SandT-Pro: New near-bed sediment transport measurements under breaking and irregular waves
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Introduction
The complex interactions between hydrodynamics and sediment transport processes in the near-shore region are not yet understood in the level of detail that is required for accurate model predictions. This holds in particular for the effects of wave irregularity and wave breaking, and is primarily caused by a lack of detailed data. Previous breaking-wave experiments had their focus on hydrodynamics and turbulence distributions (e.g. Boers, 2005), in some cases in combination with bed morphology and suspended sediment transport (Roelvink and Reniers, 1995; Maddux et al., 2006), while detailed measurements under irregular waves are somewhat limited, especially at large scale (O’Hara Murray et al., 2012). Our research aim is to uncover further the physical processes that drive sand transport under different types of regular breaking and irregular non-breaking waves. This is done through a new series of mobile-bed wave flume experiments using advanced measuring instruments within the EU Hydralab IV project SandT-Pro. Compared to earlier experiments, the new experiments yield greater detail and insights into the bottom boundary layer processes and near-bed sediment transport fluxes.

Research objectives
Two types of experiment are conducted: (i) Experiments involving regular breaking waves, focusing on the effects of wave breaking on near-bed sediment dynamics, including the influence of additional stirring caused by the breaking on the (especially near-bed) sediment fluxes, and the effects of horizontal advection processes of turbulence and suspended sediment; (ii) Experiments with irregular non-breaking waves, focusing on turbulence and sediment pumping under wave groups, the effect of wave sequence on the wave-related sediment flux in the suspension layer and the comparison of net transport rates for “equivalent” regular and irregular wave conditions.
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[bookmark: _Ref343850148][bookmark: _Ref367356287]Figure 1:  Experimental set-up, with initial bed and mobile frame.
Experimental set-up
The experiments are conducted at the CIEM flume of UPC, Barcelona, during November and December 2013. The initial bed consists of an offshore linear slope, followed by a long horizontal test section and a fixed parabolic beach (Figure 1). The bed material consists of medium sand (D50 = 0.25 mm) and the wave conditions are selected to have high near-bed orbital velocities resulting in bedload transport well into the sheet-flow regime. The breaking-wave conditions are chosen such that waves break at the beginning of the horizontal test section; both spilling and plunging breakers are foreseen. Once the bed reaches (quasi-) equilibrium for the given waves, measurements are obtained at a number of cross-shore positions. For the irregular waves, measurements are concentrated at one cross-shore position in the middle of the horizontal test section. The main measuring frame consists of a steel construction of slim rods, mounted to the bottom of a horizontally-mobile carriage located above the flume (Figure 1). The frame can be vertically repositioned with O(mm) accuracy using a spindle. Mounted to the mobile frame are several advanced near-bed measuring instruments (Figure 2). Water velocities are sampled with high resolution and frequency using a Nortek Vectrino II acoustic Doppler velocimeter (ADV) and the High-Resolution Acoustic Concentration and Velocity Profiler (HR-ACVP). This prototype system is currently developed within the project Hydralab IV-WISE on the basis of the ACVP technology described in Hurther et al. (2011).  Near-bed sediment concentrations are measured using the HR-ACVP and an Optical Backscatter Sensor (OBS). Moreover, two CCM (=Conductivity Concentration Measurement) tanks for sheet flow measurements are installed, with an additional two HR-ACVP systems mounted on fixed frames above the tanks. Higher in the vertical, velocity and concentration profiles are measured using ADVs, OBSs and an AQUAscat Acoustic Backscatter Sensor (ABS). The concentration instruments are calibrated via suction measurements of suspended sediment (TSS). Total net transport rates are obtained from mass conservation using pre- and post-test bed profiles measured with acoustic bed profilers.

Results
The near-bed instruments will result in measurements with high temporal and spatial resolution that will be used for new process insights and total bedload transport estimates. In combination with the suspended sediment measurements, we expect to obtain a complete view of hydrodynamic and sediment transport processes along the surf zone for plunging- and spilling-type regular breaking waves and for a range of irregular wave conditions. Initial results will be presented in the full paper. The dataset will be used to further develop process-based numerical models and practical sand transport models for application in morphological modelling systems. 


[bookmark: _Ref367363311]Figure 2: Instrument set-up mobile frame, front view.
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