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1 Objectives

The overall aim of GLOBEX is to improve our understanding of the non-linear water motion on gently sloping beaches. To that end, GLOBEX focuses on three aspects of wave non-linearity on a fixed 1:80 sloping beach:

· Infragravity-waves. The objective is to identify the physical mechanism(s) leading to infragravity-wave dissipation, a recently discovered aspect of infragravity wave dynamics found solely on gently sloping beaches. Experiments will consider random short waves, bichromatic waves and monochromatic long waves. The recorded data will also be used to test and improve the capabilities of advanced hydrodynamic models in predicting infragravity-wave hydrodynamics.

· Non-linear wave propagation. The objective is to test and improve existing predictors of non-linear wave celerity, crucial to wave-transformation and hydrodynamic models. Wave celerity estimates will be provided by the analysis of video-recordings and inferred from the water-surface elevation measurements. Particular attention will be paid to obtain accurate measurements in the inner surf and swash zones, where non-linearity is presumably largest and current predictors perform rather poorly.
· Boundary-layer dynamics. The objective is to extend our knowledge on boundary-layer dynamics, with a focus on non-linear boundary layer streaming and the vertical structure of velocity skewness and asymmetry. Various acoustic and optical instruments will be used in concert to quantify the variations in velocities in the water column, including the very thin wave bottom boundary layer.
2 Experimental setup

2.1 General description
The experimental procedure is extensively described in Ruessink et al. (2013) and only main points are recalled here. 
An impermeable concrete beach with a 1:80 slope was constructed, with its toe at 16.57 m from the wave maker (in rest position, x = 0 m), see Figure 1. All experiments were run with a still water depth of 0.85 m over the horizontal approach (corresponding to 17 m in prototype, leading to a scale factor nd of 0.85/17 = 0.05), this implies that the still-water shoreline was at x = 84.57 m. The median grain size D50 of material that was laying loose on the concrete bed before the flume was filled with water was 0.75 mm; D10 and D90 amounted to 0.49 and 1.15 mm, respectively.

[image: image2]
Figure 1:
Bed elevation Z versus cross-shore distance X in the Scheldegoot during the GLOBEX project. Here, X = 0 is the wave-maker location, while Z = 0 corresponds to the still water level. The 190 dots are the positions of the wave gauges; the 43 pluses are the positions and heights above the bed of the electromagnetic current meters. The bed level was determined with a terrestrial laser scanner before the flume was filled with water (see Ruessink et al., 2013).
2.2 Definition of the coordinate system

X (m): cross-shore direction, oriented on-shore, X = 0 at the wave-maker mean position. Different rulers have been installed along the flume so that each instrument position was easily checked. A Total Station was used to get the accurate position of each gauge / instrument. For some unknown reason, the origin of the TS was taken at X = 1.352 m.
Y (m): transverse, Y = 0 at the middle of the flume. 
Z (m): vertical, oriented upwards, Z = 0 at the water level at rest. z refers to elevation above bed (z  = Z + h, where h is the water depth).
2.3 Relevant fixed parameters

Uniform 1/80 sloping beach.

Water level at rest, in the flat section (for 0 < X < 16.57 m) for all conditions: h0 = 85.0 cm. 
The shore line at rest is at X = 84.57 m.
2.4 General experimental procedure
Five different wave conditions conditions were repeated for a given set of instrument positioning (hereafter called a “series”). Most of the instruments were moved once all wave conditions were performed. All the runs were repeated 9 times (so for 9 different sets of instrument locations) plus an additional 10th series with runs of shorter durations (30 min.).
3 Instrumentation and data acquisition

3.1 Instruments

· Wave gauges: water-surface elevation.

· 10 resistive gauges (named RW1 to RW10) provided by Deltares 

· 12 capacitance wave gauges (named CW1 to CW12) provided by LEGI.

· One bed-parallel capacitance wire covering the swash zone has been installed for the 3 last series (8-10) LEGI.
These measurements have been made close to the center line of the flume (Y ~ 0).

One wave gauge has been installed permanently at X = 6.96 m.

2 wave gauges have been moved independently.
One wave gauge (CW12) has been installed permanently at the location of the LDA measurement. 
The other wave gauges have been installed on beams supported by trolleys or carts that were moved after each series completion:

· Cart A: supporting 11 capacitive gauges (CW1-11) 37 cm apart. It covered the upper beach 54.69 m < X < 87.3 m with a measurement each 37 cm. Note that CW1-11 were installed in the swash zone for the two last series (9 and 10), the wires directly fixed into the concrete bed.
· Cart B: supporting 5 resistive gauges 55 cm apart. It covered the lower beach 27.6 m < X < 48.5 m with a measurement each 55 cm.

· Cart C: supporting the remaining 2 resistive gauges 220 cm apart. 

· Electromagnetic and acoustic flow meters: free-stream oscillatory velocity. 

· 5 electromagnetic single-point two-components (along X and Z) flow meters (EMS1 to EMS5) provided by Deltares.

These measurements have been made close to the center line of the flume (Y ~ 0).

