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Abstract

Although relatively common features in nature, only a handful of laboratory studies
have examined the dynamic response of gravel beaches and barriers to combined
tidal and wave forcing and to storm simulations. This paper reports experiments
undertaken in the Delta flume in the BARDEX project using a prototype gravel barrier
(5m-wide and 4m-high with seaward and lagoon facing slopes of 1:8 and 1:4)
composed of sub-rounded gravel (Dsp = 10mm). Hydrodynamic conditions and beach
morphology were measured using buried PTs, ECMs and closely spaced bed
location sensors on a scaffold frame spanning the entire barrier. Additional
measurements were also obtained from video and 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 (h;) sides of the barrier. These included: 1)
hydraulic conductivity tests (hs and h; levels were varied); 2) tests to assess the
impact of waves (hs = 2.5m with variable h; and waves of 1m and periods 5s to 7s;
3) tests examining the effect of tides (tidal simulation by varying hs from 1.75m to
3.25m with h; at high, medium and low levels and 1m random and regular waves
with periods 3s, 5s and 7s); and 4) overwash tests (tidal simulation with variable h;
and random waves of height ca. 1m and periods 4.5s, 6s, 7s and 8s). The principal
objective of the paper is to provide essential information on the design and execution
of the BARDEX experiments referred to in the series of papers that follow in this

special edition.



1.0 Introduction

The BARDEX experiments were motivated by four factors. (1) Gravel beaches and
barriers that frequently provide protection from flooding (Mason and Coates, 2001)
are currently actively eroding (e.g. Chadwick et al. 2005; Pye and Blott 2009). This
process increases the threat to coastal infrastructure, exacerbates coastal flooding
problems and may possibly lead to further loss of important natural habitats. (2)
Increasingly, coarse sediment is used for beach nourishment and recharge in coastal
protection schemes (e.g. Lyme Regis, UK"). (3) There is a need to better understand
the processes that form, maintain and erode gravel beaches and barriers. (4) Better
numerical models are required to assist with designing coastal protection schemes

and to assess the response of gravel coastlines to storms and increases in sea level.

Most of the world’s gravel beaches are found in meso- to macro-tidal settings, and
thus tidal effects on beach morphodynamics cannot be ignored, (Masselink and
Short, 1993). Furthermore, owing to the coarse nature of the sediments, beach
porosity can also exert a significant influence on morphodynamic behaviour.
However, most previous laboratory flume experiments have used a fixed mean water
level to study the response of gravel beaches to waves (e.g. Roelvink and Reniers,
1995; Blanco, 2002). Although a few studies have attempted to examine the
response of gravel beaches to waves and tides (e.g. Trim et al., 2002), the
experiments are subject to scaling problems and the beaches used are normally
emplaced on impermeable ramps at the end of the test facilities. Such experiments
fail, therefore, to simulate some important aspects of natural gravel beach hydrology.
Moreover, many gravel beaches (with a hydraulic conductivity greatly exceeding that
of sand beaches) are barrier beaches which front and protect low-lying coastal areas
(lagoons, estuaries, and coastal plains) from coastal flooding. Being subjected to
relative changes in water level on both their seaward and landward sides, hydraulic
gradients are likely to be an important element governing their dynamics and

stability.

In order to simulate accurately as many of the natural processes as possible in the

BARDEX experiments, a near-prototype scale open-coast tidal beach composed
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entirely of medium gravel was emplaced in the Delta flume in the Netherlands and
subjected to simulated tidal modulations and to waves. The primary objective was to
obtain data required to understand, parameterise, model and predict gravel beach
morphodynamics. For that purpose experiments were undertaken using a range of
water levels on either side of the barrier, with time-varying water level on the
‘seaward’ side of the beach being used to simulate tides. Detailed measurements
were taken of: the near-shore flow field and sub-tidal bedforms; swash
hydrodynamics; and beach/bed-levels. To address the problem of parameterising
and modelling the incipient conditions for natural overwashing and barrier failure
during storms, another set of experiments simulated tidal modulation and wave
conditions typical of storms. In such conditions, gravel barrier overwashing can
sometimes lead to breaching and contribute, over time, to large-scale roll-back. This
process has implications for long-term coastal managements and is therefore one

requiring investigation.

