low orange tracer counts were recorded in the upstream reaches of the
main channel towards the drop-over. The locations of these samples indicate that the main
deposition areas in this region include the western side of the channel between
Elizabeth Island and the drop-over, and the western side of the channel near Spoil Island.
While the majority of positive orange samples were recorded in the upstream reaches of
Swansea Channel, it should be noted that one positive sample was recorded in the main
channel, around 1.5 km south (downstream) of the release site. This indicates that
reasonably extensive ebb tide transport of the orange tracer occurred during the one month
period between tracer deployment and Sampling Exercise 1.
Sampling Exercise 2 (March 2016)
Positive counts for the orange tracer were recorded in 23 of the 121 samples collected and
analysed for Sampling Exercise 2. Similar to the Sampling Exercise 1 results, the majority of
positive samples were recorded along the entire 1.4 km length of the Airforce Channel. A
small number of relatively low positive samples were also recorded in the upstream reaches
of the main channel towards the drop-over, while one positive sample was recorded just
inside the southern entrance to Swan Bay.
Downstream (ebb tide) transport from the orange release site through the Airforce Channel
extended as far as shoals opposite the former Pelican Marina site. This provides evidence
of ebb tide driven sediment transport through this channel.
In comparison, upstream (flood tide) transport and deposition of orange tracer from the
release site was recorded across Transect A4 only, with no positive orange tracer counts
measured on the more upstream transects where the Airforce Channel enters
Lake Macquarie (A5 and A6). However, it is noted that the positive counts recorded on
Transect A4 were among the highest for Sampling Exercise 2.
In general, the orange tracer results for Sampling Exercise 2 indicate that ebb tide
dominated sediment transport occurred during the period between Sampling Exercise 1 and
2 (December 2015 to March 2016). In particular, the absence of any orange tracer on the
shoals where the Airforce Channel enters Lake Macquarie suggests that upstream
deposition of material within the Airforce Channel was relatively limited during this period.
This may be related to increased ebb tide discharges associated with the significant rainfall
in January 2016.
No positive samples were recorded in the main channel south of the former Pelican Marina,
during Sampling Exercise 2.
7.2.3

Particle Size Results
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Large sized orange tracer particles were recorded in 7 of the 35 positive samples. While
most of these samples were found within around 200 m of the orange tracer release site,
large sized orange tracer was also recorded in two samples collected on the shoals opposite
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the former Pelican Marina site. This indicates that relatively coarse material is deposited in
these areas, up to around 900 m downstream of the release site.
Medium sized orange tracer particles were recorded in 23 of the 35 positive samples, spread
across the entire 1.4 km length of the Airforce Channel. The orange tracer material recorded
in the sample adjacent to the eastern shoreline of Elizabeth Island was comprised entirely of
medium sized particles.
Small sized orange tracer particles were recorded in 30 of the 35 positive samples. Similar
to the yellow tracer, the relative proportion of small sized orange particles increased with
distance from the release site. For example, the orange tracer material recorded in the
samples collected both downstream in the main channel and upstream near the drop-over
was comprised entirely of small sized particles.
Sampling Exercise 2 (March 2016)
Large sized orange tracer particles were recorded in 9 of the 23 positive samples. As per
Sampling Exercise 1, these samples were found primarily around the orange tracer release
site and as far downstream the shoals opposite the former Pelican Marina site.
Medium sized orange tracer particles were recorded in 13 of the 23 positive samples, spread
throughout the Airforce Channel and also in one sample just north of Elizabeth Island.
Small sized orange tracer particles were recorded in 21 of the 23 positive samples. The
orange tracer material recorded in the sample collected inside the southern entrance to
Swan Bay was comprised entirely of small sized particles.

7.3

Red Tracer (Main Channel)

7.3.1

Preamble
Red tracer counts for both of the sampling exercises are plotted in Figure F5, Appendix F.
Particle size analysis results for the red tracer material for both of the sampling exercises are
plotted in Figure F6. The ‘small’, ‘medium’ and ‘large’ size bands adopted for this study
correspond with the ‘real-world’ sediment size bands as described in Section 6.3.
Red tracer results for all samples collected during the study period are also tabulated in
Appendix F.