The EMS velocimeters have been installed on Cart A (3) and Cart B (2) at a minimum of 1cm above the bottom (see Figure 2.1). It covered 24.9 m < X < 82.1 m with a spacing of 1.1 m and 1.5 m (upper beach) to 1.65 m (lower beach). Note that, depending on wave conditions, some of the uppermost positions may produce spurious data for very shallow depth, the sensor being out of the water for the largest wave troughs. It is advised to only consider EMS data valid only for X < 82 m for series A1 and A3; X < 80 m for series A2; X < 79 m for series C1.

· Acoustic flow meters: free-stream oscillatory velocity. 
· 1 Nortek ADV side-looking Vectrino+ (ADV1) provided by LEGI, devoted to measurements in the swash zone (minimum elevation of sampling volume at 1 cm above the bottom) covering 78.7 m < X < 85.4 m. 

The data are stored in a folder per series. Files .hdr giving the configuration of ADV1 and .dat files containing the data in ascii format have been extracted from the .vno raw files. For series 6 to 8 (for all wave conditions except C1), 2 different elevations above the bed were obtained by changing the probe position at the middle of the run. The following Table indicates the cross-shore location and the elevation above bed (both in mm) of the sampling volume for each record:
  Series    X    z(A1) z(A2) z(A3) z(B1) z(B2) z(B3) z(C1)

  1    82802    15    15    15    15    15    15    15 

  2    78732    15    15    15    15    15    15    15 

  3    78732    35    35    35    35    35    35    35 

  4    83622     5     5     5     5     5     5     5 

  5    84564     5     5     5     5     5     5     5 

 6A    83162    20     5     5    20     5    20     5 

 6B    83162     5    20    20     5    20     5     / 

 7A    81319     5     5    26    26     5    26     5 

 7B    81319    26    26     5     5    26     5     / 

 8A    80198    33     5     5    33     5    33     5 

 8B    80198     5    33    33     5    33     5     / 

  9    85392     5     5     5     5     5     5     5 

 10    84287     5     5     5     5     5     5     5 

· 1 Nortek ADV side-looking Vectrino+ (ADV2) provided by M2C, profiling vertically at X = 63.6 m and Y = 0.35 m (15 cm from the glass wall).
The data are stored per condition, with files numbered for each elevation. Files .hdr giving the configuration of ADV2 and .dat files containing the data in ascii format have been extracted from the .vno raw files. The following Table indicates the elevation above bed (in mm) of the sampling volume:

File   A1
  A2    A3    B1    B2    B3    C1 

  1     6     6     6     6     6     6     6 

  2    12    12    12    12    12    12    12 

  3    18    18    20    20    20    30    20 

  4    24    24    30    30    30    20     9 

  5    20    15     9    24     9    15     6 

  6    30     9    15     9    15    24    15 

  7     9    30    18    15    24    18   174 

  8    18     8    24    18    18     9   130 

  9    35    40    40    35    35    40    86 

 10    40    35    35    40    40    35    64 

 11   152   174   174   152   152   152     / 

 12   174   152   152   174   174   174     / 

 13   130   130   108   130   130   108     / 

 14   108   108   130   108   108   130     / 

 15    64    86    86   130    86    64     / 

 16    86    64    64     /    64    86     / 

· 1 Nortek ADV down-looking Vectrino+ (ADV3) provided by Deltares was positioned at 54.3 m < X < 65.1 m. For avoiding flow obstruction by the body of the instrument, vertical elevations were limited to 14 to 20 cm above the bottom. For the majority of the runs ADV3 was co-located with the LDV system in order obtain a simultaneous measurement of the free-stream velocity.
· Laser Doppler Velocimeter (LDV and LDA): boundary layer measurements over a vertical profile.

- system from Deltares (LDV), see Klopman (1994) for detailed specifications
· forward-scatter system, 

· vertical translation along z-axis (precision 0.1mm) 

· the alignment of the receiver is not that sensitive to position changes within 1-2mm. While the emission was translated vertically for each wave series, the receiver was moved only 2 times. 
· Two orthogonal velocities components (Va and Vb, denoted in the Deltares data acquisition as “lasera” and “laserb”) were measured under an angle of 45 degree with the horizontal. The horizontal and vertical velocity components were obtained from the transformations u = cos(π/4)*Va - sin(π/4)*Vb and w = sin(π/4)*Va + cos(π/4)*Vb
· Cross-shore location of LDV measurements corresponds to shoaling and breaking zones depending on the wave conditions: X = 60.6m.

- system from Univ. Aberdeen (LDA)

· Cross-shore location of LDA measurements corresponds to breaking and surf zones depending on the wave conditions: X = 69.3m.

· Vertical resolution of the profile has been defined relatively to the expected boundary layer thickness (of the order of 2 to 3 mm, see Van der A et al., CD2013). For the one hour long wave runs, the vertical position of the measuring point has been changed once during a run.
· Relevant information is provided in the LDA_logbook.xls file, including sampling volume position relatively to the bed level. Each data file contains the sampling time, the two components of the velocity (V1 and V2 in m/s, denoted as “LDA1” and “LDA2” in the output files) along the beam axes (oriented at 45° relatively to the horizontal) and the surface elevation recorded by CW12 (in Volts) for double checking the time sampling (see also section 5.1 below). The horizontal and vertical velocity components were obtained from the transformations u = -cos(π/4)*V1 - sin(π/4)*V2 and w = -sin(π/4)*V1 + cos(π/4)*V2
· 4 video cameras (provided by Deltares): 
4 video cameras have been deployed during the experiments, aiming at covering the whole distance of wave propagation from shoaling to the maximum run-up:
· 2 top view cameras: Cam1 and Cam2

· 2 side view cameras: Cam3 and Cam4

The resolution in pixels for the 4 cameras is 400 x 2448.