2.0 Background

Owing to an abundance of sediments with a median diameter, D5y, > 2mm, gravel
beaches and barriers are common along formerly (peri-) glaciated coasts. In some
cases these sediments may be derived from erosion of terrestrial glacial deposits
(e.g. Forbes et al. 1991; Orford et al. 1996) or from the continental shelf during the
Holocene transgression (e.g. Long et al. 2006; Plater et al. 2009). At other locations
coarse beach material may be supplied from fluvial sources (e.g. Shulmeister and
Kirk 1997) or through cliff erosion (e.g. Pye and Blott, 2009). As a general rule,
gravel beaches are mostly frequently encountered in wave-dominated coastlines at

mid- and high latitudes with meso- or macro-tidal regimes.

Studies examining the long-term evolution of gravel barriers in response to changes
in relative sea level, and to variations in the sediment supply (cf. Orford et al. 2002),
have highlighted the importance of overwashing (Orford et al. 1988), or even
breaching, during extreme storm conditions (Orford et al. 2003). On shorter time-
scales studies of the dynamics of the beach step and the evolution of the berm over
consecutive tides (e.g. Austin and Buscombe, 2008) have identified the importance
of swash processes and the important role of swash-groundwater interactions in the
development of gravel beach morphology (e.g. Austin and Masselink, 2006a).
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Specifically, because gravels are significantly more porous than beach sands, they
exert important control on a number of key beach processes. For example, studies of
interactions between swash flows and the beach groundwater have demonstrated a
significant effect on beach morphology and stability attributable to swash infiltration
into the (upper) unsaturated beach; and infiltration and exfiltration across the (lower)
saturated beach (e.g. Turner and Masselink, 1998; Butt et al., 2001; Horn, 2006;
Puleo, 2009; Masselink ** this volume). Although some aspects of gravel beach
hydrodynamics can be inferred from measurements of the beach profile and from the
sediment grain size distribution and changes in sorting (e.g. Austin and Masselink,
2006b), the measurement in the field of hydrodynamic parameters required in
existing models (e.g. Bradbury and Powell 1992; Pedrozo-Acuna et al., 2006; 2007),
or in predictive statistical approaches (e.g. Kroon et al., 2008) is extremely difficult
owing to the very energetic nature of the breaker zone. Thus providing some scaling
issues can be resolved, there is therefore a great deal that can be learned about
processes and about morphodynamic response from a series of controlled large-
scale experiments in which a gravel barrier is subjected both to simulated tidal

motion and a range of wave conditions.

3.0 BARDEX objectives

The BARDEX project had five objectives and all experiments were designed to
provide high-quality data sets for process studies and for numerical model calibration
and testing: 1) to improve understanding of overwash sediment transport and the
threshold conditions for overwash occurrence; 2) to investigate the role of back-
barrier lagoon levels on the dynamic groundwater profile through the barrier and to
assess whether varying groundwater levels may induce differing morphological
response at the beach face; 3) to improve understanding of sediment transport
processes on the beach face under conditions of accretion and erosion; and 4) to
examine hydrodynamics and sediment transport at locations from the swash region
to locations offshore from the barrier. The data acquired has been used to examine
the prognostic capabilities of a new version of the XBeach numerical model modified
for gravel with respect to prediction of barrier morphology, including overwash, from

the offshore limit of sediment transport to the lee side of the barrier.



