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EXECUTIVE SUMMARY 

The understanding of the bypassing process and rates around Fingal Head is a basic 
need to manage the Tweed Sand Bypassing (TSB) project. In this context, this report 
aims to describe the sediment transport around Fingal headland and the northward 
sand pulse migration from Fingal Beach to Letitia Spit considering short and long-
term variability and possible related drivers. To develop this assessment, topo-
bathymetric data was surveyed over approximately one year by GCCM (November 
2018, March, June and July 2019) and by TSB (June 2018, April 2019) and 
evaluated in terms of morphological and volumetric changes under distinct wave 
conditions. In addition, shoreline changes from 2010 to 2018 were analysed to 
complement the assessment of the spatial and temporal variability of the bypassing 
in Fingal Head. 
 
The results indicated that sand bypassing Fingal headland occurs through the 
sandbar system and is controlled by the sediment availability, morphological features 
and wave conditions. Dreamtime Beach sediment balance is an important 
component of the process. On the occurrence of an appropriate wave condition, sand 
accumulated on the Dreamtime upper profile is remobilised to form a sandbar system 
that moves around the headland. During the study period, southeast waves were 
noticed as a possible physical driver of this process. The onshore migration of the 
single-bar system was associated with periods with low-energy easterly waves. On 
the downdrift, Fingal Beach sediment balance is highly dependent on the bypassing 
process. The onshore migration of either the crest or trough positioned around Fingal 
Head will determine the accretion or erosion, respectively, of the downdrift upper 
beach. The successive migration of these morphological features tends to force the 
longshore sand pulse from Fingal Beach to central Letitia Spit.  
 
Based on the shoreline analysis, the bypassing process was observed to have short-
term cycles of sand accumulating in Dreamtime Beach and after that, episodes of 
sand bypassing with a time lag of approximately 7 months to reach Fingal Beach 
shoreline. Under a long-term analysis, shoreline changes at Dreamtime Beach 
appears to parallel ENSO variability. On the downdrift, these cycles of progradation-
retraction present a time lag of 1-2 years to those observed on Dreamtime Beach. 
Central Letitia Spit sediment balance, however, relies on the onshore-offshore 
movement of the sandbar systems as well as sand pulses migrating northwards from 
Fingal Beach. Considering the wave transformation processes generated by the 
interaction with Fingal Head and Cook Island, Letitia Spit sediment balance and 
transport requires a focused investigation to provide a detailed description of the 
local morphodynamics. 
 
In general, there was no significant trend of either erosion or accretion of the beach 
compartments based on June 2018 to July 2019 field campaign. The occurrence of 
TC Oma supported the sediment bypassing and possibly provided an input of 
sediment due to enhancing the regional longshore sediment transport. However, this 
time-scale is still too short to have a consistent analysis of the sediment budget 
trends for the study area. Hence, it is recommended to continue with regular topo-
bathymetric surveys including north Letitia Spit to detail the conceptual model and 
supply information for prediction. Wave, hydrodynamic and morphological modelling 
are also recommended for a better description of the process. Finally, it is 
recommended that further analysis of historical images from mid-1900’s to early 
2000’s could support an understanding of the impacts of the implementation of the 
TSB system on the equilibrium state of Letitia Spit.  
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1. CONTEXT OF REPORT 

Sand bypassing is a process that controls the sediment balance between beach 
compartments and regulates the littoral sediment flux. As opposed to the longshore 
sediment transport on open beaches that can be estimated by empirical formulations 
or numerical models more easily, bypassing is a complex process that is often 
associated with cyclic erosion/accretion of the adjacent beaches. This mechanism is 
subject to factors such as sediment availability, geomorphology and hydrodynamics. 
Between these drivers, waves have been assumed as the main physical forcing, 
however, they are also highly related to climate variability, which bring implications to 
the sediment bypassing process and consequently to coastal communities.  
 
Reliable assessments on bypassing process and rates are basic necessities for 
effective spatial planning, sustainable coastal development, coastal engineering 
projects and mitigations of climate change impact along highly valuable coastlines 
around the world. In this context, the Tweed Sand Bypassing (TSB) project and the 
Griffith Centre for Coastal Management (GCCM) seek to improve understanding of 
the bypassing process around Fingal Head to better predict and prepare for changes 
in wave climate and its implications to the sediment input to TSB system, improving 
the management strategies and building resilience of the coastal communities.  
 
Thus, this report aim is to outline the sand bypassing mechanism around Fingal 
Head and the sand pulse migration from Fingal Beach to the central region of Letitia 
Spit. To do so, beach profiles were measured and evaluated in terms of their 
morphology and variability under distinct wave conditions. Sediment volume changes 
were also investigated on the nearshore and the upper beach as well between beach 
compartments.  Finally, shoreline changes over short and long-term were analysed to 
understand the spatial and temporal variability of the bypassing in Fingal and its 
possible relation to climate drivers. 
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2. STUDY AREA 

Fingal Head is located at Tweed Heads, New South Wales (NSW) (28°12′0″S 
153°34′14″E) (Figure 1), on the Eastern Australian Coast. Immediately north of the 
headland is Fingal Beach, located in the southern part of Letitia Spit - a ~4km sand 
spit that ends at the Tweed River Entrance, 1km south of Point Danger. South of 
Fingal Head is Dreamtime Beach, a ~6km beach that extends from Kingscliff in the 
south to Fingal headland in the north (Figure 1). Only 600m offshore of Fingal Head 
is Cook Island, a marine protected area surrounded by a large natural rocky reef that 
extends offshore. 
 

 
Figure 1: Study area (Source: Esri®ArcGIS - DigitalGlobe, GeoEye, Earthstar 

Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN and the GIS User). 