The video cameras were sampling full-image information at 19.4082 Hz. 

In total, 71 blocks of images were collected. While Cam3 and Cam4 were always operational (Cam3 and Cam4 were moved around), Cam1 and Cam2 were not always switched on as the condition had already been stored (Cam1 and Cam2 remained at the same location). The files containing the camera configuration, their positions, and the matlab codes for image rectification can be found at:

  ftp://ftp.deltares.nl/VM-VideoRectification/
Data such as the resolution (R, in mm/pixel) for the 4 cameras can be extracted using the rectification routines, the following table giving indicative values:
	
	View
	RX
	RY
	RZ

	
	
	
Foreground
	Far field
	Foreground
	Far Field
	

	Cam1
	Top
	6
	63
	3
	10
	/

	Cam2
	Top
	4
	23
	3
	8
	/

	Cam3 and Cam4
	Side wall
	1.7
	/
	/
	/
	1.7


The file GlobexCameraTargetsPositions.ppt indicates the field of view for each camera / series. Examples are given in Figure 2.
Note that the flume side walls made of concrete for 47.8 m < X < 58.4 m obstructed the view for the side cameras (see Figure 3). 
In addition, trolleys and instruments obstructed partially the field of view on most of the top view videos. The most complete top views correspond to files ?? 
The images are stored in the following directory structure: YYYYMMDD-s##\ci, where YYYY = 2013 = year, MM = month, DD = day, ## is run number (from 01 to 71), and i is camera number (1-4). Videos snapshots have been recorded on 4 (3 TB each) hard drives. Appendix A1 indicates the drive number and the video series corresponding to each wave run and conditions. A copy of all data is available at Deltares, Bordeaux and Utrecht. 

The file name is as follows: epochTime.cx.snap.jpg, where again i stands for camera number (1-4); epochTime is the number of seconds x 1e6 since 1 January 1970, 0hr, or, in other words, the number of microseconds since this start point (this stems from the use in Argus imagery, although there seconds were used rather than microseconds).
[image: image3.emf]
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Figure 2:
Examples of the camera field of views.
[image: image6.emf]
Figure 3:
Field of view of the side wall cameras (Cam3 in blue, Cam4 in red).
· Terrestrial Laser Scanning (TLS) system : bed profiling, inner surf water-surface elevation and swash/backwash motion. (UU)

TLS has been installed at X=105m (5m on-shore the maximum runup). 
Detailed information about the system and measurements can be found at ftp://ftp.deltares.nl/Data/RIEGL/bedProfile/DEMs/
· Total Station (provided by Deltares): 

TS has been used for positioning all instruments as well as markers for video rectification.
The Excel sheets “ie serie instr verpl.xls” provide the information on the instrument locations. Additional information can be found in Logbook_globex4.xlsx
3.2 Definition of time origin and instrument synchronization

- Time origin at the start of the acquisition.

- The data acquisition was started at least one minute before the start of the wave maker motion. LDA and the 2 additional ADVs were triggered.
- The acquisition was stopped at the very end of wave damping (15 min. after stopping the wave paddle). 

- The data acquisition system (provided by Deltares) recorded simultaneously, at a sampling frequency of 128 Hz (more likely 127.99 Hz, see section 5.1 below): 

· 10 RW
· 12 CW
· 5 EMS

· 1 ADV
· 1 LDV

· 1 swash-wire 

· 1 trigger pulse (to start ADV1, ADV2 and LDA)
- It has also recorded the actual motion of the wave-maker.
- For some known intrinsic filter, the EMS present a 100 ms delay in the acquisition files.
- The UoA LDA system has an A/D input (4 analog channels, 1 digital), one analog channel that has been used to record the local wave gauge signal. It has also started acquisition at a given trigger recorded simultaneously by the Deltares acquisition system. 

- The start of acquisition of LEGI and M2C Vectrinos was also triggered in the same way.
- During the deployments, LEDs were positioned in the view of each camera. Their status (on/off) was recorded by the Deltares acquisition system, as to allow synchronisation between the cameras and all other equipment.
- Note that a real-time visual control of the acquisition of a few selected channels has been provided, which was particularly useful for checking gauge calibration during the first 2 weeks test period.