7.3.2

Tracer Counts
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Positive counts for the red tracer were recorded in 67 of the 112 samples collected and
analysed for Sampling Exercise 1.
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The results indicate that extensive transport and deposition of the red tracer material in both
upstream and downstream directions occurred during the one month period between tracer
deployment and Sampling Exercise 1. The red tracer results indicate a clear predominance
towards upstream (flood tide dominated) sediment transport for this period.
Downstream (ebb tide) transport of the red tracer extended as far south as Transect C2,
which is around 1.1 km downstream of the release site and 350 m upstream of
Swansea Bridge. Transport of the tracer material downstream of the bridge and into
Salts Bay was not observed during the one month period between tracer deployment and
Sampling Exercise 1.
Upstream (flood tide) transport of the red tracer extended to the limits of sampling at both the
drop-over (around 2.3 km upstream of the red release site) and within the Airforce Channel
(around 2 km upstream of the red release site). Similar to the orange tracer results, these
observations provide evidence of the flood tide dominated growth of these shoals.
Red tracer material was also recorded on the northern side of Coon Island, although not as
far upstream as where the Western Shoals enter Lake Macquarie. Nevertheless, this
observation indicates that scouring of the main channel may also contribute to growth of the
Western Shoals.
Positive red tracer counts were recorded in the shoals near the southern entrance to
Swan Bay, and also on the shoals opposite the former Pelican Marina site. This observation
provides evidence that scouring of the main channel contributes to growth of these shoals
which are known to cause navigation issues in Swansea Channel.
Positive red tracer counts were also recorded inside the southern entrance to Swan Bay.
These results provide evidence of sediment inflow from Swansea Channel to this region.
Sampling Exercise 2 (March 2016)
Positive counts for the red tracer were recorded in 73 of the 121 samples collected and
analysed for Sampling Exercise 2.
As per the Sampling Exercise 1 results, it is evident that the red tracer material experienced
the most significant dispersion of all tracer colours deployed. While the transport and
deposition of the red tracer material occurred in both upstream and downstream directions
during the study period, there was clear flood tide dominated sediment transport.
Downstream (ebb tide) deposition of the red tracer was observed as far south as
Transect C4, which is around 1.1 km downstream of the release site and 900 m upstream of
Swansea Bridge. Transport of the tracer material downstream of the bridge and into
Salts Bay was not observed for the entire study period.
Upstream (flood tide) transport of the red tracer extended to the limits of sampling at both the
drop-over (around 2.3 km upstream of the red release site) and within the Airforce Channel
(around 2 km upstream of the red release site). These observations provide further
evidence of the flood tide dominated growth of these shoals.
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The highest red tracer counts for Sampling Exercise 2 were recorded within the
Airforce Channel, particularly along the spur that runs along the north-eastern edge of this
channel. These results provide evidence that this sand feature became more pronounced
during the study period.
As per the Sampling Exercise 1 results, red tracer material was recorded on the northern
side of Coon Island, in the shoals near the southern entrance to Swan Bay, inside the
southern entrance to Swan Bay, and also on the shoals opposite the former Pelican Marina
site. A small positive result was also recorded inside the northern entrance to Swan Bay.
Positive red tracer counts were also recorded on the sub-aerial dredge spoil mound on Spoil
Island. This provides further confirmation that red tracer material was transported to the
shoals opposite the southern entrance to Swan Bay prior to the commencement of dredging
activities in December 2015 and January 2016. No other tracer colours were recorded on
the dredge spoil mound in Sampling Exercise 2.
A positive red tracer count was recorded in one of the depth-averaged samples collected
along Transect C16 adjacent to Elizabeth Island. This provides evidence of deposition and
burial of the red tracer material in this area. No other tracer colours were recorded in the
depth-averaged samples.
7.3.3

