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Abstract 
Spatial patterns of nearshore currents associated with shore connected coastal 

structures were investigated using both Lagrangian and Eulerian techniques at 

Cottesloe, City and Port Beaches, Western Australia.  

 

Lagrangian measurements show that in the lee of coastal structures, a cell circulation 

is established which is in contradiction to the proposed sediment pathways around 

these structures.  A wave generated current system is established in the lee of these 

structures due to wave sheltering effects.  Spatial patterns indicate a longshore 

current is directed towards the structure, generating a rip current along the face of the 

groyne as it is deflected offshore.  A convergence zone between the offshore directed 

momentum of this rip current and the onshore directed momentum of the incoming 

waves results in an area of sediment deposition at the seaward extent of the structure.   

 

Eulerian measurements from Cottesloe Beach support the Lagrangian spatial 

patterns, with 55% of the currents along the lee side of the groyne directed offshore, 

reaching a maximum of 2ms-1.  Spectral analysis of the both current magnitudes and 

wave heights support the wave generated nature of this current, with several 

corresponding peaks in the measured spectral densities at timescales ranging from 

12 s to 50 minutes.  Further investigation into the potential impact of this cell 

circulation on sediment transport and the nearshore morphology is recommended, 

especially where sedimentation rates maybe of concern, such as the case for harbour 

entrances or predicting erosion rates. 

 

-o0o- 
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1. Introduction 
The nearshore water circulation on a beach consists of an array of different current 

components, including wave oscillatory motion, bed return flow, shoreward flow of 

breaking waves, longshore currents in the surf zone, alongshore currents seaward of 

the breaker line, and the rip current systems.  The primary function of the nearshore 

circulation system is the exchange between inshore and offshore waters, but in doing 

so is also responsible for the transportation of sediment both onto and away from the 

beach. 

 

Rip currents are strong narrow currents that flow seaward through the surf zone. 

These offshore flowing nearshore currents have been the focus of many studies due 

to their influence on sediment transport, shoreline migration and pollutant transport 

processes (Basco, 1983).  Understanding the mechanics of these currents has also 

become important from a beach safety perspective, as rip currents represent a major 

physical hazard to swimmers, responsible for an average of 50 drownings each year 

in Australia (Short, 1995). 

 

The offshore velocity in rip currents can exceed 2 m/s (Dean, 2002), which provides 

a significant transport mechanism for materials in the nearshore zone.  Rip currents 

can form in response to both hydrodynamic and topographic conditions.  The focus 

of this study is the topographically controlled rip currents.  The two classical 

scenarios in which topographic rip currents will form are: 

• An alongshore current generated by obliquely incident waves being deflected 

offshore by a structure, such as a pier or breakwater; and 

• Variations in the bottom topography, usually a channel in an offshore bar 

system. 

 

It is a generally accepted hypothesis that the driving mechanism for rip current 

formation is an alongshore variation in wave heights which cause variations in mean 

sea level (Gourlay, 1975).  The resulting alongshore water surface gradient drives 

shore parallel currents from regions of high waves to regions of low waves, with the 

piling up of water at the base of the rip current providing the necessary head to push 

the water out of the surf zone (Gourlay, 1975; Johnson, 2004; Brander, 1999).   

 

Structures built in the coastal zone including groynes, breakwaters and jetties, as well 

as natural features such as headlands can produce significant offshore directed 
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currents by deflecting alongshore currents on their updrift side (Wind, 1985).  The 

majority of groynes and breakwaters built along coastlines are hard engineering 

solutions to combat beach erosion.  Groynes and shore connected breakwaters 

generally cause the accretion of sand on their updrift side, and a region of erosion 

close to the structure on the downdrift side.  In some cases this scouring of material 

has led to the significant erosion of the beach in the lee of these structures (US Army 

Corps, 2002).  The cause of this downdrift erosion is attributed to longshore currents 

continuing to transport sediment in the direction of the littoral drift (Beer, 1996); 

however model studies have shown that longshore currents in the lee of structures 

actually flow towards the structure, thereby generating a rip current along the lee side 

of the structure.  It is thought that this current system is responsible for the transport 

of sediment in the lee of coastal structures (Gourlay, 1975; Liu, 1976).  The major 

objectives of this study are to verify the spatial patterns of experimental models with 

field investigations, and relate this to the cause of downdrift erosion.  

 

Although there has been extensive literature on theoretical and experimental studies 

of rip currents, there have been few field investigations of rip currents.  To the 

authors knowledge there have been no field investigations associated with wave 

generated currents in the lee of coastal structures using Lagrangian techniques.  The 

majority of field studies involving rip currents have instead relied on the use of 

extensive arrays of Eulerian instruments to resolve the current systems of interest.  

The development of the Global Positioning System (GPS) and surfzone drifters by 

Johnson (2004), take advantage of this system to accurately trace their positions, 

thereby allowing Lagrangian measurements of nearshore current regimes without the 

need for an extensive array of Eulerian measurements.  Rip current systems adjacent 

to structures such as groynes are easier systems in which to make field measurements 

as the rip current is controlled by the structure.  Lagrangian techniques will be the 

principle method in determining the spatial structure of these current systems.  

 

Three study sites with shore attached coastal structures were chosen along the 

northern Perth metropolitan coast at Port Beach, Cottesloe and City Beach..  The 

prevailing south westerly winds along the Perth coastline result in obliquely incident 

waves to the shoreline along most of the coast, such that wave generated currents are 

likely to dominant beach morphology in the lee of coastal structures.  The field 

investigations and modelling research presented in this study aims to provide more 

information about the possible effects of wave generated currents on beach 
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morphology in the lee of coastal structures.  This is important for understanding 

possible causes of downdrift erosion, therefore allowing an increase in the 

effectiveness of beach remediation methods and particularly the placement of beach 

fill.  The offshore sediment transport generated by these currents is also important in 

design considerations for small boat harbours, where predicting sedimentation rates 

of navigation channels is important for dredging estimates and continuing channel 

maintenance.  In addition, the lee of these structures form lower energy areas which 

are popular recreational sites, therefore a better understanding of the nearshore 

currents in these regions can also help to increase public safety.   
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2. Literature Review 

2.1 Beach Morphology 
Knowledge of the dynamics and mechanisms that contribute to the shaping of 

different beach morphologies are essential to understanding the processes that pertain 

to the formation of rip currents and the subsequent feedback mechanisms of rip 

currents on morphology.  Different beach morphologies and hydrodynamics also lead 

to the formation of different types of rip currents, as discussed further in Section 

2.3.2.  Beach morphology can vary dramatically along a coastline due to differences 

in the dynamics of the beach.  These different dynamics can be a result of different 

aspects and predominant weather patterns, hydrodynamic factors such as wave height 

and tidal ranges, and also the sediment characteristics of the beach, such as sediment 

size and fall velocity (Dean, 2002). 

 

All the different beach types have a beach profile (a cross-section of the beach taken 

perpendicular to the shoreline) that can be broken down into several regions (Dean, 

2002).  A schematic showing the relative location of these different regions is found 

in Figure 2.1, with a short description of each region below.   

 

From the deeper water into the shoreline, the profile is comprised of:  

(a) Offshore Zone:  The offshore zone is the area in which the water depth is too 

deep for the waves to start breaking.  There is no sediment transport in the 

cross shore direction past the depth of closure in this offshore region, which is 

the maximum depth at which sediment is moved by nearshore current 

processes (Dean, 2002). 

(b) Nearshore Zone:  The nearshore zone or surf zone as it is also known, 

encompasses the area from which waves begin to shoal and extends up until 

the lowest water level on the beach.  The point at which the waves begin to 

break is known as the break point, which moves with varying incident wave 

and bathymetric conditions.  This area is a highly active zone with the 

movement of sediment, formation of sand bars and the development of 

nearshore currents due to wave movements. (Dean and Dalrymple, 2002). 

(c) Swash Zone:  The swash zone is the area of the beach which is wet and dried 

by waves rushing up on the shoreline.  The swash zone is also known as the 

beach face or foreshore region, and its position is variable with tide 

movements. 
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(d) Backshore:  The backshore is the region of the beach which is generally dry, 

however during higher water levels associated with the passage of storms or 

large swells, this area can become wet.  On the backshore are usually a series 

of berms, elevated regions of the profile, which are associated with these 

higher water level events (Dean, 2002). 

(e) Permanent Coastline: This is the region of the beach that never becomes wet.  

It comprises of the primary and secondary dune systems and is usually marked 

by the region were permanent vegetation begins to grow.  This vegetation 

helps to trap sand blown off the beach by onshore winds.  Dune systems are an 

important part of beach morphology, however along many of the Perth 

metropolitan beaches, these dune systems have been removed to provide 

access to beaches and carpark facilities (Beer, 1996). 

 

 
Figure 2.1 Beach Profile Zones and Terminology (Dean, 2002) 

 

Beach morphology and planform are a result of the action of currents and waves at 

the shoreline.  Orbital velocities of waves cause sediment to become suspended and 

the energy provided by wave breaking drives currents that move sediments in the 

alongshore or cross shore directions (Dean, 2002).  Sediment carried by the 

nearshore currents is known as littoral drift and the amount of sediment moved along 

the coastline due to these processes is known as the longshore sediment transport or 

the littoral transport and is often measured in cubic meters per year (Dean, 2002).  
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The direction of this sediment transport can vary with the wave climate of a 

particular location, which can change with the different times of year.  The 

descriptive term downdrift refers to a direction that is coincident with the dominant 

transport direction provided by the incident wave climate, and the term updrift is the 

opposite direction.  Cross shore sediment transport is the result of wave or wind 

actions and is one of the main drivers of sand bar formation.  The transport of 

sediment in these directions can have varying timescales, from the order of years, to 

occurring in the order of hours during the passage of a large storm (Dean, 2002).   

2.2 Mean Wave Quantities 
As discussed previously, waves are the prime driving mechanism for nearshore 

currents and littoral processes along the shoreline.  Waves are produced 

predominantly through the action of wind over the water surface and are able to 

travel vast distances throughout the world�s oceans.  As waves approach the shallow 

coastal boundaries of continents, they increase in height until they are unstable and 

break in the nearshore zone, dissipating their wind imparted energy and providing 

forces to drive nearshore currents.   

2.2.1 Wave Energy 
The total energy carried by a wave is comprised of both kinetic and potential 

components.  Kinetic energies are associated with the orbital motion of water 

particles in the wave while potential energy is due to the elevation of the water 

surface in the wave.  Wave energies dissipated within the surf zone can be quite 

large.  Assuming linear wave theory and that the components of wave energy are 

propagating with the direction of the wave, wave energy is a function of the height of 

the wave squared (Equation 1).  Wave energy is typically expressed as functions of 

the water surface area or energy per unit wave length, but can also be presented as 

energy per unit width of wave crest.  Once a wave breaks there is a dissipation of 

energy due to a loss of height and for simple calculations it can be assumed that there 

is a linear decrease in the height of the wave from breaking to the shore (US Army 

Corps, 2002).  

 

Equation 1 Total wave energy as the energy per unit surface area 

2

8
1 gHE ρ=  
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2.2.2 Radiation stress 
Radiation stresses are the forces per unit area that arise because of the excess 

momentum flux due to the presence of waves.  This occurs because there is a larger 

forward transport of water under the wave crest than the backward transport under 

the trough.  First approximations using linear wave theory gives this mass transport 

in the direction of the wave equal to the energy of the wave (Equation 1) divided by 

the celerity as shown in Equation 2 (US Army Corps, 2002). 

 
Equation 2 Mass transport associated with waves in the nearshore 

C
EM =  

 
where in shallow water the celerity (C) of the wave is estimated by:  

 
Equation 3 Wave celerity in shallow water 

ghC =  
 
This mass transport of water in the direction of the wave has momentum associated 

with it, which means that forces are required to balance any change in the magnitude 

or direction (Dean, 2002).  This momentum can be approximated by the mass 

transport times the group velocity (Equation 4). 

 
Equation 4 Momentum associated with mass transport of waves 

EnMCg ==Μ   
 
where n is the ratio of wave group speed and phase speed and is equivalent to n =0.5 

in shallow water and n=1 in deep water.  

 

Linear wave theory can be used as a reasonable approximation of radiation stresses 

and can explain effects such as wave setup and the generation of longshore currents.  

Radiation stresses cause the setdown of the water level seaward of the breakpoint and 

a setup of the water level within the surf zone (US Army Corps, 2002).  The 

relationship between mean water levels and radiation stress can be shown by 

Equation 5. 

 

Equation 5 Balance between pressure and momentum 

( )22

2
1

2
1 ηρρ ++=+Μ hgSgh xx   
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where Sxx is the radiation stress representing the flux in the x direction of the 

x component of momentum and η  is the mean water level elevation (US Army 

Corps, 2002).  Sxx can be calculated by the equation below for waves with an angle 

of incidence of θ. 

 
Equation 6 Radiation stress in the x-direction 





 −+=

2
1)1(cos2 θnES xx  

 

2.2.3 Wave Setup   
Wave setup is the name given to the process where the mean water level within the 

surf zone is elevated by the breaking waves.  Wave setup balances the gradient in 

cross shore directed radiation stress which occurs as waves roll towards the shoreline 

(US Army Corps, 2002).  Therefore an increase in the pressure gradient of the mean 

water surface balances the decrease in incoming wave momentum (Dean, 2002).  

Mean water level is governed by the cross shore balance of momentum as shown in 

Equation 7. 

 

Equation 7 Governing equation for mean water level in the surfzone 

dx
dS

gddx
d xx

ρ
η 1−=   

 
where Sxx is the cross shore component of the radiation stress as seen in Equation 6. 

 

The gradient of the wave setup is determined by the amount of momentum 

dissipation throughout the surf zone (Dean, 2002).  By making the assumption that 

broken wave height decreases linearly towards the shoreline on a planar beach, the 

setup at the still water shoreline is estimated by:  

 
Equation 8 Wave set-up at the shoreline 

b

b

bs d



















+
+=

23
81

1

γ

ηη   

 
where γb is the break depth index (Equation 9), with Hb and db being the wave height 

and water depth at the break point respectively.  bη  is the setdown at the breakpoint, 
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which using the assumptions of linear wave theory and normally incident waves, can 

be calculated by Equation 10 (US Army Corps, 2002).  