3.3 Measured parameters

Water elevation

(m)

RW1-10, CW1-12, swoosh wire, video
Flow velocities

(m/s)

EMS1-5, ADV1-3, LDV, LDA
4 Experimental procedure and test programme
Wave conditions 

Overview of test conditions 

	Test series A

	Series
	Hs (m)
	Tp (s)
	
	Remark

	
	
	
	
	 = 3.3 – Prototype: Hs =  2 m; Tp = 7 s 

	A1
	0.10
	1.60
	
	

	A2
	0.20
	2.25
	
	 = 3.3 – Prototype: Hs =  4 m; Tp = 10 s

	A3
	0.10
	2.25
	
	

	
	
	
	
	 = 20 – Prototype: Hs =  2 m; Tp = 10 s

	Test Series B

	Series
	a1 (m)
	a2 (m)
	f1 (Hz)
	f2 (Hz)
	Remark

	B1
	0.09
	0.01
	6/15
	7/15
	(f1+f2)/2 = 2.308 s  and 1/Δf = 15 s

	B2
	0.09
	0.01
	0.42
	0.462
	(f1+f2)/2 = 2.268 s  and 1/Δf = 23.81 s

	B3
	0.07
	0.03
	0.42
	0.462
	(f1+f2)/2 = 2.268 s  and 1/Δf = 23.81 s

	Test Series C

	Series
	Hinf (m)
	Tinf (s)
	
	Remark

	
	
	
	
	Hinf to be determined after B1

	C1


	0.02
	23.80
	
	Hinf was determined from simulation of B3

	C2
	0.2
	2.25
	
	Condition performed for measuring BBL vertical profiles only (LDA)


All wave-paddle steering signals in Series A and B were made with second-order wave generation. 

The Automated Reflection Compensator (ARC) was turned on to minimize re-reflections from the wave paddle (see also Appendix A2). 

The signals of A and B had a total duration of 75 minutes; the signal of C1 was 30 minutes long.

Additional remarks:  

· The choice in the amplitudes of B conditions leads to get Hs close to that of A2 and lead to get about the same break point for these conditions.

· Choosing f1 as a multiple of Δf for the B conditions (f1 = 6×Δf for B1; f1 = 10×Δf for B2 and B3) was thought to allow for the exact repetition of the wave packet so to optimize ensemble averaging processing and spectral analysis.

· Frequencies were chosen so that the mean frequency is close to the peak frequency of A2 and A3.

· Note also that preliminary results of the SWASH model prior to the experiments had indicated :

- nearly full dissipation for moderate amplitude modulation and low IG period (= B1)

- almost full reflection for moderate amplitude modulation and high IG period (= B2)

- nearly full dissipation for large amplitude modulation and high IG period (= B3)

In other words, the purpose of the B conditions was to demonstrate that IG dissipation increases with increase in IG period (B1 versus B2) and amplitude modulation (B3 versus B2).

Instrument installation and calibration / test of the wave conditions

The first 7 days of experiments (26th till 30th of March) have been devoted to install and calibrate the different systems, and to test the wave conditions.

In particular, a technician from Dantec was on site the 25th and the 26th to help with installation and test of LDA.
Calibrating the wave gauges has required to record the water level at rest for different know elevations. The procedure was repeated several times during the full campaign.
Wave series

Duration of time series for each wave condition:

· 75 min for random (Jonswap) wave conditions A
· 75 min for bichromatics B

· 30 min long waves C1
Note that approximately 200 wave groups were repeated during the series B 75min runs. 
Test program
· The ARC has proven to damp remarkably well the long waves after each run completed. A 15 min delay was largely enough to get a full rest condition before starting the next run.

· All conditions were completed for a given set of instrument positioning (i.e. a series).
· The instruments were moved once all wave conditions were performed.
· All the runs were repeated 9 times (so for 9 different sets of instrument locations) plus an additional 10th series with runs of shorter durations (30 min.).
· The time needed for moving the beams supporting the instruments and the adjustment of the vertical position of the instruments was about 2 hours. 
The test diary is provided in Appendix A1.

5 Data post-processing

5.1 Synchronization
Some checks and pre-processing were performed on measurements from the Deltares system, in order to determine accuracy on time-keeping along the duration of the runs, relatively to the requested wave conditions. A slight drift is observed between the clocks of the wave generation system and the acquisition system (see Figure 4). Considering an acquisition frequency Fs = 127.99 Hz instead of 128 Hz is apparently correcting the problem.

Considering the same frequency Fs = 127.99 Hz leads to a better match between the wave packets at the beginning and at the end of the runs for the bichromatic conditions and C1 (see Figures A.4 and A.5 in Appendix A.3 and additional detailed information at ftp://ftp.deltares.nl/HM/golf%20data/).

For synchronisation with other instruments or ensemble averaging purposes, it is suggested to consider that Deltares acquisition system was recording at 127.99 Hz.

[image: image7.emf]
Figure 4:
Two periods of the regular wave board motion signal, at the beginning of the run and several periods later (with a delay of N times the wave period T = 2.25 s times the acquisition frequency Fs). This indicates a drift between the clocks of the wave generation system and the acquisition system. It is of about 0.35 s by the end of a 69 min run.
Some checks and pre-processing were also performed on free surface elevation measurements of regular waves simultaneously recorded on both Deltares and UoA-LDA acquisition systems, in order to determine accuracy on synchronisation (see Figure 5). Detailed information can be found at ftp://ftp.deltares.nl/HM/LDA/
[image: image8.emf] 
Figure 5:
Simultaneous recordings of the free surface elevation by both Deltares and LDA acquisition systems. On top are wave crests at the beginning and at the end of the recording. The discontinuous LDA signal was linearly interpolated at 128 Hz for computing the cross-covariance. The two signals were synchronised with the trigger recorded by both systems (bottom-left plot). The small time shift seen on the top-right plot (of about 0.01 s over the 500 s record) is interpreted as a drift between the clocks of the 2 systems, most likely a slight delay in Deltares system.

