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Abstract 

Rip currents are narrow, jet-like flows directed offshore through the breaker 
zone, often fed by shore-parallel feeder currents and forced by variable 
alongshore set-up induced by breaking gravity waves. Current speeds are not 
“quasi-steady”, but “pulse” at a range of frequencies, some much lower than that 
of the incident waves. Relatively few field measurements identify these low 
frequency motions and even fewer record their sediment transport potential. 
Cross-shore velocities and sediment concentrations measured in a rip neck are 
used to: (a) identify the frequencies of these pulses and (b) assess the role of low 
frequencies in the transport of suspended sediment.  Velocities at z = 0.13 and 
0.39 m and concentrations at z = 0.13, 0.26 and 0.39 m were recorded 
continuously at 4 Hz over several hours in a rip neck at Bennett's Beach, NSW, 
Australia. Spectral and cross-spectral analyses of ~33-minute records were used 
to identify low frequency modulations of the velocity and concentration fields, as 
well as the suspended sediment flux. A lack of spectral variance around 0.005 Hz 
marked the partition frequency between infragravity (IG) and far-infragravity 
(FIG) motions. At high tide when the mean cross-shore current at z = 0.13 m was 
at its maximum (~0.38 m s-1): (a) the dominant frequency was a FIG pulse at 
0.0026-0.0028 Hz (~5-6 minutes). (b) IG motions also occurred with a 0.0199 
Hz (~50 s) pulse dominating. (c) near the bed, concentrations were strongly 
modulated at FIG frequencies, but at higher elevations, the spectra were 
distinctly “red”. (d) co-spectra revealed an offshore sediment flux dominated by 
a FIG pulse centered at 0.00244 Hz (~6-7 minutes). IG pulses between 0.0129 
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and 0.0132 Hz (76-78 s) were less dominant, although both FIG and IG 
frequencies produced a net offshore transport of suspended sediment.  
Keywords: rip currents, sediment concentrations, far-infragravity and 
infragravity pulses, sediment flux. 

1 Introduction 

On barred coasts, rip currents are narrow, topographically-constrained, “quasi-
steady” flows directed offshore through the breaker zone as “jet-like” flows 
reaching speeds up to ~2 m s-1 and forced by variable alongshore set-up induced 
by incident gravity waves breaking on a segmented nearshore bar. It is clear from 
the literature, however, that rip currents are not remotely “quasi-steady”; they are 
modulated by “pulsations” at a range of frequencies, often much lower than 
those of the incident gravity waves. Frequently, “rips” form an integral part of a 
cellular water and sediment circulation in both marine and lacustrine surf zones; 
the classic circulation model is a net flux of water landward across the bar under 
the breaking waves followed by an alongshore and seaward flux through the 
feeder channel and rip neck respectively (Komar [1]).  This flux is often 
modulated by the tide, even under micro-tidal conditions (Aagaard et al. [2]; 
Brander [3, 4]; MacMahan et al. [5, 6]; Bruneau et al. [7]). Since the early work 
of Shepard [8], Shepard et al. [9], McKenzie [10], Reimnitz [11], Reimnitz et al. 
[12], Cook [13] and Greenwood and Davidson-Arnott [14, 15] and more recently 
Smith and Largier [16] and Thornton et al. [17], the assumption has been that 
rips play an important role in maintaining both the water and sediment balance 
on the upper shoreface, and are a large constraint on topographic change. 
However, recent field and numerical experiments have seriously questioned this 
basic assumption, at least with respect to the flux of fluid (MacMahan et al. [18, 
19]).  It appears that many cellular flows in the nearshore involve closed vortical 
systems inside the breaker line and only occasionally do rip currents expel water 
offshore (MacMahan et al. [19]). These very low frequency “pulses” in the 
offshore flow would appear to be the main mechanism for water exchange 
between the surf zone and the rest of the upper shoreface.  However, the nature 
of theses “pulses” and role they play in transporting sediment is virtually 
unknown, since measurements of sediment flux are extremely limited.   

2 Low frequency motions (“pulses”) in rip systems 

Low frequency oscillations in nearshore wave and current systems have been 
documented for many years since the early work on “surf beat” by Munk [20] 
and Tucker [21].  More recently, Aagaard et al. [2] showed that infragravity 
oscillations were important to the net flux of suspended sediment in rip current 
systems at least at certain stages of the tide (low tide); furthermore, Greenwood 
et al. [22] demonstrated that infragravity oscillations do influence the net 
transport of suspended sediment at least in the rip neck under low to moderate 
energy conditions, and may in fact control the direction of the suspended 
sediment flux at certain stages of the tide. In this paper, we document very low 
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frequency motions (“pulses”) in a rip channel under swell conditions and 
demonstrate their potential to transport suspended sediment offshore.  