 

Equation 9 Break Depth Index 

b

b
b d

H
=γ   

 

Equation 10 Wave Setdown 









−=

b

b

b

d
L

L
H

π

π

η
4sinh

2

8
1

2

  

 

Figure 2.2 gives a diagrammatic view of how these components of wave setup and 

setdown combine to give an elevated water level at the shoreline.  The maximum 

level of setdown occurs at the breakpoint, with wave setup increasing linearly 

towards the shoreline from this point.  On beaches that have varying topography, 

such as bar and trough systems, wave setup will be complex as the broken wave 

reforms in the deeper water of the trough and then breaks again in the shorebreak 

(Gourlay, 1992). 

 

  

Figure 2.2 Components of Wave Setup 
 

2.2.4 Wave Diffraction 
Wave diffraction is the lateral transference of energy along a single wave crest.  

When there is a variation of wave height along a single wave crest, energy is 

transferred from areas of greater wave height to areas of lower wave height (US 

Army Corps, 2002).  This process of wave diffraction occurs behind coastal 

structures due to the abrupt changes in wave height as a wave crest passes the 

structure.  A portion of the wave will hit the structure, where it is dissipated and 

reflected, causing a reduction in wave height behind the structure.  The rest of the 
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wave crest that passes the tip of the structure will then diffract into the low wave 

region in the lee of the structures as illustrated in Figure 2.3, forming concentric 

circular arcs similar to that formed if there was a point source of waves at the tip of 

the structure (US Army Corps, 2002).  This region where waves are diffracted is 

known as the geometric shadow of the structure and within this region wave height 

decreases along each crest towards the structure.  

 

  
Figure 2.3 Wave Diffraction in the lee of a coastal structure such as a groyne 
or breakwater (Dean, 2002) 

 

Wave diffraction is evident in the lee of the groyne at Cottesloe beach in the aerial 

photograph in Figure 2.4.  The incident wave direction is from the southwest due to 

the prevailing seabreeze and wave crests are highlighted by the reflection of the 

afternoon sun.  The geometric shadow is apparent from the photo as the region of 

calm water in the lee of the groyne, which is identified by the lack of wave crests.  

There is also no evident whitewater at the shoreline in this area, suggesting that wave 

energy is lower in this region. 
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Figure 2.4 Aerial photograph of Cottesloe during summer 2000.  Incident 
wave direction is from the southwest, and the calm region in the lee of the 
groyne is due to wave diffraction.  (Photo courtesy of DLI) 

 

2.3 Nearshore currents 
Nearshore currents are of particular interest in coastal engineering as they are the 

primary transport mechanism for material in the coastal environment (Basco, 1983). 

The wave averaged currents of the nearshore are important as they determine the net 

displacement of material in this region.  Major areas of interest include: 

• The movement of sediment and associated morphological change; 

• The transport and dispersion of organic and biogeochemical material; and 

• Public safety in popular swimming locations with strong offshore directed 

currents. 

 

Nearshore currents are forced at many different scales of motion and can be either 

�quasi-steady� or �variable� in nature. Variable currents have a zero long-time mean 

Geometric  
Shadow 
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flow due to variations over both spatial and temporal scales, whereas quasi steady 

currents are steady in the sense that they are the long time average flow velocities 

which change slowly with the incident wave conditions or as the bottom topography 

changes over time (Johnson, 2004). 

 

Nearshore currents are calculated from the equations of momentum and continuity as 

described below ( 

 
Equation 11 Momentum in the x direction 
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Equation 12 Momentum in the y direction 
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Equation 13 Continuity 

0)()( =+
y

Vd
x

Ud
δ

δ
δ

δ   

 
where  U = time and depth averaged cross shore current; 

V = time and depth averaged long shore current; 

Fbx, Fby = cross shore and longshore components of bottom friction; 

Lx, Ly = cross shore and longshore components of lateral mixing; 

Rbx, Rby = cross shore and longshore components of wave forcing; 

Rsx, Rsy = cross shore and longshore components of wind forcing. 

 

The primary driving force for these nearshore currents is the momentum flux of 

breaking waves (radiation stress).  These equations also include wave and wind 

forcing, pressure gradients due to mean water level variations, bottom friction due to 

waves and currents as well as lateral mixing effects.  Bottom friction is the resisting 

force to the currents, and is a function of bottom roughness as well as wave and 

current velocities.  Lateral mixing is the exchange of momentum caused by turbulent 

eddies which tends to smooth out the effects of wave forcing.   

 

There are two major quasi-steady nearshore currents that are responsible for the 

transport of material in the nearshore zone: longshore currents and rip currents 

(Johnson, 2004).  These current systems have been the focus of the majority of 
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experimental literature due to their effects on the transport of sediment and hence 

beach morphology in the nearshore zone.  

 

Currents associated with coastal structures are semi-permanent, quasi-steady systems 

with a relatively fixed spatial structure dependant on the incident wave climate.  The 

fixed spatial structure of these currents makes them easier systems to investigate. 

2.3.1 Longshore Currents 
The term longshore current describes flows that are parallel to the shoreline in the 

nearshore zone.  Longshore currents are produced by two mechanisms, the classical 

case of waves arriving obliquely to the shoreline (uniform longshore currents) and 

also due to alongshore variations in wave height (non uniform longshore currents).  It 

is a generally accepted hypothesis that alongshore variations in wave height 

influence the velocity and form of longshore currents (Gourlay, 1976).  

Uniform Longshore Currents 
When the incident wave angle is oblique to the shoreline along a straight beach, or 

prevailing winds have an alongshore component, depth averaged currents inside the 

surf zone generally run parallel to the coast in the direction of the wave propagation 

(US Army Corps, 2002).  This current is generated by changes in the momentum flux 

in the alongshore direction due to the angle of the breaking waves at the shoreline.  

These currents are known as uniform longshore currents and are responsible for the 

alongshore movement of sediment, or littoral drift (Dean, 2002).  Applying the 

concept of radiation stress to longshore currents, Longuet-Higgins (1970a, 1970b) 

made assumptions of no wind stress and longshore homogeneity in both the incident 

waves and bottom topography.  This effectively reduced the equation for nearshore 

currents to a balance between the wave forcing, bottom friction and lateral mixing 

(Equation 14).  The cross shore gradient in radiation stress, Sxy, is the wave driving 

force for the longshore current.  Assuming linear wave theory Sxy is calculated as 

shown in Equation 15.. 

 

Equation 14 Balance for longshore current flow 
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Equation 15 Radiation Stress for oblique waves 
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where α   is the angle of the wave crests to the shoreline. 
 

As the longshore current is dependant upon the angle of incidence of the breaking 

waves, the direction of the current and subsequent sediment movement can change 

with variations in the wind and wave regimes of a particular location (Pattiaratchi, 

2001).  Wave height also has an influence on the longshore current, influencing the 

velocity as well as the the width of the current (Reniers, 1997).  Maximum velocities 

of longshore currents occur near the breakpoint with the velocity decreasing to zero 

at the shoreline.  The presence of lateral mixing however smooths out this cross 

shore profile as seen in Figure 2.5 (Reniers, 1997). 

 

  

Figure 2.5 Longshore current generated by obliquely incident waves along a 
straight beach.  Current distribution shows that the longshore current is 
generated inside the breakpoint of the surfzone. 

 

This simplified case of waves with uniform height seldom occurs in reality and there 

is some degree of variation in wave height which influences the velocity and form of 

the longshore current.   

Non uniform Longshore Currents 
Longshore currents generated by variations in wave height are known as 

Non Uniform longshore currents.  The driving mechanism for these currents is 

differences in mean water level due to variations in wave setup in the nearshore zone 

(Gourlay, 1976).  Water levels are maintained in the cross shore direction to balance 

the dissipation of momentum of the broken waves as they travel shoreward, however 

there are no balancing forces in the longitudinal direction to balance the alongshore 

differences in this setup.  This results in a pressure gradient which drives a longshore 
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current from regions of high wave height and setup to areas of low wave height and 

low setup (Gourlay, 1976).  

2.3.2 Rip Currents 
The term rip current is given to offshore directed flows in the nearshore zone. These 

offshore directed flows are characterized by a strong constrained flow or jet-like 

feature that crosses the surf zone (Aagaard, 1997).  As these offshore directed flows 

are one of the major transport mechanisms of material in the nearshore zone, they 

have been the focus of many laboratory and theoretical studies, however there have 

been few field investigations of these currents (Brander, 1999).  The majority of field 

investigations have concentrated on measuring the nearshore current systems formed 

by topographical features such as sand bars.  Rip currents can also be generated by 

many different mechanisms and can occur on longshore uniform beaches as a result 

of hydrodynamic interactions (Johnson, 2004).  The different mechanisms for the 

formation of rip currents are summarized in Table 2.1.   

 

 

Figure 2.6 General schematic of the regions of rip current flow 

 
All rip currents have characteristics that can be broken down into three general 

regions (Figure 2.6).  The first region is the feeder currents, which are longshore 

currents that flow parallel to the shoreline within the surfzone, providing the volume 

flux for the offshore flow.  The second region is the rip current itself.  This is 

typically a strong constrained offshore flow that starts inside the surfzone and flows 

offshore past the breakpoint of the waves.  The rip generally has the highest 

velocities and in many cases may flow some distance offshore (Smith, 1994).  This 
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region can also be orientated oblique to the shoreline and may also meander up and 

down the coastline with variations in the incident wave forcing (Johnson, 2004).  The 

third region is the rip head section which is the seaward extent of the rip in which the 

flow diffuses offshore (Smith, 1994).  This region is normally visible as a region of 

sediment laden water offshore, giving the rip system a �mushroom cloud� shape.  

 

The primary driving mechanisms for the rip current circulation are alongshore 

pressure gradients caused by variations in wave setup.  Measurements of the forcing 

of rip currents in both field (Brander, 1999; Brander, 2001) and model simulations 

(Dronen, 2002; Haller, 1997) verify this mechanism.  Nearshore currents must also 

satisfy the conservation of mass, therefore the offshore directed flow of the rip 

current must balance the onshore directed wave flow from both breaking and Stokes 

drift (Johnson, 2004). 

 

Table 2.1 Generation Mechanisms for the formation of rip currents (adapted 
from Dalrymple (1978), cited in Johnson, 2004) 

Mechanism  Author 
Wave-Wave (a) Incident/synchronous edge wave interaction 

(b) Incident/Infragravity edge wave interaction 
(c) Intersecting Wave trains 
(d) Incident Wave Group/Edge Wave Interaction 

Bowen (1969) 
Sasaki and Horikawa (1978) 
Dalrymple (1975) 
Symonds and Ranasinghe 
(2001) 

Wave-Current (a) Refractive wave/current interaction 
(b) Dissipative Wave/Current interaction 

Dalrymple and Lozano (1978) 
Murray and Reydellet (2002) 

Wave-
Topography 

(a) Bottom Topography 
(b) Coastal boundary �breakwater 
(c) Coastal boundary � islands 
(d) Barred Coastline 
(e) Coupled sediment/ water interaction 

Bowan (1969) 
Liu � Mei(1976)/Gourlay 
Mei and Angelides 
Dalrymple(1978) 
Hino(1975) 

 

Rip currents are known to develop with roughly uniform spacing on longshore 

uniform beaches without any evident topographic controls.  Hydrodynamic processes 

between intersecting wave trains and wave current interactions can lead to formation 

of rip currents along these uniform beaches as seen in the first two groups of 

Table 2.1 (Johnson, 2004).  Spatial variability and periodic modulations of the 

incident wave field, and intersecting wave interactions such as the interaction of the 

incident wave field with lower frequency waves such as edge waves lead to rather 

complex generation mechanisms that explain the periodic spacing of rip currents 

along straight beaches (Dalrymple, 1975 cited in Dean, 2002).  Dalrymple (Dean, 

2002) showed in a laboratory experiment that crossing incident wave crests of the 

same frequency resulted in variations of wave height and setup, causing rip currents 
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to form in low wave height areas where the intersecting wave trains cancelled each 

other out.  

 

Wave current interactions also have been shown to reinforce rip current flow 

(Hamm, 1993).  As incoming waves flow over the rip region, wave crests are slowed 

and refracted towards the base of the rip.  This has the effect of increasing the mass 

flux at the base of the rip provided by feeder currents, in effect forming a feedback 

loop for the rip current (Dean, 2002). 

 

These incident forcing mechanisms are variable in the nearshore zone over time and 

when coupled with the movement of sediments cause changes in bathymetry (Hino, 

1975 cited in Johnson, 2004).  Changes in the bathymetry of rip channels result in the 

migration and morphological change of these rip currents, making rip currents that 

are a result of hydrodynamic interactions quite complex to sample in the field.   

 

Topographic rip currents are relatively fixed systems as they are partially controlled, 

as their name suggests, by topography.  Dalrymple (1978, cited in Dean, 2002) 

examined the forcing of rip currents through channels in offshore bars.  He showed 

that the wave setup in front of the bar was greater than that created in front of the 

deeper channel, therefore an alongshore pressure gradient was established towards 

the rip channel driving the flow.  The majority of the field studies on topographic rip 

currents have concentrated on rip currents formed in channels on a barred coastline.  

These currents formed through offshore bars are still known to migrate alongshore 

over time as erosion and deposition processes cause changes in the channel 

morphology (Brander, 1999), making field experiments of these systems more than a 

simple and straightforward exercise.  

 

Rip currents that are formed due to interactions with coastal structures such as 

breakwaters and groynes are relatively fixed systems as they are controlled by the 

presence of the structure.  This makes them easier systems in which to make field 

measurements however there have been few to date.  Currents associated with coastal 

structures have been investigated by Gourlay (1975) and Wind (1985) with 

laboratory models and by Liu (1976) with a numerical model.  

 

Eulerian measurements of topographic rip currents have been known to pulse 

strongly, with a proposed mechanism for this being the wave group forcing 
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(Kennedy, 2001; MacMahan, 2004; Brander, 2001).  This wave group forcing of rip 

currents was investigated at Cottesloe by Maddox (1999).  Field investigations have 

indicated that rip pulsations occur at infragravity frequencies of 0.004-0.04 Hz and 

also at very low frequencies, with timescales of the order of 10-15 minutes 

(MacMahan, 2004).  Tidal levels also have an affect on rip current flow, with 

Aagaard (1997) and Brander (1999) showing that velocities of the rip flow increase 

at low tides. 

