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Abstract 
This paper compares two headland sand bypassing, one natural and one artificial. Both areas are located at 
similar latitudes but distant longitudes: 1) southern Gold Coast (28.15ºS, 153.5ºE), where an artificial, headland 
sand bypassing system has been operating since 2001 and is set to simulate the natural sand transport and 
2) the north shore of Santa Catarina State, southern Brazil (27.4º S, 48.5º W), where the headland bypassing
process occurs naturally. For Santa Catarina North Shore, a numerical model was created, calibrated and
validated. Furthermore, the sand transport equation that best describes the process were tested against
measured data. Finally, 26 scenarios of tides, winds and waves were simulated individually in order to assess
the importance of the contribution of each driving force to the process. The Gold Coast data was derived from
the literature. The Santa Catarina North Shore results showed that while waves are the main driving force for
the process. However, the different magnitudes of sand transport between the two areas are related to: 1)
differences in wave climate; 2) angle of wave approach with more oblique waves resulting in higher sand
transport rates; 3) and the extent of headlands – the Santa Catarina Island North Shore presented headlands
at the exposed area extending offshore between 500 to 1,300 m while on the Gold Coast, Point Danger and
the Tweed River training walls extend about 100 and 200 m offshore, respectively.
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1. Introduction
The understanding of headland sand bypassing is
crucial for coastal management/engineering as it
can be the main source of sand for the downdrift
areas. The process was conceptually described by
[11], [31] and [33]. Due to their economic
importance most bypassing studies have focused
on manmade structures or inlets [32], [12], [8], [12],
[7], [24], [10], [1], [2].

More recently new studies have focused on 
understanding the process based on field data and 
numerical modelling. These include shoreface 
bathymetric changes ([16]) which related headland 
sand bypassing to wave climate variability; use of 
satellite images and RTK-GPS data [29]; statistical 
analysis of shoreline changes [41]; [15] a headland 
classification and the cell boundaries associated 
with different headland types; [2] numerical 
modelling; and [42] measured rates of sand 
transport around headlands.  

Most studies however, assume that the main driving 
forces for headland sand bypassing are waves [11], 
[31], [33], [16], [2] and while the effect of wind and 
tidal currents have never been tested they may also 
be important for sediment transport around 
headlands. [26] described the importance of winds 
on low energy environments and suggested that 
tidal currents are important components of 
longshore sediment transport close to large 
embayments. Therefore, rather than assume winds 
and tidal currents have little influence, the present 
paper intends to present the rates of transport and 

describe a method used to identify the driving forces 
of the headland bypassing process in Santa 
Catarina North shore, southern Brazil (27.4º S, 
48.5º W), where the natural process was the focus 
of studies by [41], [42]. For the southern Gold Coast 
(28.15ºS, 153.5ºE), where an artificial headland 
sand bypassing system has been operating since 
2001 [8], no modelling has being conducted by this 
study and the discussion is based on published 
data. 

2. Study areas
The study areas (Figure 1) are located in the
southern hemisphere at similar latitudes. The
Tweed river sand bypassing system is located at the
border between NSW and QLD, Australia where the
extension of the Tweed River jetties in early 1960s
significantly reduced the natural sand bypassing
around the inlet. Furthermore, in 1967 a series of 7
tropical cyclones and east coast lows during 6
months impacted the coast and severely eroded the
southern Gold Coast beaches. This scenario - low
sand input and successive extreme events – led to
the need for successive beach nourishments
campaigns on the southern Gold Coast.

During the late 1990s, the NSW and QLD 
governments agreed to undertake a joint project to 
establish and maintain a navigable entrance for the 
Tweed River. 3M m3 of sand was dredged during 
the first stage of the project (1995-1998) and placed 
on the southern Gold Coast beaches to restore their 
amenity and then provide a continuous supply of the 
sand to those beaches [8], [22].  
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Figure 1: Study area location. A) Point Danger / Tweed 
river; b) Northern Santa Catarina Island. 

