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B.1 Qualitative Description of Beach Morphodynamics and 

Hydrodynamics on Each Day of Sampling 

These appendices provide a qualitative description of morphodynamic and 

hydrodynamic conditions on each day of sampling.  The section also displays surf zone 

circulation patterns on each day and presents current velocity data in the form of 

contour plots.  Table 4.2 from Chapter 4 is reproduced here to aid in description of the 

local wave climate and morphology on each day of sampling. 
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Table Error! No text of specified style in document..1 (reproduced): A summary of daily drifter observations, which include: 1) drifter deployment duration; 2) 

observed circulation pattern; 3) direction of longshore drift; 4) percentage drifter exits per drifters entering a rip current; 5) average daily significant wave height; 6) 

average daily peak wave period; 7) average daily peak wave direction; 8) dimensionless fall velocity; 9) outer and inner bar beach state; and 10) surf zone width. 

Date 

(Julian Day) 

Drifter 

duration (h) 

Circulation pattern Longshore 

drift 

direction 

Exits Sexit  / Rin 

( %) 

Hsig 

(m) 

Tp (s) Peak wave 

direction 

(ºN) 

Ω Beach state (outer bar: inner 

bar) 

Surf zone width 

(approx) (inner bar) 

30/09/2011 

(1) 

2.7  Combination of meandering and rip 

current dominant (asymmetric rip 
currents) 

 

Northward 46 0.84 11.7 105 

(ESE) 

2 No breaking:  

LTT/TBR 

150 m 

02/11/2011  
(34) 

 

3.2  Alongshore current dominant Northward 0 1.16 10.9 103 
(ESE) 

2 LBT: 
RBB/TBR 

 

100 m 

29/11/2011  
(61) 

2.2  Terrace conditions (mini rip 
dominant and transient rips present) 

Southward 
(weak) 

56 0.57 8.0 108 
(ESE) 

2 No breaking: 
LTT 

 

80 m 

22/02/2012  
(146) 

2.5  Alongshore current dominant Northward 6 0.84 8.4 109 
(ESE) 

2 No breaking: 
RBB/TBR 

 

150 m 

26/04/2012  
(210) 

2.0  Rip current dominant  (asymmetric 
skewed rip currents) – progressing 

to meandering through the day 

 

Northward 33 1.23 10.5 90 
(E) 

3 RBB: 
LTT/TBR 

150 m 

24/05/2012  

(239) 

2.5  Complex circulation: combination 

of alongshore current dominant and 

weak rip current forcing 
 

Southward 0 0.94 4.7 70 

(ENE) 

3 No breaking: 

TBR/LTT 

180 m 

18/07/2012 

(293)  

2.7  Rip current dominant (asymmetric 

skewed rip currents) 
 

Negligible 29 1.23 16.0 90 

(E) 

2 LBT/RBB: 

TBR 

200 m 

01/09/2015 

(1433) 

4.0 Rip current dominant (asymmetric 

rip currents) 
 

Northward 55 

 

0.80 11.4 99 

(E) 

2 No breaking: 

TBR 
 

180 m 

16/10/2015 

(1478) 

4.0 Complex circulation: combination 

of alongshore current dominant and 
weak rip current forcing on the 

falling tide (dominant wave 

breaking over a wide linear, eTBR 
bar, restricting circulation to shore-

adjacent trough) 

Northward 0 1.08 10.6 98 

(E); 
Secondary 

ESE swell 

(115°) 

2 No breaking: 

eTBR 
 

200 m 
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B.1.1 September 30th 2011 (Julian Day 1) 

On Julian Day 1 of sampling the inner bar was in a transitional Transverse Bar Rip/Low 

Tide Terrace (TBR/LTT) state heading towards the lower energy LTT state (Figure 1).   

The inner bar was infilling with the terrace cut by small rip channels (Figure 1).  Rip 

channels were characterised by a rip head bar (Figure 1) and were more pronounced on 

the low tide.  Breaking wave heights were estimated to be in the 0.5 – 1.5 m range.  

Peak wave direction was recorded out of the ESE (Table 4.2 reproduced).  Light to 

moderate onshore winds out of the NE persisted through the daily study period.  The 

drifter deployments were undertaken on the ebb tide (high to mid tide).  Rip current 

circulation was classified as a combination of meandering and asymmetric rip current 

dominant, with the longshore current weakening on the ebb tide.   A stronger longshore 

current, over-riding cross-shore rip current forcing, was present on the high tide (Figure 

2).  There was an increase in the frequency of drifters entering rip channels and exiting 

the surf zone as the ebb tide approached the low tide (Figure 2).  The general pattern of 

drifter trajectory was northward in the longshore current, with drifters heading offshore 

in two rip channels spaced approximately 150 m apart (Figure 2).  Drifter exits were 

observed, particularly when deployed directly into the rip channel (Figure 2).  Drifter 

patterns did not show strong evidence of semi-enclosed large scale surf zone vortices 

(eddies). 

