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1 Objectives

Research  on  the  short-term  processes  of  beach  evolution  provides  a  certain  degree  of
understanding of  beach erosion patterns under  highly  energetic  conditions,  and of  beach
recovery under low energy conditions, albeit presently with less knowledge and prediction skill
during accretive conditions. However, the simplistic erosion-accretion model of high-low wave
energy conditions do not provide the level of detail or accuracy needed by coastal planners to
take  decisions  on  coastal  management.  Beach  vulnerability,  understood  as  the  shoreline
damage under extreme events, also depends on storm intensity, the natural beach post-storm
recovery and the interval between consecutive storms.

The sequence of storms occurrence, spacing between storms and beach recovery between
storms  is  believed  to  be  important  to  the  longer-term  beach  profile  evolution.  A higher
potential for coastal erosion due to storm clusters has been largely proposed, however the
relative  erosion potential  of  single  storms versus storm clusters  has  never  been put  into
evidence on a quantitative basis.

The RESIST transnational access research concerns the response and resilience of beaches
to  sequential,  or  cyclic,  periods of  storm conditions and low energy  accretive conditions,
corresponding respectively to periods of beach erosion and recovery. The principal research
aim is  to  conduct  a  novel  set  of  large  scale  beach  profile  evolution  experiments  and to
perform detailed measurements of the hydrodynamics, sediment dynamics and net sediment
transport  across the beach profile.  The goals are to obtain a better  understanding of  the
beach recovery processes between storms and the influence of storm clustering on the beach
profile evolution. Parallel aims are to enhance understanding and modelling of the sediment
transport  and  bed  evolution  under  different  wave  energy  conditions  and  to  contribute  to
improving predictions of the long-term and statistical nature of beach evolution under realistic
wave climate scenarios.

Figure 1. Snapshots of experiments. Breaking waves (left) and swash zone (right).

Series of large scale experimental tests are being performed to collect and analyse data on
the  cross-shore  hydrodynamics,  sediment  transport  and  beach  evolution.  This  set  of
experiments will be a unique benchmark case since such information is unavailable in this
context with the required level of detail. Three different sequences of erosive and low energy
wave conditions will be performed. They have been designed to study the erosion-recovery
process and sequencing, and the influence of the recovery process, wave conditions and the
pre-existing morphology.

A range of  state  of  art  instrumentation are deployed  at  the  CIEM (Canal  d’Investigació  i
Experimentació  Marítima).  The  recently  developed  Acoustic  Concentration  and  Velocity
Profiler (ACVP) technology is deployed on a mobile frame and it is used to provide detailed
information of sediment fluxes on the shoaling and breaking region. In the inner surf and



swash zones, two conductivity based probes (CCM+) have been installed at fixed locations to
obtain continuous bed levels as well as sediment particle velocity and sediment concentration
within sheet-flow conditions in highly energetic storm conditions. 

It is expected that the obtained experimental data and the analysis of the data will contribute
to improve the knowledge of recovery processes between storms, detailed sediment transport
in the surf and swash zones and will help to improve numerical predictions of beach profile
evolution induced by clusters of storms.

2 Experimental setup

2.1 General description

Three sequences of cyclic high and mild energy wave conditions were performed.
Each sequence started from an initial beach profile with a 1/15 slope. A 30min test of random 
waves, Benchmark conditions, was performed before the start of the actual sequence wave 
conditions.

Details of the performed wave conditions are summarized in Tables 1 and 2.

Wave condition Hs (m) Tp (s)  (-)

B Benchmark 0.42 4
E1 Erosive 1 0.64 3.7 5.09
E2 Erosive2 0.49 3.7 3.9
A1 Accretive1 0.32 4.7 2.00
A2 Accretive 2 0.27 5.3 1.50
A3 Accretive 3 0.20 5.7 1.03

Table 1: Wave conditions

Condition Component 1 Component 2
H1 (m) f1 (Hz) H2 (m) f2 (Hz) Tp (s) Tg TR N=H1/ H2

Erosive 1 0.320 0.3041 0.320 0.2365 3.7 14.80 29.60 1
Erosive 2 0.245 0.3041 0.245 0.2365 3.7 14.80 29.60 1
Accretive 1 0.101 0.2276 0.202 0.1979 4.7 33.68 101.05 0.5
Accretive 2 0.085 0.2018 0.171 0.1755 5.3 37.98 113.95 0.5
Accretive 3 0.063 0.1877 0.126 0.1632 5.7 40.85 122.55 0.5

Table 2: Bichromatic wave conditions

The described wave conditions were combined to form three sequences of changing 
high/mild energy conditions as shown in Table 3. Each condition started from an initial beach 
1/15 handmade profile.

Sequence 1 Sequence 2 Sequence 3

Case
Duration

(min)
Case

Duration
(min)

Case
Duration

(min)

B 30 B 30 B 30
E1 240 E2 120 E1 240
A1 600 A1 600 A2 780
E2 120 E1 240 E2 120
A1 600 A1 600 A3 1440

Table 3: Sequences of wave conditions

In order to reduce the swash asymmetries produced by the run-up and by the run-down run-
up interactions, two plates of 6 m length and 0.7 m high were located at the swash zone 
(Figure 2). The plates have the function of reducing the bending of the run-up when it is dying 



at the upper part of the beach and reducing the asymmetries observed at that areas on 
previous experiments. 

Figure 2. Stainless plates to divide the swash domain in three areas of 1 m in order to reduce
asymmetries.

Measurements done  :
 Total net transport: Bed profiling after every test
 Wave height by means of Resistive Wave Gauges (RWG), Acoustic Wave Gauges 

(AWG) and Pore Pressure Transducers (PPT).
 Velocity and suspended sediment concentrations along the study area by means of 

Acoustic Doppler Velocimeters (ADV), Optical Backscatter Sensors (OBS) and 
Transverse Suction Samples (TSS)

 Acoustic Current Velocity Profiles (ACVP) measurements near the bed to recover the 
velocity and sediment concentrations near the bed.

 CCM+ measurements of sheet flow sand concentration and bed evolution in the lower
swash zone, near the shoreline.

 Sediment samples at three vertical elevations close to the bed by means of 
Transverse Suction System (TSS).

 Bed sediment samples at the end of the experiment. These measurements of bed 
samples were collected in order to test if there has been sediment gradation along the
last Sequence of experiments. The collected samples will be sent to Imperial College 
where in the future the grain size can be determined using a laser diffraction analyzer.



Figure 3. Experimental setup for the RESIST data set. The solid black line of the profile
presents the movable bed until the maximum measurement location of the profile, the dashed

black line of the profile from x = 0 until x = 45.5 is plotted but was not measured during this
experimental campaign. The mean water level at the toe of the wave paddle was -2.5.

Resistive wave gauges (RWG) are depicted by black solid lines around the mean water level,
acoustic wave gauges (AWG) are black upper empty squares, pressure sensors (PPT) are

presented by red solid squares, ADV measurements are presented by blue pentagrams and
empty red circles present the information of OBS locations.

2.2 Definition of the coordinate system

The origin of the reference system used is placed in the middle of the stroke of the wave 
paddle and lies on the rigid bottom of the wave flume

 X follows the direction along the flume and is positive when going towards the 
shoreline. The absolute 0 is at the wave paddle.

 Y refers to the cross-shore distance of the flume. Just a few notations have been 
done using this reference and the 0 is at the wall in which the ADV and Wave gauges 
where placed.