4.0 Methods

4.1 Construction of the gravel barrier

The scale of the Delta flume enabled the experiments to be conducted with natural
gravel, which minimised the adverse scale effects reported by Blanco (2002). Using
locally sourced fluvial gravel with a median grain size, Dsp, ~10mm (Fig. 1), a 4m-
high and 50m-wide gravel barrier was constructed in the central region of the Delta
flume. The barrier was carefully profiled to give a gradient of 1V/8H for the slope
facing the wave paddle and a 1V/4H gradient for the opposite slope (Fig. 2). The
mid-barrier crest was located at an along flume distance, X, from the Delta flume
wave paddle of approximately 95m (Fig. 2) and the flume volume between the
barrier and the wave paddle (hereafter called ‘sea’) was filled with water to a
required depth. In addition, owing to a unique feature of the Delta flume, it was
possible to create a ‘lagoon’ between the back slope of the barrier and a watertight
gate emplaced at X ~ 130m (Fig. 2). As complete barrier overwash tests were
planned, a series of effective wave absorption baffles were constructed behind the
barrier at the end of the lagoon to reduce wave reflection (Fig. 2). The water levels
in the sea and lagoon were maintained at set levels by 4 x 100 I/s pumps with
connecting pipe work and a flow control system (Fig. 2). The flume channel behind
the gate was filled with water and acted as a reservoir to supply water to, and to
store water from, the sea and lagoon. The pumping system was able to maintain 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 measured using a Siemens Magflow 5100
and enabled direct determination of flow rates through the barrier when a hydraulic
gradient was applied. The effects on beach profile development attributable to a
range of wave and water level conditions (tides) were investigated by raising and

lowering the water level on the seaward side of the barrier and in the lagoon.

4.2 Wave generation

In most BARDEX tests the sea and lagoon water depths were set to constant values
and were maintained by the pumping system. Test waves were then generated using
a JONSWAP wave steering signal specified by significant wave height, Hs, and peak
wave period, Tp. In most tests, reflected waves, as well as low-frequency resonant

waves were damped at the paddle using an Automated Reflection Compensator
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(ARC). Further details of wave generation and properties are given by Buscombe et
al., (2008).

4.3 Sediment properties

Five 25cm long cores of sediment were collected at locations across the barrier
profile by pushing 5cm-diameter Perspex tubes into the gravel and sealing the ends
in situ. Each sample was then analysed by sieving to obtain grain size distributions.
Results in Fig. 1 show the sediments to be fairly well sorted with D5y in the range
9.3mm to 12.4mm. Routine measurements of mean grain size for surficial sediments
were obtained at various stream-wise locations across the barrier between each
experiment using the photograph techniques based on Rubin (2004) described by
Buscombe and Masselink (2009). The grain size distributions were also determined
using the same images following the method of Buscombe (2008). Larger samples
obtained using similar techniques were used to determine the sediment porosity, 7,
defined volume of voids / volume of voids plus gravel. The average value for n was
found to be 0.32 with a standard deviation, o, of 0.04. The sediment density was also

determined from a bulk sample and found to be 2630 kg/m?®.

4.4 Hydrodynamic measurements

The incident wave field, and associated wave induced flows were measured offshore
using three capacitance wave gauges (WGs) and five 40mm-diameter Marsh-
McBirney 511 electromagnetic current meters (ECMs) mounted on the side wall of
the flume (Fig. 2). The WGs comprised a vertical aluminium gauge with a
conductivity sensor at the bottom tip. A servo motor moved the gauge vertically so
that the tip remained just in contact with the water surface. These wave height data,
in combination with measurements of the horizontal and vertical flow components
from a single ECM, were sufficient to describe the incoming and outgoing wave
characteristics (spectra) accurately. The distances between the wave followers were
periodically adjusted, depending on the steepness of the waves, as prescribed by
the Mansard and Funk in their method for derivation the incident spectrum from the
measured water surface elevation. In order to measure the beach groundwater table,
the barrier was instrumented with Druck PTX 1830 pressure transducers, PTs, (1 bar

range; absolute accuracy of 0.4%, Fig. 2). These were deployed 0.035m above the



floor of the flume from 38m < X < 105 m normally at a spacing of 2m-3m. Table 1
summarises the streamwise (X), spanwise (Y) and vertical (Z) locations of these
instruments where X, Y, Z = 0 is located at the wave paddle on the floor of the flume

next to the left wall. It also gives the measurement units of each sensor.

