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The present paper deals with an experimental investigation performed at Large Wave Channel 
(Grosser Wellen Kanal, GWK) in Hannover. The general aim of the project was to improve the 
knowledge of the hydrodynamic and morphodynamic behavior of a drained beach to define 
reliable design criteria of the system. The tests allowed to investigate the shore zone processes, 
including in-filtration and ex-filtration flows. The obtained results gave information to discuss 
the weakness and strength points of the Beach Drainage System (BDS) as a tool able to reduce 
beach erosion. This paper shows the experimental set up and first results concerning water 
table behavior. Drain efficiency in water table lowering has been evaluated. Measures of water 
table levels, also in undrained conditions, can be useful to investigate shore zone 
hydrodynamics.  
 

1. INTRODUCTION 

Cross shore sediment transport plays a dominant role in the morphological evolution of sandy beaches, 
above all in the near shore zone. In the swash zone, the cross shore transport is strictly related to up 
and back rush flows and therefore hydrodynamic forces, produced by swash oscillation play a relevant 
role in beach evolution (Larson et a., 2004). 

In order to understand how the swash influences sediment transport it is important to consider the 
different hydrodynamic conditions during run up and run down (Elfrink and Baldock, 2002). Run up 
development is related with in-filtration and ex-filtration and thus with permeability and saturation 
degree of the beach. In-filtration and ex-filtration processes are related to sand characteristics, thus 
also morphodynamic is strongly influenced by sand parameters, like as grain size, fall velocity, 
permeability, etc. 

The Beach Drainage System (BDS) should artificially increase sand permeability, by producing a 
lowering of the water table and, as a consequence, an increasing of un-saturated zone. Moreover, a 
vertical infiltration flow increases effective weight of grains, producing a better stability. 

Many BDS prototypes have been installed around the world. In Italy some examples are available 
(Ciavola et al., 2008), i.e. Ostia (Damiani et al., 2003), Alassio (Bowman et al., 2007), and Procida 
(Vicinanza et al., 2010). Even if field monitoring is very useful to assess the effectiveness of the 
system (Vesterby, 1994), laboratory tests could be used in defining how does the system work under 
different wave conditions. 

The paper describes tests carried out in the large wave flume “Grosser Wellen Kanal” (GWK) of 
Coastal Research Centre (FZK) of Leibniz University Hannover and Technical University 
Braunschweig. Due to the fact that there were two proposals submitted for GWK:  

- HYIII-GWK-05: Experiments on Sediment Depth Of Disturbance for beaches under the 
influence of Drainage Systems (ESDODDS) leaded by Paolo Ciavola, 

- HYIII-GWK-06: Infiltration and ex filtration on the beach face leaded by Leonardo Damiani, 
with the more or less same topic and model set-up and the same rating, the access was shared 

between these two teams to avoid any double supporting (see Ciavola et al., 2010 in this volume). 
The results of laboratory tests would contribute to define the main design parameters of the BDS 

and it could make possible a qualitative interpretation of the investigated phenomena. In following 
pages the experimental set-up and preliminary results concerning the water table behavior will be 
described. 
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2. EXPERIMENTAL SET UP  

Experimental set up consists on a 2D movable bed model. Sand is almost uniform fine (d50 = 0.33mm) 
with a permeability about 3.2 10-2 cm/s and a fall velocity 4.8 cm/s. From deep water near the paddle, 
the seabed was flat for 105.3 m followed by an initial 1:20 slope of 20 m long. Subsequently the bed 
channel changed with 1:50 slope for 50 m, finishing in a zone of 30 m long having a variable slope, 
ranging from 1:8 to 1:10 and changed before each dynamic test. 
 

 
Fig. 1 Flume overview and sea bed profile 

 
The drainage system consisted of four corrugated PVC drain pipes parallel to the shoreline, with a 

diameter of 200 mm and covered by a double layer of geotextile: the drains (Fig. 2) were located 
under the swash zone with the horizontal axis 0.4 m under the still water level and at a distance from 
the initial shoreline variable from 2.6 m to 12.5 m. Drains had a small transversal slope along the 
direction of blind pipes (D = 200 mm) which linked to the pump station for draining the groundwater 
flow. The end of each blind pipe was provided of a valve to allow switching on/off the drains. The 
valve opening allowed a successive drainage flow to the pump station. The adopted configuration 
makes possible to use single drain or more than one. From the pump station the water was finally put 
in the initial part of the flume by an external iron pipe having D = 200 mm.  