2.3.3 Infragravity Waves 
Infragravity waves are low frequency oscillations of the water level within the surf 

zone with periods between 30 seconds to several minutes (US Army Corps, 2002).  

This water level fluctuation is related to wave groups, with large waves generating 

higher levels of wave setup at the shoreline, which must then decrease when the 

smaller waves of the group come ashore (Dean, 2002).  These low frequency 

oscillations of the water levels within the surf zone often contribute a substantial 

portion of the total amount of energy in the surfzone, with infragravity motions often 

being the dominant energy on beaches compared to energies within the sea and swell 

band (MacMahan, 2004).  

2.4 Coastal Structures  
There are many coastal structures that are built in the nearshore zone, which 

primarily act to provide one of two major functions (Beer, 1996): 

• To combat beach erosion; or 

• To provide shelter for harbours and harbour entrances. 

 

The focus of this study is on the effects of groynes on nearshore currents, therefore 

only an overview of the impacts of groynes on the beach planforms will be given.   

 

Groynes are primarily built to stabilize sections of beach against erosion caused by 

littoral drift by acting as a barrier to longshore sediment transport.  Groynes are 

typically built straight and perpendicular to the shoreline, however they can be built 

obliquely, be curved and also have a shore parallel T-head at the seaward end.  The 

length of a groyne can be classified as either long or short depending on how far 

across the surf zone they reach.  Groynes that traverse the length of the surfzone are 

considered as long and those that only reach part of the way are considered short.  

However, the length of the surf zone varies with the incident wave climate and 
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therefore a groyne may function as a long groyne under small waves and a short 

groyne under high waves (US Army Corps, 2002).   

 

The interruption to the longshore current and littoral drift results in the accretion on 

the updrift side of the groyne.  This accretion allows the shoreline to adjust itself to 

be more aligned with the predominant incident wave angle, thereby decreasing the 

velocity of the longshore current and volume of littoral drift (Beer, 1996).  However, 

downdrift erosion is commonly associated with the presence of a groyne as seen in 

Figure 2.7.  From this diagram the accretion on the updrift side of the groyne and the 

change in the angle of the beach is apparent as well as the erosion of the downdrift 

side from the original shoreline.   

 

  

Figure 2.7 Impacts of building a shore parallel structure on beach 
morphology.  Note the accretion on the updrift side of the structure and the 
erosion on the downdrift side (Beer, 1996) 

 
Downdrift erosion is usually attributed to the structure interrupting the littoral drift 

along the coastline.  The beach on the downdrift side of the structure becomes the 

source of sediment for sections further down the beach, and if there is little sediment 

supply around the tip of the structure this will result in the erosion of the beach 

immediately adjacent to the structure as seen in Figure 2.8.  Preventative measures to 

limit this erosion usually involve the placement of a fillet of beach fill on both the 

updrift side, to minimize reductions in littoral drift and increase sediment supply 

around the tip of the structure, and also on the downdrift side to prevent extensive 

erosion losses (US Army Corps, 2002).   
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Figure 2.8 Flow of sand around structures causing accretion and erosion (US 
Army Corps, 2002). 

 
However, the Coastal Engineering Manual (US Army Corps, 2002) also states that 

sediment can be transported toward the structure by currents generated by wave 

diffraction.  This mechanism is attributed to causing a build-up of sediment on the 

downdrift side of the structure and also contributing to the creation of the crenulate 

shaped shorelines that are typical of these downdrift beaches.  

2.5 Studies of Currents in the Lee of Coastal Structures. 
Currents in the lee of breakwaters and groynes have received little attention, which is 

surprising due to the potential impacts of these currents on nearshore morphology 

and sediment transport, especially considering that groynes are built to combat 

erosion effects.  To the author�s knowledge, the only studies of the nearshore current 

patterns to date have been an experimental model by Gourlay (1975) and a numerical 

study by Liu (1976).  

2.5.1 Wave Setup and Wave Generated Currents in the Lee of a Breakwater 
(Gourlay, 1975) 

Non uniform longshore currents were observed by Gourlay in field and small boat 

harbour models, with longshore currents flowing towards sheltered areas which were 

not due to waves arriving obliquely at the shoreline.  The existence of these currents 

was first described by Irribarren (1949 cited in Gourlay, 1975), who described a 

situation where a current was produced by swell waves whose breaking crests were 

parallel to the beach in a bay.  Analysis of the wave refraction characteristics showed 
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that the breaker height decreased along the beach as the beach became more 

sheltered with the observed current flowing in the direction of this decrease in wave 

height.  The driving process for this current was not described by Irribarren, however 

Gourlay investigated these currents with an idealized experimental model in which 

the driving force for the alongshore current was solely due to an alongshore gradient 

of breaker height.  As seen diagrammatically in Figure 2.9, the model consisted of a 

semi infinite breakwater in which the incident wave angle was parallel to the 

breakwater.  The alongshore gradient in wave height is obtained purely by the 

diffraction of wave crests around the tip of the breakwater.  Waves arriving obliquely 

to the shoreline have been shown by Longuet-Higgins (1970a) to generate longshore 

currents, therefore this effect was removed from Gourlay�s experimental setup by 

having a curved beach in the region effected by wave diffraction, which would result 

in normally incident wave crests along the whole length of the model.  The curve of 

the beach was estimated by the diffraction pattern expected, which resulted in the 

beach having a constant radius centered on the tip of the breakwater.  Outside of this 

region the beach was straight and parallel to the incident wave crests.  Wave 

reflection effects off the breakwater on the alongshore wave height were removed by 

a crushed rock beach on the �seaward� side of the breakwater which allowed waves 

to dissipate with no reflection.  A training wall also extended �seaward� of the 

breakwater to hold the crushed rock and remove any refraction effects between the 

incident waves and this dissipation area.  Unlike many test basin measurements of 

nearshore flows, the experimental arrangement of Gourlay allowed for the complete 

current system to be generated without any interactions with the walls of the basin.  

Current interactions with the walls of the test basin have been shown to induce a 

circulation eddy not attributed to rip flow (Wind, 1985), which limits the comparison 

of the laboratory spatial pattern in Wind (1985) with field results. 
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Figure 2.9 Experimental Setup of Gourlay (1975) 
 

Gourlay used neutrally buoyant floats and photographic methods to determine the 

spatial patterns of the current system, with streamlines of the flow displayed in 

Figure 2.10.  Gourlay described this current system as �both simple in general form 

and complex in detail�.  A circulation is clearly evident in the lee of the structure, 

with longshore currents commencing within the surfzone in the exposed area outside 

the geometric shadow of the breakwater.  This current flows parallel to the shore in 

the sheltered area towards the lower energy area at the base of the structure, where it 

is deflected offshore along the face of the structure before flowing back into the 

exposed zone and forming a complete closed circuit.  The whole mass of water inside 

the main eddy is set into motion by this wave generated current, with a smaller eddy 

also forming at the intersection of the breakwater with the beach. 
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Figure 2.10 Streamline results of photographic methods using drifters 
(Gourlay, 1975) 

 

Gourlay found that the extent of this wave generated current system coincides with 

the area affected by diffraction; with the current commencing in the exposed region 

where both wave height and mean water level had a maximum at the first 

interference maximum outside of the geometric shadow.  This supports the theory 

that the driving force for currents generated in the lee of breakwaters is the increase 

in head in the exposed surf zone created by the breaking waves.  

 

The current system induced by the diffraction of wave fronts around the breakwater 

can be summarized into four distinct types of currents.  These four types of currents 

are: 

1. The initial inflow normal to the beach due to Stokes Drift and the mass 

transport by rollers in the zone where the waves break and release their 

energy; 

2. The primary surf zone current which follows an approximate logarithmic 

spiral path in plan; 

3. The induced secondary eddies within the sheltered zone, one within the 

main circulation eddy and a smaller eddy which appears to be a result of a 

stagnation point near the base of the breakwater; and 

4. The undertow current generated by waves on the straight exposed beach 

which is very greatly distorted by the circulatory current. 

 

Gourlay found that varying incident wave heights and periods had little effect upon 

the spatial pattern of the circulation.  The geometry of the beach and the structure 

appear to determine the circulation, with variations in the incident wave conditions 

causing small differences in the gradient of breaker height and wave setup which in 

turn affects the velocity of the alongshore current.  One aspect not investigated by 
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Gourlay was the influence of the incident wave angle on the system.  Incident wave 

angle will change the geometric shadow of the breakwater or structure, which will 

greatly affect the circulation patterns.  

 

The circulatory wave generated current behind a breakwater or groyne can be 

inferred to be the cause of the logarithmic spiral shape of beaches behind these 

structures, especially in the case that there is no sediment transport around the 

structure.  Erosion of the beach is expected in the region where the current is 

accelerating, at the edge of the geometric shadow, while accretion is expected in the 

region where the current is decelerating, at the base of the structure and also offshore 

near the centre of the induced eddy (Gourlay, 1975).  Sediment transport patterns 

were not investigated by Gourlay as the model he used had a concrete beach, 

therefore potential sedimentation sites are inferences from observations.  It should be 

noted that the wave generated current investigated by Gourlay does not result in the 

large scale log spiral or zeta form beach planform investigated by Silvester (1974) 

which occur around coastal headlands.  This is because the mechanisms between the 

two currents are different, with the planform discussed by Silvester generated by 

interactions between littoral drift and wave refraction when waves break at an angle 

to an initially straight beach. 

 

One of the main factors in estimating the effects of the wave generated current 

system on beach planforms is to provide estimates of the sediment transport potential 

of the currents.  Current velocities are the predominant transport mechanism for 

sediment, with wave action mainly acting to suspend the sediment (Brander, 

1999;;Gourlay, 1976) found that the calculation of the alongshore current from the 

alongshore gradient in the wave setup is complicated by a number of factors 

including:  

• The nonlinear interaction effects between the current and the wave setup; 

• Problems in the definition of the seaward extent of the alongshore current; 

• The extent of the inflow region where water is being fed into the surf zone 

from offshore; and 

• The point where the current leaves the surf zone and the magnitude of the 

bottom friction and lateral mixing effects.  
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Lagrangian measurements of the nearshore system can provide measurements of the 

seaward extent of the longshore current, the extent of the inflow region and also the 

point where the current leaves the surfzone, however the magnitudes of the bottom 

friction and lateral mixing effects as well as the nonlinear effects caused by the 

interaction of the current with the wave setup are more difficult to provide 

measurements of.  Gourlay identified a set of four measurements that were required 

for the analysis of the alongshore current.  In order these are: 

1. The determination of the alongshore gradient of the breaker height and 

the location point; 

2. Determination of the wave setup resulting from the alongshore gradient 

of breaker height; 

3. Determination of the wave generated current from the previously 

determined alongshore gradient of the wave setup; and 

4. Adjustment of the first estimate of the wave generated current for the 

effects of the interaction between the current and the surf zone 

conditions.  

 

The measurements proposed by Gourlay that are needed to solve for the velocity of 

the wave generated current are quite extensive in a field situation, with the effects of 

an irregular sea state making the alongshore gradient of breaker height variable over 

time.  Lagrangian measurements of the nearshore current systems allow for the direct 

measurement of the wave generated current, taking into account the interactions 

between the current and surf conditions.  

2.5.2 Water Motions on a Beach in the Presence of a Breakwater (Liu, 1976) 
Liu (1976) used a numerical model to investigate the nearshore circulations in the lee 

of an isolated, shore connected breakwater along a long straight beach.  The model 

simulates a long groyne deflecting an alongshore current that is driven by obliquely 

incident waves.  As can be seen in the stream line pattern of the downside of the 

breakwater in Figure 2.11, Liu (1976) predicts that a counter rotating cell circulation 

that flows towards the structure and along the shoreline will be present in the shadow 

region of the breakwater.   
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Figure 2.11 Enlarged streamline pattern of the downside of a shore connected 
structure.  Structure is situated at x=0 and is 400m long. 

 

The exposed face of the breakwater is also predicted to have a series of cell 

circulations caused by the reflection effects of the breakwater on the incident wave 

field as seen in Figure 2.12. These cells are expected to flow offshore in regions of 

narrow surf zones (low wave height) and onshore in regions of wider surf zones 

(high wave height).  The cell closest to the breakwater on this upside is predicted to 

flow shoreward along the face of the breakwater, which is opposite to the circulation 

in the lee of the breakwater.  However, Liu (1976) predicts that for breakwaters 

approximately the length of the surf zone, these small circulations that occur on the 

updrift side due to the reflection of the waves are unlikely to develop as the 

longshore current is likely to have enough inertia to penetrate this zone and be 

deflected offshore by the structure. 

 

The simulation from Liu (1976) was for a breakwater that was much longer than the 

actual length of the surf zone, therefore this suggests that wave generated currents 

may exist behind larger structures which are much longer than the surf zone.  In the 

case that there would be no sediment supply around such a large structure, the wave 

generated current is likely to be responsible for the cross shore movement of 

sediment which may increase losses from the beach leading to erosion.  
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Figure 2.12 Enlarged streamline pattern on the upside of a shore connected 
breakwater.  The structure is located on the right of the figure at x=0.  Note the 
series of small circulations which are due to wave reflection effects. 

2.5.3 Relationship between Rip Pulsing and Wave Grouping on Rip 
Circulation (Maddox, 1999) 

A previous study of rip currents at Cottesloe Beach by Maddox (1999) attempted to 

determine the relationship between rip pulsing and wave grouping.  The methods 

used for this was to measure the current velocities and wave heights during the 

passage of a mid latitude depression.  The passage of a mid latitude depression across 

the metropolitan coastline during the months of June, July and August are 

characterized by having winds from a north westerly direction, which is the dominant 

wind and wave climate for the metropolitan coastline and is associated with high 

winds, wave heights and subsequent storm surge causing significant erosion events 

(Pattiaratchi, 2001).  Waves arriving obliquely from the north west at Cottesloe 

generate a longshore current southwards, which is deflected offshore by the groyne 

similar to the experimental model of Wind (1985) and resulting in significant rip 

velocities (Short, 1995).  The significance of rip currents as an offshore transport 

mechanism for sediment was highlighted in the field work of Maddox, as on one 

attempt a current meter held in a metallic frame was buried in sediment against the 

groyne and on the second attempt an S4 current meter held in a weighted metallic 

frame was lost -  presumably the rip current velocities were strong enough to move 

the frame and current meter offshore into deeper waters such that they could not be 

located. 