 The original Z coordinate is Z_abs and is directed vertically with the 0 located at the 
concrete bottom of the flume at the toe of the wave paddle. This is the original Z 
coordinate, and the one in which the profile data is acquired and recorded in the 
PXX.dat files as presented on Table 5. Despite that there are two more ways in which 
Z is presented, 
◦ 1.- Z_rel, reports the relative distance of the measuring equipment to the sandy 

bottom. That distance is taken at the beginning of each test and is recorded in the
resist_CONTROL.xls. This variable is necessary due to the need to shorten the 
time of measuring the position of the equipment while moving them during the 
experiments on a sandy movable bed. Later on that information can be corrected 
with the information of the acquired profiles.



◦ 2.-depth_data.m, is the post-processed file that include all the profile information 
corrected and cleaned from the mechanical profiler. This file has the 0 m at the 
SWL (so the data is easier to compare with other acquired data sets with different
SWL). On this file, used to prepare Figure 3, the positive direction is going out of 
the water and negative values are assigned when increasing the deep.

2.3 Relevant fixed parameters

The configuration of the experiments (Figure 1) presents an initial flat concrete bed for 35.5 m
followed by a 1/15 slope up to the end of the profile which included the test area found on the
surf and swash zones. 

The experiments here reported have been done with a constant Still water Level (SWL) of 2.5
m. The paddle was clamped at the middle position of the hydraulic piston.

Sediment characteristics

The sediment consisting of medium sands d50=0.25 mm, with a narrow grain size distribution
(d10 = 0.154 mm and d90 = 0.372 mm) and a measured settling velocity (ws) of 0.034 m/s. The
sand used for this experiment is provided by Sibelco being the commercial name J5060S.

3 Instrumentation and data acquisition

3.1 Instruments

The characteristics of  next instrument are described following:
1. Acoustic Doppler Velocity (ADV)
2. Resistance Wave Gauges (RWG)
3. Acoustic Wave Gauges (AWG)
4. Profiler
5. Optical Backscatter Sensor (OBS)
6. Pressure Sensors (PPT)
7. Acoustic Current Velocity Profiler (ACVP)
8. Transverse Suction System (TSS)
9. Conductivity Concentration Meter (CCM)

3.1.1 ADV

Description
The Vectrino Velocimeter measures water speed using the Doppler effect. Provided by Nortek
the Acoustic Doppler Velocimeter of the Vectrino type have the next characteristics:

The probe consist of four receive transducers, each mounted inside the receiver arm, and a
transmit transducer in the centre. The Vectrino uses the Doppler effect to measure current
velocity by transmitting short pairs of sound pulses, listening to their echoes and, ultimately,
measuring the change in pitch or frequency of the returned sound. Sound does not reflect
from  the  water  itself,  but  rather  from  particles  suspended  in  the  water  (zooplankton  or
sediment). Every probe has a temperature sensor.



Calibration
To calibrate the probe there is a probe check feature within the Nortek software. This has
been designed to act as a measurement quality assurance tool, by letting inspect the region
where the Vectrino makes its measurements and showing how the signal varies with range.

Data acquisition
The  data  acquisition  has  been done  by  using  the  software  (Polysinc),  which  allows  the
synchronization of the measuring ADV (up to 7) and the data synchronization of the acquired
information.  The  information  is  stored  in  .vno  extension  files  that  later  on  the  program
transform to several files (up to 6), from which the date, temperature, velocities, correlation of
the signals, intensity of the signal ... can be recovered for every probe.

Specifications
Water Velocity Measurements

Range ±0.01, 0.1, 0.3, 1, 2, 4 m/s*)
Accuracy±0.5% of measured value ±1 mm/s
Sampling rate (output)1–25 Hz
1–200 Hz (Vectrino firmware)

Sampling Volume
Distance from probe0.05 m
Diameter6 mm
Height (user selectable)3–15 mm

Echo Intensity
Acoustic frequency10 MHz
Resolution Linear scale
Dynamic range25 dB

Sensors
Temperature Thermistor embedded in probe
  • Range–4°C to 40°C
  • Accuracy/Resolution1°C/0.1°C
  • Time response5 min

Power and data output
DC Input12–48 VDC
Peak current 2.5 A at 12 VDC (user selectable)
Max. consumption, 200 Hz 1.5 W
Analog outputs3 channels standard, one for each velocity component. Output range is
0–5 V, scaling is selectable.

Environmental
Operating temperature–5°C to 45°C
Storage temperature–15°C to 60°C



The ADV were set to measure with a transmit length of 0.6 mm and a sampling volume of 2.8
mm until we changed this parameters for transmit length of 1.2 and sampling volume of 4.9
mm. The change was done between October 23rd and 27th 2017 (runs 55-58).

3.1.2 RESISTANCE WAVE GAUGES

Description
The resistance type wave gauges used in the CIEM operate on the principle of measuring the
current flowing in an immersed probe which consists of a pair of parallel stainless steel wires
(the absence of other support reduces the interaction between the measuring device and the
incoming/reflected waves). The current flowing between the probe wires is proportional to the
depth of immersion and this current is converted into an output voltage proportional to the
instantaneous depth of  immersion.  The output  circuitry is suitable for driving both a chart
recorder and a data logger.

Each wave probe needs a wave probe monitor with the energising and sensing circuits for the
operation. Each monitor contains the circuits required to compensate for the resistance of the
cable that is connected to the probe. Without this, the output of the wave probe monitor would
be non-linear. In order to avoid polarization effects at the probe surface, a high frequency
square wave voltage is used to energise the probe. The oscillator that produces this square
wave may be set to one of six different frequencies. This allows probes to be used close
together without causing any interference.

The current in each probe is detected by measuring the voltage drop across two resistors.
Because  the  measured  voltage  is  alternating,  the  signal  is  fed  to  a  precision  rectifier  to
produce a DC voltage proportional to the wave height. This signal feeds a small centre-zero
balance indicator and a BNC socket on the front of the panel. The signal is also fed to a
preset gain stage that may be set for a gain of between 0.5 and 10. Controls on the front of
each wave probe module enable the output signal to be set to zero for any given initial depth
of probe immersion. This, together with the gain adjustment, produces a full-scale output of
±10V for all waves.

Application range
The steel wires lengths allow detect any wave height up to 2m.

Calibration



The transformation function (from voltage to depth) is calibrated due the possible changes in
the water conductivity (temperature and salinity concentration effects). An overall calibration
from wave height to output voltage can be performed by measuring the change in output
voltage, raising or lowering the mean water level of the flume. 

Data acquisitions
The laboratory works with a global data acquisition system. The data acquisition component
support the following hardware manufacturers:

Data Translations boards which is supported by the Open-Layer interface.
National Instruments boards supported by NI-DAQmx 8.6

The component supports data acquisition on several boards at the same time as long as they
are from the same manufacturer. The component supports controlling of external equipment
through digital and analogical outputs which can be triggered on a specified time or by an
input channel. Component supports high throughput using hardware trigger which leads to
little cpu utilization for even high sampling frequencies (>1 kHz).