 

Peak current speeds occurred due to wave activity pushing the drifters shoreward 

(Figure 2).  Peak current speeds were also recorded in the longshore feeder current and 

the rip neck, suggesting pulsing of the rip current, which most likely led to the exits of 

the drifters (Figure 2). 
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Figure 1: Typical bar morphology at the study site on Julian Day 1. TBR/LTT infilling and 

heading toward a LTT state  

 

Rip Head Bar 
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Figure 2: Drifter position and speed tracks for drifter deployments on Julian Day 1. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar represents drifter speed (m.s-1). Note: rectified timex image unavailable (study site 

outside camera field of view) 
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November 2nd 2011 (Julian Day 34) 

Leading up to the day of sampling the swell was characteristically out of the south, 

resulting in a straightening out of the bar morphology.  A deep shore adjacent trough, 

ran parallel to the shoreline and separated the beach from the inner bar (Figure 3).  The 

inner bar-beach state was eroding to a Rhythmic Bar Beach / Transverse Bar Rip 

(RBB/TBR) transition state, with rhythmic undulations in the bar.  There was a wide 

trough between the inner and outer bars (outside field of view).  Drifter releases were 

conducted on the flood tide, with the trough deepening on the incoming tide.  The 

hydrodynamics on the day were classified as alongshore current dominant (Figure 3 & 

Figure 4).  Breaking wave heights on the inner bar were estimated to be in the 0.5 – 1.5 

m range with peak wave direction recorded out of the ESE (Table 4.2 reproduced).  

Heavy plunging breakers were observed on the 2nd of November 2011, with larger 

waves breaking on the outer bar.  The general pattern of drifter trajectory was northward 

in the longshore current (Figure 3 & Figure 4).  Some cross-shore movement of the 

drifters was observed, but no drifters exited the inner surf zone (Figure 3 & Figure 4).  

Rip activity was observed to be minimal (Figure 3 & Figure 4). 

 

As was observed in the contour plots the fastest drifter speed recordings were likely due 

to wave activity and pulsing of the dominant longshore current (Figure 3 & Figure 4).  

Offshore (cross-shore) directed velocities were generally slower than the longshore 

current velocities, limiting the offshore extent of the rip current flow and inhibiting surf 

zone exits (Figure 3 & Figure 4).  There was no evidence of semi-enclosed large scale 

surf zone vortices, with the longshore current over-riding the cross-shore forcing and 

therefore eddy formation (Figure 3 & Figure 4).  As can be expected current velocities 

decreased slightly toward the higher tide (Figure 3 & Figure 4). 
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Figure 3: Drifter position and speed tracks for drifter deployments on Julian 

Day 34. Overlayed on rectified timex image of the study site. The colour bar 

represents drifter speed (m.s-1) 

 

 

 

 

Figure 4: Drifter position and speed tracks for drifter deployments on Julian 

Day 34. Bathymetric contours are plotted in the background in gray (solid 

black 0 m AHD contour; dashed line approximate edge of inner bar). The 

colour bar represents drifter speed (m.s-1) 
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November 29th 2011 (Julian Day 61) 

Low wave energy and beach state conditions were observed on the 29th November 

2011.  The inner bar was welded to the beach in a LTT state, cut by the occasional mini 

rip (Figure 5).  Breaking wave heights were estimated to be in the 0.5 – 1 m range.  

Minimal cross-shore movement of water was observed on the high tide, with transient 

rip currents becoming more evident on the ebb tide.  The surf zone circulation pattern 

was classified as low energy, terrace beach / inner bar conditions, with mini rips 

dominating the offshore forcing and transient rips present (Figure 6).  A video analysis 

of transient rip activity on the day of sampling recorded 13 individual transient rips in 

12 hours of video footage.  There was little to no evidence of semi-enclosed large scale 

surf zone vortices in the drifter trajectories.  The general pattern of drifter trajectories 

was oblique-angled offshore movement, migrating slowly southward with the weak 

longshore drift (Figure 6). 