 
Since 2001, the system has been operational 
delivering on average 500,000 m3/yr from New 
South Wales to Queensland. The sand is classified 
as fine (0.22 mm) and composed mainly of quartz 
[35]. Tides are predominantly semi-diurnal and 
micro-tidal, with a tidal amplitude ranging from 0.2 
to 2.1 m with a mean range of 1 m [21]. The region 
is subject to moderate to high energy waves with 
significant seasonal variation and are strongly 
related to the broad scale weather patterns on the 
east coast of Australia.  [3] characterises the climate 
as presenting: a well-defined summer season 
(December to April), including tropical storms and 
extreme sea states (Hs > 7 m); sequences of high 
pressure systems over southern Australia in 
summer maintains persistent trade winds and swell 

in offshore areas – these winds are moderated by 
early morning land breezes and afternoon sea 
breezes that have an important effect on the locally 
incident sea waves; northward migration of high 
pressure systems in winter, forming typically 
southwest to southeast winds and predominantly 
south to southeast swells;  and intense east coast 
low pressure systems off the NSW coast in winter 
generating moderate to high southerly swells. 
Tweed Heads wave buoy, located at 22 m water 
depth (3 km SE of Point Danger) shows that modal 
significant wave height varies between 1 and 1.5 m 
reaching > 7.5 m. The most frequent periods are 
from 8 to 12 s and 64 % of the time the waves range 
between E and ESE direction which corresponds to 
30 – 52.5º (shore normal), being in the range of the 
maximum transport to the Gold Coast. The beach 
profile data for the Gold Coast indicate that the 
closure depth is located at -14 m while the - 5 m 
depth contour in front of Point Danger is located at 
approximately 150 m offshore. 
 
The north shore of Santa Catarina Island in 
southern Brazil encompasses seven beaches 
(Ingleses, Brava, Lagoinha, Ponta das Canas - 
Canasvieiras, Jurerê, Forte and Daniela) which are 
separated by headlands. The coast is classified as 
rugged bedrock-controlled strand plain coast by 
[20]. It present a relatively narrow discontinuous 
coastal plain that is bordered by crystalline rocks 
[13]. Santa Catarina Island has a microtidal regime 
with astronomical tides ranging between 0.4 to 1.2 
m at neap and spring tides, respectively. [38] 
showed that Santa Catarina State is influenced by 
low frequency water level oscillations caused by 
meteorological forcing that can reach up to 1 m. 
Winds are predominantly northwest with stronger 
southerly winds associated with the passage of 
cold-front systems [27], [37]. Waves arrive mainly 
from the south with peak periods of 12 s followed by 
waves from east with peak periods of 8 s while 30% 
of the time bimodal sea/swell conditions occur. The 
significant wave   height averages 1 to 1.5 m with 
the highest waves from the south. The deepwater 
significant wave height and peak period can exceed 
4 m, and 12 s respectively [4]. Swell from the south 
prevails during autumn and winter while there is a 
balance between south and east seas/swells during 
the summer. Easterly seas dominate during spring. 
A long time series wave model (1948-2008) was 
simulated to a point located at 22 m depth offshore 
of Santa Catarina Island (7 km south of Santinho 
Beach) and the results shows that the most frequent 
wave height also varies between 1 and 1.5 m, 
however, no waves > 4.5 m were observed. The 
peak wave period is slightly shorter periods (6-10 s) 
main directions varies between E and SSE, being a 
balance positive (46.81% of the time) and negative 
(49.97% of the time) wave angles to shore normal 
direction - while E or ESE direction a southward 
sediment transport is expected (-26 and -3.5º, 
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respectively) and when SE or SSE waves are 
present, a northward sediment transport is expected 
(19 and 41.5º respectively). This area is mainly 
characterized as wave-dominated based on [26]’s 
relative tide range (RTR) classification. However, as 
presented by [42] when breaker wave height (Hb) is 
lower than 0.4 m it becomes tide-modified along the 
protected north-facing area. The beach face 
sediment is homogeneous with an average 
diameter of 0.22 mm [25], [17], [42] and [42] found 
that the same size of sediment is transported 
around the headlands. Also a very similar (0.23 mm) 
median grain size was found by [43] in the Santinho-
Ingleses dunefield. [28] showed that the inner shelf 
has similar sediments together with patches of 
coarser sediments. The east-facing beaches are 
more exposed to waves than north and west-facing 
beaches that receive only refracted/attenuated 
waves [42]. At Santa Catarina North Shore, the 
closure depth is located at ~ 6 m depth and the -5m 
contour location in front of the headlands varies 
between 75 m at Ingleses-Brava headland 
(exposed area) and > 1,000 m at Forte-Daniela 
headland (protected area). 
 