Particle Size Results
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Large sized red tracer particles were recorded in 29 of the 67 positive samples. Similar to
the yellow and orange tracer results, the majority of large sized red tracer particles were
recorded within several hundred metres of the release site, which indicates that these
particles were not transported as widely as the smaller sized particles. Notwithstanding this,
it is noted that several large sized red tracer particles were recorded further upstream
including within the Airforce Channel and also in a sample collected opposite the northern
entrance to Swan Bay, some 1.8 km upstream of the red tracer release site. These results
provide evidence of reasonably extensive transport of relatively coarse material in an
upstream direction from the main channel.
Medium sized red tracer particles were recorded in 63 of the 67 positive samples, which
indicated that this material was transported readily throughout the entire region where red
tracer was recorded.
Small sized red tracer particles were recorded in 59 of the 67 positive samples, which also
provided evidence of widespread distribution of this size fraction. Similar to the yellow and
orange tracers, the relative proportion of small sized red particles increased with distance
from the release site.
Sampling Exercise 2 (March 2016)
Large sized red tracer particles were recorded in 27 of the 73 positive samples. Wider
transport of the large sized red tracer particles was evident in the Sampling Exercise 2
results compared with Sampling Exercise 1. These particles were recorded throughout the
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Airforce Channel and also through the main channel extending upstream to the drop-over.
These results provide further evidence of extensive transport of relatively coarse material in
an upstream direction from the main channel.
Medium sized red tracer particles were recorded in 45 of the 73 positive samples, which also
indicated that this material was transported readily throughout the entire study area.
Small sized red tracer particles were recorded in 69 of the 73 positive samples, indicating
very widespread distribution of this size fraction.

7.4

Blue Tracer (Spoil Island)

7.4.1

Preamble
Blue tracer counts for both of the sampling exercises are plotted in Figure F7, Appendix F.
Particle size analysis results for the blue tracer material for both of the sampling exercises
are plotted in Figure F8. The ‘small’, ‘medium’ and ‘large’ size bands adopted for this study
correspond with the ‘real-world’ sediment size bands as described in Section 6.3.
Blue tracer results for all samples collected during the study period are also tabulated in
Appendix F.

7.4.2

Tracer Counts
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Positive counts for the blue tracer were recorded in just five (5) of the 112 samples collected
and analysed for Sampling Exercise 1. The highest blue tracer counts were recorded at the
2
blue tracer release site, including a single result of 78,197 particles/m which was the
maximum recorded value for any of the tracer colours for Sampling Exercise 1.
These results indicate that very limited dispersion of the blue tracer occurred during the one
month period between tracer deployment and Sampling Exercise 1.
Two positive blue tracer counts were recorded on Transect C11, around 800 m downstream
of the blue release site. Growth of the shoals in this area restricts the channel width in the
vicinity of the former Pelican Marina site, which would induce channel scour in this area.
These results may indicate that erosion of the Spoil Island shoreline contributes to the
growth of these shoals.
Another positive sample for the blue tracer was recorded on Transect C18, around 250 m
upstream of the release site.
No positive blue tracer counts were recorded in the shoals near the southern entrance to
Swan Bay.
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Sampling Exercise 2 (March 2016)
Positive counts for the blue tracer were recorded in just five (5) of the 121 samples collected
and analysed for Sampling Exercise 2. The locations of these positive samples were spread
throughout the study area at discrete locations, including the blue release site, inside the
northern entrance to Swan Bay, on the drop-over, and at the upstream end of the
Airforce Channel.
No positive blue tracer counts were recorded in the shoals near the southern entrance to
Swan Bay.
Based on these results, there were no clear dispersive trends for the blue tracer during the
study period. This indicates that the Spoil Island foreshore was not an active transport area,
and possibly a depositional area.
7.4.3

Particle Size Results
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Large sized blue tracer particles were only recorded in the two positive samples collected at
the blue release site, which provides further evidence of the limited dispersion of blue tracer
during the study period covered by this report.
Medium sized blue tracer particles were recorded in four (4) of the five (5) positive samples,
while small sized blue tracer particles were recorded in two (2) of these samples.
Sampling Exercise 2 (March 2016)
Large sized blue tracer particles were recorded in two (2) of the five (5) positive samples.
One of these samples was collected at the blue release site while the other was collected
approximately 750 m further upstream on the drop-over.
Medium sized green tracer particles were recorded in three (3) of the five (5) positive
samples, while small sized green tracer was also recorded in three (3) samples. These
samples were located throughout the entire region where blue tracer was recorded.

