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Abstract

This study aims at presenting a set of novel acoilstv and sediment measuring tools used in a dementary way
for the investigation of fine-scale flow and sediéransport processes above a rippled sand bedrumaves.
Measurements were conducted in the 100m long whaerel at UPC-LIM with surface gravity waves getiatp
migrating ripples on a mobile sand bed. The saicofistic instrumentation consisted of an AcoudiidR3pple Profiler
(3D-ARP), a novel Bedform And Suspended Sediment émégASSI) and three Acoustic Concentration and digjo
Profilers (ACVP). Here we assess the ACVP’s and th&8IA
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1. Introduction

This study aims at presenting a set of novel agodkiw and sediment measuring tools used in a
complementary way for the investigation of finelecflow and sediment transport processes above a
rippled sand bed under waves. Measurements werductad in the 100m long, 5m deep and 3m wide
wave channel at UPC-LIM as presented in Fig. 1 witlface gravity waves generating migrating ripples
on a mobile sand bed. The measurement sectionogatetl between x=55m and x=58m from the wave
paddle with a still water depth at x=55m equal t65in. The mean bed slope was initially levelledato
value of 1/15. Although not represented here, the jbrofile was measured at the end of the expetimen
with a mechanical wheel profiler to quantify the mimological variation that occurred during the
experiment. The distance between the measuremetirsend the onshore located wave breaking region
exceeded 10m in order to limit the effect of bregkinduced sediment transport in the measurement
section. The sand bed consists of a roughly 50éck thobile sand bed layer constituted of a wellkasdr
medium size sand ofsg243um. Twelve acoustic and resistive wave gaugesdstributed along the
flume to track the time evolution of the surfacewaltion and to extract the water level statistied the
corresponding wave properties in the different sleare regions. Runs of regular waves were generated
over 20 minute long sequences containing each 26@sv The wave period, height and water deptheat th
wave paddle were set to T=4.5s, H=50cm ageRtbm, respectively. During the measurement canmpaig
runs with wave heights between 30cm and 50cm vessted in order to cover a range of ripple dimersion
In the present study, only results for the 50cmevagight are presented.
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Fig 1 Deployment sketch within UPC wave channel.

The set of acoustic instrumentation consisted ofenustic 3D Ripple Profiler (3D-ARP, see Fig. 2a),
novel Bedform And Suspended Sediment Imager (BASBL, 2a) and three Acoustic Concentration and
Velocity Profilers (ACVP). The 3D-ARP measured timae evolution of the bedforms over a bed surface
area corresponding to roughly ZrThis topographic survey was performed after esate run when still
water conditions are fulfilled. Therefore, no otlaeoustic system is working during the bedform niagp
provided by the 3D-ARP. The bed area covered byAR® can be approximated by a circular shaped
surface with a roughly 1.5m radius and its wasaelatcated at the position of the ARP as seengn Z.

Fig. 2c also shows that fraction of this circulaaged area is extending beneath the BASSI in dader
provide co-located bedform measurements by the 8-And the BASSI. The BASSI is a novel acoustic
instrument for high rate 2D imaging of suspendedirsent concentration over a 1.5m long by 1m high
image. The 2D bedform evolution over this 1.5m laransect was also measured by the BASSI. In our
application, the transect was oriented in the cebgwe direction corresponding to the wave propagat
direction.

In Fig. 2 the positions of three Acoustic Concetidra and Velocity Profilers (ACVP) named ACVP1,
ACVP2 and ACVP3 can be seen. These acoustic systesasured vertical profiles of one dimensional
two component, 1D2C, velocity, the sediment conmatioin and the bed interface positions across the
nearbed flow region. Both the BASSI and the ACVBakations were obtained at the intra-wave and
intra-ripple temporal and spatial resolutions resipely. In the following, the measurement perfonoa of

the ACVP’s and the BASSI systems are discussed.
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Fig 2 (a)Acoustic instrumentation setup showing3BeARP, the three ACVPs and the BASSI. (b) Sideviéthe
nearbed ACVP-3 at 10 cm above the bed, the two atdr&lCVPs at more than 20cm above bed and the BASSI
aligned in cross-shore direction of the Barcelonaeaffume. (c) Plan view of the measurement sedtwowing the
positions of the acoustic instruments.

2. ACVP measurements

Three ACVP systems composed of one emitter and reeeivers each have been deployed in the
measurement section as shown in Fig. 2c. ACVP1A€MP2 (noted Al and A2) were placed at a distance
of 20 to 30cm (see Fig. 3) above the bed to perfegfocity and sediment transport measurements scros
both the suspension and the bedload layers. Howeduerto their limitations of vertical resolutioBnim)

and acoustic profiling range, the third ACVP3 haspecific geometric configuration and electronic
hardware for profiling across the nearbed flow taysuch as the bedload layer. As seen in Fig.3, thi
nearbed ACVP was located at 10cm above the sanditise¢ertical and temporal resolution was equal to
1.5 mm and 30 ms, respectively. In order to compagasurements obtained with the BASSI system, the
three ACVPs were positioned in the 1.5m long meaguvolume of the BASSI as seen in Fig. 2c.
Nevertheless, the ACVPs were separated lateraliy the BASSI by a distance of at least 20cm todavoi
acoustic interferences between the ACVP pulsestem@8ASSI pulses.