A scaffold support frame (30m- long and 2m-wide) spanning the barrier from 76m <
X < 110m was used to support four mini (Valeport with disc-shaped head) at
X =82.5m, (Fig. 2). Although these were deployed at various elevations from the
bed to record swash velocities, there was always one ECM deployed at ¢. 0.03m
from the bed to record the near-bed flow velocity. The same ECM elevations relative
to the evolving barrier profile were maintained throughout the tests by manual
adjustment during periods of no waves. Additional ECM pairs were also deployed
from the frame at locations further up the beach determined by wave conditions
during any given test. Following adjustments, all instrument positions were surveyed
using a Trimble 5605 Robotic Total Station to a local coordinate system. A similar
frame construction has been used successfully to deploy instruments in field
experiment at Truc Vert, France, and at Slapton Sands, UK (e.g. Masselink et al.,
2008).

A vertical array of three absolute PTs (Druck PDCR1830) were co-located with the
ECMs on the frame and buried in the bed at 0.1m, 0.25m and 0.4m depth to record
vertical pressure gradients. An additional absolute PT (Druck PDCR1830) was
installed at c¢. 0.03m from the bed surface to record the swash depth and help
identify the times when the ECM closest to the bed was submerged. The location of
this instrument was adjusted between each test as required to maintain the required
burial depth. An absolute PT (Druck PDCR1830) was also deployed to record the
atmospheric pressure, required to convert the absolute pressures recorded by the
PTs to hydrostatic pressure and water depth. Data from these instruments, related to
swash flow velocities and depths, were recorded at 4Hz. To record wave run-up, a
Sony SSC-DC50AP video camera positioned on the profiling gantry high above the
centre of the flume, and facing the waves, was used. Images were referenced to
ground control point positions and recorded at 4Hz into Matlab data files following
image orthorectification. These images were subsequently digitally filtered to remove
strong gradients in sunlight across the flume.
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A frame was used to deploy instruments at locations seaward of the barrier to
measure wave-induced turbulence and bed morphology (Fig. 3). These comprised a
Sontek 10MHz autonomous Hydra ADV Ocean Probe with strain-gauge pressure
and temperature sensors and compass and inclinometers recording at 25Hz and two
cabled Nortek 10MHz Vectrino ADVs recording at 50Hz. These instruments were
used to measure wave-induced turbulence at nominal heights z above the bed of
0.02m, 0.05m and 0.2m. In addition two autonomous Marine Electronics acoustic
bed profilers (ABP) were deployed on the frame to measure the bed morphology.
The SRPs operated at 2MHz with a 1.1° conical beam and were mounted
horizontally on the frame to scan a cross-section of the bed over an angular range of
120°. Before failure of these instruments, images of the bed were obtained every
minute. The frame was deployed at locations seaward of the wave breaking zone
using the Delta flume gantry crane (Fig. 3) and was carefully aligned with the side

wall of the flume using projecting guides fixed to the frame.

4.3 Morphodynamic measurements

Barrier profiles were measured at the end of each wave sequence using a roller and
actuator which followed the bed profile from an overhead carriage thereby allowing
supra-tidal and sub-tidal profiles to be measured with identical accuracy (Fig. 2). An
array of 45 temperature compensated Massa M300/95 ultrasonic proximity sensors
operating at 95KHz, and recording data at 4Hz were deployed at c. 1m from the bed
at 0.5 m intervals on the scaffold frame (Figs. 2 and 4). Each had a beam angle of 8°
giving a measurement footprint c. 28cm in diameter and a vertical accuracy of c.
+1mm. Data for temperature corrections were supplied from a locally installed
meteorological station mounted above the flume. In addition to providing direct
measurements of bed level between swash events, these data were also used to
derive flow depths and velocities associated with individual swash and backwash

events (Turner et al., 2008).