7.5

Green Tracer (Elizabeth Island)

7.5.1

Preamble
Green tracer counts for both of the sampling exercises are plotted in Figure F9,
Appendix F.
Particle size analysis results for the green tracer material for both of the sampling exercises
are plotted in Figure F10. The ‘small’, ‘medium’ and ‘large’ size bands adopted for this study
correspond with the ‘real-world’ sediment size bands as described in Section 6.3.
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Green tracer results for all samples collected during the study period are also tabulated in
Appendix F.
7.5.2

Tracer Counts
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
Positive counts for the green tracer were recorded in just two (2) of the 112 samples
collected and analysed for Sampling Exercise 1. One of these samples was collected at the
green tracer release site while the other was collected around 200 m south of the release
site along the shoal ridge line within the Airforce Channel.
These results indicate that very limited dispersion of the green tracer occurred during the
one month period between tracer deployment and Sampling Exercise 1.
No positive green tracer counts were recorded in the shoals near the southern entrance to
Swan Bay or opposite the former Pelican Marina site.
Sampling Exercise 2 (March 2016)
Positive counts for the green tracer were recorded in 10 of the 121 samples collected and
analysed for Sampling Exercise 2. There was a notable increase in both the number of
positive samples and also the tracer concentrations between Sampling Exercises 1 and 2.
The majority of positive samples for green tracer, and also the highest counts, were recorded
in the immediate vicinity of the green release site on Transects C16 and C17. These results
indicate that there was relatively limited dispersion of green tracer throughout the study
period. Furthermore, these results provide evidence of a cross-channel transport pathway
from Elizabeth Island to Spoil Island.
Two relatively small green tracer counts were recorded at the downstream end of the
Airforce Channel on Transect C12, while isolated positive samples were recorded on the
Western Shoals and also at the upstream extent of the Airforce Channel. These results
indicate that some of the green tracer material was transported in a net downstream
direction during the study period before being directed towards Lake Macquarie via the
western channels.
As per the Sampling Exercise 1 results, no positive green tracer counts were recorded in the
shoals near the southern entrance to Swan Bay or opposite the former Pelican Marina site.

7.5.3

Particle Size Results
A summary of the key results for both sampling exercises is provided below.
Sampling Exercise 1 (December 2015)
The green tracer material recorded in the sample collected at the green tracer release site
was comprised entirely of large sized particles.
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The green tracer material recorded in the other positive sample, collected around 200 m
south of the release site, was comprised entirely of small sized particles.
Sampling Exercise 2 (March 2016)
Large sized green tracer particles were recorded in 4 of the 10 positive samples and were
found in the immediate vicinity of the green tracer release site (i.e. within around 200 m),
indicating very limited dispersion of this size fraction.
Medium sized green tracer particles were recorded in 6 of the 10 positive samples, including
the one positive sample on the Western Shoals, approximately 1 km downstream of the
green release site. This indicates that there is a potential for transport of this size fraction
from Elizabeth Island over reasonable distances.
Small sized green tracer particles were recorded in 9 of the 10 positive samples, which
indicated that this material was transported readily throughout the entire region where green
tracer was recorded.
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8

DISCUSSION ON SEDIMENT TRANSPORT PROCESSES

8.1

Sampling Exercise 1
The tracer results for Sampling Exercise 1 can be related to sediment transport processes
that may occur in Swansea Channel during a typical tidal cycle (28 days), including:


Deposition of material within the upper reaches of Swansea Channel appears to be
primarily related to scour of the main channel. Sediment transport from the main
channel near the Cross-over is flood tide dominated, with depositional areas
including the following key regions:
o
o
o
o
o
o

shoals opposite the former Pelican Marina site;
shoals opposite the southern entrance to Swan Bay;
inside the southern entrance to Swan Bay;
shoals within the Airforce Channel;
adjacent to Elizabeth Island; and,
the outer extremities of the study area where Swansea Channel enters
Lake Macquarie, including the drop-over and at the western end of the
Airforce Channel.