Specifications
Output Signals: front of monitors ±10V via BNC socket

rear of case ±10V via 25 way D socket
Gain 0.5, 0.75, 1.0, 1.5, 2.55, 3.75, 6.0, 10.0
Excitation frequency 4.6 kHz to 11.6 kHz
Filter band width -3dB at 20Hz
Supply voltage 220 or 110V ±10% 40-60Hz
Active length 2000 mm
Diameter 1.5 mm

3.1.3 ACOUSTIC WAVE GAUGES

Two different kind of AWG have been used on the performed experiments large range and 
medium range. Here both are presented.

Long Range

Description
The ULS-40D is an Acoustic sensor that emit ultrasound pulses that reflect on the measurement object
and is received back as an echo.

Application range
From 0.18 m up to 3.5 m

Calibration
Calibration is need for every device to correlate the output voltage signal to distances.

Data acquisitions



The ultrasound measurement system outputs a voltage proportional to distance of between 0 and 10 V.
A calibration straight line, previously done, is applied to the output voltage to transform the intensity
signal to the proportional distance.

Specifications

Accuracy Up to +/- 1 mm (under stable environmental conditions)
Resolution from 0.18 m to 3.5 m
Measurement frequency from 20 to 75 Hz
Voltage output BNC socket: 0 – 10V
Beam angle <3°
Power supply 230 VAC, 250 mA
Temperature range -20 / +70 ºC

Medium Range

Description
The mic+130 from Microsonic is an Acoustic sensor that emit ultrasound pulses that reflect on
the measurement object and is received back as an echo.

Application range
From 0.20 m up to 1.7 m

Calibration
Calibration is need for every device to correlate the output voltage signal to distances.

Data acquisitions
The ultrasound measurement system outputs a voltage proportional to distance of between 0
and 10 V.  A calibration  straight  line,  previously  done,  is  applied to  the output  voltage  to
transform the intensity signal to the proportional distance.

Specifications

Resolution, sampling rate up to 0.18 mm
Resolution from 0.2 m to 1.7 m
Transducer frequency 200 kHz
Voltage output BNC socket: 0 – 10V
Power supply 230 VAC, 250 mA
Temperature range -25 / +70 ºC



Short Range

Description
The Balluff BUS M30M1-XC-03/025-S92K sensors are acoustic sensors that also worlk on the
same principles as the two different presented before (emit ultrasound pulses that reflect on
the measurement object and is received back as an echo).

Application range
From 0.03 m up to 0.35 m despite the operating range is set to be 0.25 m.

Calibration
Calibration is need for every device to correlate the output voltage signal to distances.

Data acquisitions
The ultrasound measurement system outputs a voltage proportional to distance of between 0
and 10 V.  A calibration  straight  line,  previously  done,  is  applied to  the output  voltage  to
transform the intensity signal to the proportional distance.

Specifications

Accuracy 1 % 
Resolution from 0.025 mm to 0.010 mm
Transducer frequency 320 kHz
Voltage output BNC socket: 0 – 10V
Power supply 230 VAC, 250 mA
Temperature range -25 / +70 ºC

3.1.4 PROFILER

Description
This is a mechanical profiler, made up of a mobile platform holding an arm with a wheel at its
end. The platform moves with constant velocity through the flume, while the articulate arm
changes the position adapting to the depth forms. A computer controls its movement and
depth changes, acquiring the profile information. 

The principals profile characteristics are summarized in next figure.



All acquired information is converted using the calibration file and is finally stored on PXX.txt 
files (more information on Organization of data files section). This files contain in the first 
column the information of the X distance from the wave paddle; and in the second column, 
the Z information considering the origin reference the lower part of the blue rails that subject 
the profiler.

Application range
The CIEM Profiler can be used to measure the emerged and submerged parts of beach
profiles. Was designed to be applied with arm angles (relative to horizontal plane) range from
0º to 50º. This means a maximum vertical range of 2.5m between the higher and lower beach
profile points.

Calibration
The calibration is done by measuring different control points of known positions.

Data acquisitions
By controlling the carriage velocity and the angularity of the measuring arm the computer
return the profile signal as a system of X and Z coordinate along the flume dimensions. The
arm angularity can be measure by means of an encoder or an inclinometer both located in the
upper part of the arm.

3.1.5 OPTICAL BACKSCATTER SENSOR (OBS)

Description
The OBS sensor measures suspended solids and turbidity by the optical backscatter method.
It features a compact micro probe that responses almost linearly over a 1000-fold change in
sediment  concentration  and  turbidity.  These  devices  are  supplied  by  D&A  Instrument
Company. The OBS-3+ model used in CIEM have the next characteristics:

Application range
Turbidity 0–2,000 NTU
Concentration1 Mud 0–2,500 mg/l
Sand 0–50 g/l

Accuracy
Turbidity 0.25 NTU or 1% of reading
Concentration Mud 0.5 mg/l or 1% of reading
Sand 0.25 g/l or 1% of reading

Calibration
The data calibration is specific of the kind of sediment, concentrations to be measured and
water characteristics. Each OBS deployed was calibrated using CIEM sand samples and a
replica  of  the  apparatus  developed  by  Downing  and  Beach  (1989)  but  just  for  the  fine
sediment.

Data acquisitions
The signal intensity output is related, taking into account the calibration table, to sediment 
concentration measurements.

Specifications



Voltage outputs 0–1.25 V, 0–2.50 V
Current output 4–20 mA
Maximum data rate 10 Hz
Infrared wavelength 850 nm
Maximum depth 500 m
Drift < 2% / year
Power 5 V / 10 mA
Housing material 316 stainless steel or titanium
Dimensions 138 x 25 mm
Daylight rejection –28 dB (re: 48 mW cm–1)
Connector MCBH-5-FS, wet-pluggable

5.3.6 PORE PRESSURE SENSORS (PPT) 

Description
Provided by STS the ATM/N pressure sensors have the next characteristics

Application range
Up to 100 or 400 mb (1 and 4 m of water respectively)

Calibration
They are calibrated by using a calibrated pipe.

Data acquisitions
The signal intensity output is related, taking into account the calibration curve of each probe,
to water height.

Specifications
Accuracy < 0.5
Thermal shift Zero 0.......70ºC 0.06

-25...85ºC 0.08
Span 0.......70ºC 0.015

-25...85ºC 0.02

5.3.7 Acoustic Current Velocity Profiler (ACVP) 

The ACVP technology (see pictures above) and its measurement principles are fully 
described in Hurther et al. (2011). A brief summary of the measurement characteristics, 
measurement range and resolution is given here. The flow measuring system provides High-
Resolution sediment Flux profiles across both the suspended sediment layer and the dense 
bedload layer. This measurement capability relies on the combination of co-located and 
simultaneous measurements of the time-resolved sediment concentration, the two-component



(u,w) velocity field and the bed interface positions (as the undisturbed bed position and the 
lower suspension interface) across the entire bottom Boundary Layer generated under the 
surface waves generated in the CIEM flume experiment. The spatio-temporal resolution lies in
the range of O(1mm) and O(10ms) to guarantee fine-scale studies of hydrodynamics and 
coupled sediment transport processes at relatively fine turbulent flow scales larger than the 
Kolmogorov scale. The maximal vertical profiling range was set to 25cm above the moveable 
sand bed for a maximal (free-stream) wave velocity of about 1 m/s in cross-shore direction. Its
deployment in the present Hydralab+ RESIST experiment aims time-resolved velocity, sand 
concentration and sand transport rate measurements to explore sand entrainment and net 
transport processes in the orbital ripple vortex regime with mixed sand mixture.