3. Methods 
3.1 Point Danger 
The information discussed in the following sections 
is based on the available literature of Point Danger 
works on the artificial sand bypassing system 
constructed in 2001 by the NSW and QLD 
governments (available online at 
tweedsandbypass.nsw.gov.au). It is highlighted that 
the present paper did not involve any modelling for 
this area. The diving forces modelling assessment 
will be conducted in future works. 
 
3.2 Santa Catarina North Shore 
The data presented on Santa Catarina North Shore 
is a compilation of research in the region with a 
special focus on the studies of sand bypassing by 
[41], [42]. Firstly, [41] presented a shoreline change 
analysis of the nine beaches located in the area and 
used statistical analysis to assess the relationship 
between each transect (50 m spacing) along the 
whole study area. The results lead to insights on 
possible sediment transport paths along the north 
shore of the island in an anti-clockwise direction. 
Afterwards, [42] applied a process-based numerical 
model (Delft3D) including Wave and Flow modules. 
The wave model used two nested curvilinear 
numerical grids. The coarsest grid covered an area 
of 240 x 410 km with resolution varying between 6 
x 10 km (deep) to 1.7 x 1.7 km (shallow) and a 
higher resolution grid covered an area of 50 x 95 km 
with resolution of 1.2 to 1.5 km near the boundaries 
and 30 x 30 m near the area of interest. The flow 
grid followed the specifications of the high resolution 
wave model apart from being two lines/rows smaller 
to avoid boundary instability. Furthermore, the flow 
module was run in 3D mode with five vertical sigma 

layers. Waves, currents and water levels were 
calibrated during summer and validated for winter 
periods with an overall mean absolute error of 11% 
of the magnitude of the measured data. Following 
the calibration, three sediment transport formulae, 
Bijker [5], [6], van Rijn [39], [40], Soulsby [34], were 
tested against measured bed load transport (see 
[42] for detailed description). Bijker [5], [6] provided 
the best results and was therefore used by [42] as 
well as for the present study. A series of scenarios 
for waves, tides and wind were simulated (Table 1) 
for Santa Catarina Island north shore to identify 
which drivers were capable of transporting sand 
around the headlands.  

Table 1: Modelled scenarios for Santa Catarina North 
Shore. 

# Tides Wind Dir / 
Vel (m/s) 

Waves Hs(m) / 
Tp (s) 