All three ACVP systems combine ADVP and ABS teclog@ts as previously described in Hurther et al.
(2011) and Thorne et al. (2011). They provide 1D&Mcity and sediment concentration profiling at a
high spatial-temporal rate allowing the resolut@rintrawave scales including a range of small slehce
flow scales. In addition to these profiling abégi the nearbed interface tracking method appthidduirther
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and Thorne (2011) is used here to evaluate thecakmosition of the non moving sand bed and the
overlaying suspension interface relative to thesuead 2C flow field (in section 2.1).

Fig 3 Settings of ACVP1, ACVP2 and ACVP3 (new High Reson ACVP)

Fig. 4 shows the wave velocity over one periocaimietd after phase averaging the velocity time serie
measured by the ACVP2 at a distance of 20cm abbmvbdd. This point is outside the wave boundargrlay
(only few centimeters high) and therefore the waeéocity in Fig. 4 represents the free-stream wave
velocity. The phase averaging ensemble is compok&d4 consecutive regular waves in one of the B0 m
long wave sequences. As can be seen in Fig. 4ydlve shape reveals a positively skewed velocitd fie
due to the higher velocity amplitude during the avest (0.64m/s) compared to the lower one dutiag
wave trough (0.5m/s). Furthermore, positive acedlen skewness can also be seen due to the non-
symmetrical wave trough half cycle around the ttopgint at t/T=0.87.
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Fig.4 Phase averaged free stream velocity (144ecoiive waves) measured by ACVP2 at 20cm aboveaihe Ised. P
oints A and B represent the flow reversal eventghath the intrawave velocity structure is analyaedection 2.2

2.1 Mean 2D2C flow above a migrating sand ripple

Fig. 5 represents the time averaged 2C velocity fidong a ripple profile measured with the ACVR21
a duration of 15 minutes. Theaxis in Figs. 5 was obtained by assuming a consifgple migration speed
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V, during the passage of the bed ripple trough béanbatvertical ultrasound beam of ACVP2. Assuming a
migration speed of few centimeters per minute aasmed in Hurther and Thorne (2011), the migration
time detected by the ACVPs can be converted ingration distance as shown in Figs. 5. Also represen
in Figs. 5a and 5b, are the bed interfaces detdnte®iCVP2. The solid black line is the non movireand
bed and the dashed black line corresponds to thgession interface seen by ACVP2. The 2C velocity
field shown in Figs. 5 was averaged over 4 consgzutave periods. This quantity corresponds to2@e
velocity streaming above the migrating ripple. Todour plot in Figs. 5 represents the time averageds
shore velocityu. Outside the wave boundary layer, the mean vglacis oriented in offshore direction all
along the ripple profile and with a maximum valdeabout -0.12m/s above the ripple crest. In thelvesd
region, the red colour region seems to indicateeamonshore oriented streaming. In order to chieisk t
boundary layer induced effect, the high resolutiseasurements obtained with ACVP3 are shown in Fig.
5b. The measurements across the nearbed regiorycteow the presence of an onshore oriented
streaming in the nearbed stoss region of the rigptethe lee-side, this velocity reduced to negliglow
value compared with the value observed in the $tegam region. Furthermore, the suspension interfac
reveals the presence of thicker bedload layer enldlk-side of the ripple compared to the stoss-side
Whether this layer is indeed associated with a zwhmore intense bedload transport will be analyzed
further on the basis of the sediment concentratimhsediment flux measurements.
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Fig. 5 (a) Time-averaged 2C velocity field along ignating ripple profile (measured by ACVP2). Theaaled
background represents the colour plot of the csbsse velocity. The solid black line represents the detected non-
moving sand bed and the suspension interface,aigply. (b) High resolution 2C mean velocity measuents
provided by the nearbed ACVP3.
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Fig. 6 (a) Instantaneous 2C velocity field alongigrating ripple profile around flow reversal A (nsesed by ACVP3).
The coloured background represents the colourgbltite cross shore velocity The solid black line represents the
detected non-moving sand bed. (b) Same measureareutsd flow reversal B. Flow reversals A and B &i@ in
Fig. 4

2.2 Intrawave flow behaviour around flow reversals

Figs. 5 presented the 2C velocity streaming altvegipple profile. In order to check for the presewof rip
ple vortices at the intrawave scale, the instartagC velocity field can be visualized aroundfthe rev
ersals events noted as A and B in Fig. 4. Forghipose, the high-resolution measurements provigedy
CVP3 are used. Fig. 6a shows the instantaneousityelyound flow reversal A. This event is assastiatv
ith the presence of a well defined ripple vortextlom stoss side. Fig. 7b shows the same quanttyndrth
e second flow reversal event B in the wave cyclahis case, no counter-rotating ripple vortex barseen
in the lee-side domain of the ripple. This revehésvery different contribution of the ripple voxtdynami
cs on either side of the ripple crest.