     

5.3.8 Transverse Suction System (TSS) 

The Transverse Suction System (TSS) is an inexpensive method to measure time-averaged
sediment concentrations. A TSS system (Figure 4) typically consists of several stainless steel
intake tubes, flexible tubing and peristaltic pumps, which are a type of positive displacement
pumps that can pump liquid solid mixtures in both directions. During the RESIST experiments
3 nozzles were used connected through small tubes to 3 peristaltic pumps that were placed
on the flume wall. Bosman et al. (1987) showed that the technique was applicable to waves,
provided that direction of intake is normal to that of the ambient flow, and that the intake
velocity  exceeds the ambient  flow velocity  by  a  factor  of  three  at  least.  Satisfying these
conditions ensures that the measurement is insensitive to flow direction, velocity magnitude
and sediment size.

While for Bosman et al.’s (1987) small-scale wave flume experiments it was easy to obtain the
required velocity ratio beyond three (their intake velocity was 1.3 m/s), they acknowledged
that under full-scale wave conditions it would be difficult to achieve an intake velocity which is
three times larger than the maximum orbital velocity. However, since maximum velocity only
occurs for a relative short duration of the wave cycle they argued that it would only lead to a
small systematic error (5% in case the intake velocity is only twice the maximum velocity)
which  was  negligible  to  the  random concentration  error  caused  by  other  aspects  of  the
design. Bosman et al. (1987) therefore expected that the requirement for the TS-method to
have the velocity ratio (under waves) always beyond three was not very strict. Transverse
suction  systems  based  on  Bosman  et  al.'s  (1987)  design  recommendations  have  been
successfully applied in full-scale experiments in oscillatory flow tunnels (LOWT, AOFT) and in
wave flumes (GWK, CIEM and Delta Flume).

The pumps started after 10 minutes and the duration of suction varied between each run, but
generally lasted around 10-12 minutes. The volume of water was obtained by weighting the
water + sediment sample. Subsequently, the samples were dried in an oven and weighted.
The  TSS system for  the Barcelona  wave flume facility  required special  design  since the
peristaltic pumps needed to be able to overcome a ~4 m elevation head, i.e. the distance from
the water surface to the top of the flume where the peristaltic pumps are located, while still
maintaining a sufficiently  large flow rate.  During RESIST experiments we used 3 Watson
Marlow  603S  peristaltic  pumps  loaned  by  FZK  Hannover.  The  tubing  needed  careful



consideration since in order to ensure a sufficiently large flow velocity the diameter needs to
be kept small (and also to minimize flow disturbance by the tubing), while at the same time it
needed to have large diameter to minimize the friction losses (and hence the output flow
rate). Therefore, for each nozzle the submerged section of tubing consisted of 4mm ID (inner
diameter) PE (Poly-Ethylene) flexible tubing, while above the water level the tubing consisted
of 8mm ID PE tubing (this size still ensured flow velocities in the tube which where an order of
magnitude  larger  than  the  settling  velocity  of  sand).  The  pump  discharge  varied  per
nozzle/pump combination and per run, but was on average close to 1 L/min. This corresponds
to an intake velocity of 2.4 m/s, which is approximately two times the maximum orbital velocity
measured under the present wave conditions and therefore satisfies Bosman et al. (1987)
design requirement.

Figure 4 presents at the left all the equipment deployed on the mobile frame, while at the right
a: close-up of the intake nozzles and the ACVP on mini-frame is shown.

All suction samples were dried, stored in plastic bags, and transported to Imperial College
where in the future the grain size can be determined using a laser diffraction analyzer.

5.3.9   Conductivity Concentration Meter (CCM  +  )

Figure 5 shows the two CCM tanks. The exterior of each tank is formed by a stainless-steel
cylinder, closed at the top, and at the bottom welded to a steel base plate. The base plates
can be mounted on the  flume bottom or  a  palette,  which in  combination  with  the heavy
weights (70 and 50 kg) of the tanks ensures the stability required to compensate for buoyancy
and other destabilising effects.



 

Figure 5. SolidWorks images of CCM Tanks. Left figure: tank 1 with CCM sensors 1 to 3; right
figure: tank 2 with sensor 4.

The measuring probes are mounted to slim stainless-steel rods that emerge from the tanks.
These rods can move vertically over a range of 28 cm. Each rod’s position, and thus the
position of the probes, is controlled with sub-mm accuracy by an electromagnetic servomotor
in the corresponding tank. The rods leave the tanks through O-rings that prevent water and
sand intrusion. The main difference between both tanks is the number of vertical rods and the
number of measuring probes. The larger tank 1 contains three probes. Probes 1 and 2 are
mounted to the same steel rod, and we will subsequently refer to this combined probe as
‘probe 1/2’. Hence, tank 1 contains two servo-motors that control the positions of probe 1/2
and probe 3. Tank 2 contains one single probe and one motor. This sums up to a total of four
probes (numbering is included in Figure 5). In order to accommodate both motors, tank 1 has
a larger diameter than tank 2 (0.48 m and 0.38 m, respectively). Both tanks are 0.63 m high.

Figure 6. Snapshots of measuring probes tank 1 with rods in lowest position (left) and probe
sensors (right).

Figure 6 shows how the probes are mounted to the vertical rods. The sensors in the top of
each probe are formed by four platinum electrodes with a thickness of 0.3 mm and spacing of
0.6 mm (centre-to-centre), covered by an epoxy topping such that the exposed part of the
electrodes is 0.8 mm high. The measuring principle of the sensors is conductivity-based, and
relies on the linear relationship between sediment volume concentration  C (m3/m3) and the
measured electrical conductivity of a sediment-water mixture  Um (V). Expressed in terms of
voltages, this relationship reads as follows:



(1)

where U0 is the reference voltage for clear water (V), and fcal is a dimensionless calibration
factor that is usually close to 1. The reference voltage and calibration factor depend on local
conditions and may drift slightly over time, as the probe is sensitive to both water temperature
and the presence of ions. Before the start of any measurement, the voltages in clear water
and in a loosely packed sand bed must be measured in order to obtain the proper values for
U0 and fcal. When measuring, an alternating current is generated over the outer two electrodes
while  the  inner  two  electrodes  measure  the  electrical  resistance  of  the  water  which  is
translated to a voltage  Um.  Calibration graphs indicate  that  the measuring volume of  the
probes is 1 to 2 mm.

The sensors on probe 1/2 (tank 1) are aligned in the flow direction with a spacing of 1.5 cm,
and can be used to determine sediment velocities through cross-correlation . The spacing
between the two rods emerging from tank 1 is 9 cm (c.t.c.), normal to the direction of flow
when the tanks are in use. Each tank is equipped with an optical sensor for leakage detection.
In  case  of  leakage,  the  control  system automatically  activates  a  peristaltic  pump that  is
connected through a tube to the external part of the tank and brings the water out of the CCM.
Silica gel packages prevent condensation on the electronic devices inside the tanks. When
applied, both tanks and rods are buried below the sand bed and only the probe sensors reach
into the sheet-flow layer.