Ebb tide transport and deposition of sediment from the main channel is less
significant than flood tide transport, however this transport was observed to extend
over a distance of approximately 1.1 km to a location around 350 m upstream of
Swansea Bridge. Transport of sediment from the main channel downstream of the
bridge and into Salts Bay was not observed for the study period considered herein,
however it is likely that this would become evident over slightly longer timescales.



Relatively extensive transport and deposition of sediment within the
Airforce Channel occurs in both upstream and downstream directions, with
depositional areas including the following key regions:
o
o
o
o

shoals opposite the former Pelican Marina site;
the western end of the Airforce Channel where Swansea Channel enters
Lake Macquarie
the western side of the channel near Spoil Island; and,
the eastern side of the channel between Elizabeth Island and the drop-over.



Relatively limited transport of sediment from within the Western Shoals to other parts
of Swansea Channel could be inferred from the Sampling Exercise 1 tracer results.
Furthermore, there appeared to be slight flood tide dominated transport in the
Western Shoals. This indicates that the Western Shoals are not a significant source
of material contributing to growth of the problematic shoals opposite the former
Pelican Marina site and the shoals near the southern entrance to Swan Bay.



Negligible transport of material from the shorelines of Elizabeth Island and Spoil
Island to other parts of Swansea Channel occurred during the one month period
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between tracer deployment and Sampling Exercise 1. This indicates that these
locations were not active erosional areas over the timescale investigated.


8.2

7

While fine-sized sediment was generally transported further distances than medium
sized sand, the medium sized sand experienced reasonably extensive transport over
distances of up to around 2 km within the relatively short timeframe considered
herein (one month).

Sampling Exercise 2
The tracer results for Sampling Exercise 2 can be related to sediment transport processes
that may occur in Swansea Channel over the medium term (i.e. around four months).
In general, greater dispersion of each colour tracer occurred over time evidenced by the
results of Sampling Exercises 1 and 2, as expected. In particular, the red tracer material
dispersed throughout the entire upper channel, providing further evidence that scour of the
main channel is the dominant source of material contributing to sedimentation further
upstream.
Furthermore, the red tracer results confirm that sediment transport from the main channel in
the area studied is flood tide dominated. This is likely to have led to some burial over time of
the other four tracers due to deposition of sand scoured from the main channel.
The key depositional areas for material eroded from the main channel identified from the
Sampling Exercise 1 results (refer Section 8.1) were also evident in the Sampling Exercise 2
results. In particular, relatively significant deposition occurred along the spur that runs along
the north-eastern edge of the Airforce Channel, which indicates that this sand feature
became more pronounced during the study period. This is consistent with the observed
bathymetric change between October 2015 and June 2016 as described in Section 5.4.
Over the medium term, transport and deposition of sediment within the Airforce Channel
appears to be predominantly confined to this channel only. However, the wider dispersion of
orange tracer evident in the Sampling Exercise 1 results suggests that material from the
Airforce Channel is transported throughout the upper channel. Therefore, it is likely that the
ongoing upstream deposition of material eroded from the main channel resulted in burial of
orange tracer material initially transported to these wider areas.
Sediment transport within the Airforce Channel occurs in both upstream and downstream
directions, although there is stronger evidence of downstream (ebb tide driven) transport
compared to upstream (flood tide driven). This may be related to increased runoff
associated with the significant rainfall in January 2016, which would have resulted in
increased ebb tide discharges through this channel and a greater potential for ebb tide
driven sediment transport. Notably, the downstream transport extends to the shoals
opposite the former Pelican Marina site.