2.1. Geomorphology 
The continental shelf in the study area is relatively narrow and reaches the shelf 
break at 200m depth around 40km offshore, after that seabed slopes down sharply to 
about 4000m depth. Nearshore bathymetry is steep and dominated by large areas of 
rocky reefs, such as surrounding Cook Island and the offshore Danger Reefs. During 
some periods of the year, large bedrock formations are exposed off Letitia Spit, 
particularly in the upper beach near Fingal Head. These rocky outcrops and coastal 
landforms such as Fingal Head, Cook Island and Point Danger are basaltic 
formations remnants of the volcanic activity of Mount Warning and have controlled 
the sediment movement and coastline shape throughout the past 6,500 years (Roy et 
al., 1981). During the Holocene Marine Transgression, a rapid rise in sea level 
submerged river valleys and coastal lowlands, infilling with sediment from the 
continental shelf (Roy et al., 1981). After 6,000 years B.P., the tidal delta building of 
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the Tweed River and the northerly littoral drift along the coast supplied sediment to 
evolve the coastal plain into the present dune barrier system.  
 
The regional coastline shape reflects the predominance of southeast (SE) swell 
conditions and northward net sand movement (WBM, 2001). Dreamtime Beach has 
developed into an embayed beach oriented mainly towards the prevailing east-
southeast (E-SE) wave climate, constrained by the Cudgen Headland and Cudgen 
Creek on the south and Fingal Head on the north. Letitia Spit has a more symmetric 
planform, slightly oriented towards east-northeast (E-NE). Its evolution was controlled 
by the influence of the rocky reefs, Cook Island, Fingal Headland and Point Danger 
on wave transformation and longshore drift. The Tweed River entrance migrated 
northward from Fingal Head towards its current stabilized position. Hydrographic 
surveys suggest that the river has broken through the sand barrier south of Fingal 
Head, and that Wommin Lake and Wommin Lagoon are the legacy of previous more 
seaward locations of the main channel of the Tweed River. This migration was a 
function of sediment transport and accommodation within the shoreline progradation 
process (Thom et al., 1978). 
 

2.2. Hydrodynamics 
2.2.1. Water Level 
The study area is in a microtidal environment, with mean spring range of 1.34m and 
mean diurnal range of 0.65m (Chapman, 1981). Storm tides resulting from cyclones 
and low-pressure systems may vary the total water level in 1.24 m on a return period 
of 20 years and 1.35 m for 100 years (WBM, 2001). Combined with wave setup, total 
water level may increase by 2.24m on a return period of 20 years and 2.5m for 100 
years (WBM, 2001). With climate change, projections lead to values 0.5m higher until 
2100 (WBM, 2001). 
 
2.2.2. Waves 
The offshore wave climate of the northern NSW comprises a highly variable wind-
wave climate superimposed on a persistent long period, moderate to high energy S-
SE swells (WBM, 2001). Three directional wave fields with seasonal variability were 
identified from the modal wave climate at Brisbane and Byron Bay buoys using a 
wave clustering analysis (Mortlock and Goodwin, 2015): Mode 1 – E waves (85 to 
105°) with Tp of 8 – 9s; Mode 2 – ESE to SSE waves (100 to 140°) with Tp of 11-12s 
and Mode 3 – SE to SSE waves (140-160°) with Tp of 9-10s (Figure 2). 
 

 
Figure 2: Main wave modes at the Brisbane and Byron Bay buoys for winter (A) and 

summer (B) determined by clustering. Modes are plotted on a circular scale around 

each buoy location. The scale represents the mean Tp of the wave climate. The dotted 

box indicates the local wind-sea direction at each buoy. The principle buoy location for 

each sub-plot is shown as a yellow circle, while neighbouring buoys are red (Source: 

Mortlock and Goodwin, 2015). 



GCCM Report 257  4 

Sediment Transport Interaction with Fingal Head - Report No. 1 

 

During winter, 75% of the modal wave climate can be explained by variance in the S-
SE components (Modes 2 and 3), and 25% by the E component (Mode 1). During 
summer, Mode 1 increases in occurrence by approximately 10%, all modes rotate 
anti-clockwise, and the wave heights approaching the coast increase (Mortlock and 
Goodwin, 2015). The modes were also associated with synoptic patterns suggesting 
that Mode 1 and Mode 3 are formed under Pacific dominant atmospheric patterns 
and are related to El Niño Southern Oscillation phases (ENSO). Mode 2 is a result of 
distant swells originating from the Indian Ocean and occur either during ENSO 
neutral conditions or when the Indian Ocean Dipole (IOD) has a stronger influence on 
the Tasman Sea region (Mortlock and Goodwin, 2015). In terms of extreme waves 
statistics, the two dominant synoptic types generating storm waves are the East 
Coast Lows and the Tropical Cyclones, normally generating S-SE and NE-E storm 
waves respectively. Vieira da Silva et al. (2018b) calculated the average recurrence 
interval at Brisbane buoy to be of 7.49 m ± 1.01 m for 50 years, and 7.77 m ± 1.24 m 
for 100 years. For an average return interval of 5 years, East Coast Lows may 
generate storm waves up to Hs 5.7m and Tropical Cyclones up to 4.6m on the 
northern NSW coast (WBM, 2001).  
  
2.2.3. Currents 
The coastal current system at the study area is composed by the East Australian 
Current (EAC), wave-generated, local wind-generated and tidal currents. The EAC is 
a part of the large scale Southern Pacific circulation, flowing southward along the 
edge of the continental shelf of Queensland and northern NSW (Figure 3a) at peak 
speeds of up to 2.5m/s (Allen, 1998). It is a key factor for the study area, presenting 
seasonal, interannual and decadal variability and is typically stronger between 
December to April (Ridgway and Hill, 2009). Prominent headlands such as Point 
Danger may deflect the EAC causing ramifications such as a mainstream flow 
beyond 15m depth running towards SE and reaching velocities up to 0.8m/s offshore 
of Cook Island (Wyllie and Tomlinson, 1991; PWD, 1991; Hyder et al., 1997; Helyer 
et al., 2011) (Figure 3b). These deflections may also trigger clockwise circulations in 
the coastal embayments, for example between Point Danger and Fingal Head (PWD, 
1991; Haradasa et al., 1991), enhancing the northward current flowing along the 
shore (Hyder et al., 1997).  
 
