
Journal of Coastal Research (ICS 2000 Proceedings) 138-142 New Zealand 

Influence of Beach Dewatering on Edge Waves - a Laboratory Study 

Charles Lemckert 

School of Engineering 
Griffith University Gold Coast 

Campus 
PMB 50 Gold Coast Mail Centre 
9726, Queensland, Australia 

abstract wmmmmmmmmmtmmmma^mmmmammmmmmmm^mmmmmmi 

Lemckert, C.J., 2001. Influence of Beach Dewatering on Edge Waves - a Laboratory Study. Journal of Coastal 

Research Special Issue 34, (ICS 2000 New Zealand). ISSN 0749-0208. 

A controlled laboratory-based study was used to investigate the interaction between beach dewatering and a 

generated three-dimensional wave field. The wave field was a combination of regular incident waves and a 

coupled edge wave. It is expected that the performance of a beach dewatering process in modifying the wave field 
will depend upon a considerable number of variables, the majority of which require investigation. This study 
investigated how changing three variables (incident wave energy, beach dewatering rates and beach sediment 

porosity) influences the interaction between edge waves and a beach. Low porosity sediments permitted the 

generation of edge waves while high porosity sediment did not. Analysis of the data showed that, for the range of 
conditions examined, beach dewatering had little influence on the generated edge waves. 
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INTRODUCTION 

Many recreational, residential and land developments 
are protected from the destructive actions of ocean waves by 
beaches. Ever-increasing beachfront developments and the 

resultant reduction in available beach width means that any 
level of beach erosion could have detrimental outcomes. To 

maintain a suitable beach width, it is sometimes necessary to 

instigate management programs that require the use of hard, 
soft or combination defence options. Each of these options 
can be costly, and not function effectively if incorrectly 
designed. 

Beach dewatering is a relatively new soft-option 
technique (Turner and Leatherman, 1997) used in beach 
erosion control. It has been found that a relatively low water 
table (with respect to the mean sea level) promotes on-shore 
sediment transport and hence beach accretion, while a 

relatively high beach water table increases offshore sediment 

transport and hence beach erosion. The physical explanation 
for this behaviour lies in the interaction between the waves, 
tides and coastal ground water (e.g.Ll et al. 1996, 1997). 
Essentially, as waves run up and down a beach, providing the 
mechanism for sediment transport, they interact with the 

ground water beneath the beach face. If the beach water table 
is low in comparison to the mean sea level, water infiltrates 
into the beach face as waves run up above the exit point of 
the ground water table on the beach. Consequently, the 
fluid's sediment-carrying capability decreases, resulting in 
sediment deposition. Further, the volume and velocity of 
wave run-down water will be reduced, resulting in lower 
offshore sediment transport. The net result of this is an 

enhanced on-shore sediment transport and reduced offshore 

sediment transport, leading to beach accretion. Conversely, a 

relatively high water table (as is often found during storm 

events) causes water exfiltration from the beach face into the 
sea. This increases offshore sediment transport and beach 
erosion (Grant, 1948). Therefore, by artificially lowering 
the water table by pumping water out of the beach aquifer (ie 
beach dewatering) it is possible to enhance beach accretion 
and reduce beach face erosion. 

Some limited studies of beach dewatering have been 
undertaken within the field. Chappell et al. (1979) carried 
out a field experiment in Australia, while commercial 
installations of prototype beach dewatering systems have 
been undertaken in Europe (Vesterby, 1994) and the United 
States (Lenz, 1994). The essential finding from these studies 
was that the beaches were expectedly accreted due to 
artificial water table lowering (see also Turner and 

leatherman, 1997). However, these studies concentrated 

essentially on seeing if the process worked, rather than 

attempting to quantify or model the physical processes 
involved. 