3. Bedform And Suspended Sediment | mager, BASSI, measurements

3.1 System overview

The BASSI consisted of three transducer line arragsh of which was connected to a single eleatroni
scheduling unit that controlled the sampling pari@nge(Moate et al 2011). A schematic of the sysiem
presented in Figure 7, showing only a single transd array for clarity. Each transducer array hduke
individual narrow beam disc transducers that fuumetd at fixed operating frequencies, with threéedit
frequencies interleaved across the array; these @@, 1.25, and 0.75 MHz. The transducer arrayg we
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designed to be compact, being 0.5 m long, 0.14 mewand 0.07 m in depth, to minimise any
hydrodynamic impact of the arrays on the sedimeotgsses being measured. In the present study the
three transducer arrays were connected inline tkmdomplete system consisted of 45 transduceredpa
regularly at 33 mm intervals over a 1.5 m rangth@horizontal.

The scheduling unit included a programming intexfan the present study, the BASSI was triggered as
required, over a 1 metre vertical profile, with ertical spatial resolution of 0.5 cm. Each recorgeafile

was an average over 8 successive transmissiortsthveitrecorded profile rate being 6 Hz. The schiadul
unit included additional sensors for temperatureé pressure, although in the present study thessosen
were not used. The BASSI operated autonomously faonexternal 12 V battery, with a total current
consumption of ~ 650 mA when active and loggingdat

05-2m

Fig 7 Schematics of a single BASSI array

3.2 Transmit/receive and logger specification

For each transducer array, all functions were cotlett by an internal microprocessor, including the
generation of the three operating frequencies,thedligitisation of the receiver outputs by an cardo10

bit analogue to digital (A/D) converter. The ciricyiwas identical for the three operating frequesci
consisting of frequency dedicated pre-amplifierarexted to a differential bandpass filter, with thaput
signals then input to logarithmic amplifiers. Loifamic amplifiers were used to provide a large dyica
range, being ~ 90 dB here. When transmitting, tistesn energised only one group of three frequeraties
once, being three adjacent transducers in a giien drray, and recorded the receiver output before
advancing along that array to the next group ofghfrequencies. When multiple transducer array® wer
connected, as was the case here, then all arr@yated in parallel. Hence, 5 transmit/receive cyglere
required to sample across the whole array, andofhésation mode minimised cross talk and reverbszcr
the system. Following data capture, the data wereverted to 16 bit linear numbers onboard, and an
average over 8 successive transmissions calcuaigthen written to two 32 GB internal USB flasives,
providing sufficient storage to enable the instruaiméo be deployed for multiple tidal cycles. The
scheduling unit allowed the transmit pulse lengttbé specified, and this was chosen to be 20 jkiss
matched the bandwidth of the logarithmic receivéfke scheduling unit also allowed an additional
transmits delay between successive pulses to loéfisple primarily to allow reverb to fully dissipatwhen
working with the system in shallow bounded tesk$ann the present study this transmit delay wascse
the minimum value possible, being 0.1 ms.

3.3 Observations and assessment of the BASSI

To examine the internal consistency of the BASSbmparison was made of the suspended sediment time
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series at each of the three frequencies for arrayh2 results with height above the bed, z, aravahio
figure 8. Each of the three plots show suspenddimemts being entrained into the water column ey th
waves and as can be clearly seen the structuteedfmhe series of the suspended sediments is caivlpar
at each of the three frequencies. This provide§idemce in the veracity of the data collected by BASSI.
Although not shown for brevity similar internal istency was observed for array 1 and array 2.
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Fig 8. Temporal structure of the suspended conatatr observed at the three frequencies for arfga. high
concentration and blue low concentration.

To examine the consistency of the suspended setBntmstween arrays, 20 minute temporal mean
normalized concentration profiles at each of thedhfrequencies for each arrays was calculatedttsnd
results are shown in figure 9. It can be seentthdirst order the concentration profiles for tiéerent

frequencies and arrays are consistent with onehanoproviding further evidence that the BASSI is
performing as expected from the design specifioatio
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Fig 9 Comparison of 20 minute mean concentratiofilpsdfor the three arrays. At the three differeetjuencies

4, Conclusion

Detailed insight into the wave boundary layer dinte is allowed by the use of the high resolutieanbed
ACVP. The measurements show the presence of boyrdger streaming components that are non-
homogeneously distributed along the ripple profitarthermore, the intrawave measurements around the
two flow reversals in the wave cycle, have shownehistence of a well defined ripple vortex on ttipple
stoss side but no equivalent vortex could be detecin the ripple lee-side around the opposite flow
reversal. This reveals the highly non-symmetriggdle vortex dynamics within the wave cycle.

Regarding the BASSI simple analysis has been caaduo assess the performance of the instrumerg. Th
focused on high temporal resolution measurementshefsuspended sediment to assess the internal
consistency of an array and mean profiles to assessistency between arrays. The results were of
sufficiently similarity to provide confidence indtveracity of the data collected by the BASSI.
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