 

Figure 5: Typical bar morphology at the study site on Julian Day 61. LTT with mini rip evident  

Mini rip 



9 

 

Most of the drifters were released and exited the surf zone in the presence of a small 

bathymetric perturbation in the terrace bar (1:100 gradient alongshore, with a maximum 

depth of 40 – 50 cm and maximum width of approximately 20 m) (Figure 6).  Two 

drifters pulsed offshore of the straight terrace bar/beach (Figure 6).  These drifters were 

visually observed to pulse out to sea in a transient rip.  These drifters occurred in the 

camera blackspot and as such could not be compared with video data.  Surf zone exits 

were common on this day (Figure 6). 

 

Current velocities are generally weaker than the other days of sampling (Figure 6).  This 

is due to low wave activity on November 29, 2011 (Table 4.2 reproduced).  Again the 

peak current velocities are recorded due to wave activity (shoreward movement of 

drifters) and current pulsing in the rip neck (Figure 6).  Again drifter speeds 

significantly decrease once the drifters exit the inner surf zone (Figure 6).  Surf zone 

current velocities, particular rip current velocities remained fairly consistent throughout 

the sample period (Figure 6).  This result supports the idea that due to a lack of strong 

bathymetric control on the currents there is limited scope for the rip currents to become 

narrower and the flow focused and therefore increase in velocity as the tide fell.  Mini 

rip and transient rip current speeds (Figure 6) were also consistent with those transient 

rips captured under similar Low Tide Terrace beach conditions at Grand Popo, Benin, 

West Africa (0.2 – 0.8 m/s) (Castelle et al., 2014).   
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Figure 6: Drifter position and speed tracks for drifter deployments on Julian Day 61. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar represents drifter speed (m.s-1). Note: rectified timex image unavailable (study site 

outside camera field of view) 
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February 22nd 2012 (Julian Day 146) 

Peak wave direction was recorded out of the ESE (Table 4.2 reproduced), but a strong 

northward flowing longshore current persisted through the day (Figure 7 & Figure 8).  

At the time of sampling winds were strong out of the south.  Breaking wave heights 

were estimated in the 0.5 – 1.5 m range.  The beach morphodynamics were varied 

between the high and the low tides.  During the high tide the inner bar and beach 

displayed dissipative, rhythmic LTT conditions.  Waves were breaking on the shore and 

a rhythmic inner bar separated to the beach by a trough and cut by rip channels.  On the 

lower tide the beach displayed RBB transitioning to RBB/TBR morphology (Figure 7 & 

Figure 8).  Mega-cusps were evident on the beach (hidden on the high tide).  The shore 

adjacent trough persisted on the low tide.  The inner bar was highly rhythmic and cut by 

wide rip channels.  There was minimal wave breaking evident on the outer bar.  The 

general pattern of drifter trajectories was northward in the longshore current and as such 

the conditions for the day were classified as alongshore current dominated (Figure 7 & 

Figure 8).  Some cross-shore movement occurred in the rip channels, with one drifter 

moving just beyond the inner bar (Figure 7 & Figure 8).  There was no evidence of surf 

zone eddy formation or semi-enclosed large scale surf zone vortices, with the longshore 

current inhibiting the cross-shore forcing and formation of eddies (Figure 7 & Figure 8). 

 

Generally the fastest drifter velocities occurred under wave motion (onshore movement) 

and pulsing of the longshore current (Figure 7 & Figure 8).  Drifter speeds were also 

seen to increase in the rip channels, associated with rip current pulsing (Figure 7 & 

Figure 8). 
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Figure 7: Drifter position and speed tracks for drifter deployments on Julian 

Day 146. Overlayed on rectified timex image of the study site. The colour bar 

represents drifter speed (m.s-1) 

 

 

 

 

 

Figure 8: Drifter position and speed tracks for drifter deployments on Julian 

Day 146. Bathymetric contours are plotted in the background in gray (solid 

black 0 m AHD contour; dashed line approximate edge of inner bar). The 

colour bar represents drifter speed (m.s-1) 
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April 26th 2012 (Julian Day 210) 

Energetic easterly swell conditions were observed on Julian Day 210 (Table 4.2 

reproduced) with breaking wave heights estimated in the 1 – 2 m range.  Waves were 

breaking on the rhythmic outer bar with the inner bar in a northerly skewed TBR state 