1 Flood Neap - - 

2 Ebb Neap - - 

3 Flood Spring - - 

4 Ebb Spring - - 

5 - NW 5.2  - 

6 - NW 9.8  - 

7 - N 6.4  - 

8 - N 9.9  - 

9 - NE 6.4  - 

10 - NE 10.1  - 

11 - E 5.8  - 

12 - E 9.8  - 

13 - SE 5.6  - 

14 - SE 10.5  - 

15 - S 7.2  - 

16 - S 12.6  - 

17 - SW 7.4  - 

18 - SW 14.5  - 

19 - - Hs 1.6 / Tp 6.8 

20 - - Hs 2.7 / Tp 7.7 

21 - - Hs 1.6 / Tp 7.8 

12 - - Hs 2.7  / Tp 8.5  

23 - - Hs 1.7  / Tp 9.3  

24 - - Hs 3.1  / Tp 9.9  

25 - - Hs 2  / Tp 10.6  

26 - - Hs 3.7 / Tp 11.1  

 
The results were analysed in specific locations 
based on the results presented by [42] – see 
transects locations in Figure 1. To simplify the 
analysis we assume that the nonlinearity effects 
between tides, wind and waves are small compared 
to the magnitude of each forcing separately. The 
tide scenarios were obtained from a 29 day 
simulation including two neap and two spring tides 
forced using predicted tides from TPXO 7.2 model 
[9] (see location of the tidal constants in Figure 1). 
Representative conditions during flood and ebb 
tides were chosen to demonstrate the tide effect on 
sand transport. For both waves and wind the Wave 
Watch III (WW3 – [36] / NCEP Climate Forecast 
System Version 2 (CFSv2 – [30]) time series (from 
1979 to 2015) was analysed (see location of the 
time series in Figure 1). The series were split into 
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eight directions (N, NE, E, SE, S, SW, W and NW) 
and the frequency of each direction was calculated. 
For each direction an average and an extreme 
scenario was defined. The average scenario 
corresponded to the 50% quartile of the wind 
magnitude or significant wave height (Hs) and the 
extreme scenario corresponded to the 95% 
quantile. The associated peak wave period (Tp) for 
each selected Hs was defined according to [19]. 
Winds from the W were not considered in the 
analysis since these only occur 3.6% of the time. 
Waves from SW, W, NW and N occur for less than 
3% of the time and propagate offshore, therefore 
these directions were not considered further. 
 
4. Results 
4.1 Point Danger Available Information 
The Tweed River, located at the NSW and QLD 
border has been subject to management since the 
late 1800s when regular dredging of the entrance 
was necessary to improve navigability. During the 
1960s, the training walls were extended in an 
attempt to improve the situation and started to act 
as a sand trap for the sand that naturally migrated 
north, bypassing the entrance and Point Danger, 
and arriving in QLD. The construction was relatively 
successful at maintaining navigability for a period, 
but over time sand accreted on the beach to the 
south of the entrance and, as sand began to pass 
the entrance training wall again a new bar 
developed seaward of the old bar [8]. In addition, 
significant accretion occurred to the south of the 
trained entrance and the interruption of the 
predominant northerly littoral drift led to significant 
erosion of the beaches to the north [18]. Therefore, 
a joint project managed by NSW and QLD 
governments was necessary to restore the 
navigability and maintain beach amenity along the 
southern Gold Coast Beaches [22]. The solution 
was to artificially move sand from the entrance to 
the Queensland beaches in two stages: 1) dredge 
sand from the entrance and use it to restore the 
beaches and, 2) develop a permanent sand 
bypassing system to collect sand from southern 
side of the Tweed River and pump it to the 
Queensland beaches [8]. Since 2001 the 
permanent system has been in place and it aims to 
collect as much as possible of the net northerly 
moving sand before it reaches and accumulates in 
the entrance area, thus maintaining a clear 
navigational channel [22]. The project has an 
annual target of 500,000 m3 y-1 of sand however the 
natural variability in sand delivery to the pumps 
requires that higher rates of pumping occur during 
periods when more natural transport is occurring (S-
SE swell) and less pumping occurs during calm or 
NE swell conditions. Most of the pumped sand is 
delivered to Snapper Rocks East (just east of Point 
Danger) and relies on nature (i.e. natural wave 
induced transport) to redistribute it to the southern 
Gold Coast Beaches. 

4.2 Santa Catarina North Shore 
As opposed to the NSW-QLD border, Santa 
Catarina North Shore presents a much lower sand 
transport rate bypassing the headlands due to the 
overall lower wave energy of the updrift coast, the 
larger extension of the headlands at the exposed 
part of the study area (> 1 km seaward) and the 
lower energy of the  protected downdrift area. 
However, [42] showed that sand does bypass the 
headlands of the pocket beaches contributing to the 
sediment budget of the whole system. Note that the 
transport rates presented in this section are 
instantaneous transport rates that were transformed 
to m³ y-1 to facilitate the comparison with Point 
Danger values. 
 