Near-bottom current measurements to -12 m (AHD) showed mixed current directions 
with a predominant northward low velocity component (average of 0.1-0.2 m/s) 
parallel to the coast and primarily wave-induced (Tomlinson and Cox, 1993; Wyllie 
and Tomlinson, 1991; Helyer et al., 2011) (Figure 3b). Tidal currents also appeared 
to be a component of the nearshore current system with SE to SSE currents 
associated with low tides while NE to NNE currents associated with high tides 
(Tomlinson and Cox, 1993). Under low energy waves and during a low tide, 
northward littoral currents may not pass the Tweed River Entrance due to a 
deflection towards south as it reaches the ebb-jet (Helyer et al., 2011).  
 

2.3. Sediment Characteristics and Dynamics 
Sand in the study area is fine (± 0.2 mm diameter) and dominantly quartzose 
(Chapman, 1981). Carbonate content averages around 5-8%, with a trace of heavy 
mineral and virtually no feldspar (Chapman, 1981). The sediment reserves that 
continuously feed the study area were deposited during the Holocene Marine 
Transgression. These deposits now supply sediment for the large littoral drift cell that 
extends for 300 km from around Yamba at the Clarence River in mid-northern NSW 
and flows northward parallel to the coast, slipping over the continental shelf just north 
of Fraser Island (QLD) (Stephens et al., 1982). Each year, approximately 500,000 m3 
of sand moves along Letitia Spit as a result of the longshore sediment transport 
(Delft, 1970; 1992).  
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Longshore transport of sand occurs as a result of waves approaching the beaches at 
an oblique angle to the shoreline alignment. Typically, in the Tweed region, SSE 
waves cause a northward transport of sand and NE waves may drive a southward 
transport. Due to the prevailing wave climate from the SE sector, the resultant net 
near-shore transport is northward. In terms of cross-shore currents contribution to 
sediment transport, storm waves tend to remove sand from the upper beach profile 
and deposit nearshore, often as longshore bars. The longshore bars are important 
pathways for sand bypassing in Fingal Head. The preliminary results of the 
bypassing process at Fingal Head have suggested that the process it is a mix 
between conceptual models of Short and Masselink (1999) and Smith (2001), with a 
sandbar supporting sediment movement and sand pulses migrating along the 
downdrift beach.   
 

Figure 3: (A) Ocean surface current and temperature for 13.11.2009 indicating the EAC; 

(B) North-oriented current velocity bin between Fingal Head and Cook Island. Positive 

values indicate a northward current and negative values a southward current (Source: 

Helyer et al., 2011). 

 

A 

B 
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3. HEADLAND SEDIMENT BYPASSING 

When located at wave-dominated sandy coasts, a rocky headland creates a natural 
boundary that laterally constrains an embayed beach (Short and Masselink, 1999). 
Hence, the sediment interaction between two embayments is given by the sand 
migration around the headland from the updrift to the downdrift beach compartments 
in a complex process known as Headland Sediment Bypassing (HSB). The HSB 
concept was first-introduced by Evans (1943), however, it was only in the early-
2000’s that HSB became a more relevant subject of study with some important 
conceptual models being presented (Short and Masselink, 1999; Storlazzi and Field, 
2000; Smith, 2001). The most accepted concept, proposed by Short and Masselink 
(1999), assumes that longitudinal sediment transport tends to accumulate sand on 
the updrift portion of the headland, possibly associated with beach rotation process. 
In the persistence of the directional wave energy flux, the bypassing process occurs 
by the development of a wide and shallow sandbank, which migrates creating 
features as small sand waves or long spits – while these features are developing, an 
erosion of the downdrift beach is often observed. Finally, these features connect to 
the beach, completing the process of sediment bypassing, and resulting in a 
significant progression of the shoreline.  
 
Smith (2001) also presented an HSB conceptual model based on an almost straight 
sand strand that starts at the headland and ends upon the downdrift beach near the 
null point of the wave refraction. This strand creates at the headland shadow zone a 
closed rotating cell that contributes to the strand flow, but this will only occur when 
the shoaling seabed is sediment rich and the shoreline presents a straight section to 
attach. A similar model was earlier presented by Evans (1943) discussing that the 
sand availability and wave power would be the main factors to generate the sand 
strand. Storlazzi and Field (2000) reinforce the relevance of wave-induced cross-
shore bypassing where rip currents or seaward near-bed flows during storm 
conditions transport sand offshore the headland boundaries until the depth of 
closure. 
 
Recent studies have attempted to develop the understanding of HSB mechanism 
through measured data analysis and numerical modelling. A variety of morphological, 
sedimentological and oceanographic parameters were isolated in different 
investigations to evaluate their impact on sediment bypassing (Ab Razak, 2015; 
Vieira da Silva et al., 2016b; George et al., 2019). The shape and size of the 
headland heavily affect the wave angle and consequently the sediment transport 
cells (George et al., 2015; 2019). While short headlands generally allow sediment to 
bypass in both directions, most headlands only allow longshore transport in one 
direction, promoting a "gating" or valve effect. Sediment type and grain size also 
have been described as controlling factors on HSB occurrence, in which the heavier 
particles are confined inside the embayment while the lighter particles are able to 
bypass the headlands (Ribeiro, 2017). In long-term equilibrium systems, the 
sediment availability has a major role in controlling the magnitude of the HSB.  
 
Above all, results have indicated that wave forcing is a primer driver of headland 
bypassing while tides and wind-driven currents generally play a secondary role 
(Goodwin et al., 2013; Ab Razak, 2015; Vieira da Silva et al., 2016a; 2017; 2018a; 
George et al., 2019). Wave angle and height are the leading parameters with more 
oblique and higher waves resulting in higher sand transport rates. In longshore driven 
bypassing, a persistent wave climate is also a key issue. In low-degree embayments, 
longshore transport induces beach planform rotation which causes the sand to 
accumulate updrift of the headland (Ribeiro, 2017). As favorable wave conditions 
persist, the progressive development of the beach reduces the relative headland 
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length (eventually reaching up to the tip of the headland) and therefore, headland 
bypass may occur (Short and Masselink, 1999).  
 