(Figure 9 & Figure 10).  A narrow longshore gutter was evident in the TBR morphology 

in some places.  Winds were out of the south at the time of sampling and strengthened 

through the day.  Strong eddy formation and surf zone circulation was observed in the 

the drifter tracks (Figure 9 & Figure 10).  Drifters performed an anti-clockwise loop, 

displaying semi-enclosed eddies (Figure 9 & Figure 10).  Drifters did however exit the 

inner surf zone 33% of the time after entering a rip channel (Figure 9 & Figure 10).  As 

the southerly winds strengthened the longshore current strengthened, over-riding the 

eddy and rip current forcing later in the day, with drifters travelling northward in the 

longshore current before beaching (Drifts 3 – 5) (Figure 9 & Figure 10).  As a result in 

the change in conditions over the sampling period, the hydrodynamic conditions were 

classified as asymmetric rip dominant for drifts one and two, before progressing to 

meandering circulation (tending towards more alongshore current dominant) patterns 

during drifts three to five (Figure 9 & Figure 10).  Transient rips were observed on the 

outgoing tide, but are impossible to distinguish from the topographically controlled rip 

channels in the GPS data. 
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Figure 9: Drifter position and speed tracks for drifter deployments on Julian Day 

210. Overlayed on rectified timex image of the study site. The colour bar 

represents drifter speed (m.s-1) 

 

 

 

 

 

Figure 10: Drifter position and speed tracks for drifter deployments on Julian Day 

210. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar 

represents drifter speed (m.s-1) 
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May 24th 2012 (Julian Day 239) 

A short period ENE windswell was present on the day of sampling (Table 4.2 

reproduced), with breaking wave heights estimated in the 0.5 – 1 m range.  Winds were 

observed to be strong out of the NE.  Due to the NE wind and waves, the longshore 

current was heading southward on this day of sampling.  Strong TBR morphology 

dominated the study site, with deep troughs and rip channels separating the transverse 

bars (Figure 11).  The shore-attached transverse bar was being inundated then exposed 

with the hydraulic pumping of water between the adjacent deep channel and the shallow 

sand bar.  The general drifter trajectory was repeated throughout the daily study period 

as explained below (Figure 11 & Figure 12):  

 

- Drifters would head south in the alongshore feeder current, then travel offshore 

parallel to the transverse bars.  As the tide receded the drifters were observed to 

be ‘lifted’ onto the shallow transverse bar(s) as the water was draining on and 

off the bar (analogous to what is observed on shallow surfing reef breaks).  The 

drifters were then pushed shoreward, via wave activity and southward in the 

longshore current.  The drifters would continue south until they reached the next 

transverse bar / rip feature where they performed a similar motion as previously 

described: moving out against the north end of the bar; ‘lifted’ onto the shallow 

sand bar and; pushed shoreward by waves.  There was no evidence of transient 

rips and no evidence of surf zone eddy formation.  Due to the complex nature of 

the surf zone circulation the hydrodynamics are classified as a combination of 

mostly alongshore current dominant and weak rip current forcing due to 

exposed low tide transverse bars. 

 

Contour maps of current speeds highlight the weak rip current forcing on the day 

(Figure 12).  Peak drifter speeds were observed as drifters were being ‘lifted’ onto the 

low tide bar and pushed southward and landward with wave activity and the dominant 

longshore current (Figure 12).  Rip current velocities were observed to increase slightly 

on the ebb tide (toward the low tide) corresponding with the increasing influence of 

bathymetric control on wave breaking and rip current forcing (Figure 12). 
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Figure 11: Typical bar morphology at the study site on Julian Day 39. Complex circulation 

pattern indicated by arrows 
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Figure 12: Drifter position and speed tracks for drifter deployments on Julian Day 239. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar represents drifter speed (m.s-1). Note: rectified timex image unavailable (study site 

outside camera field of view) 
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July 18th 2012 (Julian Day 293) 

Peak wave direction was recorded out of the E on the 18th July 2012 (Table 4.2 

reproduced).  Breaking wave heights were estimated to be in the 1 to 2 m range.  Heavy 

plunging breakers were observed on the inner bar, with wave breaking also occurring on 

the outer bar.  The inner bar displayed well-formed TBR morphology, with transverse 

bars separated by deep rip channels and troughs (Figure 13 & Figure 14).  Due to the 

swell direction being predominantly out of the east, classic rip cell circulation and surf 

zone eddy formation was recorded in the drifter tracks.  Opposite rotating eddies were 

measured on either side of the transverse bar(s) (Figure 13 & Figure 14).  Drifters were 

observed to exit the inner surf zone 29% of the time after entering a rip channel (Figure 

13 & Figure 14).  Drifters exiting the inner surf zone migrated in the same heading as 

that which they exited the eddy (i.e. continued to migrate north on the northern 

clockwise rotating eddy and; south on the southern anti-clockwise rotating eddy) 