4.4 Sediment tracers
Sediment tracers were used in Test Series E6 to assess obliquity of overwash
sediment transport across the back-barrier. Using a fluorescent paint three 30 kg

samples of barrier gravel was dyed using three colours (orange, green and blue).
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The application of the dye to the surface had no measureable effect on the physical
or hydrodynamic properties of the sediment. Before overwash tests, sediment
tracers were placed flush with the barrier surface at three locations along the crest.
Samples of surficial sediments were obtained after periods of overwash and
analysed using a UV light source to determine the transport pathways. No significant

transverse gradients in transport were detected.

5.0 Data logging, processing and storage

With the exception of the autonomous instruments on the offshore frame, all other
instruments were linked to a number of networked laptop PCs to record data. All
logging computers were synchronised from a GARMIN GPS using TAC32 software.
Similarly, the autonomous logging systems were also synchronised to this common
time-base. Further details are given by Buscombe et al., (2008). All raw data was
organised into a single Matlab database with a single ‘structure’, file for each
experiment. This approach provides a convenient way to group related data of
different types. Data fields were ascribed for each related group of measurements
(e.g. PT and ECM data) and sub-fields were used to hold individual data sets. Data
were published on a single DVD which also included some Matlab scripts to load
data and perform some elementary analysis. This proved to be an effective way for
the BARDEX scientists to access the data and to make the data available to other

interested groups.

6.0 BARDEX experiments

6.1 Test series

Measurements of the in-situ bulk hydraulic conductivity of the gravel barrier in the
absence of waves were completed in Test Series A. In these tests a required water
level on each side of the barrier was maintained accurately by pumping for c¢. 90
minutes. The flow of water through the barrier could then be determined by
measuring the discharge of water through the pumping system using the flow
meters. In addition four series of tests were undertaken examining barrier profile
response to: 1) waves only (Test Series B); 2) waves with a fixed offshore water
level and varying lagoon levels (Test Series C); 3) waves and simulated tidal cycles
(Test Series D); and 5) storm conditions using tidal simulation and large waves (Test

Series E). Fig. 5a summarises hs and lagoon, h;, water levels set during all the
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BARDEX tests. It shows tests with fixed hs levels and tests involving tidal
simulations. The corresponding Hs and T, values for all BARDEX tests are shown in
Fig. 5b.

6.2 Design of the test sequence

Since Test Series C and D aimed to examine if the beach groundwater profile
affected barrier morphodynamics in different wave conditions, it was necessary to
simulate the same sea level, tidal modulation, wave forcing and antecedent
morphology in every test and only vary the barrier water table. Although accurate
replication of sea level, tidal signal and wave forcing was possible, the large size of
the barrier made re-profiling between tests impracticable and thus a test chronology
was designed to reduce the dependency on initial conditions of subsequent barrier
profile developments. The resulting chronological sequence of tests undertaken in
BARDEX are summarised in Table 2. This table gives hs, h., Hs and T, values, the
duration of a test and status of the ARC, and comments relating to the nature of the
waves and tide during a given test. This test sequence in Table 2 was intended to
ensure that the initial barrier profiles of a given test pair with different lagoon levels
(e.g. C1/C2, C3/C4, C5/C6 and D2/D3) were closely similar. Masselink et al., (this
volume) demonstrate that this was achieved reasonably well, indicating strongly that
the main difference between test using differing lagoon levels was the related to

changes in the beach water table and not to the staring morphology of the barrier.