3 Location and nearshore bathymetry  

Bennett's Beach, NSW, Australia, is micro-tidal with a mixed semi-diurnal 
regime and was in an “intermediate” state (Wright and Short [23]) during the 
experiment. Samples from the medium sand beach were well-sorted, bimodal, 
with a mean grain size of 1.79 ø (300 μm) and a standard deviation of 0.37 ø 
(91 μm). The beach was subject to long period swell from the SE during the 
experiment, coupled with a variable wind-wave field forced by a daily sea breeze 
cycle. Figure 1 illustrates the study rip cell on February 19th 2004 after injection 
of a tracer at the head of the feeder channel. The cell was asymmetric with a 
dominant feeder current from the southwest and a rip which broke through the 
bar in a narrow channel; beyond this neck the flow diffused to mix with water 
outside the surf zone. The bathymetry (Fig. 2) consisted of an oblique nearshore 
bar welded to a shoal to the south, extending alongshore in a north-easterly 
direction to end at the rip neck; a trough between the bar and the beach face, 
varied in depth from near zero where the bar was welded to the shoal, to ~ 1 m 
before it turned offshore into the rip neck, which at high tide was ~1.75 m deep. 
Over three-days, the bar migrated northeast and offshore, forcing the neck 
northward as it was constricted and deepened (Figs. 1 and 2).  
 

Figure 1: Tracer deployed in the rip cell at Bennett’s Beach, NSW, Australia. 
Note the breaking waves on the segmented bar, the flow in the 
southern feeder channel, the narrow jet in the rip neck and the 
diffused rip head. 

4 Measurement and analytical techniques 

Instruments were deployed at high tide in the centre of the rip neck (P1, Fig. 2) 
to measure: (a) the cross-shore and alongshore (relative to the average local 
shoreline orientation) horizontal currents, at elevations of z = 0.13, 0.39 and 
0.50 m, using biaxial electromagnetic current meters (Marsh-McBirney, OEM 
512); (b) sediment concentrations at z = 0.13, 0.26, 0.39 m, using optical  
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Figure 2: Nearshore bathymetry, Bennett’s Beach, February 21st. P1 marks 
the  location of the instrument pod in the rip neck and P2 and P5 
marks the  location of the pods in the feeder channel and on the bar 
crest, respectively. NB: RBTM is relative to the bench mark. 

backscatter sensors (D&A Instruments, OBS-1P and OBS-3); and (c) mean water 
surface elevation and waves, using a strain-gauge pressure sensor (Druck-1830). 
Waves incident to the surf zone were recorded by a Druck pressure sensor 
deployed ~130 m directly offshore of the bar. For transport calculations, 
concentrations measured at 0.13 and 0.26 m were coupled with velocities 
measured at 0.13 m; concentrations measured at z = 0.39 m were coupled with 
velocities measured z = 0.39 m.  There is the potential for error here (Austin and 
Masselink [24]); in all cases currents at 0.13 m were only very slightly different 
from those at 0.39 and 0.50 m; the latter were essentially identical. The sensors 
were supported on a heavy solid based support pod, which did not allow 
significant shifts in elevation once the support settled. The currents and sediment 
transports were also averaged over significant time blocks, with continuous 
recording at 4 Hz. Spectral analyses of “long” time series were used to identify 
frequency components beyond the range of incident gravity waves. This assumes 
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that the recorded variables are “stationary”; a random variable or process is said 
to be stationary if its statistical parameters (e.g. mean, variance, etc.) are 
independent of time. In reality, only weakly stationary processes exist in nature; 
the assumption is that if the controlling variables in the system (e.g. incident 
waves, tidal level) are stable, then the underlying frequency structure of the 
resulting current and concentration time series can still be determined by 
appropriate demeaning and detrending. Blocks of 8000 points were demeaned 
and detrended, on the assumption that ~33 minutes is long enough to identify far-
infragravity pulses, but short enough that the system remained quasi-stationary. 
Within this time frame, tidal changes did not exceed 0.11 m and the incident 
swell remained unchanged. Series of “collocated” velocities and concentrations 
were used to compute the time-averaged net, mean, and oscillatory components 
of the suspended sediment transport (SST) rate for a 2-dimensional, vertical 
section of fluid at each elevation (see Jaffe et al. [25]; Huntley and Hanes [26]; 
Osborne and Greenwood [27]): 

 
dzdtCU

T

1
=>q< t)(z,t)(z,

h

0

T

0nets 
 

(i) 

 
]C[

T

1
*]U[

T

1
=>q< t)(z,

h

0

T

0t)(z,
h

0

T

0means 
 

(ii) 

 