 

 
Fig. 2 Beach Drainage System 

 
In order to evaluate the mean water table position, 12 piezometers and 10 pore pressure 

transducers have been installed, covering the swash zone and the emerged beach; moreover 4 pressure 
transducers were installed inside the drains in order to evaluate their hydraulic behaviour.  

Drained flows were measured by 1 pressure transducer installed in the wheel and by a flux meter; 
20 wave gauges were installed on the wall of the channel, in order to evaluate off shore and onshore 
wave motion, while 4 electromagnetic current meters were used in order to study velocity fields in the 
swash zone. Beach morphological evolution was obtained by a profiler installed on the moving 
carriage. In addition 2 video camera recorded video during tests to evaluate shoreline position 
variation and run up. Three different wave energy conditions (High Energy, Medium Energy, Low 
Energy) were carried out employing JONSWAP spectrum (Table n°1). Different drain configurations 
were tested. Preliminary tests were run in still water conditions (S) at two different water levels 
(4.00m and 4.20m). 

Table n°1 Tests program 
Test Static Water Level in the channel [m] Hs [m] Tp [s] 

S1  (no waves) 4.00 - - 
S2  (no waves) 4.20 - - 

HE  4.00 0.8 6.5 
LE  4.00 0.4 8 
ME 4.00 0.6 8 
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3. TESTS RESULTS AND DISCUSSION 

In Figs. 3 and 4 water table behaviors are shown in still water condition, respectively with 4.00m and 
4.20m of water level in the channel. 
 

 
Fig. 3 Water table oscillation, SWL = 4.00m Fig. 4 Water table oscillation, SWL = 4.20m 

 
Figures show the lowering water and the system effectiveness in increasing the unsaturated area 

inside the beach; a general view of the response of the system in different drain configurations shows a 
residual hydraulic head on drains; really the transducers inside drains show that drains work under 
depression due to the fast opening of the valves, resulting in a water depth of about few centimeters; 
this feature is related both to sand permeability, drain resistance to flow drainage (i.e. greater holes, 
geotextile with lower hydraulic resistance) and drain characteristics (i.e. material and size). 

With SWL equal to 4.20 m the water table depression for each working drain is higher (Fig.4) than 
the 4.00 m case, due probably to the higher hydraulic head on the beach.The following figures 5 and 6 
represent an example of water table behavior for the wave attack HE (tab. n°1) in both drained and 
undrained conditions. 

 

 
Fig. 5 Water table for dynamic test HE 

 
As expected, the wave attack produces a raising of water table level; moreover water table 

measurements allow to evaluate the maximum set up value on the beach. 
In undrained conditions the hydraulic head onshore, due to the set up, is greater than the offshore 

one; as a consequence currents are directed from the beach to the offshore zone. 
In drained condition water table level is significantly reduced, reaching in the zone close to the in 

working drain, a level lower than the still water one; as a consequence a reduction of the undertow 
currents close to the shoreline should be observed. 

Respect to static conditions, dynamic tests show a smaller water table lowering due to run up flow 
feeding in-filtration processes. 

The water table lowering in dynamic test is littler than in static ones especially when drains 1 and 
2 work, because they are the nearest the shoreline and, therefore, receive a greater water volume. 

Figure 6 shows the for High Energy conditions the global emerged beach lose material, also in 
presence of an active drainage. Anyway a local stabilization close to the drain is evident. The beach 
profile is almost stable in a zone that is strictly dependent to the dewatering effect on the water table. 
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Details of the local effect of the drainage system on the beach stabilization can be found in the 
paper of Ciavola et al. (2010) in this volume. 
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Fig 6: Dewatering effects on water table and related local beach profile stabilization  

 
5. CONLCUSION 

All the described results allow to state that, in the model configuration, the drains are able to 
modify the hydrodynamics of the swash zone, by lowering the water table level and the maximum set 
up, even if the efficiency could be related to drain characteristics, which influence the drain resistance 
to the flow drainage. 

The presented experimental data allow to study the water table qualitative behavior both in drained 
and undrained beaches as a function of the drain position respect the shoreline and the still water level: 
the water table lowering, coupled with drained flow, could give a more accurate information about the 
drainage system capability in growing the sand permeability. By this way run up flow can be absorbed 
and vertical in-filtration flux allow to stabilize sediments on the emerged beach.  

The effectiveness of drains has been investigated by looking at first hydrodynamic results: the 
analysis has to be completed with morphological effects, to understand how changes in swash zone 
hydrodynamics processes modify beach evolution. 
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