6.2 Test Series B and C

The following illustrates the main features of the test procedure undertaken during
Test Series B and C. It is subdivided into 5 steps lasting c. 8 hours in total. 1) The
water level on either side of the barrier was adjusted to the required level and the
zero offsets of the PTs were adjusted to the ambient atmospheric pressure. 2) To
ensure that starting profiles for tests with the same wave conditions, but different
lagoon levels were comparable, the hs was raised to h, for a given test, and the
barrier was exposed to monochromatic ‘reset’ waves (Table 2) with design height, H,
and period, T, for 60 minutes. Although in most tests H and T were set to the Hs and
T, values of the following test, early trails used H =1 m and T = 10 seconds for a

period of 3 minutes (Table 2). This approach was abandoned in favor of the former
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owing to undesirable erosion of the barrier. The heights of instruments on the
scaffold frame were then adjusted and the starting barrier profile was surveyed. 3)
The level of the sea and lagoon were then adjusted to the required level for the test
and pumps were run continuously to maintaining the water levels on each side of the
barrier, allowing time for water table to equilibrate. 4) The test series was then
initiated, normally involving ten 600 second exposures to JONSWAP waves with H,
and T, set to the H and T resent values, respectively, (Table 2). Instruments were
adjusted and the complete barrier profile was measured between each wave ‘run’.
To enable ensemble averages of the swash/hydrodynamic parameters to be
calculated, monochromatic ‘reset’ waves were again used at the end of the final ‘run’
for a period of 5 minutes . 5) After completion of the test, the pumps were stopped

and the water levels were allowed to equilibrate, normally overnight.

As both responded to changes in the water level, it was difficult to maintain a
constant hs value using the automated pump system, whilst at the same time
suppressing reflection at the paddle using the ARC. Further, without the ARC on it
was difficult to keep the hs steady. It was found that the best solution was to leave
the ARC on and to controlling the pumps manually. Although requiring some skill,

accurate hs and h; levels could be maintained using this approach.

6.3 Test Series D and E

It was required in Test Series D and E to simulate a tidal cycle characterised by a
range of sea water levels, hs, of 1.5m. Typically a tidal cycle comprised 14
segments, each lasting 15 minutes: the first segment at low tide (e.g. hs = 1.75m)
followed by six segments for the rising tide (e.g. 1.75m < hs < 3.00m), one segment
at high tide (e.g. hs = 3.25m). In some cases, this was then followed by a further six
segments for the falling tide (e.g. 3.00 < hg > 1.75m). The JONSWAP wave steering
signal used for each tidal segment was identical and based on the average hs value
at any given tidal stage. This ensured that the morphological response of the barrier
was not attributable to changing wave conditions. Continuity was obtained by
tapering the design wave conditions to zero at the start and end of each stage and
by concatenation of all the wave signals from each tidal stage. Although the use of
an average hs value for each tidal stage resulted in wave height statistics that

differed slightly from the design specification due to the continuous change in water
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level, it is considered that this did not adversely affect the experiments. The tidal
sequence used in test D2 in Fig. 6 shows rising mean water level with superimposed
waves and indicates the times when barrier profiles were measured. The inset from

Fig. § shows and overview of water levels during the test.

With the exception of one ‘reset’ before test D1 (Table 2) Test Series D and E
proceeded in an orderly sequence and involved raising or lowering hs in steps to
simulate a tide whilst at the same time maintaining a constant h, value. Additionally,
tests E2 and E5 maintained constant hs and h; values and examined barrier
responses to changing wave conditions. These test were designed to determine the
thresholds required for incipient overwash. Other tests in Series E were undertaken
to study the morphological response of the barrier under full overwash conditions.
Particle tracing experiment outlined above were undertaken during this Test Series.
An illustration of a barrier overwash sequence is shown in Fig. 7. Even in these high
enery conditions, instruments on the barrier frame functioned well and data related to

overwash flow speed and depths were obtained.