(f)C
f

f
=>q< (UC)

h

0

T

0
c

oscs 


 

(iii) 

where U(z,t) = horizontal water velocity (m s-1), which can be disaggregated into 
cross-shore and alongshore components; C(z,t) = sediment concentration (kg m-3); 
z = height above the bed (m); t = time (s); h = water depth (m); T = time of 
integration (s); < > = time-averaged term; C(UC) = co-spectrum of the horizontal 
velocities and concentrations; f = frequency band of the oscillation (Hz); Δf = 
bandwidth for spectral estimates; fc = frequency range.  The co-spectrum 
identifies SST due to oscillatory motions, which can be partitioned into different 
frequency ranges (Huntley and Hanes [26]; Davidson et al. [28]). Gravity and 
infragravity waves were partitioned at 0.04 Hz (25 s) and infragravity and far 
infragravity frequencies at 0.005 Hz (200 s), at pronounced reductions in spectral 
variance.  

5 Results: February 21st, 2004 

Measurements when the rip was at a maximum will be used to demonstrate the 
presence of very low frequency velocity “pulses” and their potential to suspend 
and transport sediment. Examination of ~1.5 h of record from the rip neck (P1; 
Fig. 2) of the near-bed, cross-shore velocity and suspended sediment 
concentration (Fig. 3) reveals that both signals are modulated at frequencies 
lower than the incident waves. Although the mean cross-shore current was ~0.38 
m s-1 (at z = 0.13m) and directed offshore, the current fluctuated from >1.64 m s-1 
offshore to almost -1.44 m s-1 onshore. Sediment concentrations revealed low 
frequency “pulses”, ranging from <<2 kg m-3 to >30 kg m-3 (Fig. 3). 
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Figure 3: Time series of ~1.67 h of near-bed suspended sediment 
concentrations (a) and cross-shore rip current velocities (b), 
measured at z = 0.13 m elevation and recorded at 4 Hz in the rip 
neck at high tide. Note the distinct low frequency modulation of the 
signals. 

5.1 Far-infragravity and infragravity pulses in the rip current  

Figure 4 illustrates frequency spectra of the cross-shore currents measured at P1 
(Fig. 2) at elevations of z = 0.13 and 0.26 m for ~33 minutes at high tide (1350 h,  
Feb. 21st), when the rip velocity was at a maximum (~0.38 m s-1; see Greenwood 
et al. [22]). The time series were first tested for their difference from “white 
noise” using the Bartlett-Kolmogorov Smirnov distance statistic, d (Fuller [29]). 
For the ~8000-point series, the computed d-statistics were 0.775 for currents at z 
= 0.13 m and 0.786 for currents at z = 0.26 m. Clearly, the series were 
significantly different from white noise (α < 0.01), and spectral densities were 
concentrated at both far-infragravity (FIG) and infragravity (IG) frequencies. 
These low frequency motions dominated the signal at this time scale. There were  
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Figure 4: Frequency spectra of ~33 minutes of horizontal cross-shore 
currents in the rip neck at high tide at two elevations: (a) z = 0.26 
m; (b) z = 0.13 m. The dashed vertical arrow in (b) represents the 
partition frequency between far-infragravity (FIG) and infragravity 
(IG) frequencies.  

no significant spectral density peaks at either the incident swell frequency 
(0.077-0.083 Hz; ~12-13 s) or that of the wind waves (0.160-0.125 Hz; 6-8 s).  
FIG spectral peaks occurred at: (i) 0.0026-0.0029 Hz (~5-6 minutes); and (ii) 
0.0048 Hz (3-4 minutes). The largest IG peak was at 0.0199 Hz (~50 s) 
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almost as large as the FIG peak at z = 0.13 m; subsidiary IG peaks occurred at 
0.0114-0.116 Hz (86-88 s) and 0.0133-0.0134 Hz (~75-76 s).  Not all these low 
frequency motions were reflected in the concentration spectra. Nevertheless, the 
Bartlett-Kolmogorov d-statistic showed that all three concentration series also 
differed significantly from “white noise”. The d-statistic values were 0.586, 
0.562 and 0.458 respectively for the spectra at 0.13, 0.26 and 0.39 m. At z = 
0.13 m, a large FIG peak at 0.0028 Hz (~6 minutes; Fig. 5a), matched the largest 
peak in the cross-shore current spectrum (Fig. 4), suggesting a direct causal link.  
A smaller but much less distinct peak at the same frequency was also evident in 
the concentrations at z = 0.26 m. However, no other FIG peaks were revealed in 
the concentration spectra and instead the spectra were distinctly “red”, and 
increasingly so with increased elevation. There were small peaks in 
concentration at IG frequencies (0.0124 and 0.0203 Hz; ~80 and 50 s), which 
matched similar frequencies in the current velocities (e.g 0.0133 and 0.0198 Hz; 
Fig. 4). At the highest elevation (z = 0.39 m), there was some evidence for a 
spectral peak at 0.0198 Hz (~50 s), although the most prominent signature was 
that of the swell frequency (0.0889 Hz; 11-12 s).  Examination of shorter time 
series (~17 minutes) at the beginnning of these long records revealed that the 
incident swell (~12-13 s) was the dominant spectral signature at this shorter time 
scale, with a smaller contribution from locally generated wind waves 
(Greenwood et al. [22]). Thus, it appears that near the bed, sediment 
concentrations do respond to the lower frequency water motions (FIG, IG 
frequencies); this linkage decreases with elevation, where the dominant incident 
swell, (~0.08-0.09 Hz;  11-12 s) increases in importance. 
 