However, wave climate is subject to the synoptic-scale systems responsible for its 
generation. For the Eastern Australian Coast, six wave-generating weather types 
have been generally attributed to control the wave conditions: Tropical Cyclones, 
Tropical Lows, Anticyclonic Intensification, East Coast Lows, Southern Tasman Lows 
and Southern Secondary Lows (Harley et al., 2010; Mortlock and Goodwin, 2015). 
The frequency of occurrence of these modes varies in a seasonal basis and under 
large-scale climate drivers’ influence. For instance, easterly wave climate represents 
an austral spring-summer feature that is normally enhanced by La Niña conditions 
while southerly swells are predominant along most of the year (austral autumn, 
winter and spring) and strengthened by El Niño-like climate (Goodwin, 2005; Harley 
et al., 2010; Hemer et al., 2010; Mortlock and Goodwin, 2015). Anti-clockwise 
(clockwise) beach rotation and erosion (accretion) of the subaerial beach profile have 
been observed in Australia’s East Coast as consequences of La Niña (El Niño) – like 
wave climates (Ranasinghe et al., 2004; Harley et al., 2010). The influence of these 
climate cycles on the sediment balance of the beach profiles has direct impact on the 
occurrence of HSB.  
 

4. METHODS  

To investigate the natural HSB system occurring in Fingal Head, this research 
applied methods to analyse the beach profile and shoreline changes in Dreamtime 
Beach and Letitia Spit on a short-term and long-term time-scale.  
 

4.1. Data Collection 
A total of 35 beach profile lines were surveyed for this study – nine in Dreamtime 
Beach, 22 in Letitia Spit and four in front of Fingal headland (Figure 4). The lines are 
100m spacing and were surveyed for 1 (one) year by GCCM (November 2018, 
March, June and July 2019) and by TSB project (June 2018, April 2019) from the 
upper beach (foredune) to around the depth of closure (-14m AHD). In addition, a 
pair of pre and post-storm upper beach profiles were measured around the event of 
Tropical Cyclone Oma (TC Oma), on the 21st and 28th of February 2019 by GCCM. 
The upper beach topographic surveys carried out by GCCM were undertaken at low-
tide using a Leica RTK-GPS (Real-Time Kinematic). The bathymetric lines (-1 to -
14m AHD) were surveyed around the high-tide using a CeeScope single beam echo-
sounder and a differential GPS mounted on a Personal Water Craft (PWC – e.g. Jet 
Ski) which is operated at low speeds (~10 km/h).  Surveys from June 2018 and April 
2019 were made available in .xyz to GCCM by TSB project.  
 
Survey from April 2019 was disregarded for volume changes calculations as the data 
is inconsistent with the other surveys (producing unrealistic accretion and erosion at 
water depths that are not expected to experience that much change). The data was 
provided by TSB project together with a letter outlining that the conditions were not 
ideal during the survey campaign. Nonetheless, the data was used to qualitatively 
analyse general trends in profile shape and larger profile changes (see appendix A – 
8.2). 
 
In order to complement the analysis, this study acquired 50 satellite images with a 
vertical view and an approximately absolute scale of 1:11,000 from Nearmap® 
images and 1:12,500 from Google Earth Pro images, within a variable monthly time-
scale from May 2010 to November 2018.  
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Finally, wave parameters – significant wave height (Hs), peak period (Tp) and peak 
direction (Dirp) measured from January 2010 to July 2019 at the Brisbane Wave 
Rider Mk4 Buoy (27°29.675’S 153°37.985’E) were imported from the Queensland 
Government monitoring data to this dataset. Brisbane wave buoy was used as it is 
located further offshore compared to Tweed buoy where the waves are well 
refracted, and the directional range is smaller than Brisbane buoy. Brisbane buoy is a 
good representation of the waves in the area particularly when analysing wave 
direction as highlighted by Vieira da Silva et al. (2018b). 
 

 
 

Figure 4: Topo-bathymetric survey lines spaced at every 100m from Letitia Spit to 

Dreamtime Beach. Grey shadow represents the position of the data acquired on all 6 

surveys. 

4.2. Data Processing 
4.2.1. Topographic and Bathymetric Data 
Post-processing techniques are used to apply tide corrections to the raw depth 
measurements and remove outliers and noise in the data. The echo-sounder is 
linked to a survey grade GNSS Differential GPS system, which records position at 1 
Hz. GPS positions are then interpolated to 5 Hz to match the frequency of acquisition 
of the depth data. Bathymetric data was tide-corrected using the Tweed Sand 
Bypassing Jetty (tweedsbpj) tide gauge (data.qld.gov.au).  
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The survey lines of each profile were plotted to compare the cross-shore changes of 
the morphology over time, such as erosion/accretion, dune and berm scarping, and 
inner and outer bar movement. The survey lines were also interpolated into a 5 m x 5 
m grid to produce topo-bathymetric maps for morphological classification and 
analysis. Difference contour plots were produced between consecutive surveys to 
identify the sediment migration patterns and changes in volume throughout the study 
area. 
 
4.2.2. Remote-Sensing Data 
Image rectification was performed in a GIS environment (ESRI® ArcGIS 10.3) and 
referenced to the World Imagery base map (ESRI® ArcMap™ 10.3), that provides 
one meter or better resolution imagery from multiple sources. For the rectification 
process at least 11 control points were distributed throughout the image, linking the 
coordinates of the ESRI Base map to the aerial images. In view of the number of 
control points, the image transformation was done using “first-order polynomial 
transformation”.  
 