7.0 Summary

A number of aspects of the BARDEX project are novel: (1) gravel beach research in
the laboratory is relatively rare, especially on this scale (the notable exception being
the GWK experiments reported by Blanco (2002); (2) the experiments are believed
to be the first combining waves with variations of offshore and lagoon water levels;
and (3) the state-of-the-art measurements, including turbulence, run-up, sub-tidal,
intertidal and supra-tidal bed morphologies, sediment size, and groundwater table
are some of the most detailed ever undertaken in a laboratory study of a gravel
beach. The experiments 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 levels either side of the barrier and have enabled direct
measurement of hydraulic conductivity. It is considered that the data set collected
will therefore be of considerable interest to the wider academic community in the
fields of coastal hydrodynamics and hydraulics, coastal defence and geotechnics,
and nearshore morphodynamics and sediment transport. Further, the outcomes from

the various detailed studies reported in this special issue will be of considerable
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interest to engineers tasked with designing a range of gravel beach schemes and to
coastal managers with responsibility for safety, conservation and preservation of

existing gravel beach.
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List of figures

Fig. 1 (a) Close-up of barrier sediments. (b) Barrier sediments grain size distribution
obtained by sieving for 4 core samples.

Fig. 2 Diagram of the BARDEX experiment showing the location of the gravel barrier
in the Delta flume in relation to the wave paddle and the reservoir section. The
pumping system is sown schematically and photographs are used to illustrate key
features of the Delta flume and associated instrumentation.

Fig. 3 The offshore frame with ABPs and ADVs and associated power supplies and
data logging units. The photograph shows deployment before test B3.

Fig. 4 Photograph looking toward the wave paddle showing part of the array of
ultrasonic bed level sensors on the scaffold frame and the swash ECMs and PT.

Fig. 5 (a) Schematic summarising hs and lagoon, h;, water levels set during all the
BARDEX tests. It shows tests with fixed hs levels and tests involving tidal
simulations. (b) Hs and T, values used for all BARDEX tests.

Fig. 6 Time-series showing rising mean water level with superimposed waves during
test D3.

Fig. 7 Typical barrier overwash sequence during simulations of storm conditions and

high tidal levels.
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Table 1. Summary of wave gauge, pressure sensor and electromagnetic current

meter locations during the BARDEX experiments.

Sensor X Y Z units

WGO1 36.7 0.5 3.500 m

WG02 41.0 0.5 3.500 m

WG03 43.9 0.5 3.500 m

Druck PTX 1830 76.0 0.25 0.035 kN/m?

Druck PTX 1830 79.0 0.25 0.025 kN/m?

Druck PTX 1830 82.0 0.25 0.035 kN/m?

Druck PTX 1830 84.0 0.25 0.035 kN/m?

Druck PTX 1830 86.0 0.25 0.035 kN/m?

Druck PTX 1830 88.0 0.25 0.035 kN/m?

Druck PTX 1830 90.0 0.25 0.035 kN/m?

Druck PTX 1830 92.0 0.25 0.035 kN/m?

Druck PTX 1830 94.0 0.25 0.035 kN/m?

Druck PTX 1830 96.0 0.25 0.035 kN/m?

Druck PTX 1830 99.0 0.25 0.035 kN/m?

Druck PTX 1830 102.0 0.25 0.035 kN/m?

Druck PTX 1830 105.0 0.25 0.035 kN/m?

Druck PTX 1830 38.3 0.25 0.035 kN/m?

Druck PTX 1830 129.0 0.25 0.035 kN/m?

Druck PTX 1830 140.0 0.25 0.035 kN/m?
Marsh-McBirney 511 ECM 57.0 0.59 1.350 m/s
Marsh-McBirney 511 ECM 57.0 0.59 1.350 m/s
Marsh-McBirney 511 ECM 57.0 0.59 1.750 m/s
Marsh-McBirney 511 ECM 57.0 0.59 1.750 m/s
Marsh-McBirney 511 ECM 57.0 0.59 2.150 m/s
Marsh-McBirney 511 ECM 57.0 0.59 2.150 m/s
Marsh-McBirney 511 ECM 76.0 0.59 2.100 m/s
Marsh-McBirney 511 ECM 76.0 0.59 2.100 m/s
Marsh-McBirney 511 ECM 38.4 0.59 1.000 m/s
Marsh-McBirney 511 ECM 38.4 0.59 1.000 m/s

Table 2. Summary of sea and lagoon water level, wave conditions and ARC settings

during all BARDEX experiments.