 

Field work by Maddox on the 9/10/1999 when the incident wave conditions were 

described as breaking heights of 2-2.5 m, (no wave direction was given), gave an 
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average current direction in the lee of the groyne to be WNW, with average 

velocities of the order of 30-40 cm/s and maximum current velocities of 1 m/s.  

Wave groupiness , which is a measure of the repetitive shape of the incident waves, 

with a value of 1 for perfectly grouped waves, on this day was found to be 0.33, 

which is close to the characteristic value of 0.2 of locally produced wind waves 

which display little groupiness (Dean, 2002).  Although field work by Maddox was 

conducted during incident wave conditions with little wave groupiness, nearshore 

currents are forced at many different time scales and a spectrum analysis by Maddox 

found a relationship between current velocities and wave heights at periods of 12.5 s 

and 3.6 s, which he attributed to incident swell and sea waves respectively.  A low 

frequency analysis of the data also suggested a relationship between wave heights 

and rip pulsing at periods of the order of 17 minutes, which no physical forcing is 

given for by Maddox.  However Smith (1994) and Brander (2001) have also found 

rip current pulsations with temporal scales of the order of 10-15 minutes.  Due to a 

lack of knowledge of the forcing mechanisms for these long scale motions, they have 

been defined as very low frequency motions (MacMahan, 2004), although Brander 

(1999), has attributed these pulsations to variations in the incident wave conditions.  

Maddox found no relationship between rip velocities and infragravity period waves 

of the order of several minutes, which have been previously shown by Brander 

(1999) and Aagaard (1997) to cause pulsing of rip velocities.   

 

Studies of the currents in the lee of structures are at odds with the proposed sediment 

pathways that are thought to cause downdrift erosion in the lee of coastal structures.  

This is highlighted in Figure 2.13 comparing the proposed sediment pathways around 

coastal structures and the streamline results of a numerical study of the currents in 

the vicinity of coastal structures.  The proposed sediment pathway in Figure 2.13a) 

indicates an onshore directed flow in the lee of the structure whereas the numerical 

study in Figure 2.13b) clearly shows an offshore directed flow in the lee of the 

structure.  The research presented here aims to investigate this discrepancy and 

provide field measurements examining the spatial patterns of the nearshore currents 

associated with coastal structures. 
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Figure 2.13 Comparison between the proposed sediment pathway causing 
downdrift erosion in a) and the expected currents in the lee of a shore-
connected structure in b) 

 

Rip currents that are a result of wave generated currents in the lee of structures 

should also show significant evidence of wave group forcing as investigated by 

Maddox (1999).  The system can be imagined to be powered by a �pump� in the 

inflow region powered by wave breaking which will respond to groups of higher or 

lower waves by increasing or decreasing the velocity of the alongshore current 

respectively.   

2.6 Field Techniques 

2.6.1 Eulerian 
Previous field work investigations of rip currents have examined the spatial structure 

and dynamics of rip current flow with arrays of currents meters and pressure sensors.  

Examples of the extent of these arrays are: 

• Brander (1999, 2001) - 9 current meters, 5 pressure sensors; 

• Callaghan (2003) - 12 stilling wells, 8 current meters, 3 ADCPs; and 

• Aagaard (1997) - 6 current meters. 

 

Extensive arrays are needed to resolve the direction and magnitudes of the flow and 

determine pressure gradients established by variations in wave setup.  These arrays 

provide a large amount of information of the dynamics of the currents, however they 

are expensive and also require a number of people to be involved in the field work 

associated with setting up these instruments.   
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2.6.2 Lagrangian 
Lagrangian measurements of the nearshore current systems in the field provide 

measurements of the magnitude and spatial structure of the nearshore currents 

without the need for an extensive array of Eulerian instruments.  The use of small 

floats combined with photography in laboratory studies has been extensive (Gourlay, 

1975; Kennedy, 2004; Dronen, 2002), however until the development of the Global 

Positioning System (GPS), and the removal of select availability which limited the 

accuracy of the system for military purposes, there has been no simple field method 

to provide high resolution temporal and spatial lagrangian measurements of the 

nearshore current systems.  A variety of Lagrangian measurement techniques have 

been used historically to measure velocities of rip currents.  These methods have 

included:  

• Surface floats and drogue drifters.  Positions of the floats were determined 

using compass fixes from a boat or the shore (Shepard et al., 1941; 

Shepard and Inman, 1950; Sonu, 1972 as cited in Johnson, 2004); 

• Theodolite position fixes on swimmers who were floating in the rip 

currents  (Short and Hogan, 1994; Brander and Short, 2000 as cited in 

Johnson, 2004); 

• Floats and balloons tracked using sequential aerial photographs taken from 

a balloon (Sasaki and Horikawa, 1975 and 1978, as cited in Johnson, 

2004); 

• Dye releases and sequential observations/photographs (Sonu, 1972; Bowen 

and Inman, 1974; Rodriguez et al., 1995; Brander, 1999; Takewaka et al., 

2003, as cited in Johnson, 2004); and 

• Surf zone drifters with GPS positioning (Johnson, 2004; Schmidt et al., 

2003). 

 

The GPS drifters developed by Johnson and also the more accurate differential GPS 

drifters developed by Schmidt provide the first high resolution measurements of 

nearshore current systems.  Lagrangian measurements of rip currents are good 

estimations of the actual mean flow, with laboratory experiments of vertical velocity 

profiles by Dronen (2002) and Wind (1985) showing that velocity profiles are 

relatively uniform with depth. 
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3. Field Study Sites 
Several coastal structures exist along the Perth metropolitan coastline in which the 

nearshore current regime associated with alongshore gradients in wave height could 

be investigated.  Port Beach, Cottesloe, City Beach, Floreat and several small boat 

harbours such as Ocean Reef and Yanchep marinas are all potential sites for 

investigation.  However, the groynes at Port Beach, Cottesloe and City Beach were 

chosen for this study due to their close proximity to each other and to the inshore 

wave rider buoy which is situated about two kilometers offshore from Cottesloe as 

seen in Figure 3.1.  These beaches also have similar sediment sizes with fall 

velocities ranging from 0.04 m/s at Port Beach to around 0.06 m/s at Cottesloe and 

City Beaches (Pattiaratchi, 2001). 

 

 

Figure 3.1 Location of the study sites at Port Beach, Cottesloe and City 
Beach , and their position with respect to the inshore wave rider buoy. 
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3.1 Cottesloe Beach 
Cottesloe beach is one of the most popular recreational beaches along the Perth 

metropolitan coastline. The beach at Cottesloe has a groyne to the south which was 

built in 1960 to stop the erosion of sediment from the beach.  To the south of the 

groyne, there is a limestone headland, which can be seen in the bottom of Figure 3.2, 

which limits any sediment transport from the south (Pattiaratchi, 2001).  Cottesloe 

has been prone to erosion particularly during winter storms and the Department for 

Planning and Infrastructure have installed a camera at Cottesloe as well as several 

other metropolitan beaches to monitor beach widths.  From Figure 3.2, it can be seen 

that the groyne at Cottesloe is built with an oblique angle to the shoreline.  This 

provides a degree of sheltering for the beach in the lee of the groyne in swell 

directions from the south west to westerly direction.  

 
Figure 3.2 Aerial photograph of Cottesloe groyne. Note the oblique angle of 
the groyne to the shoreline (Photo courtesy of DLI1) 

                                                
1 Department for Land Information, Western Australia 
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3.2 City Beach 
The groynes at City Beach and Floreat were built to stop the winter erosion of the 

beaches that was occurring with northwesterly winds.  The southern groyne at City 

Beach was chosen for this study as there are no structures to the south of this groyne 

to interrupt the longshore current flow, therefore it is representative of an isolated 

groyne along a long straight beach which was modelled by Liu (1976).  City Beach is 

an example of the classical response of beaches to a hard engineering structure.  The 

beach to the south of the groyne undergoes accretion as the longshore sediment drift 

generated by the prevailing south-westerlies is interrupted.  On the downdrift side of 

the groyne, the shoreline is several metres behind that on the updrift side.  During the 

summer months the downdrift side obtains the empirical logarithmic shape 

characteristic of these beaches in the lee of coastal structures as seen in the aerial 

photograph in Figure 3.3, which was taken during the summer of 2003. 

 

Figure 3.3 Aerial photograph of City Beach during summer 2003.  Note the 
accretion on the south side of the groyne and the beach shape on the northern 
side of the groyne.  (Photo courtesy DLI) 
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3.3 Port Beach 
Port Beach is bounded to the south by the North Mole breakwater (Figure 3.4), 

which was built as a part of Fremantle Harbour in 1890.  This has effectively stopped 

the net northern movement of sediment across the mouth of the Swan River 

(Pattiaratchi, 2001).  Port Beach has had a recent history of erosion, usually due to 

the passage of large storm fronts and high water levels, with one of the most recent 

large scale erosion events being the storm of May 16th 2003.  Port Beach is a popular 

recreational site, particularly for swimming, due to its lower energy conditions than 

beaches to the north.  Measurements of wave height at Port Beach during the passage 

of a mid latitude depression suggest that the incident wave climate is about half of 

that measured by the inshore wave buoy (Pattiaratchi, 2001).  

 

 

Figure 3.4 Aerial photograph of Port Beach (photo courtesy of DLI) 
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4. Sampling Design and Approaches 

4.1 Eulerian Measurements 
Eulerian measurements of the flow in the lee of coastal structures were undertaken to 

determine the predominant direction of the flow and also to determine the 

magnitudes of the flow.  Cottesloe groyne was chosen for the Eulerian part of the 

study as it provided a greater geometric shadow than the groynes at City Beach and 

Port Beach.  This allows for the wave generated current system which is the focus of 

this study to be more established and the more protected shadow zone would also 

hopefully make the deployment of the instruments easier.  Eulerian measurements 

where conducted using two different instruments on separate occasions at Cottesloe 

groyne, the first being measurements by an Acoustic Doppler Current Profiler 

(ADCP) on the 2nd August 2004 and the second being measurements by an 

InterOcean S4 vector averaging current meter on the 21st August 2004.  

4.1.1 Acoustic Doppler Current Profiler 
A 300 kHz RDI Workhorse Acoustic Doppler Current Profiler (ADCP) was the first 

instrument used to measure the direction and magnitude of the currents adjacent to 

the groyne.  The ADCP was set to record the data in 0.1 m depth bins at a rate of 

2 Hz.  The direction of the current in degrees and the magnitude in mm/s was 

recorded for each of these depth bins.  The data was processed using WinADCP 

Version 1.13, which can view and then export the ADCP data.  On the 2nd August 

2004, the ADCP was placed in the water at location 31°59.792�S, 115°44.989�E, 

approximately 4-5 m out from the groyne and 10 m from the seaward extent of the 

groyne from 11:30 to 16:00.  The ADCP was moored using a cross brace frame as 

seen in Figure 4.1. Attached to this frame were two buoys so that the position of the 

ADCP was known for easy retrieval.  

 
Figure 4.1 Configuration of the ADCP for deployment 
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4.1.2 InterOcean S4 Vector Averaging Current Meter 
After viewing the data collected by the ADCP and the uncertainty of the data 

obtained, it was then thought that a better instrument for the measurements of the 

direction and magnitudes of the currents adjacent to the groyne would be the 

InterOcean S4 vector averaging current meter.  The S4 current meter had the 

advantage of having a pressure sensor, which meant it was also able to measure wave 

heights passing over its position.  The S4 current meter is spherical and measures 

currents by establishing a magnetic field around itself.  As water passes around the 

current meter, the magnetic field is altered, allowing the direction and magnitudes of 

the current to be determined.  The instrument recorded the vector averaged current 

speed in cm/s, the direction of the current in degrees, surface temperature (°C) and 

water depth (m) at a sampling rate of 0.5 Hz.  On the 21st August 2004, the S4 

current meter was placed at location 31°59.7959�S, 115°44.9846�E.  The S4 meter 

was located in a similar position to that of the ADCP, however it was placed closer to 

the groyne, approximately 2 m away from it.  The S4 meter was configured as seen 

in Figure 4.2 and sampled from 10:00 to 16:00.  The bottom of the current meter was 

tied to a lead weighted block and the top was tied to a large buoy.  The current meter 

was deployed at a depth where the large buoy was submerged, therefore providing a 

buoyancy force that would keep the current meter vertical in the water column.  A 

small buoy on a longer rope was attached to the large buoy to aid visual 

identification of the equipment in the event that the current meter broke away from 

its mooring and was carried into deeper water.  

                  
Figure 4.2 Configuration of S4 Current Meter 

 



    
 

Sampling Design and Approaches 45 

4.2 Lagrangian Measurements 
Lagrangian measurements are those that are taken in a moving reference frame, 

while Eulerian measurements are taken with a fixed reference frame.  In effect, 

Lagrangian measurements of fluid flows are trying to trace the movements of 

individual fluid particles with time.  One of the reasons that there has been few field 

studies of rip currents is that in order to resolve the spatial patterns using Eulerian 

instruments, an extensive array is needed.  An example of this is the array used by 

Brander (2001) where 5 strain gauge pressure sensors and 9 current meters were used 

to resolve the flow kinematics of a low energy rip current.  In comparison, 

Lagrangian measurements of the rip flow provided by a small number of drifters can 

also provide information on the spatial structure and velocities of the nearshore 

current system.  The GPS surfzone drifters developed by Johnson (2004) have been 

used extensively in the study of transient rip current features and longshore currents, 

therefore they are highly suitable for this study of nearshore currents.  They also have 

the advantage of being compact, which enables the measurements of the nearshore 

current patterns to be undertaken by a single person. 