5.2 Remarks about the experimental campaign, problems and things to improve

- Some transverse or cross-mode waves have been observed on-shore the breaking zone. They were likely generated by a resonance mechanism at a frequency twice that of the main frequency (i.e. f1 for the bichromatic conditions) as can be hypothesized from the dispersion relation considering a wave length of twice the flume width. As a result, the wave fronts did not appear perfectly 2D for some conditions and likely generated spurious secondary flows (see van der A et al., 2013). From visual observations, these cross waves were larger for the regular short wave case (C2) than for bichromatic conditions, and larger for bichromatic than for jonswap conditions. This could be further quantified with the videos from Cam1 and Cam2.
- The initial wave condition plan had to be modified during the first days of flume access due to an unexpected 15m off-shore shift of the beach during construction. In particular, water depth initially planned to be 0.75m was finally set to 0.85m. As a further consequence, part of the breaking for the most energetic conditions was masked laterally from the video observations by the concrete walls of the middle of the Scheldt flume.

- The preliminary tests have proven that the flow had to be seeded for getting relevant measurements with LDV, LDA and the ADVs. Some of the first measurements corresponding to the very first runs might still be of poor quality (series 1 of ADV1 for instance and positions 1 and 2 for the LDA conditions A/B and position 1 for condition C1)
- During processing of the LDV data it was found that there was an unexpected discontinuity in velocity magnitude between the data obtained for series 1-3 (i.e. at elevation z = 0.8, 0.9 and 1.0mm) and the data obtained for the remaining series (i.e. at elevations z = 1.3, 1.6, 1.9, 2.5, 3, 10, 6mm), see Figure 6(a) for an example urms velocity profile for condition B1. This discontinuity was (almost certainly) the result of applying incorrect calibration coefficients to the voltage output of the LDV signal processor for series 1, 2 and 3. These calibration coefficients can be found in the *.set output files of the Deltares data acquisition system. Furthermore it was found that after series 3 the two LDV channels (lasera and laserb) were swapped. Since after each series (when the LDV was repositioned to its new z elevation) the receiver outputs had to be disconnected from the signal processor, it is not unlikely that on re-connecting the channels were unintentionally swapped. Comparison of the LDV data with the co-located ADV3 velocity measurements and having knowledge of the expected vertical structure of the velocity profile based on Klopman’s (1994) measurements, it could be deduced that for series 4-7 the calibration coefficients and LDV channel information was correct. Therefore the following calibration corrections need to be applied to the Va (lasera) and Vb (laserb) velocities in the Deltares *.asc ouput files for series 1-3; 
Series 1 conditions A1, A2, A3:

Va,corr = 0.18285*(Vb -0.002419)

Vb,corr = 0.18473*(Va -0.0002603)

Series 1 conditions B1, B2, B3, C1 and Series 2 and 3 all conditions:

Va,corr = 0.0002603+0.18285*((Vb-0.002419)/0.21515)

Vb,corr = 0.002419+0.18473*((Va-0.0002603)/0.21515)

The corrected velocities components Va,corr and Vb,corr can then be applied to the transformation (Section 3.1) to find the corrected LDV horizontal and vertical velocity components. Figure 6(b) shows the result of this correction for condition B1. 
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Figure 6: (a) Root-mean-squared velocity profile measured by the Deltares LDV system and ADV3 showing a marked discontinuity between the LDV measurements at the first three elevations above the bed and the measurements at higher elevations (condition B1). This discrepancy is (almost certainly) the result of applying the incorrect calibration coefficients and interchanged laser channels “lasera” and “laserb”. (b) Root-mean-squared velocity profile where the LDV velocities at the bottom three elevations are corrected.
6 Organization of data files

Deltares acquisition system produced .set files that indicate the channel connections to the different quantities recorded in the .asc files. The files were stored in folders named by dates. 
Autonomous instruments (LDA, ADV1 and ADV2) had their own storage folders and header files, as described in section 3.1 above.

Further details are provided in the files on the ftp sites, some are recalled below: 
-----------------------------------------------------------------------------------------------------------------

Prior (March 29) and after (May 2) the actual GLOBEX experiments, the flume was drained and the bed profile could be measured with the TLS. The procedure was to first do a panorama40 scan, find the reflectors, and register the TLS. This ensures that the local coordinate system can be converted into the project (= total station) coordinates. Then, more detailed scans of (parts of) the flume bed were made. From each scan, points not belonging to the flume bed were removed and the remaining points were filtered on to a 1 x 1 cm grid, from -0.45 to +0.45 m (where 0 m is the central line). All this was done in RiScanPro. The generated meshes were exported as ascii files (*.txt in  …\BGR\results\RIEGL\bedProfile\DEMs), and read into Matlab to generate a complete mesh of the entire flume. Some parts of the flume were measured twice, and these points were averaged into a single point. The "total" mesh was then "alongshore" averaged to yield a single point at every 1 cm, this variable is called meanZ. There is some cm to cm "noise" in meanZ, which will not be useful later on in the modelling. Hence, meanZ was smoothed with a quadratic loess filter adopting a 0.5 m window. This smooths the profile but leaves larger-scale (roughly 1 m or more) variability unaffected. This variable is called meanZsmooth. The TLS had big problems getting useful reflections from the flat shelf, largely because there was a lot of water down there. Here, the z value was set manually: the z = 0.85 m level was measured at Y = 83.206 m. This was done to ensure the appropriate z at the shelf. This generates a tiny jump (roughly 5 mm) where the slope start, consistent with reality. In the total-station coordinate system, Y runs through the flume, hence bedGridY is the "cross-shore distance".