17



Test hs (m) H.(m) HorHs(m) TorTp(s) time (min) ARC Comments

A2 2.50 0.80 0.0 0.0 0 n/a No waves, no tides
B1s 2.50 2.50 1.0 4.5 30 off JONSWAP waves, no tide
B1 2.50 2.50 1.0 4.5 55 off JONSWAP waves, no tide
A1 2.50 3.80 0.0 0.0 0 n/a No waves, no tides
A11 2.50 2.50 1.0 4.5 0 n/a Mono waves, no tide
BB1r 2.50 2.50 0.8 4.5 60 off Mono waves, no tides
BB1 2.50 2.50 0.8 4.5 90 off JONSWAP waves, no tide
Cc2 2.50 3.50 0.8 4.5 a0 off JONSWAP waves, no tide
C1r 2.50 2.50 0.8 4.5 60 off Mono waves, no tides
C1 2.50 1.00 0.8 4.5 90 on JONSWAP waves, no tide
B3r 3.00 2.50 1.0 10.0 3 on Mono waves, no tides
B3 2.50 2.50 0.8 6.0 a0 on JONSWAP waves, no tide
Cér 2.50 2.50 0.8 6.0 30 on Mono waves, no tides
C6 2.50 3.50 0.8 6.0 90 on JONSWAP waves, no tide
Cbr 2.50 2.50 0.8 6.0 30 on Mono waves, no tides
C5 2.50 1.50 0.8 6.0 90 on JONSWAP waves, no tide
B2r 3.00 2.50 1.0 10.0 3 on Mono waves, no tides
B2 2.50 2.50 0.8 3.0 a0 on JONSWAP waves, no tide
C3r 2.50 2.50 0.8 3.0 30 on Mono waves, no tides
C3 2.50 1.50 0.8 3.0 90 on JONSWAP waves, no tide
Cdar 2.50 2.50 0.8 3.0 30 on Mono waves, no tides
C4 2.50 3.50 0.8 3.0 90 on JONSWAP waves, no tide
A3r 2.50 2.50 0.0 0.0 0 n/a No waves, no tides
A3 1.751t0 3.25 2.50 0.0 0.0 0 n/a No waves, tides
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Test hs (m) H.(m) HorHs(m) TorTp(s) time (min) ARC Comments

D1r 2.50 2.50 1.0 10.0 3 on Mono waves, no tides
D1 1.751t0 3.25 2.50 0.8 4.5 75 on JONSWAP waves, tide
DD1 1.7510 3.25 2.50 0.8 4.5 90 off JONSWAP waves, tide
D2 1.751t0 3.25 1.50 0.8 4.5 90 off JONSWAP waves, tide
D3 1.7510 3.25 3.50 0.8 4.5 90 off JONSWAP waves, tide
E1 2.50 to 3.63 2.50 1.0 4.5 90 on JONSWAP waves, tide
E2 3.25 2.50 1.0to 1.2 4.5 60 on Increasing JONSWAP, no tide
E3 3.25103.75 3.25 1.0 4.5 75 on JONSWAP waves, tide
E4 3.631t03.25t03.75 3.25 1.0 4.5 120 on JONSWAP waves, tide
E5 3.50 3.25 0.8t01.3 4.5 90 on Increasing JONSWAP, no tide
E6 3.2510 3.63 3.25 1.0 6.0 60 on JONSWAP waves, tide
E7 3.00 to0 3.13 3.25 1.0 7.0 30 on JONSWAP waves, tide
ES8 2.50 to 3.63 3.25 1.0 8.0 135 on JONSWAP waves, tide
E9 3.00t0 3.75 3.75 0.8 8.0 150 on JONSWAP waves, tide
E10 3.00 to 3.75 3.75 0.8 8.0 120 on JONSWAP waves, tide
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Fig. 3
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Fig. 6
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Fig. 7
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