This paper presents and discusses some results of a 

controlled laboratory-based study that investigated the 
interaction between beach dewatering and a generated three 
dimensional wave field. The wave field was a combination 
of regular incident waves and a coupled edge wave. This 

arrangement was chosen for this study since edge waves 

have their greatest amplitude at the shoreline, and so they 
were expected to be more effected by dewatering than the 
incident waves and the resultant changes more readily 

measurable. Only a selected number of variables were 

intentionally altered. These were the incident wave height, 
the incident wave period, the beach sediment porosity and 
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the dewatering rate. It is noted that other variables changed 
in response to these, including the height of the generated 
edge waves. 

METHODOLOGY 

The experimental program was conducted within a 1.8 x 
3.6 x lm tank whose wave field was generated by a flap 
paddle driven by an electric motor and eccentric drive (see 
Figure 1). A constant slope sandy beach (15?) was placed at 
one end of the tank, with the base being 1.09 m from the 

paddle. A highly permeable protective membrane, consisting 
of perforated steel sheeting (solidity of 60 %) overlaying a 

geotextile fabric, were placed on top of a sandy beach so that 
incident waves would not alter the beach slope. That is, the 
sand only acted as a supporting and drainage medium and 
that beach roughness was therefore always constant. While it 

would have been desirable to use only a sandy beach face, 
trials showed that this was impractical due to the beach face 

slope being modified as soon as the wave field was initiated. 
At the back of the beach there was a highly permeable 
vertical false wall (extending over the entire cross section of 
the tank) though which water could freely pass. During 
dewatering experiments water was allowed to flow out of the 

tank, at a controlled and measured flow rate, through a 

drainage tube placed behind the false wall. That is, the 

dewatering system operated as a gravity driven system. The 
water level in front of the beach was kept constant by 
pumping water into the tank and allowing excess water to 
flow out though a fixed height overflow pipe (set at 150 mm 
for these experiments). The outflow pipe was set to a depth 
of 10 mm for all experiments. 
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Figure 1. Schematic of the experimental tank showing the wave paddle, 

screening arrangement, and overflow pipes used to keep the water levels 

within the tank constant. 

Five different porosities (46.8, 41.2, 37.8, 35.5, 34.6) and 
stroke lengths (3.2, 5.7, 8.2, 10.7, 13.2 cm.) and various 

dewatering rates (from 0 to 0.3 1/s) were investigated. Stroke 

lengths were limited to this range because values exceeding 
13.2 cm resulted in breaking incident waves, which would 

consequently influence the edge wave dynamics. 
The wave paddle frequency was set to one that would 

result in the generation of standing edge waves. The 
mathematical relationship describing the wavelength of edge 

waves, A, and hence the frequency required for their 

generation, is given by the shallow water dispersion relation: 

gTE2sm(2n + \)/3 (1) 

where TE is the edge wave period, which is half the incident 
wave period (Tj=0.5r?), g is the acceleration due to gravity, n 
is the mode number of the edge wave in the offshore 

direction, and /? is the beach face slope. While more 

sophisticated relations exist for predicting the shape of edge 
waves Eq. [1] was sufficiently accurate for this study as the 
conditions were limited to n = 0 (see Sheremet and Guza, 
1999). Edge waves travel normal to the beach with the 

sloping beach face acting as a wave-guide (Komar, 1998). 
Their amplitude decays exponentially in the offshore 
direction and they may be either traveling or standing, with 
the latter having fixed nodes and antinodes in the long shore 
direction. The height of the edge wave (and hence its 
associated energy level) is directly related to the amount of 

energy transferred from the incident waves. When the edge 
wave is a standing type, the interaction of the incident with 
the edge waves results in regular high and low wave heights 
along the beach. 

The generation of edge waves within the experimental 
facility made it possible to operate a controlled and 

predictable three-dimensional wave field for this study. For 
the tank configurations and the desired conditions the 
incident wave frequency was always set to 0.94 Hz to 

generate an edge wave with two long shore nodes with a 

frequency of 0.47 Hz. A schematic the edge wave is 

presented in Figure 2, along with the relative position of the 
wave gauge bases. 