Note: the scan after the experiments (= bedlevel_central_missingEast_mesh_PRCS.txt) was troubled by the wetness of the concrete. Water was slowly, but steadily exfiltrating. A scan with default setting (filt_reduced_quality_enable = 0) didn't produce much meaningfull. Hence, for this scan only the setting filt_reduced_quality_enable = 1 was used, with provides more, but potentially less accurate results. bedlevel_central_missingEast_mesh_PRCS runs from 20 to 32 m.

All the above is in total-station coordinates. These coordinates were converted to global coordinates by adding 1.352 m to bedGridY, calling bedGridY bedGridX (= rotating the coordinate scheme by 90 deg), and by subtracting offsetZ from meanZsmooth. offsetZ amounts to 1.083 m, close to the 1.079 m listed in the Deltares files. In this way, the flat bed has -0.85 m and z = 0 at X = 84.558 m. Another useful number, the slope starts at X = 16.587 m, very close to the 16.6 m noted in the logbook. All this is done with ..\code\analyseGlobexBedLevel.m (Matlab).

The results for the project coordinates are stored in bedGLOBEX_PRCS.mat. The global (model) coordinates can be found in bedGLOBEX_GLCS.mat. PRCS stands for PRoject Coordinate System, and GLCS for GLobal Coordinate System. This is the terminology in RiScanPro. The main variables of use are:

(PRCS) bedGridY and meanZsmooth, the cross-shore distance and elevation.

(GLCS) bedGridX and meanZsmooth, the cross-shore distance and elevation.

Other variables are help variables used in analyseGlobexBedLevel.m.

The lower part of the slope, 17 < X (GLCS) < (roughly) 30 m contains minor wobbles with an approximately 3 m spacing. A linear regression analysis for X (GLCS) > 17 m yields a slope of 1:80.14, very close to the desired 1:80 (with a correlation coefficient of 0.9999...).

-----------------------------------------------------------------------------------------------------------------

Processing of the wave gauge data was in the following steps:

- for each series, the time difference ("delay") was computed at whm01 with respect to series 1. The results are stored in DB\delay.mat, containing a matrix where each row is a condition (A1,A2,A3,B1,B2,B3,C1) and each column is a series. The number means the number of sampling units the series lags (positive) or leads (negative) the first series. This time difference is essential to synchronize all measurements from a single condition to properly study wave propagation. See ..\code\misc\timeShiftXX.m for the code how this was done.

- All wave gauge measurements from a single condition were put into a single matrix, called WHM. At this moment, nothing else is done other than synchronisation and calibration. (For A1, ..\code\DB\A1_processDATfiles32bit.m) Because AUKE software was used to get the series from the *dat files (rather than the *asc files), this had to be done in a 32-bit Matlab environment. Once WHM was ready, this was continued in 64-bit Matlab to do the following (For A1, ..\code\DB\A1_processWHM64bit.m):

a) determine offset from the 1 minute of observations, and remove the offset for each location; NOTE: for the wires above the still water level (series 9, LEGI trolley) this won't work, as there is no water. Here, it was assumed that during wave action, these wires should be dry at least once (= 0).

b) remove the first 6 minutes at the beginning and the last 16 minutes at the end. The result is a times series of 69 minutes for series 1 - 9, and of 39 minutes for series 10.

The resulting variable is called (for A1), WHM_A1.

Other variables in the Mat-file are:

- uniquePositionsWHM, all locations, 190 for A1 (not including the swoosh). These are in total-station units. Add 1.352 m to go the wave maker positions.

- seriesId. For each location, it is indicated from which series the measurement originated. Runs from 1 to 10.

- instrumentId. For each location, it indicates the responsible wave gauge. It is an Id, put it into namesWHM to get the proper name.

- offsetWHM. The (removed) offset for each location.

- offsetSwash. The (removed) offset for each location above the still water level. Correction to offsetWHM.

Note: In practice, there is no need for WHM_A1 and WHM in Matlab memory at the same time. So, be specific when loading A1WHM.mat.

-----------------------------------------------------------------------------------------------------------------

The 11 most on-shore positions in BGR\results\Deltares\iiWHM.mat correspond to measurements of capacitive wires down to the bed during the 9th series. Alternative measurements from the 10th series are provided, as they might be slightly more accurate but for shorter runs (24mn instead of 69mn),  in HM\golf data\WHMcgw1_11s10_ii.mat 
A comparison between 9th and 10th series can be obtained from plotser10.m. This leads to an interesting remark: while the jonswap conditions were highly reproducible, larger differences (in the time of arrival of the wave fronts for instance) can be seen for the bichromatics.