7

This includes the finer and coarser fractions of medium sand as defined by the Wentworth grain size classification,
i.e. the ‘medium’ and ‘large’ tracer sizes.
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As per the Sampling Exercise 1 observations, relatively limited transport of sediment from
within the Western Shoals to other parts of Swansea Channel could be inferred from the
Sampling Exercise 2 results. Again, there appeared to be slight flood tide dominated
transport in the Western Shoals, although the presence of yellow tracer in other areas of the
upper channel indicates that some ebb tide driven transport occurs from this region.
Nevertheless, it appears that the Western Shoals are not a significant source of material
contributing to growth of the problematic shoals opposite the former Pelican Marina site and
the shoals near the southern entrance to Swan Bay.
While greater dispersion of the green tracer was evident in the Sampling Exercise 2 results
(compared to Sampling Exercise 1), this transport was generally limited to within
approximately 300 m of the release site. Similarly, very limited dispersion of the blue tracer
was observed to occur. These results provide further evidence that the foreshores of
Elizabeth Island and Spoil Island were not active erosional areas during the study period.
Transport of the coarser size fractions was generally limited to near the respective release
sites, with the exception of the red tracer which was recorded throughout the
Airforce Channel and also through the main channel extending upstream to the drop-over.
This indicates that the strong and turbulent flows through the main channel are capable of
transporting coarse sand fractions significant distances upstream. The finer size fractions
placed at each release site were observed to be transported throughout the entire upper
channel where tracer material was recorded.

8.3

Linkages with Hydrodynamic Model Outputs
The WorleyParsons (2010) hydrodynamics numerical model of Lake Macquarie and
Swansea Channel was updated as part of the sand tracing study. The model was
successfully calibrated and run for the study period reported herein (November 2015 to
March 2016) to inform assessment of the tracer results. A detailed description of the
updated model is provided in Appendix E.
It should be noted that the model was updated for hydrodynamics only, enabling linkages to
be derived between sediment transport and the modelled current and discharge data. A
more detailed numerical modelling assessment could be undertaken with a dedicated
sediment transport model coupled with the hydrodynamic model to locate and verify
sediment transport hotspots.
Key observations from the hydrodynamic model results which may influence sediment
transport processes in the upper channel included:


Tidal velocity asymmetry occurs throughout the upper channel, with peak flood
currents exceeding peak ebb tide currents (refer Figure 13, Section 5.1).
Furthermore, the critical velocity for initiating sediment transport is exceeded to a
greater degree (in terms of both magnitude and duration) for flood tide conditions
compared with ebb tide conditions. These results provide strong evidence of flood
tide dominated sediment transport, which is generally consistent with the tracer
results, particularly the red tracer material deployed in the main channel.
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8.4



Discharges through the Western Shoals are very minor in comparison to the
Airforce Channel and the main north-south channel, while current speeds are also
lower. As such, the sediment transport potential through this region is likely to be
relatively minor compared to other parts of the channel. This is consistent with the
relatively limited transport of yellow tracer from within the Western Shoals to other
parts of Swansea Channel.



Discharges through the main north-south channel are strongly flood tide dominated,
while the analysis of current speeds also indicated that sediment transport through
this channel is strongly flood tide dominated. This is particularly evident at the dropover where it is only flood tidal currents that are strong enough to initiate sediment
transport. This is the likely mechanism for the lakeward growth of these shoals,
which was supported by ongoing deposition of tracer material in this area during the
study period.



Net discharge through the Airforce Channel shows ebb tide dominance, while the
analysis of current speeds indicated that sediment transport through this channel is
likely flood tide dominated. Nevertheless, it is clear that the Airforce Channel is an
important pathway for directing ebb tide flows into Swansea Channel, and sediment
transport would occur in both directions across this relatively shallow region. This is
apparent in the tracer results, particularly for the orange and red tracers which
dispersed across the entire length of the Airforce Channel.



Peak current speeds on both the eastern foreshore of Elizabeth Island and the
western foreshore of Spoil Island are relatively low, with higher velocities occurring
through the channel proper. This provides further evidence of the relative stability of
these areas which are not considered to be active erosional areas. This was
consistent with the observation of relatively limited transport for the green and blue
tracer materials.