Within  the CCM system,  two  types of  signals  are  sampled:  firstly,  the  measured  voltage
signals of the four CCM sensors, and secondly, the vertical positions of the three probes. The
sampling frequency was 1000 Hz. The system is equipped with a new ‘tracking system’ that
translates  measured  concentrations  back  into  vertical  sensor  movement,  such  that  the
measuring sensors follow a certain target concentration. Hence one can choose to use a
probe to follow bed-level changes rather than measuring sheet-flow layer concentrations. In
this experiment we had the single probe (probe 3) of the larger tank following the bed, while
the other probes were measuring concentrations at various sheet-flow layer elevations.
More information can be found in Van der Zanden et al. (2013).

3.2 Definition of time origin and instrument synchronization

The Wave paddle Acquisition System (WAS) controls the time frame of the experiments. The 
WAS files start to record the equipment activities usually around 10-20 seconds before the 
wave paddle starts its movement (waves). At the moment of starting waves there is a trigger 
signal sent to start other equipment and recorded on the WAS file. The WAS system controls 
the acquisition of all the CIEM equipment (resistive and acoustic wave gauges, OBS, PPTs 
and synchronization signals of other equipment) at a frequency of 40 Hz. The only equipment 
from the CIEM which is not recorded on the WAS files are the ADVs which need to be 
recorded in external computers in order to save the digital information: signal to noise ratio, 
correlation and amplitude of the acquired data. ADVs are usually set to measure at 100 Hz 
and they have their own time frame which is correlated with the WAS by mean of the TTL 
trigger signal that starts the ADV acquisition. The ADVs start on the trigger rise, therefore at 
the same time at which wave generation is started.



Figure 7. Synchronization scheme.

The TTL signal generated at the wave generation is a trigger signal that goes from 0 to 5 V, 
stays at that voltage for 1 s, and then drops from 5 to 0 V.

External equipment used during RESIST experiments:
• ACVP is set to start measuring on the drop from 5 to 0 V, therefore 1 s later than the 

starting of wave generation.
• CCM measuring equipment starts to record the data some seconds before the TTL 

signal is launched. The CCM records the TTL signal as an external signal and 
therefore it can be used to time synchronize the acquired data.

• TSS. The TSS were not synchronized because they provide time average Suspended
Sediment Concentrations and therefore synchronization is not necessary.

4 Experimental procedure and test program

During this data set most of the measurement equipment had fixed positions on the walls of 
the flume, but others were installed on the mobile frame. The location of the fixed equipment 
is mostly reported in the next lines, at least the initial installation positions, but all information 
of the X and Z position of the measurement equipment (fixed on the walls and on the mobile 
frame) can be found on the two excel files created for that purpose and also including 
reference to most relevant parameters acquired for each test (file names of each 
measurement equipment, X and Z position of each equipment, characteristics of each test, 
SWL, run-up and run-down or duration of the test). This information has been split in two 
different files:

• resist_CONTROL.xls: which contains the information of the CIEM equipment
• Log-Book RESIST.xls which contains the information added by the users of the TA 

project

The list, position and reference of all equipment at fixed positions when starting the 
experiments can be found on the next lines:



The Resistant Wave Gauges were placed at:
X (m) ID
11.84 WG0
32.92 WG1
27.02 WG2
28.53 WG3
40.01 WG4
48.12 WG5
52.06 WG6
59.58 WG7
57.82 WG8
63.94 WG9
56.03 WG10
44.08 WG11
11.84 WG13

The Acoustic Wave Gauges were placed at:
X (m) ID

AWG0 13.47 AWG608
AWG1 19.2 AWG613
AWG2 30.3 AWG603
AWG3 53.39 AWG607
AWG4 54.69 AWG609
AWG5 60.58 AWG611
AWG6 61.98 AWG606
AWG7 65.67 AWG604
AWG8 69.67 AWG601
AWG9 67.86 AWG602
AWG10 71.8 AWG200
AWG11 73.67 AWG101
AWG12 74.72 AWG102
AWG13 75.71 AWG103
AWG14 76.49 AWG104
AWG15 77.55 AWG105
AWG16 78.74 AWG106
AWG17 79.79 AWG107
AWG18 80.8 IC1
AWG19 81.75 IC2

The OBS were placed at:
X (m) Z_rel(m) ID

OBS0 74.79 0.03 8267
OBS1 73.56 0.03 8285
OBS2 77.6 0.03 8282
OBS3 75.62 0.03 8276
OBS4 76.52 0.03 8277

The Pore Pressure Sensors were placed at:
X (m) Z_abs(m) ID

PPT0 23.3 1.735 6387
PPT1 20.75 1.745 6388
PPT2 25.02 1.86 264
PPT3 31.72 0.235 6390
PPT4 34.49 1.86 262
PPT5 36.13 1.86 236
PPT6 38.03 1.735 6385
PPT7 42.24 1.735 6389



PPT8 46.34 1.86 302
PPT9 50.74 1.86 235
PPT10 66.53 2.045 6391
PPT11 70.56 2.045 237
PPT12 76.52 2.5 65
PPT13 76.471 2.5 265
PPT14 76.57 2.5 58

where the Z_abs is the distance from the absolute bottom of the flume, the rigid bed in front of
the wave paddle. The red label of the last three PPTs, as it is done on the 
resist_CONTROL.xls, denote the fact that this Z distance is not perfectly known. These PPTs 
were moved together with the ADV and OBS after most of the runs but were never located to 
a known position. They were most of the time located in the interface between sediment and 
water (just slightly buried) and were deployed in that way in order to capture the pressure 
gradient and therefore without the need to perfectly know the Z reference.

Six ADVs have been deployed on the wall clamped at fixed positions while three ADVs have 
been located on the yellow mobile frame. The ADVs on fixed position were repositioned at the
beginning of each test at a distance of 0.03 m from the sandy bottom. The exception to that 
general rule was the Downlocking ADV further offshore, which was left at fixed positions and 
which Z_rel is known by the data acquired from the ADV at the beginning of each test.

The fixed ADV were placed at:
X (m) ADV ID D/S Z_rel (m)
73.7 ADV0 392 S 0.03 Master
74.72 ADV1 435 S 0.03
75.51 ADV2 376 S 0.03
76.52 ADV3 388 S 0.03
77.5 ADV4 446 S 0.03
70.52 ADV5 437 D around 0.10

The yellow trolley on the CIEM flume holds a mobile frame that can be positioned at different
X positions along the flume with cm accuracy, while it can also be moved up and down (Z
direction) with sub-mm accuracy. This frame was instrumented along this experiment with the
next equipment:

• One PPT (PPT15 with ID 263)
• Two OBS (OBS5 ID 8284 and OBS6 ID 8287)
• Three ADVs (ADV6 ID 387, ADV7 ID 336 and ADV8 ID 280)
• ACVP
• TSS  (all  the  information  relative  to  the  TSS  measurements  is  collected  in  the

TSS_measurements.xlsx file).

The first two equipment (PPT and OBS) were directly connected to the WAS by means of a
direct connection to the data acquisition system (grey cable). The other equipment on the
yellow trolley (ADVs, ACVP and TSS) had their own external acquisition system.

The positions of this mobile frame changed in X and Z_abs at each test. The information of
the location of  all  the equipment  on the mobile  frame at  each test  can be found on the
resist_CONTROL.xls and Log-Book RESIST.xls files.