4.2.1 GPS Surfzone Drifters 
The design of the drifters enables them to be constructed out of low cost, off the shelf 

components and this also makes them easily replaceable and repairable.  As seen in 

Figure 4.3, the drifters consist of four primary components, the instrument casing, 

GPS receiver/antenna system, a datalogger and a power source.  The main casing is 

320 mm in length and constructed out of 100 mm diameter PVC sewerage pipe.  The 

casing is sealed by a ring cap which makes a water tight seal with the clear Perspex 

cover of the internal frame.  The internal frame holds the GPS receiver and 

datalogger and sits above the battery pack which is placed into the bottom of the 

main casing.  The battery pack consists of seven standard alkaline D-cell batteries 

and serves two purposes - as well as powering the GPS the battery pack also provides 

a ballast, providing the unit with upright stability and also providing the unit with 

almost neutral buoyancy, with only the top 2 cms of the unit exposed when it is 

floating in seawater (Johnson, 2004). 
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Figure 4.3 Internal components of the GPS surfzone drifters. 

 

For use in the surfzone, a parachute type drogue system which can be seen in 

Figure 4.4, has been developed by Johnson (2004) to limit the surfing effect when 

instruments are caught in breaking waves of the surfzone.  As seen in Figure 4.4, the 

parachute drogue works by opening and dramatically increasing the drag force when 

there is an increase in the vertical velocity of the unit, such as when a steep wave 

passes the unit, or when there is a differential velocity between the upper and lower 

part of the water column, such as when the unit is hit by a breaking wave. 
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Figure 4.4 Parachute drogue used to stop the GPS units �surfing� and how 
the parachute responds when pulled through water 

Configuration 
The drifters were first assembled using two parachutes drogues to stop the surfing 

effect of the units.  After the first deployment of the drifter at Cottesloe, it was 

observed that the parachutes that attach to the drifter were too long for the shallow 

region close to the shoreline where the longshore current was flowing.  The motion 

of the drifter in these shallow regions was effectively stopped by the friction effects 

of the parachutes and weight being dragged along the bottom.  Therefore the unit was 

evaluated with slightly different configurations.  Removing the parachutes from the 

drifter assembly completely allowed for the shallowest draft of the assembly, 

however when deployed in the surfzone, the drifter was repeatedly picked up by the 

breaking waves and the drifter effectively surfed towards shore rather than moving 

with the currents.   

 
Figure 4.5 Configuration of the drifters used for the study using a single 
parachute. 

 
The unit was then tried with a single parachute as seen in Figure 4.5, with a smaller 

weight attached to the bottom of the parachute.  Visual observations of the unit with 

a single parachute were that this configuration appeared to reduce the surfing effect 

of the units substantially over the unit with no parachute.  Modelling of the response 
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of drifters for different configurations of the units by Johnson (2004) demonstrates 

that the number of parachutes on the assembly has little effect on the ability of the 

units to measure wave averaged velocities as long as the number of parachutes used 

is at least one.  The weight at the bottom of the parachute assembly is only required 

to orientate the parachute vertically in the water column so that it will open when the 

unit is accelerated upwards by passing waves.  The smaller weight used still held the 

parachute vertical as well as reducing the friction force when the drifter comes into 

contact with the bottom, thereby allowing the force of the current to still move the 

unit when the weight was in contact with the bottom.  The contact of the weight with 

the bottom will effect the recorded longshore velocity measurements, with the 

drifters further underestimating the currents in the shallow regions when the weight 

is being dragged.   

Deployment 
Drifters were deployed using the same method at each location.  The units were 

carried out into the surfzone into a water depth that was greater than the draft of the 

assembly, approximately 0.5 m.  The units were released simultaneously and left to 

circulate in the nearshore region until one of the drifters either washed up onto shore 

or drifted offshore significantly and had to be retrieved.  This was repeated several 

times to provide information on the spatial patterns of the nearshore currents in the 

lee of groynes.  Drifters also had a habit of being washed into the groynes and 

becoming lodged on the rocks.  Drifters that became lodged in the groyne were 

relocated back into the rip current to continue their circulation.  

Sampling 
Dataloggers that record the positions of the units were set to sample at 1 Hz, with the 

datalogger being started before the drifter unit was sealed watertight and then the 

recording of positions was ceased once the unit was removed from the water and 

reopened.  Unfortunately there was no reed switch for the drifters to be turned on and 

off with so that different circulations could be separated, therefore the results from 

each field experiment consisted of continuous measurements for the duration of 

sampling.  This became an issue in analyzing the results when trying to distinguish 

when the drifters were recollected and released together again.  This was overcome 

by making a script in MATLAB that identified when the drifters were within a radius 

of 2 m of each other at the same point in time, indicating the commencement of a 

new run.  The time variable enabled this matching of positions because the time 

recorded by the units is obtained from the satellites that the GPS uses to locate its 
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position, therefore the drifters will record the same time regardless if one datalogger 

was started before another.  This therefore, allowed the data to be separated into the 

different runs.  

 

Data was lost on several occasions from the drifters due to low battery conditions.  It 

was found that the GPS units inside the drifters stop working when the voltage of the 

main battery pack falls below 8 Volts.  Batteries inside the datalogger units should 

also be replaced on a regular basis as they also caused a loss of data.   

4.3 Sampling Techniques 
All beaches were sampled under moderate swell conditions after the passage of a 

south westerly cold front, so that the swell direction was from the south west to west.  

This provides the situation where an oblique wave crest was incident to the groyne at 

all of the locations.  Eulerian measurements were used to determine the direction of 

the currents along the face of the groyne at Cottesloe.  Lagrangian measurements of 

the nearshore current systems were undertaken using the GPS surfzone drifters 

developed by Johnson (2004).  Although the drifters are minimally affected by winds 

due to their low surface profile, sampling was aimed to coincide when winds were 

slight, minimizing any possible effects, however this was not always possible.  Wind 

from a south westerly direction would induce forces that are opposite to the 

alongshore current predicted by Gourlay (1975), consequently for the drifters to 

move towards the structure as predicted, they would have to move against any wind 

induced forces, leading to a slight underestimate of the wave generated current. 

  

Coastal structures at each location were traced by walking around the top of the 

structures with the drifters.  This gives a general location of the coastal structure, 

however the construction methods of coastal groynes is such that they are a few 

metres wider at mean sea level than they are at the top.  This means that plots of the 

drifter trajectories will appear to be further from the edge of the groyne than they 

actually are.  Mean sea level was also sampled by walking around the maximum 

limit of the swash zone.  Locations of the Eulerian instruments were recorded by 

holding a drifter above the location of the instrument. 

 

Deployment methods for the drifters were similar for all locations.  The drifters were 

carried out into the surfzone into water depths which allowed the parachute drogue to 

hang free so that no friction effects with the bottom had to be overcome by the unit.  



 

50  Field Studies of Rip Currents 

Different release locations for the drifters were tested previous to the first field work 

on the 29th June 2004, with visual observations of the drifters indicated that releasing 

them into the rip current adjacent to the groynes was the optimal starting location.  

Movements of the drifters released close to shore, and further away from the groynes 

were dominated by breaking waves, with the drifters often �beaching� themselves.  

Therefore drifters were deployed close to the groynes at all locations when sampling 

the spatial patterns of the wave generated currents.  

 

Visual observations of the currents in the lee of the groynes were also taken with 

photographs of the beach planform, current effects on wave form, the apparent 

convergence zone at the top of the rip and also alongshore variations in wave height. 

4.3.1 Wave Conditions 
Inshore wave heights from the waverider buoy which is situated approximately 2 km 

offshore from Cottesloe Beach were supplied by the Department for Planning and 

Infrastructure Coastal Data Centre.  Incident wave heights and periods can be found 

in Table 4.1. 

 

Cottesloe Beach was sampled when there was a total significant wave height above 

1 m.  This meant that the breakpoint for waves at Cottesloe was close to the tip of the 

groyne so that the structure would be considered a �long� groyne. 

 

As the inshore wave climate at Port Beach has been found to be roughly half of the 

measured inshore wave climate (Pattiaratchi, 2001), Port Beach was sampled when 

significant wave heights were larger, approximately 2 m.  At these wave heights, the 

breakpoint of the waves at Cottesloe and City Beach were well past the end of the 

groyne, however sampling was possible at Port Beach due to the longer length of the 

groyne and lower incident wave climate.  The groyne at City Beach is comparatively 

short, only reaching roughly 50 m offshore with it predominantly acting as a �short� 

groyne during moderate swells.  Sampling at City Beach was undertaken when the 

inshore wave height was relatively low, about 0.8 m, so that the breakpoint of the 

waves was similar to the length of the groyne.  
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Table 4.1 Average inshore wave heights and periods during the sampling 
times at each field location. 

 TOTAL SWELL SEA 
Location Date Hs Tp  Tave Hs Tp Tave Hs Tp Tave 

Cottesloe 29-June 1.77 11.84 6.55 1.09 13.42 11.54 1.39 6.72 5.18 
Cottesloe 8-July 1.30 9.95 7.14 0.91 9.95 10.39 0.92 6.57 5.50 
City Beach 26-July 0.85 13.08 9.82 0.76 13.08 12.35 0.38 6.84 5.41 
City Beach 27-July 0.63 14.35 9.45 0.55 14.35 12.04 0.31 7.28 5.69 
Port Beach 1-August 2.12 10.93 6.93 1.48 10.93 10.61 1.51 7.42 5.21 
Cottesloe 2-August 1.43 15.24 8.67 1.15 15.24 12.35 0.85 7.18 5.60 
Cottesloe 21-August 1.33 11.69 7.04 0.93 11.69 10.79 0.96 6.99 5.29 
Port Beach 26-August 2.10 12.53 7.15 1.41 14.02 11.85 1.55 6.59 5.36 

 

4.4 Field Work 

4.4.1 Cottesloe 

29th June 2004  
Sampling was conducted in the afternoon on the 29th June from 14:00 to 18:00.  

Wind speed was approximately 10 to 15 knots from a south-westerly direction.  

From Table 4.1 it can be seen that the total significant wave height was 1.77 m.  Low 

tide also occurred at the beginning of the sampling period (Table 4.2).  Sampling was 

undertaken with a single drifter at Cottesloe where it was deployed into the surfzone 

approximately 10 m on the northern side of the groyne.  The drifter circulated several 

times without washing up onto shore.  The affect of the current system on a swimmer 

was also investigated by the author simply floating and allowing the current system 

to provide the transport, effectively becoming a �live� drifter. 

Table 4.2 Predicted Tidal levels for 29th June (Courtesy DPI) 
Water Level (M) Time 
1.18 6.51 
0.6 16.37 

8th July 2004 
A single drifter was deployed at Cottesloe during the time 12:30 to 15:00.  Total 

significant wave height was 1.3 m, (Table 4.1) and the tide was falling (Table 4.3).  

Wind direction was variable with a magnitude of approximately 5 knots.  The drifter 

recirculated several times however it was repeatedly washed into the groyne.  The 

affect of the current system on transporting a swimmer was investigated again also. 
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Table 4.3 Predicted Tidal levels for 8th July (Courtesy DPI) 
Water Level (M) Time 

0.94 11.14 
0.73 19.22 

2nd August 
Two drifters were used to sample the nearshore currents on the 2nd  August from 

10:30 to 16:00.  Conditions were excellent with a moderate swell, little sea and no 

wind during the whole sampling period.  Total significant wave height was 1.43 m, 

(Table 4.1) and the sampling was conducted through a falling tide (Table 4.4).  

Drifters were deployed in a similar method to previous experiments and Eulerian 

measurements were also taken using an ADCP. 

 

Table 4.4 Predicted Tidal levels for 2nd August (Courtesy DPI) 
Water Level (M) Time 

1.13 10.30 
0.51 7.47 

21st August 
Sampling was conducted using a set of five drifters from 10:00 to 16:00.  These 

drifters were deployed as a group and also released separately into the rip current at 

the base of the groyne.  The drifters were also released further north along the beach 

to try and determine longshore current characteristics outside of the circulation 

pattern.  Eulerian measurements using an InterOcean S4 current meter were also 

taken.  Winds varied from 10-15 knot southerlies at the beginning of the sampling 

period and had decreased to light and variable winds by 12:00.  Total significant 

wave height was 1.33 m (Table 4.1) and the tide had fallen enough to expose the top 

of the buoy holding the S4 current meter by the end of the sampling period, although 

it was still submerged enough to hold the current meter vertical.   

Table 4.5 Predicted Tidal levels for 21st August (Courtesy DPI) 
Water Level (M) Time 

0.84 1.25 
0.70 6.25 
0.75 11.38 
0.62 17.46 

 

4.4.2 Port Beach 

1st August 
Two drifters were deployed at Port Beach on the 1st August from 15:00 to 18:00. 

Wind strength was approximately 15 knots from the south west.  The surf zone at 

Port Beach was quite shallow, with sampling undertaken close to low tide 
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(Table 4.6), therefore the drifters were carried offshore (~50 m) so that they could be 

released into water depths of approximately 0.5 m and straight into the rip current 

along the face of the groyne.  Total significant wave height measured by the inshore 

waverider buoy during the sampling period was 2.12 m (Table 4.1).   

Table 4.6 Predicted Tidal levels for 1st August (Courtesy DPI) 
Water Level (M) Time 

1.19 9.44 
0.45 19.15 

26th August 
Two drifters were deployed between 13:00 and 16:00 with sampling again conducted 

close to low tide (Table 4.7).  Total significant wave height was 2.1 m (Table 4.1) 

and wind strength was approximately 18-20 knots from the south west.   

Table 4.7 Predicted Tidal levels for 26th August (Courtesy DPI) 
Water Level (M) Time 

1.05 5.50 
0.38 16.01 

 

4.4.3 City Beach 

26th July 
Two drifters were deployed at City Beach during the 26th June from 13:00 to 15:30.  

The day was calm with little wind and significant wave height during the sampling 

period was 0.85 m (Table 4.1).  As City Beach is an isolated groyne along a straight 

beach it allowed the investigation of the current patterns on either side of the groyne.  

The longshore current patterns further north of the groyne were also investigated.   

Table 4.8 Predicted Tidal levels for 26th July (Courtesy DPI) 
Water Level (M) Time 

1.01 4.36 
0.64 15.25 

27th July 
Sampling using two drifters was conducted between 12:30 and 14:30.  The sampling 

on the 27th July was a repeat of the previous days sampling regime due to the loss of 

data from one of the drifters.  Weather conditions were also very similar with a 

significant wave height of 0.63 m (Table 4.1) and no wind.   