Summary of Key Observations
Sediment transport processes experienced in Swansea Channel during the study period
have been inferred from the tracer results, the hydrodynamic modelling, and comparison of
bathymetric surveys undertaken in October 2015 and June 2016. A conceptual description
of the key sediment transport processes identified from the study is presented in Figure 22
and is summarised as follows:


Significant ongoing scour of the main channel is the primary cause of sedimentation
in the upper channel. This was evidenced by the very wide dispersal of red tracer
material, which is likely to have led to some burial over time of the other four tracers
due to deposition of sand scoured from the main channel



Based on the above, it is evident that sediment transport from the main channel is
flood tide driven. This process occurs largely as a result of the tidal velocity
asymmetry, with higher flood tide currents likely dominating sediment transport
fluxes as described in Section 2.5.
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Furthermore, given that water levels and tidal currents are in phase in the channel,
peak flood currents act over a larger cross-sectional channel area compared with
ebb tides. This includes active shoal areas that are typically exposed around low
tide. This means that flood flows generally dominate the shoal areas.



North of the former Pelican Marina site, there is a natural tendency for the
development of an east-west braided channel resulting in a more defined (deeper)
Airforce Channel over time. In particular, this was demonstrated by:
o

o

bathymetric change during the study period, including deepening of the
Airforce Channel and concurrent growth of the sand spur that runs along the
north-eastern edge of the Airforce Channel; and,
deposition of the red and orange tracer throughout the Airforce Channel,
particularly on the spurs/shoals running along either side of the channel.



Similarly, there is a natural tendency for the main channel to deflect to the west at
Naru Point as part of this braided channel. The diversion of flood tide flow into the
southern entrance to Swan Bay results in accretion of sand just outside the entrance
at Naru Point as flow velocities slow down. This accretion was particularly evident in
the bathymetric data, although this was not clearly demonstrated in the tracer
results, possibly due to burial of tracer during the study period. It is noted that this
accretion process would reinforce development of an east-west channel.



Flow discharge through the Airforce Channel is ebb tide dominated, and this would
be accentuated in response to significant rainfall and flooding of Lake Macquarie.
While net sediment transport in this channel is inferred by modelling to be flood tide
dominated (as per the entire upper estuary), there is a high potential for significant
ebb tide driven transport in this relatively shallow channel. As described above for
flow discharge, the ebb tide sediment transport potential may be similarly
accentuated during major rainfall events reversing the inferred flood tide dominated
net sediment transport regime. This was evident in the results for the orange and
red tracer, which dispersed across the entire length of the Airforce Channel.



Furthermore, the orange tracer results indicated that ebb tide discharges
(accentuated by catchment flows on an event basis) through the Airforce Channel
contribute to the growth of the problematic shoals located opposite the former
Pelican Marina site. Sedimentation on these shoals may also occur during flood
tides with deposition of material scoured from the main channel.



Sand scoured from the main channel appears to be the primary source of material
resulting in the observed growth of the problematic shoals located opposite the
southern entrance to Swan Bay.



Flood tide dominated discharges and sediment transport occur in the main northsouth channel (i.e. north of the southern entrance to Swan Bay). However, the
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development of intermittent shoals along this section of the channel during the study
period, as evidenced in the bathymetric data and also deposition of red tracer
material, suggests that this section of the channel was not self-scouring and is
therefore becoming less defined. Notable areas of shoaling included the area
opposite the northern entrance to Swan Bay and on the outer edge of the drop-over.


Discharges through the Western Shoals are very minor in comparison to the
Airforce Channel and the main north-south channel, while current speeds are also
lower. As such, the sediment transport potential through this region is likely to be
relatively minor, as demonstrated by the yellow tracer results.



The relatively limited transport of the green and blue tracer materials suggests that
the eastern foreshore of Elizabeth Island and the western foreshore of Spoil Island
are not active erosional areas. In particular, the eastern foreshore of Elizabeth
Island is a key depositional area in the upper channel.