At the end of the experimental program a series of 20 bed samples was collected along the
flume in order to study sediment sorting during the last sequence of performed experiments.
The collected samples will be sent to Imperial College where in the future the grain size can
be determined using a laser diffraction analyzer. Within the next table there is a list of samples
names an locations at which they correspond:



Sample x (m) Sample x (m)

B-1 64 B-11 72

B-2 66 B-12 72.5

B-3 67 B-13 73

B-4 68 B-14 73.5

B-5 69 B-15 74

B-6 69.5 B-16 74.5

B-7 70 B-17 75

B-8 70.5 B-18 76

B-9 71 B-19 77

B-10 71.5 B-20 78

Table 4. Sediment samples collection at the end of Sequence 3.



The profile shows that the profiler has run after the experiment at which is linked. There is always an initial profile (P0) that is done before the start of the 
experiments.

Test Run Waves SWL Filename
Profiles

init. // meas.

time

(min)
Remarks

1 0.64 m // 3.7 s bic 2.5 070318_0 P0 // NaN 8' PS_E1Tr3Tg_8mins.udf

2 0.49 m // 3.7 s bic 2.5 070318_1 P0 // NaN 8' PS_E2Tr3Tg_8mins.udf

3 0.32 m // 3.28 s reg 2.5 070318_2 P0 // NaN 8' PS_M1Tr2_8mins.udf

4 0.32 m // 4.22 s reg 2.5 070318_3 P0 // NaN 8' PS_M2Tr2_8mins.udf

5 0.32 m // 4.22 s reg 2.5 070318_4 P0 // NaN 8' PS_M2Tr2_8mins.udf

6 0.64 m // 3.7 s bic 2.5 070318_5 P0 // NaN 120'
PS_E1Tr2Tg_120mins.udf, We need to stop the acquisition due to a problem with the 
ADV

7 0.2 m // 5.7 s bic 2.5 070318_6 P0 // NaN 120' PS_A3_120mins.udf

8 0.32 m // 4.7 s bic 2.5 070318_7 P0 // NaN 120' PS_A1_120mins.udf

9 0.64 m // 3.7 s bic 2.5 080318_1 P0 // NaN 60' PS_E1Tr2Tg_60mins.udf

10 0.64 m // 3.7 s bic 2.5 080318_2 P0 // NaN 8' PS_E1Tr2Tg_08_8mins.udf

11 0.49 m // 3.7 s bic 2.5 080318_3 P0 // NaN 8' PS_E2Tr2Tg_08_8mins.udf

12 0.32 m // 4.7 s bic 2.5 080318_4 P0 // NaN 8' PS_A1_08_8mins.udf

13 0.27 m // 5.3 s bic 2.5 080318_5 P0 // NaN 8' PS_A2_08_8mins.udf

14 0.2 m // 5.7 s bic 2.5 080318_6 P0 // NaN 8' PS_A3_08_8mins.udf

15 0.27 m // 5.3 s bic 2.5 080318_7 P0 // NaN 8' PS_A2_8mins.udf

Redo the profile

16 001 0.47 m // 3.7 s rand 2.5 130318_0 P0 // P1 30' Benchmark, Start of Sequence 1

17 002 0.64 m // 3.7 s bic 2.5 130318_1 P0 // P2 30' E1  (PS_E1Tr2Tg_def1.udf)

18 003 0.64 m // 3.7 s bic 2.5 130318_2 P0 // P3 30'

19 004 0.64 m // 3.7 s bic 2.5 130318_3 P0 // NaN 30' We have stop after 9 ' due to problems with one ADV

20 005 0.64 m // 3.7 s bic 2.5 130318_4 P0 // P4 21'

21 006 0.64 m // 3.7 s bic 2.5 130318_5 P0 // P5 30'

22 007 0.64 m // 3.7 s bic 2.5 140318_0 P0 // P6 60'

23 008 0.64 m // 3.7 s bic 2.5 140318_1 P0 // P7 60' We have tilted the PPT on the shoreline to compute the pressure gradient to a slope 



between them closer to the beach slope.

24 009 0.32 m // 4.7 s bic 2.5 140318_2 P0 // P8 30' A1  (PS_A1_def1.udf)

25 010 0.32 m // 4.7 s bic 2.5 140318_3 P0 // P9 30'

ADV 6 has been recording data with a measurement range = +-0.3 m/s and therefore the 
previous data of this ADV should be carefully considered (aliasing problems).

We have changed the clamping of AWG10 (ID 200) in order to avoid vibrations.

We have added 0.5 cm of water to the flume.

26 011 0.32 m // 4.7 s bic 2.5 150318_0 P0 // P10 30'

After this test we did not modified the position of the swash sensors up to 0.03 m

From the ADVs on the frame it looks like that the lower ADV was measuring within the 
bottom and the ADV 336 did not measure properly.

PC1 (ADV 0 to 5) stop measuring after 25', therefore we have lost the last 5'.

27 012 0.32 m // 4.7 s bic 2.5 150318_1 P0 // P11 30'

28 013 0.32 m // 4.7 s bic 2.5 150318_2 P0 // P12 60'

29 014 0.32 m // 4.7 s bic 2.5 150318_3 P0 // P13 60' We have smoothed inhomogeneities in the upper part of the profile

30 015 0.32 m // 4.7 s bic 2.5 160318_0 P0 // P14 60' ADV437 has been removed

31 016 0.32 m // 4.7 s bic 2.5 160318_1 P0 // P15 60' ADV 392 has been measuring in a hole, therefore the data can be not representative

32 017 0.32 m // 4.7 s bic 2.5 160318_2 P0 // P16 60'

33 018 0.32 m // 4.7 s bic 2.5 160318_3 P0 // P17 60'

34 019 0.32 m // 4.7 s bic 2.5 160318_4 P0 // P18 60' ADVs 388 and 446 slightly buried

35 020 0.32 m // 4.7 s bic 2.5 190318_0 P0 // P19 60' ADVs not properly synchronized with the TTL signal

36 021 0.49 m // 3.7 s bic 2.5 190318_1 P0 // P20 30' E2  (PS_E2Tr2Tg_def1.udf)

37 022 0.49 m // 3.7 s bic 2.5 190318_2 P0 // P21 30'
ACVP probe is exposed at some wave troughs

After 12-13' we have moved the frame up to the final zframe = 130.252

38 023 0.49 m // 3.7 s bic 2.5 190318_3 P0 // P22 30' After 9-10' we have moved the frame up to the final zframe = 122.275

39 024 0.49 m // 3.7 s bic 2.5 190318_4 P0 // P23 30' ADV437 has been again deployed

40 025 0.32 m // 4.7 s bic 2.5 190318_5 P0 // P24 30' A1  (PS_A1_def1.udf)

41 026 0.32 m // 4.7 s bic 2.5 200318_0 P0 // P25 30' ADV437 has been removed. Last ADV buried.

42 027 0.32 m // 4.7 s bic 2.5 200318_1 P0 // P26 30' Air bubbles may be interfering with the ADV lectures on the mobile frame

43 028 0.32 m // 4.7 s bic 2.5 200318_2 P0 // P27 30'

44 029 0.32 m // 4.7 s bic 2.5 200318_3 P0 // P28 60'

45 030 0.32 m // 4.7 s bic 2.5 200318_4 P0 // P29 60' ADV 388 buried.