5.2 Suspended sediment flux at low frequencies 

Figure 6 illustrates the co-spectra computed using the cross-shore current at z = 
0.13 m and sediment concentrations recorded at z = 0.13 and 0.26 m in the rip 
neck for ~33 minutes at high tide. Within this time frame, the suspended 
sediment transported by the incident swell and wind waves is subordinate to that 
of the lower frequency motions. Transport of suspended load at FIG frequencies 
peaked at 0.00244 Hz (~6-7 minutes), with the flux directed offshore at both z = 
0.13 and 0.26 m), supporting the transport by the mean rip current itself 
(Greenwood et al. [22]). IG transports varied in both magnitude and direction but 
with a net transport offshore as well over this time period. The incident wave 
frequencies, as expected, induced a net onshore transport of suspended sediment. 

6 Conclusions 

At relatively large time scales (~33 minutes), cross-shore current and sediment 
concentration measurements in a “stable” rip neck system at high tide when the 
rip was at a maximum (~0.38 m s-1) lead to the following conclusions: 
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Figure 5: Frequency spectra of ~33 minutes of near-bed, sediment 
concentrations in the rip neck at high tide: (a) z = 0.39 m; (b) z = 
0.26 m; (c) z = 0.13 m. Note the decreasing vertical scale with 
elevation as overall concentrations decrease.  
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Figure 6: Co-spectra of cross-shore velocity and sediment concentration at z 
= 0.26 m (a) and 0.13 m (b) in the rip neck recorded over ~33 
minutes.  Note the difference in the vertical scales, which reflects 
the decreasing concentration with elevation, as there is essentially 
no change in the velocity field. 
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 current pulses at far-infragravity frequencies (>0.005 Hz; >200 s) dominate the 
near-bed cross-shore velocity spectrum (z = 0.13, 0.39 m). The dominant far-
infragravity frequency was 0.0026-0.0028 Hz (~5-6 minutes).Further low 
frequency motions occurred at infragravity frequencies, with a dominant 
“pulse” at 0.0199 Hz (~50 s). 

 similar very low frequency “pulses” were found in the near-bed (z = 0.13, 0.26 
m) sediment concentration field. The strength of the signal decreased rapidly 
with elevation, so that at 0.39 m, the spectrum was distinctly “red” with no 
preferred concentration of variance at any FIG frequency. Instead, the only 
clear signal was that of an IG “pulse” at 0.0199 Hz (~50 s). 

  co-spectra between currents and concentrations revealed that suspension 
transport was also dominated by FIG “pulses”, at frequencies between 0.0026 
and 0.0047 Hz (3.5 and 6.5 minutes), inducing a net offshore flux of sediment. 
IG frequencies were also present with the largest “pulse” (0.0129-0.0132 Hz; 
76-78 s) also transporting suspended sediment offshore.   

  at shorter time scales (~17 minutes) both the spectra and co-spectra were 
dominated by the incident swell (0.082 Hz; ~12 s) and wind waves generated 
by a sea breeze (0.167 Hz; ~6 s); these higher frequency waves together with 
the mean current were the dominant transport at short time scales (Greenwood 
et al. [22]). 

     Neither the consistency of the low frequency pulses through time, nor their 
origin(s), can be discussed in detail here, although a number of possible forcing 
mechanisms should be mentioned: (a) inherent modulations of the landward 
mass transport by Stokes drift or wave rollers over the segmented bar (Aagaard 
et al. [2]), which is the fundamental driver of the rip cell; (b) standing far-
infragravity and infragravity waves within the rip neck itself produced by wave 
grouping (MacMahan et al. [6]; Bruneau et al. [7]); and (c) current shear 
instabilities (Smith and Largier [16]) and (d) the expulsion of vortices from the 
surf zone induced by wave-group forcing of large scale Lagrangian structures 
(MacMahan et al. [19]; Reniers et al. [30, 32]).   
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