
Proceedings of the HYDRALAB III Joint User Meeting, Hannover, February 2010 
 

 

 

 
 
 

BARDEX (BARRIER DYNAMICS EXPERIMENT): 
A LABORATORY STUDY OF GRAVEL BARRIER RESPONSE TO WAVES AND TIDES 

 
Jon Williams(1), Gerd Masselink(1), Dan Buscombe(1), Ian Turner(2), Ana Matias(3), Óscar 

Ferreira(3), Andrew Bradbury(4), Nicole Metje(5), Lawrence Coates(5), David Chapman(5), Charlie 
Thompson(4), Torsen Albers(6), Shunqi Pan(1) 

 
(1)SoMSE, Univ. of Plymouth, UK, E-mail: jon.j.williams@plymouth.ac.uk 

(2)Water Resource Laboratory, Univ. of New South Wales, Australia, E-mail: ian.turner@unsw.edu.au 
(3)CIMA, Univ. do Algarve, Portugal, E-mail: ammatias@ualg.pt 

(4)National Oceanography Centre, Southampton, UK, E-mail: apb2@noc.soton.ac.uk 
(5)School of Civil Engineering, University of Birmingham, UK, E-mail: n.metje@bham.ac.uk 

(6)Technische Univ. Hamburg-Harburg, Germany, E-mail: t.albers@tu-harburg.de 
 

 
As few prototype-scale laboratory experiments have investigated the dynamic response of 
gravel beaches and barriers to tides and waves, a prototype gravel barrier (5 m wide and 4 m 
high, with seaward and lagoon facing slopes of 1:8 and 1:4, composed of sub-rounded gravel    
D50=10 mm) has been studied in the Delta flume. Detailed hydrodynamics and beach 
morphology were measured using video, buried PTs, ECMs and closely-spaced bed location 
sensors on a scaffold frame with additional measurements from instruments on an offshore 
frame. A series of systematic tests were undertaken using pumps to change water levels on the 
seaward (hs) and lagoon (hl) sides of the barrier. These included: 1) hydraulic conductivity 
tests (hs and hl levels were varied); 2) tests to assess the impact of waves (hs = 2.5 m with 
variable hl and waves of 1m and periods 5-7 s; 3) tests examining the effect of tides (tidal 
simulation by varying  hs from 1.75 m to 3.25 m with hl at high, medium  and low levels and 1 
m random and regular waves with periods 3 s, 5 s and 7 s); and 4) overwash tests (tidal 
simulation with variable hl and random waves of height ca. 1 m and periods 4.5s, 6s, 7s and  
8s). This short paper is intended primarily to make the community aware of the experiments 
and to describe the objectives and methods used.  

 
1. INTRODUCTION 

Although tidal modulation and sediment porosity play key roles in influencing gravel beach 
morphodynamics (Masselink & short, 1993), most laboratory flume experiments have used a fixed 
mean water level to study the response of gravel beaches to waves (e.g. Roelvink & Reniers, 1995; 
Blanco, 2002). Although some studies have attempted to examine tidal effects (e.g. Trim et al., 2002), 
the experiments are subject to scaling problems and the beaches used have been emplaced on 
impermeable ramps and fail, therefore, to simulate the porosity of natural gravel beaches. Moreover, 
no study has yet examined how hydraulic gradients resulting from differences in water level on the 
seaward and landward sides of barrier beaches influence their dynamics and stability. During extreme 
events, gravel barrier overwashing can sometimes lead to breaching and contribute to large-scale roll-
back. It is known that overwashing plays an important role in the re-establishment of the pre-storm 
profile, but our understanding of the processes by which this is achieved remains incomplete. There is 
therefore a great deal that can be learned from the series of controlled experiments described below in 
which a gravel barrier is subjected both to simulated tidal motion and a range of wave conditions.  

The experiments were undertaken in the Delta flume during June and July 2008 and aimed to 
investigate the morphological behaviour of a near-prototype scale open-coast tidal beach composed 
entirely of medium gravel, and backed by a lagoon. The primary objective was to understand gravel 
beach sediment transport processes and pathways, as well as the geotechnical and hydraulic properties 
and processes within the beach. In addition the problem of parameterising and modelling the incipient 
conditions for natural overwashing and barrier failure during storms was also addressed.  
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2. METHODS 