The simulated tide scenarios showed that the 
models forced with neap tides did not exceed 50 m³ 
y-1 in any transect. For spring tides, however, a small 
amount of sand is transported at the entrance of the 
North Bay (T20 and T22) in both directions (flood 
and ebb) as well as at T12 during ebb tide 
conditions as a result of the water exiting the bay. 
The maximum transport rate was 4,000 m3 y-1 
during spring flood tides, while the ebb condition 
presented rates of around 1,400 m3 y-1. The 
simulated wind-generated currents only induced 
sand transport during extreme conditions from S, 
SW and N. Wind generated transport presented a 
similar transport rate as observed by tide only: 
3,900 m3 y-1 at T2 during extreme south winds. At 
this point (T2) the water mass is compressed 
between the headland and the small island thereby 
intensifying the currents and consequently the sand 
transport. At the north part of the study area (T16), 
the maximum transport rate (1,740 m3 y-1) occurs 
during extreme southwest wind. This condition 
generates currents moving out of the bay, which on 
reaching T16 are intensified by the presence of the 
headland between Ponta das Canas - Canasvieiras 
and Lagoinha beaches. Results indicated that wave 
induced sand transport is, in fact, the main driving 
force for headland sand bypassing with transport 
rates reaching 450,000 m3 y-1.The highest sand 
transport is observed during extreme easterly 
waves. T3 presented the highest anticlockwise (to 
the west) sand transport rate at of 450,000 m3 y-1, 
while the highest clockwise (to the east) transport 
rate was observed at T11 at slightly higher rate 
(460,000 m3 y-1).  
 
Northwest waves tend to transport sand in 
clockwise direction in the exposed area (T1 to T12) 
and anticlockwise direction at protected area (T14 
to T23). East waves produce a general trend of 
anticlockwise transport (towards the bay) in both 
exposed and protected areas. Exceptions for 
average conditions are: T1, T7 and T11 that, due to 
their location in the northern portion of the beaches, 
tend to transport sand back along the beach; T2 and 
T17 are affected by the presence of small islands 
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that increase the refraction and diffraction 
processes changing the wave direction and 
consequently the sand transport at these points; 
and T19 where the sand transport magnitude is 
close to zero (< 60 m³ y-1). Southwest waves affect 
mainly the exposed portion of the study area. While 
average waves transport sand between T1 and T12, 
extreme waves can transport sand from T1 to T15. 
For both of these scenarios the direction of the 
transport is mainly anticlockwise. Exceptions are T1 
during average conditions, and T5 and T15 for 
extreme conditions. At T1 a sand circulation cell is 
generated where sand is transported back to 
Santinho, close to the headland, and offshore 
(towards T2) at the end of transect. Waves from 
south are capable of transporting sand only in 
exposed areas. Transport is limited to T1 to T4 
during average conditions and from T1 to T13 
during extreme conditions. However, transport of 
significant amounts of sand reaching 267,000 m³ y-

1 can occur during extreme conditions at T1. 
 

5. Discussion 
The two study sites have similar latitude, tide range 
and grain sizes, Tweed River/Point Danger having 
a more energetic wave environment with extreme 
waves reaching > 7 m as opposed to < 4.5 at Santa 
Catarina, moreover, the continental shelf offshore 
from Point Danger is much narrower (<50 km) 
compared to the continental shelf off of Santa 
Catarina Island (almost 200 km). This leads to more 
oblique southerly waves around Point Danger (30 to 
52.5º) than at Santa Catarina Island, where the 
waves are usually well refracted and the incidence 
angles are lower and frequently shore normal 
negative leading to an inversion of sediment 
transport (-26 to 41.5º). Furthermore, the headland 
at Point Danger protrudes seaward about 100 m 
and the southern Tweed river jetty protrudes around 
200 m (the closure depth is located at -14 m) while 
the northern Santa Catarina Island North Shore 
headlands extend between 500 to 1,300 m at the 
more exposed part of the study area (closure depth 
at ~ -6 m), increasing the capability of sand trapping. 
Nevertheless, this paper shows that, depending on 
the scenario, the sand does bypass the Santa 
Catarina headlands at high rates and the 
embayments cannot be considered to be closed 
cells. Another interesting finding is that despite the 
fact that the main sand transport path is 
anticlockwise, the opposite transport direction also 
occurs at Santa Catarina Island North Shore albeit 
with a smaller but similar order of magnitude, 
reducing the net transport rate. On the other hand, 
Point Danger receives consistent southeast and 
east southeast trade winds during summer, 
generating obliquely incident waves that transport 
large amounts of sand around the points (> 500,000 
m3 y-1). Winter is characterized by the passage of 
intense low-pressure systems to the south, 
generating moderate to high energy swells from 