Water levels within the tank were monitored using a set 
of 4 calibrated capacitance wave gauges (accuracy +/- 1 mm) 
positioned at strategic locations within the tank. The first 

probe (#1) was positioned on the centre line of the tank and 
on the beach face so that it was just in the water during the 
run down phase. Two probes (2 and 3) were placed at the 
base of the beach face, with one on the tank centre line and 
the other placed to one side at the edge wave antinode. Probe 
4 was placed near the paddle so that the influence of the edge 
wave would be minimised. Data from each probe were 
collected at a rate of 10 Hz for a period of 100 sec using a 16 
bit A/D data collection system once the edge wave field had 
stabilised. 

Spectral analysis of the output signals from the wave 

gauges was used to determine the incident and edge wave 

energies. The signals were spectrally smoothed using a 

Hanning window and the values of the spectral energy peaks 
of the incident and edge waves recorded. By assuming that 
linear wave theory applies here, this data was next used to 
determine the incident and edge wave amplitudes. That is, 
the energy E of each spectral peak corresponds to: 

Fr Fr 
(2) 

where Fr is the frequency at which the spectral peak occurs, 
p is the water density, and h is the wave height. 
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Figure 2. Schematic of a long shore mode 2 edge wave generated within 
the laboratory tank. The solid line indicates the shape of the wave on the 
beach when the beach face run up is greatest on the sides, while the 
dashed line is the shape one half period later. The dark circles mark the 
relative positions of the wave gauge sensors (numbers indicate sensor 

number). 

Using Eq. [2] it is then possible to determine a JFave Energy 
Ratio (WER) that relates the incident wave energy to the edge 
wave energy by: 

WER = ^ (3) 

where the subscripts e and / denote the edge wave and 
incident wave components. That is, WER is the square root 
of the edge wave energy relative to the incident wave energy. 

DISCUSSION AND RESULTS 

Figure 3 presents an example of water level fluctuations 
within the tank at three locations when dewatering was not in 

operation (p 
= 37.9, stroke = 8.2 cm). Near the paddle 

(Figure 3.a) the wave field was dominated by the generated 
incident waves at a frequency of 0.94 Hz. The observed 

wave field is not monochromatic because of wave reflections 
and a small edge wave component that were present at this 
location within the relatively small laboratory tank. The 

period of the edge wave is twice that of the incident wave, or 
half the frequency (0.47 Hz). Figure 3 also shows how the 

edge wave amplitude increases as the distance from the 
beach decreases with the edge wave dominating at the closest 

point (Figure 3.c), while it is barely visible at the furthest 
most measuring point away from the beach (Figure 3.a). 
Power spectral density estimates of the data presented in 

Figures 3.a and 3.c are shown in Figure 4. Here the dominant 

peaks correspond to the incident (0.94 Hz) and edge wave 

(0.47 Hz) oscillations. Figure 4 also shows how the edge 
wave energy expectedly decayed offshore. 

Figure 5 presents data collected for the same incident 
wave and porosity conditions as that presented in Figure 3 

except that dewatering was in operation and set at a rate of 
0.22 1/s (the highest attempted). A visual comparison of 

Figures 3 and 5 reveals very little difference in the wave 
fields. This is confirmed by a comparison of the power 
spectral estimates (see Figure 6). Similar results were found 
with other dewatering rates; implying that dewatering has 
minimal measurable influence on the 

- 
edge, or even the 

incident, waves. 

The effect of porosity on edge waves when dewatering 
was not in operation was investigated; Figure 7 shows how 
WER was influenced by the porosity of the beach sand. Here 
WER is defined as the incident wave height recorded at 
Probe 4 divided by the edge wave height recorded at Probe 1. 

Experiments revealed that when p > 41.2 edge waves could 
not be generated using any stroke length. For p < 38 it was 

possible to generate the edge waves. Figure 7 also shows that 
for decreasing porosity there was an increase in WER. That 
is, with decreasing porosity the amount of water percolating 
into the beach sand at the top of the run up was reducing, 
thus increasing both the amount of backwash running 
directly down the beach face and the edge wave energy. This 

finding is in keeping with the work of Lippman et al. (1997) 
who, through a theoretical study of edge waves that 
considered a simple parameterization for frictional damping, 
found the amplitude of edge waves were dependent linearly 
on the ratio tan/#q, where Cd is a bottom drag coefficient. 
That is, since Cd varies inversely with wave velocity, the 

edge wave amplitude would decrease with reducing run up 
and run down. Note that ion this study the physical bed 

roughness was kept constant. 