46 031 0.32 m // 4.7 s bic 2.5 200318_5 P0 // P30 60' All ADVs with the exception of 435 are buried after this run



47 032 0.32 m // 4.7 s bic 2.5 210318_0 P0 // P31 60'
AWG have been connected once the run has started (around 4' and 10'' later)

After 35' ADV 376 and 388 are already half buried

48 033 0.32 m // 4.7 s bic 2.5 210318_1 P0 // P32 60' ADV 388 and 446 and the paired OBS have been located at 5 cm from bottom

49 034 0.32 m // 4.7 s bic 2.5 210318_2 P0 // P33 60'
ADV437 has been again deployed

ADV 388 and 446 and the paired OBS have been located at 5 cm from bottom

50 035 0.32 m // 4.7 s bic 2.5 210318_3 P0 // P34 60' ADV 388 and 446 and the paired OBS have been located at 5 cm from bottom

51 036 0.32 m // 4.7 s bic 2.5 210318_4 P0 // P35 60'
ADV 388 and 446 and the paired OBS have been located at 5 cm from bottom

P35 is a complete profile

Redo the profile

52 037 0.47 m // 3.7 s rand 2.5 040418_0 P36 // P37 30'

Benchmark, Start of Sequence 2

ADV437 has been removed. ADVs were not located at 5 cm from the bottom and therefore
the velocities here measured should not be used. P36 is a complete profile

53 038 0.49 m // 3.7 s bic 2.5 040418_1 P36 // P38 30' E2  (PS_E2Tr2Tg_def1.udf)

54 039 0.49 m // 3.7 s bic 2.5 040418_2 P36 // P39 30'

55 040 0.49 m // 3.7 s bic 2.5 040418_3 P36 // P40 30'

56 041 0.49 m // 3.7 s bic 2.5 040418_4 P36 // P41 30' ADV437 has been again deployed

57 042 0.32 m // 4.7 s bic 2.5 040418_5 P36 // P42 30' A1  (PS_A1_def1.udf)

58 043 0.32 m // 4.7 s bic 2.5 060418_0 P36 // P43 30'

59 044 0.32 m // 4.7 s bic 2.5 060418_1 P36 // P44 30' P44 is a complete profile

60 045 0.32 m // 4.7 s bic 2.5 060418_2 P36 // P45 30' ADV437 has been removed.

61 046 0.32 m // 4.7 s bic 2.5 060418_3 P36 // P46 60' Last ADV/OBS close to the shoreline buried

62 047 0.32 m // 4.7 s bic 2.5 060418_4 P36 // P47 60' After 47' we have moved the frame up to the final zframe = 132.083

63 048 0.32 m // 4.7 s bic 2.5 090418_0 P36 // P48 60' Before the run we relocate AWG (16, 17, 18 and 19)

64 049 0.32 m // 4.7 s bic 2.5 090418_1 P36 // P49 60' ADV 435 and co-located OBS fully buried

65 050 0.32 m // 4.7 s bic 2.5 100418_0 P36 // P50 60' ADVs 388, 387/376 and co-located OBS buried

66 051 0.32 m // 4.7 s bic 2.5 100418_1 P36 // P51 60'

67 052 0.32 m // 4.7 s bic 2.5 100418_2 P36 // P52 60' ADV437 has been again deployed

68 053 0.32 m // 4.7 s bic 2.5 100418_3 P36 // P53 60' P53 is a complete profile

69 054 0.64 m // 3.7 s bic 2.5 100418_4 P36 // P54 30' E1  (PS_E1Tr2Tg_def1.udf)



Before the run we relocate AWG (16, 17, 18 and 19)

Grey cable from the trolley connected after 3' 40'' of waves start running

70 055 0.64 m // 3.7 s bic 2.5 110418_0 P36 // P55 30' ADV437 has been removed

71 056 0.64 m // 3.7 s bic 2.5 110418_1 P36 // P56 30'

72 057 0.64 m // 3.7 s bic 2.5 110418_2 P36 // P57 30'

73 058 0.64 m // 3.7 s bic 2.5 110418_3 P36 // P58 60'

74 059 0.64 m // 3.7 s bic 2.5 110418_4 P36 // P59 60' P59 is a complete profile

75 060 0.32 m // 4.7 s bic 2.5 110418_5 P36 // P60 30'
A1  (PS_A1_def1.udf)

ADV437 has been again deployed

76 061 0.32 m // 4.7 s bic 2.5 110418_6 P36 // P61 30'

77 062 0.32 m // 4.7 s bic 2.5 110418_7 P36 // P62 30' Before the run we relocate AWG (16, 17, 18 and 19)

78 063 0.32 m // 4.7 s bic 2.5 110418_8 P36 // P63 30' ADV437 has been removed

79 064 0.32 m // 4.7 s bic 2.5 110418_9 P36 // P64 60'

80 065 0.32 m // 4.7 s bic 2.5 120418_0 P36 // P65 60'

81 066 0.32 m // 4.7 s bic 2.5 120418_1 P36 // P66 60' After 10' the frame was moved the last zframe was 123.423

82 067 0.32 m // 4.7 s bic 2.5 120418_2 P36 // P67 60'

83 068 0.32 m // 4.7 s bic 2.5 120418_3 P36 // P68 60'

84 069 0.32 m // 4.7 s bic 2.5 120418_4 P36 // P69 60'

85 070 0.32 m // 4.7 s bic 2.5 120418_5 P36 // P70 60' ADV437 has been again deployed. ADV 446 buried at the end of the run

86 071 0.32 m // 4.7 s bic 2.5 120418_6 P36 // P71 60' P71 is a complete profile

Redo the profile

87 072 0.47 m // 3.7 s rand 2.5 170418_0 P72 // P73 30'

Benchmark, Start of Sequence 3

ADV437 has been removed.

Before the run we relocate the AWGs (11 until 19). P72 and P73 are complete profiles

88 073 0.64 m // 3.7 s bic 2.5 170418_1 P72 // P74 60' E1  (PS_E1Tr2Tg_def1.udf)

89 074 0.64 m // 3.7 s bic 2.5 170418_2 P72 // P75 60'

90 075 0.64 m // 3.7 s bic 2.5 170418_3 P72 // P76 60'

91 076 0.64 m // 3.7 s bic 2.5 170418_4 P72 // P77 60' ADV437 has been again deployed. P77 is a complete profile

92 077 0.27 m // 5.3 s bic 2.5 180418_0 P72 // P78 60' A2  (PS_A2_def1.udf)

Before the run we relocate the AWGs (10 until 19)



After 12' we have moved the frame up to the final zframe = 123.882

93 078 0.27 m // 5.3 s bic 2.5 180418_1 P72 // P79 60'

94 079 0.27 m // 5.3 s bic 2.5 180418_2 P72 // P80 60'

95 080 0.27 m // 5.3 s bic 2.5 180418_3 P72 // P81 60'

96 081 0.27 m // 5.3 s bic 2.5 180418_4 P72 // P82 60' Last four ADVs were fully buried

97 082 0.27 m // 5.3 s bic 2.5 180418_5 P72 // P83 60' ADV 388 buried

98 083 0.27 m // 5.3 s bic 2.5 190418_0 P72 // P84 60' ADV437 has been removed. P84 is a complete profile

99 084 0.27 m // 5.3 s bic 2.5 190418_1 P72 // P85 60' ADVs 388 and 376 fully buried

100 085 0.27 m // 5.3 s bic 2.5 190418_2 P72 // P86 60' ADV437 has been again deployed

101 086 0.27 m // 5.3 s bic 2.5 190418_3 P72 // P87 60' Unknown certain position of the trolley (2 options xtape = 61.3 or 60.8 m)

102 087 0.27 m // 5.3 s bic 2.5 190418_4 P72 // P88 60'

ADV 388 fully  buried.