south to southeast, this wave direction also 
contributes to the northward transport and during 
spring, the calmest wave season is characterized by 
the increase in north to northeast short period wind 
swells that could lead to temporary reversals of the 
sand transport around Point Danger. This difference 
explains the different sand transport magnitudes 
found in both locations. 
 
The modelling results for Santa Catarina North 
Shore demonstrate that the waves are, indeed, the 
main driving force for headland bypassing, 
transporting sand up to two orders of magnitude 
(105 m³ y-1) higher than wind or tide-generated sand 
transport (103 m3 y-1). 
 
6. Conclusion 
This paper compared two locations where headland 
bypassing processes occurs. One naturally – Santa 
Catarina Island North Shore - and the second 
artificially modified – Point Danger / Tweed River 
sand bypassing system, which intends to mimic the 
natural process. Despite the similarities of both 
areas in terms of latitudes, grain size and tide range, 
both presented very different transport rates due to 
differences in the continental shelf width, wave 
exposure and headland / training walls size. In both 
cases reversals in transport can occur, however, at 
Point Danger the predominant wave direction and 
the most extreme events usually transport sand 
northward, while at Santa Catarina Island North 
Shore, sand transport is reversed at significant rates 
during certain events. 
 
Previous headland sand bypassing studies have 
assumed waves are the sole agent of transport and 
have not tested the influence of tides and winds. 
This paper has, for the first time, separately 
modelled each driving forcing to assess their role in 
the process at Santa Catarina North Shore. Tests 
were undertaken using a calibrated and validated 
numerical model and the results were used to 
develop a conceptual model for the sand transport 
around the headlands and along the beaches of 
Santa Catarina North Shore. Tide-driven currents 
were found to only transport sand during spring 
tides and in very specific locations, where currents 
are intensified due to the shape of an adjacent 
island and its proximity to the mainland. Wind 
influence on sand transport is limited to specific 
locations: i.e. between a headland and small islands 
(T2), at the tip of Santa Catarina island (T12); at the 
northernmost portion of the protected area (T16) 
and, close to a headland (T20). At all these places 
the currents are intensified and so is the sand 
transport, however only at T2 is the transport in an 
anticlockwise direction, demonstrating the minor 
influence of winds for sand transport at the study 
area. Waves are shown to be the main driving force 
for headland sand bypassing in both exposed and 
protected areas. Waves can transport sand on the 
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order of 105 m³ y-1 while tides and winds can 
transport up to 103 m³ y-1. The more exposed the 
headland, the higher is the sand transport, and as 
the coast becomes more protected, the magnitude 
of wave-induced sand transport reduces, however 
the wave driven sand transport still remains always 
higher than tide or wind driven.  
 
For headland bypassing to occur the right wave 
direction is crucial. It has been demonstrated that 
the headland sand bypassing can occur in either 
direction at most headlands of the Santa Catarina 
Island. And the dependence on wave direction also 
explains why the transport is higher at Point Danger 
– where the wave obliquity is higher.  
 
The results also indicate that because of the varying 
orientation of the coast at Santa Catarina Island, for 
headland sand bypassing to occur in the exposed 
area, a combination of different wave directions is 
needed. First the sand must be transported offshore 
(from south to northeast depending on the 
orientation of the coast) followed by a change in 
wave direction (from south to east) to transport sand 
to the next beach. In the protected area, on the other 
hand, northeast waves are required to both 
transport the sand out of one beach and transport it 
back in to the next. In some locations this can occur 
during east and southeast wave directions, however 
with lower transport rates. Modelling of the driving 
forces will be conducted in future works for Point 
Danger, Gold Coast, to support the results 
presented at Santa Catarina Island North Shore.  
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