Figure 8 shows the relationship between the WER and 

imposed beach dewatering rates when p=37.9. Here it is 

clearly evident that for the range of conditions investigated 
beach dewatering did not influence WER, even though this 
was the highest porosity at which edge waves were 

generated. Similar results were also found for the lower 

porosity beaches. 

The results presented in Figures 7 and 8 imply that, for 
the range of conditions studied, beach porosity played a more 

significant role in modifying the edge wave energy than did 
the dewatering process. This suggests that for dewatering 
operations to operate effectively, and efficiently, the beach 
must have high porosity as this will reduce the reflected 
wave field. It is certainly necessary to further study this 

problem with some emphasis placed upon studying the 
behaviour of the water table under varying conditions. For 

example, what influences does a pumped dewatering system 
have? 

CONCLUSIONS 

This study used a series of laboratory experiments to 

investigate the influence of dewatering on the behaviour of 

edge waves. It was found that for beaches with a low 

porosity edge waves could be generated and sustained. For 

high porosity sediments, edge waves could not be generated 
at all. This implies that the occurrence and properties of edge 
waves on natural beaches will be strongly dependent upon 
the nature of the beach face sediment. The latter is important 
because, under certain high porosity conditions, it is 

anticipated that an elevated aquifer could sustain a 

sufficiently level of wave rundown to maintain an 

edge waves. 
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Figure 3. Surface water elevations as a function of time for one set of 

conditions (p=37.9) for probes set at (a) 137 cm, (b) 57 cm and (c) 32 
cm from the beach where the mean water level intersects the beach 

slope. Wave paddle stroke length was 8.2 cm and frequency was 0.94 Hz 

When edge waves were present, and beach dewatering 
was in operation (requiring beaches with low porosity) little 

change was observed in the incident or edge wave field for 
the range of investigated conditions. While further light has 
been cast on the influence beach dewatering has on a wave 

field, many questions remain unanswered. What is required 
now is a detailed investigation of other parameters (including 
beach face permeability) since in this study it was set at a 
constant. Further studies should also be performed on 

pumped systems so that higher dewatering rates can be 
achieved, and appropriate scaling rules developed to further 

augment the knowledge to design an efficient 

prototype system. 
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Figure 5. Surface water elevations as a function of time for the same set 

of conditions as figure 3 except the beach was being dewatered at a rate 

of 0.22 1/s. 

ACKNOWLEDGEMENTS 

The author would like to thank Kendall Bot for his 
valuable participation in the project. The project was 

financially supported by a Griffith University Small 
Australian Research Council Project, with further funds 
made available from the School of Engineering, Griffith 

University Gold Coast Campus. The comments made by 
anonymous referees have helped improve the quality of 
this paper. 

Journal of Coastal Research (ICS 2000) New Zealand 

http://www.jstor.org/page/info/about/policies/terms.jsp


142 Lemckert 

102 

0 1 2 

Frequency (Hz) 

Figure 4. Power spectral density plots of the data presented in Figure 3.a 

(dashed line) and Figure 3.c (solid line). For clarity, only the relevant 

portion of the spectrum is 
chosen._ 
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Figure 6. Power spectral density plots of the data presented in Figure 5x 

(dashed line) and Figure 3.c. (solid line). For clarity, only the relevant 

portion of the spectrum is chosen. 
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Figure 7. Plot of wave energy ratio versus porosity for the various stroke 

lengths used in the experiments when the beach was not being dewatered. 

S0=3.2 cm, Sl=5.7 cm, S2=8.2 cm, S3=10.7 cm and S4-13.2 cm. 
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Figure 8, Wave energy ratio as a function of dewatering rates for p=37.9 
and various stroke lengths (see Figure 7 for symbol definitions). 
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