7 Remarks

---------------------------------------------------------------------------------------------------------

- Some processed data are being made available on the ftp sites dedicated to the experiments, set-up and maintained by Deltares.

- First processing of cross-shore variations in wave height (in the gravity and infra-gravity ranges), setup, non-linearities, etc. seems very promising (see Ruessink et al., 2013; de Bakker et al., 2013; Rocha et al. 2013; Tissier et al, 2013; Ruju et al., 2013; Almar et al., 2013). The use of the precise measured positions (using BGR\results\Deltares\iiWHM.mat) is very useful.

- The swoosh data for series 7 to 10 have been combined in swoosh_7_10_ii.mat. This can be easily plotted with HM\golf data\ plotswoosh.m. It obviously shows that the measurements were not good at all times, depending on the elevation of the wire above the bed. It might be worth to combine the different runs (those with maximum run-up and those with maximum backwash) for producing a single signal that might better correspond to a 1cm elevation for instance (which might be checked with the capacitive gauges measurements of series 9 and 10). At least, "best" portions of the different signals might be used.
-  The Nikuradse bed roughness was estimated as ks ≈ 0.7mm from the analysis of the bottom boundary layer measurements (see van der A et al., 2013). This estimate has to be taken as an order of magnitude as the bed roughness may vary along the beach profile.
-  Bispectrum analysis seems very promising for describing the energy transfers between frequency components and the quantification of wave non-linearities (wave skewness and asymmetry).
---------------------------------------------------------------------------------------------------------
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A Appendices

A1. Test diary

%date 
start time (UT+2)   stop time (UT+2)
condition  
file name
       Video drive    Video Folder 
%

03/04/12
13:03:12 
14:39:13 
A1
s1
#0403A1.asc
1
s01
03/04/12
14:49:03 
16:20:05 
A2
s1
#0403A2.asc
1
s02
03/04/12
16:35:23 
18:06:23 
A3
s1
#0403A3.asc
1
s03
04/04/12
08:48:28 
10:19:28 
B1
s1
#0404b1.asc
1
s04
04/04/12
10:34:10 
12:05:10 
B2
s1
#0404B2.asc
1
s05

04/04/12 Attempt to avoid cross waves with a board  B2
s1

1
s06
04/04/12
14:08:48 
15:39:48 
B3
s1
#0404b3.asc
1
s07
04/04/12
15:43:14 
16:29:27 
C1
s1
#0404c1.asc
1
s08
05/04/12
10:22:50 
11:53:50 
A2
s2
#0405a2.asc
1
s09
05/04/12
12:00:50 
13:31:50 
A1
s2
#0405A1.asc
1
s10
05/04/12
13:59:29 
15:33:30 
A3
s2
#0405A3.asc
1
s11
05/04/12
15:46:04 
17:17:04 
B1
s2
#0405B1.asc
1
s12
10/04/12
09:16:24 
10:47:24 
B2
s2
#0410B2.asc
1
s13
10/04/12
10:57:31 
12:28:31 
B3
s2
#0410b3.asc
1
s14
10/04/12
12:34:53 
13:20:54 
C1
s2
#0410C1.asc
1
s15
10/04/12
15:25:22 
16:56:22 
A2
s3
#0410A2.asc
2
s16

10/04/12
17:02:54 
17:48:54 
C1
s3
#30410c1.asc
2
s17

11/04/12
08:36:17 
10:07:17 
A3
s3
#30411A3.asc
2
s18

11/04/12
10:11:21 
11:42:21 
A1
s3
#30411A1.asc
2
s19

11/04/12
11:55:09 
13:26:09 
B1
s3
#30411B1.asc
2
s20

11/04/12
13:31:48 
15:02:48 
B2
s3
#30411B2.asc
2
s21

11/04/12
15:03:42 
16:34:43 
B3
s3
#30411B3.asc
2
s22

12/04/12
09:42:46 
11:13:47 
A2
s4
#40412A2.asc
2
s23

12/04/12
11:23:40 
12:54:40 
A1
s4
#40412A1.asc
2
s24

12/04/12
12:56:54 
14:27:54 
A3
s4
#40412A3.asc
2
s25

12/04/12
14:31:41 
16:02:41 
B1
s4
#40412B1.asc
2
s26

12/04/12
16:04 ?