(Figure 13 & Figure 14).  The longshore drift was minimal apart from in the feeder 

channels (Figure 13 & Figure 14).  The hydrodynamics on this day of sampling were 

classified as rip current dominant (asymmetric, due to the skewed rip channels). 
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Figure 13: Drifter position and speed tracks for drifter deployments on Julian 

Day 293. Overlayed on rectified timex image of the study site. The colour bar 

represents drifter speed (m.s-1) 

 

 

 

 

 

 

Figure 14: Drifter position and speed tracks for drifter deployments on Julian 

Day 239. Bathymetric contours are plotted in the background in gray (solid 

black 0 m AHD contour; dashed line approximate edge of inner bar). The 

colour bar represents drifter speed. Note the edge of the surf zone at the 

southern end of the study site cannot be resolved accurately (m.s-1) 
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September 1st 2015 (Julian Day 1433) 

After a prolonged period of low significant wave heights the beach had accreted to an 

inner Transverse Bar and Rip state.  On the day of sampling the outer bar was inactive 

with no wave breaking occurring.  Average daily significant wave heights were 0.8 m 

and peak wave direction was out of the east (Table 4.2 reproduced).  Light offshore 

winds (generally NW) were characteristic of the sampling period.  The sampling period 

was undertaken on the ebb tide covering four hours from the mid high to mid low tides.  

Breaking wave heights were estimated to be in the 0.5 – 1 .5 m range.  The edge of the 

inner bar (surf zone) was classified as being approximately around the -3 m contour 

(Figure 15).   

 

Drifters were continuously seeded into the surf zone throughout the sampling period.  

The majority of the drifter deployments were undertaken in a rip channel located 

between approximate alongshore Northings position: 6913600 and 6913800 (i.e. 200 

m).  Circular pathways were observed in the drifter tracks, suggesting surf zone eddy 

formation.  55% of drifters entering a rip current were observed to exit the surf zone 

(Figure 15).  A northerly longshore current was present on the day but rip current 

forcing was the dominant circulation pattern and as such conditions were classified as 

rip current dominant (Figure 15). 

 

Drifter velocities were highest in the middle of the rip neck as drifters were pulsed 

offshore (Figure 15).  Drifter velocities then decreased beyond the edge of the surf zone 

(Figure 15).  Highest onshore drifter velocities were attributed to waves (Figure 15). 
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Figure 15: Drifter position and speed tracks for drifter deployments on Julian Day 1433. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar represents drifter speed (m.s-1). Note: rectified timex image unavailable (study site 

outside camera field of view) 
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October 16th 2015 (Julian Day 1478) 

An East Coast Low and a combination of persistent bimodal (E and S) swell resulted in 

the inner bar state forming an erosional Transverse Bar and Rip (eTBR) morphology 

(Figure 16).  A deep shore-adjacent trough was present and wave breaking across a 

wide offshore linear bar restricted the surf zone circulation flow to a shore-adjacent 

trough (Figure 16).  Weak rip circulation was observed as the ebb tide approached mid-

low (Figure 16), but wave breaking on the linear eTBR restricted drifter exits offshore. 

 

The daily average significant wave height was calculated to be 1.08 m with the daily 

average peak wave direction out of the E (Table 4.2 reproduced).  It was observed that a 

secondary ESE (Table 4.2 reproduced) was generating obliquely approaching waves 

and was responsible for the net northerly longshore current.  Breaking wave heights 

were estimated to be in the 1.5 – 2 m range.  Drifter deployments were undertaken on 

the ebb tide over four hours (high tide to mid low tide).   

 

Drifters were restricted to the shore-adjacent trough, with the majority of drifters 

heading northward alongshore, particularly on the higher tide (Figure 16).  As the tide 

approached mid-low rip cell circulation (i.e. large scale surf zone eddies) was observed 

but wave breaking across the wide linear bar restricted drifter exits to 0% (Figure 16).  

 

Drifter speeds were relatively low compared to the other Phase Two experiment 

sampling day (Julian Day 1433).  Drifter velocities increased as the tide fell, with the 

fastest offshore velocities observed in the rip channel located at the 6913200 Northing 

(Figure 16). The fastest onshore drifter speeds were attributed to wave energy (Figure 

16). 
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Figure 16: Drifter position and speed tracks for drifter deployments on Julian Day 1478. Bathymetric contours are plotted in the background in gray (solid black 0 m 

AHD contour; dashed line approximate edge of inner bar). The colour bar represents drifter speed (m.s-1) Note: rectified timex image unavailable (study site 

outside camera field of view) 
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