Table 4.9 Predicted Tidal levels for 27th July (Courtesy DPI) 
Water Level (M) Time 

1.08 5.22 
0.54 15.31 
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4.5 Data Analysis 

4.5.1 Lagrangian Drifters 
The dataloggers record the position of the drifters every second to a precision of 

0°0.0001�, which equates to approximately 0.16 m of easting and 0.19 m of northing 

at a latitude of 32°S (Johnson, 2004).  A position analysis of the errors associated 

with the standard GPS units by Johnson (2004) showed that 95% of fixes fell within 

circles of radii 2.2 m and 3.6 m respectively, and that the drifters were suitable for 

measuring motions with frequencies less than 0.05 Hz, which makes them suitable 

for the analysis of the mean currents in the wave generated system of interest.  

 

These recorded positions were downloaded onto a computer using the software 

Datalogger Download Version 5.5.6.  This software downloaded the information 

from the logger and then saved it as a comma separated file.  

 

The latitude and longitude positions of the drifters are then converted to Universal 

Transverse Mercator (UTM) coordinates (x,y) [m] at time (t), using a MATLAB 

script written by Johnson (2004) which requires the inputs of latitude, longitude, 

zone, hemisphere and ellipsoid.  UTM coordinates project latitudes and longitudes 

onto a concentric cylinder which is tangent to the equator as seen in Figure 4.6.  To 

minimize distortion, the Earth is separated into different zones and the axis for this 

projection is slightly rotated for each zone (ICSM, 1985).  Perth is situated in UTM 

Zone 50.  This enables latitude and longitude coordinates to be represented flat on a 

map, with little distortion.  UTM coordinates from the drifters were then smoothed 

with a 0.1 Hz filter to remove oscillations of the drifters associated with incident 

waves. 

 

 
Figure 4.6 A representation of the projection of latitudes and longitudes to 
UTM coordinates. 
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Velocities of the drifters u(t) and v(t) can then be calculated from the movement of 

the drifters with time (t), where u(t) and v(t) are the velocities in the x and y 

directions respectively.  The speed of the drifters is calculated as the resultant of the 

x and y components.    

 

Using a cluster of drifters enables estimates of dispersion in the nearshore.  

Dispersion of the cluster of drifters can be determined as a function of variance, with 

the variance of the drifters calculated relative to the position of the centroid of the 

cluster with respect to time.  The centroid of the set of drogues is determined by  

Equation 16. Equation to determine centroid (x,y) of the cluster of drifters. 
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where N is the number of drifters and (x,y) is the position of the drifter j at time i.  

 

The variance is calculated from the sum of differences between the position of each 

drifter to its centroid position for both the x and y directions, which is given below 

(Verspecht, 2002). 

Equation 17. Variance in the x and y directions of the cluster of drifters. 
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Total Variance of the cluster can then be calculated from the sum of the x and y 

components of variance (Verspecht, 2002) 

Equation 18. Total variance of the drifters in the cluster. 
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The relative total dispersion coefficient can then be defined as 

Equation 19. Total Dispersion Coefficient. 
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which can then be approximately directly from the values of σ2.  To determine the 

dispersion of the rip head region, Johnson (2004) used a best fit line from the region 
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of low dispersion in the rip neck to the first main peak in the variance.  This gives a 

bulk estimate of the dispersion in the rip head region.  

 

4.5.2 Eulerian Measurements 

Acoustic Doppler Current Profiler 
The acoustic doppler current profiler data was viewed as a contour plot of the 

direction (degrees) and magnitude (mm/s) of the currents throughout the water 

column and also as a vertical profile of the two variables using WINADCP.  

InterOcean S4 Vector Averaging Current Meter 
Data obtained from the InterOcean S4 vector averaging current meter, which 

included water depths, current magnitude and direction as well as water temperature 

and salinity has been presented using several methods.  Plots of the whole dataset 

averaged into one minute intervals display the general trends of the data over the 

sampling period.  A timeseries plot of current magnitudes displays the range of the 

data, and a rose plot of the frequency and direction of the recorded currents is used to 

reveal the predominant direction of the current flow and the respective magnitudes.   

 

The current spectrum is analysed to determine if there is any significant pulsing of 

the rip and at what frequency this occurs.  Hydrostatic water depths measured by the 

S4 can be used to determine the incident wave climate.  Wave data is presented in 

two ways, as a spectrum analysis which is used to determine the dominant 

frequencies within the incident wave climate and as a time series of incident wave 

quantities, such as the significant wave height, significant period and also the swell 

and infragravity periods, measured over time.  These wave quantities were obtained 

from partitioning the spectral energy into different frequency bands.   

 

Analysis of the data using the methods detailed was carried out using MATLAB 

scripts supplied by Prof Chari Pattiarartchi.  The S4 current meter also allowed for 

the validation of the speeds obtained by the drifters.  This validation was obtained by 

recording every segment where a drifter passed through the rip current within a 2 m 

radius of the S4 current meter.  This was accomplished using a script in MATLAB 

that analysed the positions of the drifters and recorded velocities when the drifters 

were within the specified proximity of the current meter.  An average velocity of the 

drifters near the current meter was then obtained which could be compared to the 

averaged one minute current speeds recorded by the S4. 
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5. Results 

5.1 Eulerian 

5.1.1 Acoustic Doppler Current Profiler 
An RD instruments Workhorse Acoustic Doppler Current Profiler (ADCP) set to 

sample at a frequency of 0.5 Hz was positioned at 31°59.792�S, 115°44.989�E in the 

lee of the breakwater at Cottesloe for the period 11:30 to 16:00.  Observations during 

the deployment of the current meter were that the offshore directed current was 

strong enough that it easily transported swimmers offshore.  The strength of the 

current made positioning the ADCP difficult, with the force of the current strong 

enough that even hanging onto the rope attached to the ADCP required a large 

amount of effort. 

 

The ADCP was set to record velocities in bins of 0.1 m, starting at 0.3 m above the 

head of the instrument with the instrument being placed at a depth of approximately 

1.5-2 m.  The ADCP recorded 60 bins, suggesting that the water depth was 

approximately 6 m - and therefore the validity of the data is skeptical.  The data 

obtained was noisy and a spectrum analysis of the data showed no significant energy 

at any particular frequency.  The lack of any significant offshore directed current was 

attributed to the ADCP being placed too far from the groyne, with the ADCP only 

sampling the edge of the rip current.  High variability in the data also suggested that 

the ADCP was not ideally suited to work in the shallow surf zone.   

 

A sample of the data recorded by the ADCP is shown in Figure 5.1.  The data 

presented is limited to the first 10 bins, which is assumed to be representative of the 

water column with a depth of approximately 1.6 m.  It can be seen from the figure 

that the data when limited to only the first ten bins was still relatively noisy, with no 

obvious flow pattern. However periods of offshore directed flow of duration of 

approximately 1 minute can be seen through the sample, which can be seen in the 

contour plot of current direction in Figure 5.1.  The offshore directed flows are 

signified by the vertical bands of red/pink corresponding to a direction of 

approximately 330 degrees.  
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Figure 5.1 Sample of current direction (top) and current magnitude(bottom) 
results from the ADCP from 12:46 to 13:00 on the 2nd of August 2004. 

 

Taking a velocity profile through a region of offshore directed flow suggests that the 

flow was relatively uniform with depth as seen in Figure 5.2.  This profile is taken 

through ensemble 5041 recorded at 12:48, and has an average speed of 1 m/s directed 

offshore along a bearing of approximately 330 degrees.  Although the data associated 

with the ADCP is skeptical, velocity profiles during offshore directed flow are 

comparable to laboratory studies of rip flow by Dronen (2002) and (Wind, 1985) that 

have found that vertical velocity profiles in rip currents are relatively uniform. 

 

On recovering the ADCP from the surfzone, it was found that it had been half buried 

in sediment, after being deployed for approximately 5 hours, which highlights the 

potential of nearshore currents as significant transport mechanisms for sediments. 

 

Regions of offshore directed 
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Figure 5.2 Vertical profile of current magnitude and direction during a period 
of offshore directed flow at Cottesloe 

5.1.2 Vector Averaging Current Meter 
The InterOcean S4 vector averaging current meter was positioned at 31°59.7959�S, 

115°44.9846�E in the lee of the groyne at Cottesloe Beach between 10:00 � 16:00 on 

the 21st August.  The current meter provided measurements of current direction and 

magnitude, water depth, temperature (°C) and salinity (�) at a sampling rate of 

0.5 Hz.  Figure 5.3 presents the 1 minute averages of the properties measured by the 

S4 for the duration of the sampling period.   

 

Averaged over intervals of one minute, current magnitudes ranged from 15.7 cm/s to 

58.6 cm/s.  A rose plot of the frequency of the current direction is presented in 

Figure 5.5, however it can be seen from Figure 5.3 that the 1 minute averaged 

currents ranged between a bearing of 315 to 350 degrees with an average direction of 

337.5 degrees.  The groyne at Cottesloe is oblique to the shoreline, being parallel to a 

bearing of approximately 340 degrees, which suggests that offshore directed currents 

are predominant in the lee of the groyne.   
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Figure 5.3 One minute averages of properties measured by the InterOcean S4 
current meter at Cottesloe Beach on the 21st August 2004, 10:00 to 16:00. 

Temperature  
Temperature fell rapidly from 16.50 °C to 16.09 °C during 10:00 to 11:00, before 

slowly increasing throughout the day until reaching 16.40 °C at 13:00.  Temperature 

remained relatively constant at 16.00 °C for the rest of the sampling period. 

Salinity  
Corresponding to the rapid decrease in the temperature, there was a rapid increase in 

salinity from 34.3 � to 34.62 � during 10:00 to 10:15.  However, unlike the 

temperature pattern, salinity rapidly decreased and had returned to a value of 34.3 � 

by 11:00.  Salinity continued to decrease slowly throughout the day, falling from 

34.3 � at 11:00 to 34.2 � by the end of the sampling period. 

 

Results from the temperature and salinity plots recorded by the S4 current meter 

suggest that there was a pulse of high salinity, low temperature water that moved 

through the study site between 10:00 and 11:00; the cause of which is unknown.  

Water Depths 
The plot of average water depth shows the general trend of an increase in water level 

during the first hour of sampling, with mean water levels reaching a maximum of 
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1.4 m between 11:00 and 12:00.  Water depths then continued to decrease throughout 

the day, falling to a depth of 1.15 m by the end of the sampling period.  This 

fluctuation of mean water level is in agreement with the predicted tides for Fremantle 

Harbour on the 21st August, with a high tide predicted at 11:38 and a low tide at 

17:46 (Table 4.5). 

 

 

Figure 5.4 Current Magnitudes measured by the InterOcean S4 current meter 
on the 21st August, between 10:00 and 15:40 

 

Currents measured by the S4 during the entire sampling period are plotted in  
Figure 5.4.  Current magnitudes measured reached a maximum of 199 cm/s during 

the sampling period, with an average of 54.16 cm/s.  It can be seen from this time 

series that current speeds reached in excess of 140 cm/s on several occasions.  
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Figure 5.5 Frequency of occurrence of direction and magnitude of measured 
currents. 

 

An analysis of the direction and magnitudes of the measured currents is given 
in the rose plot in  

Figure 5.5.  From this plot it is clear that the predominant current flow is in a north-

westerly direction, with currents flowing within the WNW to NNW sector 

accounting for 55% of the total currents measured.  Currents directed within this 

region also have the greatest magnitudes, with 15% of the currents having a velocity 

greater than 80 cm/s.   

 

Onshore directed currents, the region from north, clockwise around to the west, 

appear to have no dominant direction of flow; with no onshore directed flow having 

a frequency of occurrence greater than 5%. Magnitudes of the onshore directed 

currents are also smaller, with currents predominantly less than 40 cm/s.  This is 

expected as onshore flow from waves due to mass transport from breaking and stokes 

drift is generally slow and diffuse, and would be further reduced in the lee of the 

groyne due to the lower wave climate.  

 

From this plot it is clear that offshore directed currents are predominant in the lee of 

the groyne for swell from a south westerly direction.  The direction of these currents 
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is consistent with the angle of the groyne at Cottesloe, which is consistent with the 

expectation that the currents are deflected offshore by the structure. 

5.1.3 Spectrum Analysis 
A spectrum analysis was carried out to determine the frequencies in the rip current 

pulsations.  Spectral density is a measure of momentum, with higher values 

corresponding to larger amplitudes of oscillation.  Period is related to frequency by 

the relationship given in Equation 20.  

Equation 20 Relationship between period and frequency. 

f
T 1=    

 

Wave spectrum 
The wave spectrum measured by the S4 current meter (Figure 5.6), is obtained from 

the measurements of hydrostatic pressure, and has several significant peaks.  Peaks 

in energy occur at periods of 12 seconds and 30 seconds.  A peak in the spectrum at 

12 s is consistent with the significant wave period obtained from the inshore wave 

buoy for the duration of the sampling which was 11.7 s (Table 4.1).  The peak in the 

energy at a period of 30 s is due to swell waves, which is determined in an analysis 

of mean wave quantities in Figure 5.7.  

 

The next significant peak in the spectrum occurs between periods of 2-3 minutes.  

These peaks are attributed to energy associated with infragravity waves, which from 

Figure 5.7, had an average of 2 minutes 15 seconds.  It is also obvious that there was 

a large amount of variability in these infragravity waves, with periods ranging from 

1 minute to 5 minutes.  This variability is evident in the wave spectrum, with several 

small peaks in spectral density at periods of 5 minutes and a larger peak around the 

periods of 1-3 minutes.  Peaks associated with the infragravity frequencies are of the 

same magnitude as the energy provided by incident sea and swell waves, which 

suggests that they are an important driving mechanism for motions in the nearshore 

environment. 

 

Spectrum analysis also allows for energy contributions from lower frequency 

motions to be identified.  Lower frequency variations of the incident wave climate at 

Cottesloe occurred at periods of 20 minutes and 50 minutes.   
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Figure 5.6 Wave Spectrum measured by the S4 current meter 
 

Plotted in Figure 5.7 is a time series of the incident wave climate.  These wave 

quantities are calculated from averaging the spectral densities within different 

frequency bands.  Significant wave height, Hs, was stable throughout the sampling 

period at 0.37 m.  There was a slight decrease in the significant period, Ts, from 

10 seconds at the beginning of the sampling period to 8 seconds at the end.  Swell 

period was quite variable, ranging between 12 and 31 seconds with an average value 

of 23 seconds. 
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Figure 5.7 Time series of wave quantities calculated from spectral energies. 
 