B2
s4
#40412B2.asc
2
s27

13/04/12
09:04:32 
10:35:32 
B3
s4
#40413B3.asc
2
s28

13/04/12
11:02:02 
11:48:03 
C1
s4
#40413C1.asc
2
s29

13/04/12
13:42:08 
15:13:08 
A2
s5
#50413A2.asc
3
s30

13/04/12
15:14:10 
16:45:10 
A1
s5
#50413A1.asc
3
s31

16/04/12
09:45:33 
11:16:34 
B1
s5
#50416B1.asc
3
s32

16/04/12
11:18:53 
12:49:54 
A3
s5
#50416A3.asc
3
s33

16/04/12
12:55:21 
14:26:21 
B2
s5
#50416B2.asc
3
s34

16/04/12
14:28:22 
15:59:22 
B3
s5
#50416B3.asc
3
s35

16/04/12
16:01:40 
16:47:40 
C1
s5
#50416C1.asc
3
s36

17/04/12
10:19:10 
11:50:10 
A2
s6
#60417A2.asc
3
s37

17/04/12
12:01:54 
13:32:54 
A1
s6
#60417A1.asc
3
s38

17/04/12
13:37:02 
15:08:02 
A3
s6
#60417A3.asc
3
s39

17/04/12
15:15:11 
16:46:11 
B1
s6
#60417B1.asc
3
s40

18/04/12
08:53:08 
10:24:08 
B2
s6
#60418B2.asc
3
s41

18/04/12
10:28:00 
11:59:00 
B3
s6
#60418B3.asc
3
s42

18/04/12
12:10:03 
12:56:03 
C1
s6
#60418C1.asc
3
s43

18/04/12
14:45:15 
16:16:16 
A2
s7
#70418A2.asc
3
s44

18/04/12
16:18:47 
17:04:48 
C1
s7
#70418c1.asc
3
s45

19/04/12
09:48:03 
11:19:03 
B1
s7
#70419B1.asc
4
s46

19/04/12
11:29:31 
13:00:31 
A1
s7
#70419A1.asc
4
s47

19/04/12
13:17:13 
14:48:13 
A3
s7
#70419A3.asc
4
s48

19/04/12
15:03:18 
16:34:19 
B2
s7
#70419B2.asc
4
s49

19/04/12
16:35:09 
18:06:09 
B3
s7
#70419B3.asc
4
s50

20/04/12
11:00:59 
12:31:59 
A2
s8
#80420A2.asc
4
s51

20/04/12
12:35:38 
14:06:38 
A1
s8
#80420A1.asc
4
s52

20/04/12
14:23:44 
15:54:44 
A3
s8
#80420A3.asc
4
s53

23/04/12
08:52:49 
10:23:49 
B1
s8
#80423B1.asc
4
s54

23/04/12
10:42:44 
12:13:44 
B2
s8
#80423B2.asc
4
s55

23/04/12
12:29:54 
14:00:54 
B3
s8
#80423B3.asc
4
s56

23/04/12
14:06:01 
14:52:02 
C1
s8
#80423C1.asc
4
s57

24/04/12
13:36:55 
15:07:55 
B1
s9
#90424B1.asc
4
s58

24/04/12
15:10:18 
16:41:18 
B2
s9
#90424B2.asc
4
s59

25/04/12
09:06:36 
10:37:36 
B3
s9
#90425B3.asc
4
s60

25/04/12
10:44:21 
12:15:21 
A1
s9
#90425A1.asc
4
s61

25/04/12
12:19:02 
13:50:02 
A2
s9
#90425A2.asc
4
s62

25/04/12
13:53:14 
15:24:14 
A3
s9
#90425A3.asc
4
s63

25/04/12
15:25:39 
16:11:40 
C1
s9
#90425C1.asc
4
s64

26/04/12
10:44:47 
12:53:10 
C2

#ex0426.asc

26/04/12
12:54:03 
15:40:02 
C2

#ex0426a.asc
4
s65

26/04/12
15:41:26 
17:12:12 
C1
s10
#ex0426b.asc

27/04/12
10:49:44 
11:50:44 
A2
s10
#10427A2.asc
4
s66

27/04/12
11:53:01 
12:54:01 
A1
s10
#10427A1.asc
4
s67

27/04/12
12:58:08 
13:59:08 
A3
s10
#10427A3.asc
4
s68

27/04/12
14:00:57 
14:46:57 
B1
s10
#10427B1.asc
4
s69

27/04/12
14:48:34 
15:34:34 
B2
s10
#10427B2.asc
4
s70

27/04/12
15:36:59 
16:10:32 
B3
s10
#10427B3.asc
4
s71

A2. Active Absorption effect on long waves 
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Figure A.1:
Wave Board Active Absorption system correctly absorb the spurious (low energy) long waves. (a) Spectrum of wave board displacement, (b) spectrum of free surface elevation at X = 7 m).
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Figure A.2:
Time series of free surface elevation and difference to ensemble average. (a) The ~100s seiching mode is generated at the start of the wave machine and is not fully dissipated after ~12mn. (b)The Active Absorption device rapidly damp the seiching mode.
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Figure A.3:
Spectrum of Free Surface elevation in the surf zone (Red: Active Absorption off, Blue: Active Absorption on).

A3. Additional figures on synchronization check
[image: image15.emf]
Figure A.3:
Two wave packets of the bichromatic conditions and two periods of C1 of the wave board motion signal, at the beginning of the run and several group periods later (with a delay of N times the wave period Tg times the acquisition frequency Fs). This indicates a drift between the clocks of the wave generation system and the acquisition system. It is of about 0.35 s by the end of a 69 min run.

[image: image16.emf]
Figure A.4:
Two wave packets of the bichromatic conditions and two periods of C1 recorded at the first wave gauge RW (at X = 6.96 m), at the beginning of the run and several group periods later (with a delay of N times the wave period Tg times the acquisition frequency Fs). This indicates a drift between the clocks of the wave generation system and the acquisition system. It is of about 0.35 s by the end of a 69 min run.
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