The strong and turbulent flows through the main channel are capable of transporting
coarse sand fractions significant distances upstream, as demonstrated by the wide
dispersal of the large sized red tracer particles. The finer size fractions placed at
each release site were observed to be transported throughout the entire upper
channel where tracer material was recorded.
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Figure 22: Conceptual description of sediment transport processes inferred from
study findings
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9

CONCLUSIONS
A sand tracing study was undertaken for Swansea Channel to improve the understanding of
sediment transport processes at this location. The existing hydrodynamic numerical model
of Lake Macquarie and Swansea Channel was updated as part of the sand tracing study.
The model was successfully calibrated and run for the study period reported herein
(November 2015 to March 2016) to inform assessment of the tracer results.
Tidal currents are considered to be the primary forcing mechanism driving morphological
change in Swansea Channel. Sampling Exercise 1 was therefore scheduled around one
month following tracer deployment to enable assessment of the tracer movement over one
complete tidal cycle. There were no significant rainfall or wind conditions prior to
Sampling Exercise 1 which would have influenced sediment transport potential in the study
area.
For the period between Sampling Exercise 1 and Sampling Exercise 2, significant rainfall in
early January 2016 would have resulted in elevated water levels in Lake Macquarie, with
associated increases in ebb tide discharges and potential brief changes to the tidal sediment
transport regime through Swansea Channel. Furthermore, two minor dredging campaigns
were undertaken in the vicinity of the southern entrance to Swan Bay in December 2015 and
January 2016, which made it more difficult to assess the likely sources of material and
sediment transport pathways that are responsible for the growth of this problematic shoal.
Analysis of the collected samples provided unequivocal and tangible data on actual sediment
transport in Swansea Channel during the study period. Key observations included:


Significant ongoing scour of the main channel is the primary cause of sedimentation
in the upper channel. Furthermore, it is evident that sediment transport from the
main channel is flood tide driven. This process occurs largely as a result of the tidal
velocity asymmetry, with higher flood tide currents likely dominating sediment
transport fluxes.



North of the former Pelican Marina, there is a natural tendency for the development
of an east-west braided channel resulting in a more defined Airforce Channel over
time.



Similarly, there is a natural tendency for the main channel to deflect to the west at
Naru Point as part of this braided channel. The diversion of flood tide flows into the
southern entrance to Swan Bay results in accretion of sand just outside the entrance
at Naru Point as flow velocities slow down.



Flow discharge through the Airforce Channel is ebb tide dominated, and this would
be accentuated in response to significant rainfall and flooding of Lake Macquarie.
While net sediment transport in this channel is flood tide dominated (as per the
entire upper estuary), there is a high potential for significant ebb tide driven transport
in this relatively shallow channel (also accentuated during significant rainfall/lake
catchment flooding events).
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Furthermore, ebb tide discharges through the Airforce Channel appear to contribute
to the growth of the problematic shoals located opposite the former Pelican Marina
site. Sedimentation on these shoals may also occur during flood tides with material
scoured from the main channel.



Sand scoured from the main channel appears to be the primary source of material
resulting in the observed growth of the problematic shoals located opposite the
southern entrance to Swan Bay.



Flood tide dominated discharges and sediment transport occur in the main northsouth channel (i.e. north of the southern entrance to Swan Bay). However, the
development of intermittent shoals along this section of the channel during the study
period suggests that this section of the channel was not self-scouring and is
therefore becoming less defined. Notable areas of shoaling included the area
opposite the northern entrance to Swan Bay and on the outer edge of the drop-over.



Discharges through the Western Shoals are very minor in comparison to the
Airforce Channel and the main north-south channel, while current speeds are also
lower. As such, the sediment transport potential through this region is likely to be
relatively minor.



The eastern foreshore of Elizabeth Island and the western foreshore of Spoil Island
are not active erosional areas. In particular, the eastern foreshore of Elizabeth
Island is a key depositional area in the upper channel.



The strong and turbulent flows through the main channel are capable of transporting
coarse sand fractions significant distances upstream, while finer size fractions are
more readily transported throughout the entire upper.

The study results presented herein provide an improved understanding of sediment transport
processes in Swansea Channel. These observations may have implications for future
dredging activities in Swansea Channel. Detailed physical and/or numerical modelling
investigations would be required to investigate these and other options in greater detail. In
this regard, it should be noted that the tracer results could be used to verify a numerical
sediment transport model of the site.
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