Between x 78.7 and 79 on the profiles there is some sediment deposition measured by the 
profiler. That sediment increase it is not real, the sediment came from the holes on the 
panels and it is produced by the water piling on the runnel.

103 088 0.27 m // 5.3 s bic 2.5 190418_5 P72 // P89 60'

104 089 0.27 m // 5.3 s bic 2.5 190418_6 P72 // P90 60' P90 is a complete profile

105 090 0.49 m // 3.7 s bic 2.5 200418_0 P72 // P91 30'
E2  (PS_E2Tr2Tg_def1.udf)

Before the run we relocate AWG (16, 18 and 19)

106 091 0.49 m // 3.7 s bic 2.5 200418_1 P72 // P92 30'

107 092 0.49 m // 3.7 s bic 2.5 200418_2 P72 // P93 30'

108 093 0.49 m // 3.7 s bic 2.5 200418_3 P72 // P94 30' P94 is a complete profile. Before starting we added 1.5 cm of water to the flume.

109 094 0.2 m // 5.7 s bic 2.5 200418_4 P72 // P95 60' A3  (PS_A3_def1.udf)

110 095 0.2 m // 5.7 s bic 2.5 200418_5 P72 // P96 60' Before the run we relocate AWG (16, 18 and 19)

111 096 0.2 m // 5.7 s bic 2.5 230418_0 P72 // P97 60' ADV 388 and 376 buried

112 097 0.2 m // 5.7 s bic 2.5 230418_1 P72 // P98 60' ADV 388 and 446 buried

113 098 0.2 m // 5.7 s bic 2.5 230418_2 P72 // P99 60'

114 099 0.2 m // 5.7 s bic 2.5 230418_3 P72 // P100 60' Evident wave reflection

115 100 0.2 m // 5.7 s bic 2.5 240418_0 P72 // P101 60' Before the run we relocate AWG (17, 18 and 19). We have also relocated OBS2.

116 101 0.2 m // 5.7 s bic 2.5 240418_1 P72 // P102 60'

117 102 0.2 m // 5.7 s bic 2.5 240418_2 P72 // P103 60'



118 103 0.2 m // 5.7 s bic 2.5 240418_3 P72 // P104 60'

119 104 0.2 m // 5.7 s bic 2.5 240418_4 P72 // P105 60'

120 105 0.2 m // 5.7 s bic 2.5 240418_5 P72 // P106 60' ADV 435 partly buried

121 106 0.2 m // 5.7 s bic 2.5 240418_6 P72 // P107 60' P107 is a complete profile. ADV 376 partly buried

122 107 0.2 m // 5.7 s bic 2.5 250418_0 P72 // P108 60'
Grey cable not connected for the first 24' (no data from the trolley equipment)

ADVs recording from the wall started 2.5' min later (information just useful for ensemble)

123 108 0.2 m // 5.7 s bic 2.5 250418_1 P72 // P109 60' We have relocated OBS4

124 109 0.2 m // 5.7 s bic 2.5 250418_2 P72 // P110 60'

125 110 0.2 m // 5.7 s bic 2.5 250418_3 P72 // P111 60'

126 111 0.2 m // 5.7 s bic 2.5 260418_0 P72 // P112 60'

Installed pump in the runnel to remove the water from the runnel and avoid berm 
breaching. We did not alter the central line of the profile, and therefore profiles are not 
affected by the water dredging. The extracted water was deployed at breaking locations by
a hose.

127 112 0.2 m // 5.7 s bic 2.5 260418_1 P72 // P113 60' Most of waves are not breaking due to the slope steepness. If they are breaking, they are 
doing that is a surging type.

128 113 0.2 m // 5.7 s bic 2.5 260418_2 P72 // P114 60'

129 114 0.2 m // 5.7 s bic 2.5 260418_3 P72 // P115 60'

130 115 0.2 m // 5.7 s bic 2.5 260418_4 P72 // P116 60'

131 116 0.2 m // 5.7 s bic 2.5 260418_5 P72 // P117 60'

132 117 0.2 m // 5.7 s bic 2.5 260418_6 P72 // P118 60' P118 is a complete profile

Table 5. Experimental programme.

Notes on the experimental tests:



5 Organization of data files

The data files are organized following the next scheme:

The tests presented on Table 5 can be correlated with the information that is found on each of
the experimental folders here presented. The test run is correlated with the filename by using
Table 5, and the filename can be found on the .txt extension for the WAS and ADV files with
.txt and .vno extensions respectively. Here there is a short explanation of the information that
can be found on each of  the files contained on the 1_Acquired_data folder,  were all  the
relevant information is included.
1. .txt  files are in 1_1_General_Acquisition.  These files contain the information acquired

directly by the WAS controlling the absolute time reference, resistive and acoustic wave
gauges signals, OBS, Pressure Sensors and synchronization signals of other equipment.
The format of theses files is the described by: five initial rows in which the frequency of
the acquisition can be seen in the second row, and the acquisition channel name and
measuring units can be read in the sixth row. The information of each probe is found
consecutively in time considering the acquisition frequency used at the experiment.

2. Profile information are stored in individual profiles PXX.txt with the information provided
by  profiler  of  all  the  performed  runs  (X  representing  the  profile  number),  found  in
1_2_Profiler section. Each profile is structure in five rows representing the first row the X
location along the flume (where X = 0  is  the position of  the wave paddle  at  resting
position) and each subsequent row include the information gathered by each of the four
echosounders. The time at which each profile has been done can be found on Table 5 of
this document.

3. .vno files are in 1_3_ADV. This second group is formed by the ADV information acquired
by means of the Polysink Software. These files can be extracted directly with the aid of
this  software  (providing  velocities,  correlation,  signal  amplitude,  signal  to  noise  ratio,
temperature and control  files)  or can be converted by the “Nortek file  converter”  and
analyzed by using the WinADV software freely available on the net. (free version of both
programs can be found at www.nortek-as.com).

4. The  ACVP  files  for  each  acquisition  (i.e.  each  run)  are  composed  of  2x2  files
corresponding to acquisition made with the two internal acquisition boards of the ACVP
named DEV1 and DEV3. Acquisition boards DEV3 and DEV1 collect the data measured
with the two co-linear pairs of bistatic receivers aligned in the wave cross-shore (DEV3)
and  longshore  directions  (DEV1),  respectively.  For  each  acquisition  (i.e.  run),  a  text
header file and a binary datafile are generated by the LEGI labview acquisition and ACVP
setting  routine  named  “ACVP.vi”.  For  board  DEV1,  these  files  are

http://www.nortek-as.com/


“FilenameDEV1.HEADER”  and  ”FilenameDEV1.DATA”.  The  two  binary  datafiles  “…
DEV3.DATA”  and  “…DEV1.DATA”  must  be  post-processed  with  the  LEGI  labview
routines “ACVPuw.vi” and “ACVPvw.vi”, respectively, to generate the asci-files of velocity,
acoustic  intensity,  correlation  and  distance  profiles  (along  the  emitter  transmitting
direction). 

5. CCM:  .lvm  file,  ascii  format.  Columns  with  time,  concentration  measurements  of  4
probes, positions of 3 probes, input trigger, output trigger, and optional analogue input
from additional instruments, sampled through the CCM acquisition system.
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