The images were projected in the geographic coordinate system referenced to the 
WGS 1984 Datum, UTM Zone 56S. The 95% confidence interval error was 
calculated for each image based on the root mean-square (RMS) errors, following 
FGDC-STD (1998) and Araujo et al (2009). Maximum RMS value was 0.95m (or 
1.65m with 95% confidence interval) from the July 2016 image. Considering that the 
changes in the coastal features are on the order of ten’s to hundreds of meters, an 
error of ±1 to 2m is considered negligible for the analysis.  
 
Using all rectified satellite images, shoreline indicators such as wet-dry shoreline 
were mapped according to Boak and Turner (2005). The shoreline changes were 
analysed using the Digital Shoreline Analysis System (DSAS) version 4.3 (Thieler et 
al., 2009) that is a freely available software application that works within the 
Environmental Systems Research Institute (ESRI) Geographic Information System 
(ArcGIS) software. DSAS computes the distance of the shoreline vector data from a 
defined baseline in a determined number of regularly spaced profiles. In total 50 
profiles with 50 m spacing were created from central Letitia Spit to Dreamtime Beach 
to investigate the variability of the wet-dry shoreline indicator (Figure 5) acquired on 
the aerial images.  
 

4.3. Data Analysis 
All the collected and processed data in this study was analysed and compared to 
develop an initial concept of the bypassing system in Fingal Head and the associated 
variability in both updrift and downdrift beaches:  

• Topographic and bathymetric data provided information on the three-
dimensional upper beach and nearshore morphology of both beaches, 
sandbar systems dynamics, sediment budget and volume per meter of 
alongshore beach (m3/m). The volumes were calculated from the top of the 
profile to -10m AHD for consistence between profiles and to capture most 
morphological changes.  

• The time series of shoreline position provided knowledge on the short and 
long-term variability of the beach width. The satellite imagery also provided 
information on the migration of the sandbars and their relation to the 
bypassing system. 

• The 30-min interval wave time-series provided monthly plots of each wave 
parameter (Hs (m), Tp (s), Dirp (θ)), supporting the descriptive analysis of 
morphological changes between surveys and the influence of observed wave 
conditions preceding those changes. 
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Figure 5: DSAS transects spaced at every 50m along the shore-parallel baselines on 

Letitia Spit and Dreamtime Beach.  

5. RESULTS  

This section presents the results of the analysis and the general concept of the 
sediment transport around Fingal Head. It starts with the description of the beach 
profiles along the study area. After, it presents the volume changes and sediment 
migration with relation to wave conditions. Finally, a shoreline change analysis 
provides insights of the Fingal sand bypassing under a long-term variability.  
 

5.1. Beach Profiles Description  
Topo-bathymetric analysis revealed sections with similar beach profile characteristics 
and morphological responses to waves. Dreamtime Beach profiles (profiles 1 to 9) 
display comparable shape between one another and were observed to be the 
steepest profiles of the region with the upper beach ranging from 0 to 5m AHD in less 
than 200m. A persistent bar formation is observed between approximately 300 and 
600m seaward and from -3 to -10m AHD (Figure 6). Overall, the active profile 
extends until ~ -10m AHD. A sharp bar crest was observed in June 2018 around 
350m offshore and -3m AHD, while the seaward extension was the deepest among 
all surveys. Between June and November 2018, sand was pushed shoreward 
smoothing the sandbar and infilling the upper beach (Figure 6). As a consequence of 
TC Oma moving sand offshore, the upper beach was eroded in the March 2019 
survey, while the sandbar migrated approximately 200 m offshore (Figure 6). During 
the post-Oma months sand migrated shoreward in a recovery period.  
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Figure 6: Survey lines for profile 4 as an example of Dreamtime beach profile 

morphology. 

Profile lines in front of Fingal Head (profiles 10 to 13) present a persistent sandbar 
formation migrating between the first 200 m in front of the headland and with the 
crest reaching -2.5m AHD (Figure 7). Between June and November 2018, the 
offshore sandbar was adjacent to the headland, however, this configuration changed 
with the action of TC Oma moving the bar crest 100m offshore (Figure 7) and 
creating a trough between the bar and the headland. Similarly to Dreamtime, the 
sandbar moved shoreward following TC Oma. Downdrift of the headland in Fingal 
Beach, profiles 14 and 15 present a transitional configuration strongly controlled by 
the migration of the crest and trough that comprise the sandbar system located off 
Fingal headland. Immediately northward profiles 16 to 19 are as smooth as profiles 
14 and 15, but with a well-defined 400 m terrace (Figure 8) varying between -1m and 
-2.5m AHD. This section shows an intermittent sandbar presence pushing sand 
shoreward as can be observed in the post-TC Oma months (March and April 2019) 
(Figure 8).  
 
Profiles 20 to 25 establish the transition between the terrace-shape to a steeper 
single-bar system (Figure 9). While June 2018 presented a steeper upper beach, 
November 2018 was infilled with sand that was later eroded by TC Oma in February 
2019. In July 2019, however, the upper beach has already recovered, and a bar 
system is observed in a similar position to pre-TC Oma surveys, between 400 to 
500m offshore and -2.5 to -5m AHD. Towards north, beach profiles 26 to 35 are 
steeper and similar to Dreamtime Beach configuration (Figure 10). A well-defined 
trough and crest system migrate between the shoreline and 500m offshore and from 
~ 0 to -7m AHD. June 2018 presented a smoother condition with an infilled upper 
beach and small sandbar (Figure 10). In March 2019, a sharp sandbar is observed 
200 m offshore with a trough reaching - 5 m AHD between the crest and the upper 
beach (Figure 10). In the following months, the system trough-crest has migrated 
towards the coast reaching a smoother configuration than the March 2019 profiles.   
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Figure 7: Survey lines for profile 13 as an example of the profile morphology in front of 

Fingal Head. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Survey lines for profile 17 as an example of beach profile morphology on the 

southern sector of Letitia Spit. 
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Figure 9: Survey lines for profile 22 as an example of a transitional profile between 

south and central sectors of Letitia Spit. 