Current Spectrum 
Results of spectrum analysis of the current measurements shown in Figure 5.8 

display peaks at several frequencies, most of which correspond to peaks in the 

incident wave climate.  There is a large amplitude, broad banded peak at a period of 

12 seconds, which is one of the largest spectral densities measured.  This peak 

corresponds to the significant wave period as seen in the wave spectrum shown in 

Figure 5.6.  The large amount of energy within this peak suggests that the current 
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system is predominantly forced by the incident wave field, however several other 

peaks in the spectrum suggest that there are other forcing mechanisms.   

 

 
Figure 5.8 Spectrum Analysis of current magnitudes measured by the S4. 

 

Several smaller peaks occur at frequencies of the order of 1-3 minutes with a single 

narrow banded peak also present at a period of 7 minutes.  At a period of 20 minutes 

there is a broad peak, which suggests the forcing mechanism at this period is variable 

over time.  Longer period oscillations are also evident in the velocities of the rip 

current, with peaks in spectral density also occurring at periods of 50 minutes and 

2.5 hours.  

 

Oscillations of the measured currents with periods of 2.5 hours are attributed to the 

seiching of Cockburn sound, which has found to have periods of the order of 2.8-

3 hours (Molloy, 2001).  The propagation of this seiching up the coast has been 

detected as far north as Two Rocks Marina (Molloy, 2001), therefore the detection of 

this seiching at Cottesloe is reasonable.  

 

Rip pulsing at very low frequencies of the order of 15- 20 minutes have been found 

in field measurements of rip currents by MacMahan (2004), Brander (2001), and 

Maddox (1999).  The cause of these low frequency oscillations is attributed to 

variations in the incident wave climate (Brander, 2001).  Spectrum analysis of rip 
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current magnitudes showed low frequency oscillations with periods of 20 and 

50 minutes.  The wave spectrum as seen in Figure 5.6, also has peaks in the spectral 

density at periods of 20 and 50 minutes which provides evidence that variations in 

the incident wave climate are a forcing mechanism for the pulsing of the rip at these 

low frequencies. 

  

Infragravity waves have periods of several minutes and have been shown to 

contribute strongly to rip pulsing in field studies by Brander (2001).  As expected, 

there were several peaks in the spectral density of wave height at periods of 1-

3 minutes, as shown in Figure 5.6, which indicates that water level changes within 

the surf zone due to infragravity waves were a forcing mechanism for the wave 

generated current system.  However the spectrum analysis of the current magnitudes 

in Figure 5.8, clearly shows that the energy associated with significant waves is 

larger than the energy associated with the infragravity periods.  This suggests that 

variations in water levels caused by infragravity waves are secondary to the variation 

in water level due to wave setup in forcing this system. 

 

Unfortunately the duration of deployment was not long enough to determine if the 

tidal cycle also had an effect on the magnitude of the wave generated current system, 

although the evidence of forcing due to low frequency motions such as the seiching 

of Cockburn sound and the low frequency oscillations of the incident wave climate 

suggest that tidal movements are likely to have an effect on the magnitudes of the 

wave generated current system.  

5.1.4 Validation of Drifter Speeds 
Although the drifters and Eulerian measurements measure different flows, with the 

drifters measuring wave averaged surface velocities and the fixed Eulerian 

instruments measuring depth averaged velocities, it is useful to compare the two to 

determine any discrepancies. The methodology for this comparison is described in 

Section 4.5.2. 
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Figure 5.9 Comparison between average Eulerian and average Lagrangian 
measurements of rip velocity. 

 

Average drifter velocities when in the vicinity of the S4 meter were found to be 

34.62 cm/s.  From Figure 5.9, it can be seen that the average velocity of the drifters 

in the rip current slightly underestimate the average Eulerian velocities by the order 

of approximately 5%.  This compares well with the validation of drifter speeds by 

Johnson (2004), who found that the drifters closely measured the depth averaged 

Eulerian velocities, especially in the cross shore direction.  Although it appears that 

drifters appear to closely estimate the average Eulerian measurements, this is thought 

to be a result of the current system in which the measurements were taken.  The S4 

current meter was placed in relatively shallow water, with water depths of only 

1.4 m.  Vertical velocity profiles in rip currents have been shown to be relatively 

uniform (Dronen, 2002), therefore the surface velocities of the drifters are likely to 

be close to the depth averaged Eulerian velocities.  
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5.2 Lagrangian Drifters 
The general spatial characteristics of the wave generated current system are 

discussed in detail using results from drifter trajectories at Cottesloe on the 29/6/04, 

8/7/04 and 21/8/04.  During the first two experiments the drifters circulated several 

times without being washed onto shore, making for an easier analysis of the general 

regions of flow.  Results from other experiments at Cottesloe are presented in 

Appendix A.  It should be noted that the speed of individual drifters over time 

instead of velocity vectors are plotted for experiment RE7 due to the large amount of 

data involved with the cluster of drifters.  Trajectories and velocity vectors from 

similar experiments at City Beach and Port Beach are presented in Appendix B and 

Appendix C respectively with a comparison between the locations given in Sections 

5.2.1 and 5.2.2.  It should be noted for reference that plots of drifter trajectories begin 

at the cross and finish with the circle and are plotted at an interval of 7 seconds with 

the same velocity scale. 

5.2.1 Cottesloe 
Plots of trajectories of the drifters on the 29th June between 16:30-17:00 and on the 

8th July between 13:00-13:47 will be referred to as RE1 and RE2 respectively, with 

the two experiments analysed together due to their similarity.  Significant wave 

heights on these dates can be found in Table 4.1 and were 1.7 m during RE1 and 

1.3 m during RE2.  The plots clearly show an eddy like circulation in the lee of the 

groyne, with trajectories of the drifters similar to streamline patterns predicted in 

model studies by Gourlay (1975). 

29/6/04 (RE1) and 8/7/04 (RE2) 
RE1 and RE2 were sampled with single drifters that were left to circulate in the 

current system.  RE1 and RE2 are of duration 2000 s and 2800 s respectively.  Plots 

of drifter trajectories for RE2 is presented in Figure 5.10 with velocity vectors from 

RE1 shown in Figure 5.11.  Plots of velocity vectors clearly show the direction of 

flow, with a clockwise circulation in the lee of the groyne that establishes an offshore 

directed flow along the face of the structure.  This offshore flow is constrained to 

within approximately 10 m of the edge of the groyne.  Mean and maximum velocities 

measured by the drifters when in this rip current can be found in Table 5.1 , with 

RE1 having a mean velocity of 0.44 m/s and RE2 a mean velocity of 0.33 m/s.  RE2 

has one trajectory that appeared to go through the groyne, which is due the drifter 

becoming lodged in the rocks.  The rip current generated along the groyne is unlike 

classical rip currents in that there is no head region to the flow.  Instead, the seaward 
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extent of this rip is marked by a significant turn in the current northwards.  This 

�turn� is clearly defined and is also rather dramatic, being approximately 90°. 

 

After this change in direction, the flow then continues parallel to the shoreline 

moving northwards into the more exposed region of the surfzone.  Drifters show that 

this flow then slowly turns shoreward in the exposed surf zone.  Circulations through 

this area were quite broad, with the range of trajectories over 40 m in width.  Within 

this region is where the majority of surfing events of the drifters occur, which are 

easily recognized by large increases in velocities of the drifters.  However during 

RE1 there are no significant surfing events, and only a single surfing event during 

RE2.  Once the drifters are within the surfzone they began flowing back towards the 

groyne in a southwards directed longshore current.  This longshore current flow is 

quite constrained during RE1, with the drifter circulating several times within a 

region of 10 m in width, however during RE2 it can be seen that this flow is much 

wider, approximately 20 m in width.  In the vicinity of the groyne, the longshore 

current is deflected offshore, forming a rip current and completing the flow.  During 

RE1, the deflection of the current formed an empirical logarithmic spiral shape, 

although during RE2 this deflection was more abrupt at the base of the groyne. 

 

The extent of this general circulation is well defined, especially in the longshore 

direction, with the flow reaching 80 m northwards of the structure during both 

experiments.  Offshore extents of the flow slightly varied between the experiments, 

reaching 90 m offshore during RE1 whereas RE2 only reached 70 m offshore.  The 

whole eddy system during RE1 appears to be slightly offset offshore compared with 

RE2 and other datasets from Cottesloe.  This was also evident from observations of 

the author floating in the current acting as a live �drifter�, with the longshore flow 

during RE1 being further offshore than other periods.  Variations in the offshore 

extent of this wave generated system are attributed to differences in the incident 

wave climate. 
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Figure 5.10 Drifter trajectories (sampling event RE2) at Cottesloe Beach, 
29/6/04, between 16:30-17:00 

 
 100-600 s     600-900 s 

 
900-1200 s     1200-1500 s 
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  1500-2000 s 

 
Figure 5.11 Velocity vectors for RE1 at Cottesloe, 26/9/04.  Vectors are plotted 
at an interval of 7 seconds and are all on the same scale. 

 

 
Figure 5.12 Drifter trajectories for sampling event RE2, Cottesloe Beach 8/7/04 
13:00-13:47. 

 

21/8/04 (RE7) 
Sampling on the 21st August between 10:00-16:00 used a set of five drifters and the 

analysed dataset is presented in Figure 5.13, and will be referred to as RE7a.  Other 

circulations during the 21/8/04 are presented in Appendix A in dataset RE7.  The 

incident wave climate during this period was 1.33 m, as seen in Table 4.1.   

 

The general features of RE7a are similar to those seen in RE1 and RE2 with a 

clockwise circulation in the lee of the groyne, a constrained offshore flow along the 
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face of the groyne and the a significant turn at the seaward extent of the flow.  

During RE7a, the five drifters were released together at the start of the rip neck.  One 

drifter (red) failed to complete a circulation of the system, with it circulating wider 

than the other drifters and becoming beached 80 m north along shoreline.  Two of the 

drifters (green and yellow) completed single circulations of the system, with one 

(green) washing up on the beach and the other (yellow) becoming lodged into the 

groyne.  The last two drifters (dark and light blue) completed two circulations of the 

system.  The dark blue drifter recirculated along almost the same path as previously 

while the light blue drifter travelled wider and was picked up in a surfing event.  This 

drifter beached itself in almost the same location as the red drifter which had 

followed this wide path. 

 

Paths taken by the drifters during RE7a cover the whole current system. The drifters 

that beached themselves further along the beach identify the null point of the flow.  

The null point is the location of the maximum extent of the wave generated system, 

with the variations in the pressure gradient force in this region being too small to 

generate a significant longshore current.  Drifters beached themselves regularly in 

this position, which was approximately 80 m northwards along the beach, as seen in 

datasets RE6 b,c and RE7 d,f, and g.. 

 

Drifters were released slightly north of this null point to determine the direction of 

the longshore current outside of the wave generated current system.  However, it 

appeared that their motions outside of this null point region were dominated by 

currents generated by variations in the incident wave climate, with no significant 

flow in a particular direction.  Drifters were also transported offshore in other rip 

currents along this region of beach.  This verified that there was no significant 

southwards directed longshore current generated further north along the beach which 

could be causing the rip current along the face of the groyne.  
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Figure 5.13 Drifter trajectories for Cottesloe Beach 21/8/04, referred to as 
RE7a. 

Dispersion 
Using a cluster of drifters enabled the dispersion of the drifters to be estimated, with 

the method to calculate the total dispersion coefficient K, found in Section 4.5.1.  

Dispersion coefficients can be crudely estimated by the gradient of variance over 

time when the drifters leave the rip neck.  The dispersion coefficients of the drifters 

in the �turn� of the current offshore could then be compared to values found for 

dispersion of a cluster of drifters in a rip head by Johnson (2004).   

 

The dispersion of the drifters is quite low when in the rip neck, with dispersion 

rapidly increasing when the drifters reach the �turn� at the seaward extent of the rip, 

which is expected.  Estimated values of the relative total dispersion coefficient K 

found in Figure 5.14 range from 0.6-4.1 m2s-1.  

 

Dispersion on many ocean scales, ranging from 10 m to 1000 km, has been estimated 

by a 4/3 power law (Verspecht, 2002; Johnson, 2004).  However, with only five 

reasonable estimates of dispersion within the system, there is not enough data points 

to reasonably estimate if this relationship was applicable to this system.  Only five 

measurements of dispersion at the seaward extent of the rip neck were obtained due 
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to one drifter failing to record any data after 1000 s of operation and on several 

occasions drifters were rapidly separated in the rip neck by wave effects.  

 

 

Figure 5.14  Relative Dispersion coefficient K calculated from variance (m2s-1). 
  

 

Wave height and Rip velocity 
A comparison between incident wave height and mean rip velocities at Cottesloe 

verifies the study of Maddox (1999) in that there is a positive relationship between 

the two.  Although the number of data points is limited, this positive relationship 

appears to be quite strong, with a least squares fit through the data having a 

correlation coefficient r2 of 0.96, as seen in Figure 5.15.  
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Correlation of rip velocities with wave height
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Figure 5.15 Correlation of average rip current velocities measured by the 
drifters with wave height measured by the inshore waverider buoy. 

 

5.2.2 City Beach and Port Beach 
City and Port beaches were only sampled with a pair of GPS drifters.  Trajectories of 

the drifters from experiments at these locations are presented in Appendix B and C 

respectively.   

 

The circulation pattern at City Beach is very similar to that of Cottesloe.  Trajectories 

from the 26/7/04 are presented in Figure 5.16 and it should be noted that the surfzone 

was of a similar length to the groyne during the sampling period.  The spatial pattern 

of the flow extends 40 m northwards and 80 m offshore.  The circulation displays the 

general characteristics of the circulation at Cottesloe, with an offshore flow adjacent 

to the groyne, northward shore parallel flow offshore, wide flow through the 

surfzone and a southwards directed longshore current.  The significant turn of the 

current was not as prominent as that at City Beach, however it is observed in dataset 

RE4.  Mean rip velocities at City Beach were 0.26 m/s and it can also be seen that 

maximum velocities recorded by the drifters in the rip current were the highest of all 

the locations at 1.98 m/s. 
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Figure 5.16 Drifter trajectories at City Beach on the 26/7/04 
 

Table 5.1 Average and maximum rip current velocities measured by the 
drifters during each experiment. 

