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Existing models for wave-related (cross-shore) sand transport are primarily based on data from 
oscillatory flow tunnel experiments. However, theory and former experiments indicate that 
flow differences between full scale surface waves and oscillatory flow tunnels may have a 
substantial effect on the net sand transport. In this research, high resolution measurements of 
boundary layer flow, sheet flow layer characteristics and sand transport rates under full scale 
surface waves are presented. These experiments were performed for different wave conditions 
with medium (D50 = 0.25 mm) and fine (D50 = 0.14 mm) sand. It is shown that, especially 
under sheet-flow conditions, small wave induced net currents are of large importance for sand 
transport rates. 

 
1. INTRODUCTION 

When predicting changes in coastal morphology, knowledge of sediment transport processes is 
essential. Under storm conditions, flow velocities are high and large quantities of sand can be 
transported in a relative short period of time. Under these conditions, ripples on the sea bed are 
washed out and the majority of sand is transported in a thin layer (mm-cm) close to the bed, known as 
the sheet-flow layer. Various transport models have been developed to predict both the quantities and 
directions of this sand transport.  

The majority of these existing models, are based on data obtained from oscillatory flow tunnel 
experiments (Dibajnia & Watanabe, 1998; Dohmen-Janssen, 1999; O’Donoghue & Wright, 2004a & 
2004b; Ribberink, 1998; Ribberink & Al Salem, 1994; Van der Werf, 2006). Although large 
similarities exist between the transport processes in wave flumes and tunnels there are some 
fundamental differences. Vertical orbital motions are absent and wave-induced net currents are not 
fully reproduced in flow tunnels. First experiments in the large wave flume of Hannover (e.g. 
Ribberink et al., 2000) indicated that these flow differences (e.g. residual streaming and drift under 
surface waves) may have a substantial effect on net transport rates. The new experiments described in 
the present paper were initiated to investigate more deeply the near-bed flow and wave related sand 
transport processes under regular velocity skewed non-breaking surface waves for various sediments 
in the sheet-flow regime. Besides providing more insight in sheet-flow dynamics, the data are used to 
further develop transport models in the Dutch/UK research project SANTOSS. 

 
2. EXPERIMTENTAL SET-UP 

The experiments were performed in the Großer Wellenkanal (GWK) in Hannover, Germany; a 280 m 
long, 5 m wide and 7 m deep wave flume. In the flume, a horizontal sand bed was placed with a 1:20 
beach slope at the far end. The majority of the measurements were performed under regular, velocity 
skewed wave conditions (height 0.7 to 1.6 m, period 5.0 to 9.1 s) in both the sheet-flow and ripple 
regime. The tests are performed with two different types of sediment: medium  (D50 = 0.25 mm) and 
fine sand (D50 = 0.15 mm), both well sorted. To capture the bed-surface processes under the waves, 
measurements were done on a range of scales; from flow velocities inside the sheet-flow layer up to 
bed level changes along the whole flume. Instruments used for the (detailed) flow velocity and 
concentration measurements include UVP, Vectrino, CCM, EMF, UHCM, TSS, pressure sensor, wave 
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gauges and ABS. Net sand transport rates were determined by applying the mass conservation 
principle to measured bed profiles. These profiles (4 over the width of the flume) were made with echo 
sounders before and after each test run. The experimental conditions on which the results in this paper 
are based are shown in Table 1. These are all sheet-flow conditions (mobility number (Ψ) > 300) from 
which detailed boundary layer flows, sediment concentrations and net transport rates are obtained. 
 

Table 1. Overview of the selected experimental conditions 
 
 H (m) T (s) D50 (µm) Umax (m/s) Umin (m/s) R (-) Ψmax [-] time (hr) # runs 
Re1575m 1.50 7.50 245 1.630 - 0.737 0.69 700 8.5 11 
Re1550m 1.50 5.00 245 1.179 -0.923 0.56 380 11 13 
Re1565m 1.50 6.50 245 1.665 -0.916 0.65 652 10 14 
Re1265m 1.20 6.50 245 1.345 -0.828 0.62 424 6 8 
Re1575f 1.50 7.50 138 1.703 -0.691 0.71 1243 4 7 
Re1550f 1.50 5.00 138 1.278 -1.020 0.56 675 5 10 
Re1565f 1.50 6.50 138 1.552 -0.832 0.65 1158 6 10 
Re1265f 1.20 6.50 138 1.248 -0.748 0.63 753 5 6 
Re1065f 1.00 6.50 138 1.126 -0.743 0.60 568 5 6 

 
The following two Sections (3 and 4) describe a selection of the experimental results. Firstly, of 

conditions Re1550m and Re1550f (see Table 1) detailed measurements of mean flow velocity profiles 
inside the wave boundary layer are presented. Secondly, net sand transport rates of the various sheet-
flow conditions are shown. All results are compared to oscillatory flow tunnel experiments with 
similar hydrodynamic and sediment characteristics. 
 
3. WAVE BOUNDARY LAYER STREAMING 

 
Figure 1. Mean flow velocity measurements inside the wave boundary layer under full scale surface 

waves (GWK) and oscillatory flow (AOFT) for medium (left graph) and fine (right graph) sand 
conditions (oscillatory flow tunnel results after Ribberink et al., 2008 and Campbell at al., 2006). 

 
Figure 1 shows the mean velocity, or streaming, profile measured inside the wave boundary layer in a 
tunnel (horizontal oscillatory flow) and under surface waves in similar velocity-skewed flow 
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conditions. Even though the hydrodynamic conditions and grain size are similar, the near bed mean 
Eulerian flow velocity shows different behaviour, especially inside the sheet flow layer.  

The most likely explanation for this is (the vertical gradient of) the wave Reynolds stress in the 
wave boundary layer, which is present under surface waves but is absent in oscillatory flows. Under 
sheet-flow conditions, the far majority of sand is transported in the first few mm’s – cm’s above the 
sand bed, inside the sheet-flow layer. Therefore, the small flow differences near the bed may have a 
substantial effect on net sand transport rates. 
 
4. SAND TRANSPORT RESULTS 

Figure 2 shows the results of measured net sand transport rates from the new experiments, compared 
to existing oscillatory flow tunnel measurements. The comparison of the medium sand results 
underline the conclusion form Ribberink et al. (2000) that under full scale surface waves, the net 
transport rates are higher than for similar sand and wave conditions in oscillatory flow tunnels. In the 
new experiments, also fine sand was used under surface waves. From former oscillatory flow tunnel 
experiments it was found that with fine sediment, the net transport rates (after a slight increase) 
decrease and become negative (off-shore) with an increase of flow velocity (<U3>). This phenomenon 
was explained by the domination of phase lag effects for fine sand conditions. However the new fine 
sand experiments under full scale surface waves show an increase of positive (on-shore) transport with 
increasing velocity (<U3>). This indicates that the on-shore directed flow mechanisms (e.g. residual 
streaming or drift) are decisive for the total net sand transport.  

 
5. CONCLUSIONS AND FUTURE WORK 

The new measurements clearly show an influence of surface wave effects on the net sand transport, 
which seem to be especially important for finer sediment. Further work is done on a meticulous 
analysis of the detailed flow velocity, sediment concentration and transport measurements. This is to 
be combined with process based model simulations to identify the specific processes determining the 
net sand transport under these conditions. The measured data are used for the development of a new, 
practical sand transport model for cross-shore sand transport. 
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Figure 2. Measured net sand transport rates for medium and fine sand, in oscillatory 
and free surface waves. 
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