 
 
 
 
 
 

 
 
 
 

Figure 10: Survey lines for profile 34 as an example of beach profile morphology on the 

central sector of Letitia Spit. 
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5.2. Total Volume Changes and Sand Migration 
In terms of volume changes per meter (m3/m) of each profile, there was no significant 
trend of either erosion or accretion of the beach compartments considering the full 
profiles measurements (to -10m AHD) (Figure 11). Figure 11 presents the monthly 
average of sediment volume (m3/m) extracted the year average per each sector. The 
losses and gains of sediment are not greater than ~280 m3/m, which occurred at 
profiles 10 to 13 in front of the headland. Although the occurrence of a storm event 
such as TC Oma, significant erosion was not observed in the full profile of both 
updrift and downdrift beaches. Instead, storm waves acted migrating the sandbar 
system and supporting the sediment bypassing and longshore transport. This result 
reveals an equilibrium state of the profiles on both beach compartments. However, it 
is highlighted that this analysis is based in one year of data and insights into 
seasonal and long-term variability are only possible with longer monitoring datasets. 
 

 
Figure 11: Sediment volume per meter (m3/m) along the full profiles. The volume 

changes are presented per survey date as averages of each profile group, extracting 

the annual mean for the section. 

June – November 2018 
June 2018 survey was preceded by 2-3 months of SSE waves between 1 and 2 m 
(Hs) predominance (see Appendix B). Within these conditions, Dreamtime Beach 
(profiles 1 to 9) presented a slightly erosive (~ -100 m3/m) state (Figure 11), while a 
longshore bar was moving sand around Fingal Head (Figure 12a) which led to the 
volume increase in profiles 10 to 13 (Figure 11). Downdrift profiles 14 to 35 were 
considered in a stable condition (Figure 11) but presenting an irregular offshore bar 
system (Figure 12a). Between the June and November surveys, a sand pulse with ~ 
90,500 m3 migrated from Fingal Beach to central Letitia Spit, creating a more 
homogenous upper beach (Figure 12). In addition, an easterly storm event reaching 
up 6 m (Hs) in October 2018 followed by a fairly small Hs (1 – 2m) and low Tp (7-
10s) waves from NE-E during ~ 20 days along November 2018 have smoothened the 
bathymetric lines of both updrift and downdrift beaches by pushing the sandbars 
onshore (Figure 12b,c). As a consequence, Dreamtime beach profiles recovered 
(Figure 11) and had particularly increased on the upper beach (~ 37,000 m3) by the 
November 2018 survey (Figure 12c). On the downdrift, profiles 14 to 19 in Fingal 
Beach maintained a stable state and profiles 20 to 35 had a positive sediment 
balance (~ 100 m3/m) (Figure 11).    
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November 2018 – March 2019 
The summer months were mostly dominated by small easterly waves prior to TC 
Oma that generated waves higher than 6 m (Hs) at around 12s (Tp) from SE. After 
this event, sand was removed from Dreamtime upper beach (~ -96,000 m3) and inner 
sandbar (~ -169,000 m3) to an offshore sandbar (Figure 13). However, this offshore 
sandbar presented twice the volume of sand (~ 485,000 m3) than the volume eroded 
from the upper profile region (Figure 13c). This could be explained by storm waves 
enhancing the northward longshore sediment transport that is constrained on the 
narrow corridor between Cook Island and Fingal Head, leading to sediment 
accumulation on the offshore sandbar. The large longshore bar observed in March 
2019 survey (post-Oma) extended around the headland (Figure 13b,c), offshore of a 
deep trough resulted from strong longshore currents around Fingal Head. Part of the 
sand once located around the headland was probably moved offshore nourishing the 
sandbar and onshore (~ 55,500 m3) infilling profiles 14 to 19 in Fingal Beach (Figure 
11, 13c). Central Letitia Spit, on the other hand, experienced a slight erosion (Figure 
11) particularly on the upper beach.  
 
March – June 2019 
In the following months, the offshore sandbar was pushed towards the coast (Figure 
14) by the predominance of easterly waves, reflecting on the accretion of Dreamtime 
full profile volume around 100 m3/m in June and July 2019 (Figure 11). Fingal Beach, 
on the contrary, presented a loss of sand (~ -110,700 m3) between March and June 
2019 (Figure 14c) as a consequence of the trough once positioned around the 
headland being migrated onshore. The trough approaching the upper beach forces 
the northward sand pulse along Letitia Spit. This sand pulse combined with the 
onshore migration of the sandbar systems positioned along central Letitia Spit, 
causing the increase (~ 144,800 m3) of the volume in that region (Figure 14).  
 
June - July 2019 
During June 2019, SE waves started to remobilize sand in Dreamtime Beach (Figure 
15c) and push the sand around Fingal headland towards the north (Figure 15c). As 
observed in Figure 11, the region around Fingal Head presents the highest net 
variations in volume as a consequence of being the corridor of sediment between the 
beach compartments. On the downdrift, central Letitia Spit also experienced sand 
migration with the action of the SE waves while Fingal Beach does not present 
significant changes from June 2019 survey (Figure 15). The occurrence of sand 
pulses along Letitia Spit is highly dependent on the bypassing around Fingal Head to 
provide the sediment income, but also on the wave refraction-diffraction processes 
around Cook Island and Fingal Head to support the sediment movement along the 
spit, creating a complex system that requires numerical modelling of distinct wave 
scenarios to better understand it.   
 (A 
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Figure 12: June 2018 and November 2018 surveys and volume difference. (A) and (B) present the topo-bathymetric data in meters AHD from June 

2018 (A) and November 2018 (B). (C) shows the height difference between both surveys and the volume (m3) measurements of this features.  

 

(A) (B) (C) 
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Figure 13: November 2018 and March 2019 surveys and volume difference. (A) and (B) present the topo-bathymetric data in meters AHD from 

November 2018 (A) and March 2019 (B). (C) shows the height difference between both surveys and the volume (m3) measurements of this 

features.  