A 4 m high and 50 m wide gravel barrier (D50=10mm) was constructed in the Delta flume 
(Netherlands) with a ‘sea’ and a ‘lagoon’ at either side (Figure 1). By raising and lowering the water 
level in the lagoon, the groundwater in the barrier was elevated and lowered relative to the mean sea 
level and the effect on beach profile development could be investigated for a range of wave and water 
level conditions. The sub-aerial part of the barrier was extensively instrumented with buried pressure 
sensors to measure the beach groundwater, current meters for recording swash flows and acoustic 
devices for measuring swash depths and bed levels (Turner et al., 2008). Additional current meters and 
capacitance wires were deployed offshore. The water levels in the sea and lagoon were maintained at 
set levels by 4 x 100 l/s pumps and connecting pipe work. The system was able to control the water 
levels either side of the barrier to a tolerance of 10mm, permitting the simulation of differing sea-level, 
tide and beach groundwater conditions. Pump discharges in and out of the lagoon were recorded and 
enabled direct determination of flow rates through the barrier. Five test series were undertaken: (A) to 
determine the in-situ bulk hydraulic conductivity of the gravel barrier in the absence of waves; (B) to 
examine barrier response to waves only; (C) to study the response of the barrier to waves with a fixed 
offshore water level and varying lagoon levels; (D) to measure barrier response to waves using 
simulated tidal cycles; and (E) to examine the response of the barrier to storm conditions using tidal 
simulation and large waves. Numerical modelling of the results from these tests has been undertaken 
using the XBeach model (cf. Van Dongeren et al., 2009).   
 

 
Figure 1. Plans of the experimental design showing barrier emplacement, pumping system and 

instrument locations. The photographs show details of the equipment and Delta flume. 

 
3.  RESULTS AND DISCUSSION  
Some initial results from BARDEX have been published by Williams et al., (2009). Here we present 
two new results that illustrate the advances in understanding of gravel barrier behaviour that is 
emerging as the data analysis progresses. The results in Figure 2 show a clear difference between 
beach response to a low and high lagoon level. Although limited accretion on the berm crest and some 
onshore migration of the beach step in test D2 is observed, significant morphological changes (up to 
0.2 m over 15 min) occurred during the tidal cycle. These exhibited a distinct tidal asymmetry with the 
development of two ‘cut-and-fill’ regions representing: (a) onshore step migration and; (b) the 
development and onshore migration of a small berm. During the falling tide, berm development ceased 
and the step migrated offshore. In test D3, the morphological change over a tidal cycle was much 
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greater with  the upper beach and the entire intertidal zone eroded by up to 0.2 m, and the resulting 
development of a more pronounced and offshore-situated step. During the rising tide, the zone of 
erosion and offshore sediment transport was limited to the swash zone, but during the falling tide the 
area just below sea level also eroded. The erosion/accretion bands during the rising tide at x = 75–
80 m are related to the migration of large bed forms (Masselink et al., 2009).  

 
Figure 2. Comparison of beach morphological evolution during tidal run with low (left panels; test 

D2) and high (right panels; test D3) lagoon level. 
 
Figure 3 shows the measured groundwater over-height observed within the gravel barrier as a 

function of incident wave conditions, monochromatic versus and irregular waves, and a raised, equal 
and lowered lagoon level (cf. Turner et al., 2009). In the case of sea = lagoon Figure 3 shows that these 
new experimental data for gravel tend to support the prior finding for sand that groundwater mounding 
due to the action of waves at the land-ocean boundary is primarily a function of the vertical runup 
excursion, rather than the hydraulic characteristics of the aquifer (i.e. hydraulic conductivity). Figure  
3 also shows that the primary effect of raising/lowering the back-barrier lagoon level is to 
decrease/increase the observed groundwater mounding. The greater (time-averaged) vertical length of 
corresponding monochromatic and irregular waves resulted in the observed greater degree of 
groundwater mounding when the beachface was exposed to the former wave conditions.  
 

 
Figure 3. Watertable over-height with the beachface for selected test series. ‘o’ symbols indicate sea = 

lagoon, ‘▲’ – elevated lagoon, ‘▼’ – lowered lagoon. The solid line shows η+=0.62(HLo)0.5tanβ 
(mono) and the dashed line shows η+=0.44(HLo)0.5tanβ (irregular), where η = over-height of the 
watertable adjacent to the beachface due to the action of wave runup, H = local wave height , Lo = 

equivalent deepwater wave length and β = beachface slope . 
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4.  CONCLUSIONS 

Experiments in the Delta flume, with a near field-scale gravel barrier, have for the first time examined 
barrier response to different water levels either side of the barrier in the presence of waves and to 
overwash events. The use of metered high capacity pumps has allowed water levels to be held at 
different relative level either side of the barrier and enabled direct assessment of hydraulics controls in 
gravel barriers morphodynamics. Data acquired in the experiments will assist in the development and 
testing of models (e.g. XBeach) of processes. It is considered that this in turn will assist in the design 
of artificial nourishment schemes and in the management of natural gravel barrier systems threatened 
by erosion and/or rising sea level. Papers presenting the BARDEX results in detail will form a special 
issue of an international journal to be published in 2010. 
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