Location Date Average Rip Current Speed(M/S) Maximum Rip Current 
Speed(M/S) 

29/6/04 0.44 0.95 
8/7/04 0.33 0.78 
2/8/04 0.38 1.1 Cottesloe 

21/8/04 0.33 1.28 
26/7/04 0.26 1.98 City Beach 27/7/04 0.27 1.34 
1/8/04 0.26 1.1 Port Beach 
26/8/04 0.26 1.4 

 

Plots of the drifter circulation at Port beach on the 1/8/04 between 15:30-16:15 

presented Figure 5.17 show that the circulation was not as well defined as that of 

Cottesloe and City Beaches; however there is still evidence of a circulatory current 

and the four general regions of flow.  Port Beach was morphologically different from 

City Beach and Cottesloe as there was no evidence of an offshore bar at the end of 

the groyne and the surf zone was quite shallow for the first 40 m.  This lack of an 

offshore bar is thought to partially contribute to the lack of defined flow.  There was 

a deep channel along the face of the groyne at Port Beach in which the rip current 

was flowing.  The tracks from simultaneously released drifters presented in 

Figure 5.17 show variations in the flow of this circulatory current.  One drifter (blue) 
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re-circulated over almost the same path, whereas the other drifter (red) had a range of 

paths through the surf zone, with the diameter of these circulations ranging from 

20 m to 70 m.  This suggests that the whole water mass within the larger eddy is 

rotating, providing evidence for the secondary circulation described by Gourlay 

(1975) that was established within the rotation of the main eddy. 

 

 

Figure 5.17  Plots of simultaneously released drifters at Port Beach 1/8/04 
 

 

An interesting feature of the flow at City Beach is the existence of a small circulation 

system on the exposed face of the groyne as seen in Figure 5.18.  The circulation has 

a shoreward current along the updrift face of the groyne, as predicted by Liu (1976).  

However, it is thought that this circulation will only exist under low energy 

conditions, with stronger longshore currents flooding the circulation in higher energy 

conditions.  
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Figure 5.18 Drifter trajectories on the south side of City Beach groyne 
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6. Discussion 
Field measurements of nearshore currents in the lee of the coastal structures along 

the metropolitan Perth coastline were undertaken using Lagrangian and Eulerian 

instruments.  This field data was then anaylsed and conclusions are drawn from the 

results as to the effect that this nearshore current system has on sediment transport in 

the nearshore.     

 

The picture that emerges from results of the Lagrangian measurements displays a 

strong resemblance to the current patterns predicted in a laboratory study by Gourlay 

(1975) of the currents in the lee of a breakwater.  Spatial patterns of the current 

system determined from the use of GPS surfzone drifters indicate a circulatory 

current exists in the lee of the groynes when incident waves arrive obliquely to the 

structure.  

 

Four main regions of this current system can be identified from the tracks of the 

drifters.  These are: 

• An initial broad inflow in the exposed region of the beach due to Stokes Drift and 

mass transport of breaking waves; 

• A longshore current which flows from the exposed surfzone towards the 

structure;  

• A rip current along the leeward face of the groyne; and  

• A �turn� in the direction of the incident waves at the seaward extent of the rip 

current where the flow continues parallel to the shoreline before slowly turning 

shoreward.  

 

Gourlay (1975) showed that alongshore variations in wave setup between the 

exposed surf zone and sheltered region in the geometric shadow of the structure are 

the driving mechanism for this current system.  Field measurements of the spatial 

extent of the current system were well defined which verifies this topographic 

control of the system.  Across four different experiments at Cottesloe, the longshore 

current was limited to a distance of approximately 80 m northward of the groyne.  

Swell direction was approximately from the same direction for each experiment, 

although significant wave height varied between days.   

 



 

82  Field Studies of Rip Currents 

The general circulation pattern remained the same under differences in incident wave 

height, however there were variations in the offshore extent of the system.  

Analysing the variation in rip velocity with wave height, showed that there is a 

positive relationship between the two, supporting the relationship previously found at 

Cottesloe by Maddox (1999).  The offshore extent of the system appeared to increase 

with increasing wave height, which is attributed to the higher rip velocities and 

momentum of the rip flow.   

 

The seaward extent of this offshore directed flow is not typical of a classical rip 

current.  The seaward extent of a �classical� rip current is marked by a region where 

the flow disperses, which is identified by a cloud of sediment laden water offshore.  

In contrast, the seaward extent of this wave generated system is marked by a 

significant and sharp turn in the direction of the incident waves.  This �turn� in the 

system was evident at all study locations and visual observations indicated that this 

region was quite energetic, with turbulent eddies easily visible on the surface.  It 

appeared to be a convergence zone of two water masses and is attributed to being a 

balance between the outgoing momentum of the rip current and the incoming mass 

momentum of the waves.  Drifters were quickly separated once they reached this 

convergence zone, being almost ejected into the exposed surf zone.   

 

Dispersion of a cluster of drifters was measured to compare the mixing processes 

associated with this convergence zone to those of a normal rip head section.  Total 

dispersion values were found to vary between 0.6-4.1 m2s-1.  These values of total 

dispersion are of the same magnitude of those found by Johnson (2004), who found 

total dispersion values in rip head sections ranging between 1.29�3.88 m2s-1.  This 

shows that this convergence zone is a region of extensive mixing, although no more 

so than a normal rip head section. 

 

Rip currents are an important mechanism for the cross shore transport of sediment 

and other materials in the nearshore zone, however it is thought that the presence of 

this convergence zone will limit the offshore transport of the rip current and be an 

important region for sediment deposition.  This is supported by the presence of 

prominent offshore bars at both Cottesloe and City Beaches.  These bar systems 

appear to enhance the circulation pattern, which is observed by comparing the plots 

of drifter trajectories at Cottesloe and City Beach with Port Beach, where no bar was 

evident.  The enhancement of the circulation is attributed to a partial morphological 
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control of the system, with currents becoming confined to established longshore 

troughs. 

 
Eulerian measurements from an InterOcean S4 vector averaging current meter 

adjacent to the groyne at Cottesloe supported results from the Lagrangian drifters, 

clearly showing that 55% of the measured currents were directed offshore along the 

groyne, with the largest magnitude currents, reaching a maximum of 2 m/s, also 

directed offshore.  

 

Rip currents have been shown to display significant pulsing which has been 

attributed to a variety of different mechanisms.  A wave generated current system is 

expected to display frequencies of forcing corresponding to frequencies of variations 

in the incident wave climate.  An analysis of both the wave and current spectrums 

recorded by the S4 current meter indicate that wave forcing of the current system is 

evident at a range of timescales.  Periods of forcing ranged from 12 seconds, which 

corresponded to the significant wave period; to infragravity wave periods of 1-

5 minutes; to very low oscillations of the incident wave climate that occurred at 

periods of 20 minutes and 50 minutes.  

 

An offshore directed current in the lee of a groyne contrasts the proposed sediment 

pathways that are given for the problem of downdrift erosion.  The presence of this 

rip current along the downdrift side of the groyne suggests that sediment is actually 

transported offshore instead of being transported in the longshore direction as 

predicted.  The spatial pattern presented for the wave generated current system and 

the presence of rip head bars at two of the study locations suggest another possible 

pathway for sediment transport in the case of downdrift erosion, which is 

summarized as follows. 

 

Longshore currents originating in the exposed region of the surfzone transport 

sediment towards the structure, causing the erosion of sediment from along the 

beach.  Once this longshore current reaches the structure, there is likely to be some 

deposition of sediment at the base of the structure with a significant amount also 

transported offshore by the rip current and deposited within the main circulation 

eddy (predicted by Gourlay, 1975).  The presence of the convergence zone at the 

seaward extent of the rip leads to the deposition of this offshore transported 

sediment, forming what is similar to a rip head bar.  These offshore bars were present 
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at both Cottesloe and City Beaches and have been shown by Brander (1999) to be 

integral to the patterns of sediment transport in low energy rip systems.  Brander 

(1999) showed that once a rip head bar is established, there is an increase in the 

sediment transport onshore by wave actions.  In the case of this wave generated 

current system, an increase in onshore sediment transport after the formation of a bar 

is expected to replenish the littoral drift downstream of the structure, as well as 

increasing sediment transport and accretion towards the groyne.  The shape of the 

current system tracked by the drifters is very similar to the empirical logarithmic 

shape that is typical of beach planforms in the lee of these structures, which suggests 

the wave generated current is the mechanism shaping the region of shoreline adjacent 

to the groyne.  

 

Thus, these field investigations of nearshore currents in the lee of coastal structures 

have verified the existence of a wave generated circulatory current as predicted in 

previous modelling studies by Gourlay (1975).  This wave generated current displays 

forcing from the incident wave field at a range of timescales, and the spatial extent of 

the system is well defined.  The direction of this current is in contradiction with the 

predicted sediment pathways around typical shore connected coastal structures. 

 
 
 



    
 

Conclusion 85 

7. Conclusion 
Although shore connected coastal structures such as groynes have been built for 

many years, there have been few field studies of the nearshore currents in the lee of 

these structures.  This is mostly due to the previous lack of instruments to measure 

these systems easily, with large arrays of Eulerian instruments needed to resolve 

current flows.  However the development of GPS tracked Lagrangian instruments 

have enabled high accuracy measurements of nearshore current systems to be taken 

relatively easily.  

 

Field measurements of the current systems in the lee of these coastal structures using 

both Lagrangian and Eulerian instruments verify laboratory studies of these current 

systems, showing that a circulatory wave generated current exists in these regions.  

Alongshore variations in wave height caused by the geometric shadow of the 

structure drive an alongshore current towards the structure which is then deflected 

offshore, generating a rip current.  This direction of flow is in contrast to the 

proposed sediment pathways around coastal structures, with the presence of an 

offshore directed flow suggesting that downdrift erosion is caused by an offshore 

transport of sediment.  

 

A better understanding of the nearshore currents associated with these structures can 

minimise effects of their construction as well as increasing the effectiveness of 

rehabilitation practices for existing erosion problems.  Increased knowledge of the 

nearshore currents is also important in the interest of public safety, with rips 

representing a major cause of drownings at beaches around Australia.  
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8. Recommendations 
Future research work is recommended in regard to the possible sediment pathways 

and transport potential of the nearshore currents documented in this study.  

Quantifying sediment transport rates of these currents is important in the prediction 

of beach planforms adjacent to coastal structures and in predicting sedimentation 

rates of boat harbour entrances.  Increasing the knowledge of sediment pathways 

associated with these coastal structures also has applications in increasing the 

effectiveness of beach nourishment projects that are used to combat the effects of 

downdrift erosion.  The following recommendations are made to direct further 

investigation: 

 

• Quantification of the direction and magnitude of sediment movements 

associated with this nearshore current system.  Transect profiling of the 

nearshore region in the lee of the groyne over an extended period would 

provide an estimate of the direction and magnitude of sediment movements.  

Measurements of sediment concentrations in the rip current will also provide 

an estimate of the cross shore sediment flux.  

• Investigating the effects of morphology, especially the presence of rip head 

bars, on the hydrodynamics of these current systems and particularly cross 

shore and longshore sediment fluxes. 

 

Field work to quantify these values is likely to be extensive, therefore a possible 

future research tool may be the development of a numerical model incorporating 

both hydrodynamics and sand transport mechanisms.  
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Appendix A 

Cottesloe Beach, GPS drifter trajectories and velocities 
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Dataset RE1 Cottesloe Beach 29/6/04 14:00-18:00 

 
 

Duration 100-600 s-     Duration 600-900 s 

 
Duration 900-1200 s   Duration 1200-1500 s 
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Duration 1500-2000 s 

 
 

Dataset RE2 Cottesloe Beach 8/7/04 12:30-15:00 

 
 
 Duration 100-600 s    Duration 600-850 s 
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 Duration 850-1200 s    Duration 1200-1500 s 

 
 Duration 1500-2000 s     

 
 

Dataset RE6 Cottesloe Beach 2/8/04 10:30-16:00 
 

RE6a) Duration 65-1200 s 
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RE6b) Duration 4265-4800 s 

 
 

RE6c) Duration 4880-5727 s 

 
 

RE6d) Duration 70-1700 s 
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RE6e) Duration 2460-3910 s 

 
 

RE6f) Duration 5750-7200 s 
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Dataset RE7 Cottesloe Beach 21/8/04 10:30-16:00 
RE7a)  
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RE7b)  
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RE7c)  
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RE7d)  
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RE7e)  
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RE7f)  
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RE7g)  
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City Beach GPS drifter trajectories and velocities 
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Dataset RE3 City Beach 26/7/04 13:00-15:30 

 
Duration 180-780 s   Duration 780-970 s 

     
Duration 970-1300 s   Duration 1300-2200 s 
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 Duration 2200-2500 s  Duration 2500-2800 s 

 
Dataset RE4 City Beach 27/7/04 12:30-14:30 

Re4a)  

 
Duration 210-500 s   Duration 500-680 s 
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Duration 680-930 s   Duration 930-1700 s 

 
 
 
RE4b)  

 
Duration 1227-1500 s  Duration 1500-2300 s 
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RE4c) Duration 4450-5150 s 
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Port Beach GPS drifter trajectories and velocities 
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Dataset RE5 Port Beach 1/8/04 15:00-18:00 
RE5a)  

 
Duration  260-750 s  Duration  750-1790 s 

 
Duration  1790-2000 s 
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RE5b)  

 
Duration 200-900 s  Duration  900-1590 s 

 
Duration 1590-2040 s 
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Dataset RE8 Port Beach 26/8/04 13:00-16:00 
RE8a) 

 
 Duration 1700-2400 s   Duration 2400-2600 s 

 
 Duration 2600-3200 s 
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RE8b)  

 
 Duration 380-980 s   Duration 980-1590 s 

 
 Duration 1590-3200 s 

 
 
 