(A) (B) (C) 
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Figure 14: March 2019 and June 2019 surveys and volume difference. (A) and (B) present the topo-bathymetric data in meters AHD from March 

2019 (A) and June 2019 (B). (C) shows the height difference between both surveys and the volume (m3) measurements of this features. 

(A) (B) (C) 
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Figure 15: June 2019 and July 2019 surveys and volume difference. (A) and (B) present the topo-bathymetric data in meters (m) AHD from June 

2019 (A) and July 2019 (B). (C) shows the height difference between both surveys and the volume (m3) measurements of this features. 

 

(A) (B) (C) 
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5.3. Fingal Headland Bypassing Concept 
Headland bypassing in Fingal occurs through the sandbar system and is controlled 
by the sediment availability, bathymetric features and wave conditions. In this 
process, a positive balance of sand in Dreamtime Beach is a key factor for the 
occurrence of the bypassing, supplying sand to the sandbar formation especially 
during a storm event. The bathymetric features of the sandbar system - either the 
crest or trough - positioned around the headland tend to be moved towards the 
downdrift shoreline depending on the wave condition. The contribution of distinct 
wave climates in this process requires a detailed numerical modelling. However, from 
the bathymetric data it is possible to infer that easterly swells tend to smooth the 
bathymetric lines by pushing the sandbar system onshore, while southeasterly swells 
disturb the beach profiles making sediment available to the northward longshore 
transport. 
 
The frequency of occurrence of the sand pulses around Fingal Head is still uncertain 
and requires a better understanding of the hydrodynamic and climate drivers of this 
process. Analysing only one year of complete surveys does not provide enough 
information on the processes, therefore, the last eight years of shoreline movements 
on Dreamtime Beach, Fingal Beach and central Letitia Spit were analysed. Despite 
being limited compared to the full surveys, the shoreline analysis allowed a long-term 
assessment and the results helped elucidate the bypassing occurrence and sand 
accumulation as well as a possible seasonal influence most likely due to wave 
climate variability.  
 
5.3.1. Short-term Variability 
Four major bypassing episodes were observed between 2010 and 2018, being 
preceded by a maximum shoreline progradation at the updrift (Dreamtime Beach) in 
November 2011, September 2013, November 2015 and September 2016 (Table 1). 
The average time to a peak of shoreline progradation occur in the downdrift shoreline 
(Fingal Beach) was around 5 to 7 months later, and generally appear between April 
to June of the next year (Table 1). For the years of 2013 and 2014, sand started to 
infill the downdrift upper beach following to this average, but the largest beach width 
was just observed 12 months (September/ October 2014) after the maximum 
progradation in Dreamtime Beach (September 2013). This is assumed to be a 
consequence of the one year (2012-2013) erosive state of the upper beach on Fingal 
Beach (Table 1).  
 
All the episodes of sand bypassing were followed by an erosive period due to the 
northward migration of the trough (Table 1). The duration and intensity of the 
shoreline retraction on Fingal Beach is irregular, but it is probably dependent on the 
erosive condition of Dreamtime Beach (Table 1). By the end of 2018, the downdrift 
shoreline on Fingal Beach presented an erosive state as it was also possible to 
observe in upper beach surveys on profiles 14 to 16, whilst at the same time 
Dreamtime Beach was accreting (Table1 and Figure 16). This maximum 
progradation observed in November 2018 in Dreamtime stored sediment that was 
remobilized by TC Oma and bypassed to Fingal Beach, reaching the downdrift 
shoreline by March-April (Figure 16), approximately 5 months later. 
 
The upper beach volumes obtained during this one-year survey (June 2018 – July 
2019) are consistent with the hypothesis of inverse erosion-accretion variability 
between the downdrift (profiles 5 to 9) and updrift (profiles 14 to 16) (Figure 16). 
Along the updrift upper beach profiles (17 to 35), the sand pulses are observed with a 
crest migrating from Fingal Beach to central Letitia Spit until profile 23 by July 2019 
(Figure 26), and a trough once located on profiles 20 to 26 currently migrating 
northwards along Letitia Spit (profiles 32 to 35) (Figure 16). The time-scale of these 
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pulses (Figure 16) raises the necessity of a long-term analysis to understand the 
complete cycle of sand migration along Letitia Spit.  

Figure 16: Changes of volume per meter (m3/m) of each upper beach survey (horizontal 

axis) along the beach profile lines (vertical axis), excluding the headland survey lines. 

White arrows indicate the migration of the crest and trough towards central Letitia Spit 

upper beach. Black arrows indicate the increasing/decreasing volume on the upper 

beach profiles of Dreamtime Beach and Fingal Beach. 
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Table 1: Shoreline position from 2010 to 2018 on the updrift and downdrift profiles 

adjacent to the Fingal headland. Red colours indicate shoreline regression, yellow 

indicate average condition per profile and green indicate progradation.  
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5.3.2. Long-term Variability 
Headland bypassing is subject to the long-term variability of the climate drivers. In 
particular it has been documented to display a dependence relationship to favourable 
wave conditions and longshore sediment transport. In this case, Dreamtime Beach 
presented cycles of shoreline progression (mid-2013 to beginning 2017 and mid-
2018 to present) and regression (2010 to beginning 2013 and beginning of 2017) 
(Figure 17). These periods of shoreline changes are parallel to El Niño Southern 
Oscillation (ENSO) cycles (Figure 18), where shoreline progradation prevailed during 
El Niño phases and shoreline retreat during La Niña. For Eastern Australia Coast, 
studies have shown that El Niño phases induce the predominance of SE swells while 
La Niña phases tend to reinforce the easterly wave component (Ranasinghe et al., 
2004; Mortlock and Goodwin, 2015). South-southeast wave conditions induce the 
longshore sediment transport which could explain the cycles of progradation 
observed in Dreamtime Beach. However, the detailed morphodynamical response of 
the beach planform and profile to these climate variations require the understanding 
of the different wave conditions as well as the role of distinct storm types on the local 
hydrodynamics.   
 
Fingal Beach is directly related to Dreamtime Beach variability due to the headland 
bypassing being the main process supplying sand to that region. Long-term cycles 
detected in Dreamtime Beach shoreline changes were also observed in Fingal Beach 
within a 1 to 2 years’ time lag (Figure 17). The areas of exposed bedrock on Fingal 
Beach are also in agreement with the cyclic variability described for this region 
between 2010 and 2018 (Figure 19). The bedrock in Fingal Beach is normally 
exposed during periods of upper beach erosion related to the trough migration or 
general sediment shortage, and it is covered by sand after a bypassing episode. 
Moreover, the most severe erosive conditions of the downdrift shoreline were 
detected during and immediately after La Niña phases (easterly waves 
predominance), while the largest sand bypassing episodes occurred within El Niño 
dominance (south-southeasterly waves predominance) (Figure 18).  
 
Although the association with ENSO phases provides insights into the cyclic changes 
that happen around Fingal Head and adjacent beaches, it is important to investigate 
the possible influence of different climate drivers and anthropogenic activities to have 
a complete picture of the bypassing process, sand transport along Letitia Spit and 
sand delivery to Tweed Sand Bypassing. In fact, central Letitia Spit does not present 
a clear response to the same drivers (Figure 17). Even though some major sand 
pulses migrate to this region, its variability is also dependent on the longshore 
sandbar. As opposed to Fingal Beach, this part of the beach presents characteristics 
of a transitional sector less protected by the Cook Island and Fingal Head and highly 
influenced by the wave transformation processes. Within this context, an extension of 
the research area towards north would support a better understanding of this region 
of Letitia Spit, its dependence on Fingal Head bypassing and the sediment supply 
available to Tweed Sand Bypassing System. 
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Figure 17: Variability of shoreline position (measured from the baseline in meters) from 

2010 to 2018 at the distinct sectors of the study area (Central Letitia Spit, Fingal Beach 

and Dreamtime Beach). Each plot is a transect representing the specific region. Red 

line shows the linear trend and dark blue the polynomial trend (x4).  
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Figure 18: The Oceanic Niño Index (ONI) curve provided by the National Oceanic and 

Atmospheric Administration (NOAA – US). The index presents the running 3-month 

mean Sea Level Temperature (SST) anomaly for the Niño 3.4 region. Periods of 

anomalies above (below) 0.5° indicate warm (cold) events, meaning El Niño (La Niña) 

state. Red line shows the polynomial trend (x4). 

Figure 19: Exposed bedrock area (m2) in Fingal Beach between 2010 and 2018. Red line 

shows the polynomial trend (x4). 
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6. CONCLUSIONS AND RECOMMENDATIONS 

The surveyed area can be grouped in at least 4 distinct sectors according to the 
characteristics of the beach profiles. Dreamtime and central Letitia Spit sectors 
present a steeper profile with a persistent single-bar system moving between the 
upper beach and -10m AHD. Around Fingal Head, profiles present periods of 
sandbar system migrating onshore-offshore depending on the wave condition. Fingal 
Beach presents a large sand terrace through where both the trough and crest of the 
sandbar system migrate towards the shoreline.  
 
The bypassing mechanism around Fingal Head is dependent on the sandbar, which 
during the surveys period was related with periods of SE waves predominance. The 
remobilization of sediment from the upper beach to the bar system do not show 
erosive effects on the sediment balance of the full profiles. On the contrary, it seems 
that TC Oma, by the action of the SE storm waves, was able to bring more sediment 
into these beach compartments, especially Dreamtime Beach. This increase in 
volume is assumed to be a consequence of enhancing the regional northward 
longshore sediment transport.  
 
Easterly wave climates have shown to be responsible for pushing the sand bar 
system towards the coast, which may cause either accretion or erosion of Fingal 
Beach depending on the bathymetric features (trough or crest) that are immediately 
surrounding the headland. After reaching Fingal upper beach, the sand pulse 
migrates along the shoreline towards north. Central Letitia Spit is influenced from 
both the sand pulse and the onshore-offshore migration of the sandbar in terms of 
upper beach volume and shoreline position changes. 
 
Shoreline change analysis have shown that Fingal Head sand bypassing has short-
term cycles of sand accumulation in Dreamtime Beach and sand pulses towards 
Fingal Beach within a time lag of approximately 7 months. These episodes vary 
under long-term cycles of shoreline progradation-retraction in Dreamtime Beach that 
appears to be related to ENSO variability. A time lag of 1-2 years is observed 
between progradation-retraction in Dreamtime and Fingal Beach. However, the sand 
pulses migrating northwards to central and north Letitia Spit does not show a clear 
relation to the long-term cycles described and requires a focus investigation of those 
sectors. 
 
Based on the bypassing process described here and general characteristics of the 
surveyed area, the following are recommended: 

• Extension of the study area towards north Letitia Spit; 

• Continuation of regular topo-bathymetric surveys to detail the conceptual 
model and supply information for prediction; 

• Wave, hydrodynamic and morphological modelling for a better description of 
the process and the contribution of the hydrodynamic drivers; 

• Analyse historical images from late 20th century and early 2000’s to delineate 
the cyclic variability of Dreamtime Beach, Fingal Beach and Letitia Spit 
shorelines and sediment transport systems; 

• Analyse the shoreline changes on Fingal Beach and Letitia Spit to understand 
whether the region has achieved a new equilibrium following the 
implementation of the Tweed Sand Bypassing. 
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8. APPENDIX A – TOPO-BATHYMETRIC DATA 

8.1. Survey Lines 
The results of each survey for the study area are presented below. 
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8.2. Beach Profiles  
The results of all surveys for each beach profile of the study area are presented 
below.   
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9. APPENDIX B – WAVE SERIES 

Wave series at the Brisbane Wave Rider Mk4 Buoy (27°29.675’S 153°37.985’E), 
imported from the Queensland Government monitoring data. Each of the following 
graphs present the significant wave height (Hs), peak period (Tp) and peak direction 
(Dirp) for each month measured between January 2010 to June 2019. 
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