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Roy Frings (University of Utrecht)

A porosity-based method to discriminate between wash-load and bed-material load, exemplified for the river Rhine

An accurate discrimination between wash-load and bed-material load is crucial for morphological predictions in rivers. Morphological (bed level) changes are caused by gradients in bed-material transport. To predict such changes from measured or modelled transport rates, the wash-load must be subtracted from the total sediment load. 

In this study a new method is proposed to discriminate between wash-load and bed-material load, which is particularly suitable for sand-gravel bed rivers. The method is based on the morphological wash-load concept, which defines wash-load as the fine fraction of the bed material that fits within the pore space of the coarser grains, and therefore does not contribute to morphological change. Instead of using arbitrary rules of thumb, the method evaluates the pore structure of the river bed geometrically. As input only detailed grain-size distributions of the river bed are required. A validation shows that the calculated porosity and cut-off size values agree well with experimental data. 

Application of the new cut-off size method to the river Rhine shows that the cut-off size decreases in downstream direction from about 2 to 0.05 mm, covariant with the downstream fining of bed sediments. Grain size fractions that are wash-load in the upstream part of the river thus gradually become bed-material load in the downstream part. The (mass) percentage of wash-load in the river bed ranges from 0% in areas with a unimodal river bed, to about 22% in reaches with a bimodal sand-gravel bed. The bed porosity varies between 0.15 and 0.35, which is considerably less than the standard value of 0.40.  

Comparison of the new cut-off size method to existing methods from literature shows that there is a fundamental difference between methods that use the morphology-based wash-load definition, and methods that use the supply-based wash-load definition (stating that wash-load is the fine fraction of the river bed which transport rate is supply-limited). Nevertheless, nearly all cut-off size methods predict a non-constant cut-off size, that changes spatially and temporally in a river. For morphological predictions, cut-off size methods based on the morphology-based wash-load definition are preferred over methods based on the supply-based wash-load definition. Morphological predictions are likely to improve if the spatial variation in cut-off size and bed-porosity is taken into account. 

Stefan Vollmer (Bundesanstalt für Gewässerkunde)

Shields curve model for uniform sediments

Incipient motion of particles on a river bed can in principle be understood and predicted from a balance of the forces acting on the particles. On a natural river bed the exposure of particles to the flow is variable. The effect of exposure on the initiation of motion, including the case of deep embedding, is studied in this work. So far, the turbulence-induced lifting force has been derived exclusively from examinations of the surface flow. The understanding of destabilization processes of the riverbed is improved when turbulence-induced vertical pressure gradients in the upper sediment layer are included. This is particularly important for particles that lie in the lee of larger ones. An analytical solution for the critical Shields parameter of spherical particles is found including the effects of pressure fluctuations in the bed, macro-scale flow structures, average bed slope, and shallow flow. Existing laboratory data designed to test the effect of exposure and roughness conditions are in excellent agreement with the new model.

Maarten Kleinhans (University of Utrecht) & Stefan Vollmer (Bundesanstalt für Gewässerkunde)

Effects of grain exposure, near-bed velocity and pressure fluctuations on incipient motion of grain-size mixtures

For the prediction of river bed destabilisation and fractional sediment transport of mixtures, we aim to solve two problems that are poorly understood. First, the flow and pressure fluctuations surrounding both the embedded and exposed grains must be parameterised for hydraulically smooth to rough flow. Second, an adequate relation between grain size and grain exposure should be based on the grain size distribution and the (water-worked) bed

structure. 

We use a recently developed force balance model for the threshold of motion of uniform sediments incorporating the effects of grain exposure, pressure fluctuations into the bed, very shallow flow and bed slope. The flow module is extended to non-uniform roughness of sediment mixtures. Our extended model predicts the critical Shields values of arbitrary mixtures directly as function of exposure and no longer needs empirical hiding-exposure relations. Several empirical and geometrical relations between grain size and exposure were tested. The results are compared to extensive datasets from the literature of incipient fractional transport rates. 

The modelled hiding-exposure relations are very sensitive to the relation between grain size and exposure, which differ for unimodal, skewed and bimodal mixtures. This is explained by the pore structure of these sediments. The existing relations fail particularly for the smaller grains in bimodal and skewed grain. These small grains percolate through the pores so their exposure or embedding strongly depends on the fractional content and pore structure, in agreement with empirical data. We are working on a universal relation for exposure containing grain size distribution, pore structure and water-working. The model reproduces data of uniform sediments well for the entire physically possible range of grain exposures and for hydraulically rough to nearly smooth conditions. The modelled effect of very shallow flow is that the critical Shields number depends on the water depth-grain size-ratio to the power of minus one-half, in perfect agreement with reanalysed empirical data from both flumes and natural gravel bed rivers. Further work on double-averaging of the Reynolds equations will improve the flow parameterisation. Fractional sediment transport rates will be modelled in the future while considering the time-evolution of the exposed grains following destabilisation and (selective) transport of fractions.

Arjan Tuijnder (University of Twente)

Predicting the occurence of dunes under partial transport conditions 

In the past it has been observed that it is not possible to use a bedform stability diagram developed for uniform sediment to predict the occurrence of dunes in case of a widely graded bed sediment when only a part of the sediment mixture is being transported. When dunes are predicted using bedform stability diagrams for uniform sediment often other bedform types are present; like e.g. flow parallel ribbons or ripples.

Using data from previously published experiments where partial transport conditions where observed, variables have been identified that can assist in the prediction of the occurrence of dunes under partial transport conditions. One variable that can be used to predict wether dunes are absent due to a supply limitation is the ratio of the actual transport rate to the potential transport rate. The potential transport rate is the rate that would exist if the bed would completely have the composition of the bed load sediment. When this ratio is high dunes can exist, when this ratio is low dunes do not develop even if they are predicted using a uniform bedform stability diagram. The critical value for this ratio lies at approximately 0.45. It is suggested to use this ratio together with a uniform bedform predictor in order to predict the presence of dunes under partial transport conditions.

Another set of parameters that appears to be useful for the prediction of the presence / absence of dunes is the geometric standard deviation of the bulk sediment against the shields parameter based on the median grain size of the bulk sediment composition. The dimensionless shear stress that should be exceeded for dune formation increases with the standard deviation. 

Katinka Koll, Thomas Schoneboom (TU Braunschweig)
Entwicklung eines Geschiebetransportmodells anhand von Naturdaten

Die gängigen Geschiebetransportformeln basieren auf experimentellen Untersuchungen in Wasserbaulaboratorien. Die Versuche wurden unter quasi-stationären Fließverhältnissen durchgeführt. Durch die Abflussganglinie hervorgerufene instationäre Effekte, wie z.B. die Anpassung der Sohle durch Transportkörper- oder Deckschichtänderungen und auch die Mas-senträgheit des Sediments, sind in den Formeln nicht berücksichtigt. Als Folge stimmen Mes-sungen und Berechnungen häufig nicht gut überein.

Zur Verbesserung der Geschiebetransportmodellierung wurde ein Konzept entwickelt, in dem die Abflussganglinie und die Kornverteilung des Geschiebes berücksichtigt ist. Das Konzept basiert auf grundsätzlichen Überlegungen zum Beginn, zur Entwicklung und zum Abklingen eines Geschiebetransportereignisses. Der Verlauf der Funktionen wurde anhand von Geschie-bemessdaten des Niederrheins überprüft.

Katinka Koll, Thomas Schoneboom (TU Braunschweig)
Development of a bed-load transport model based on field data

Commonly used bed-load transport formulas are based on experimental laboratory data. The experiments have been carried out under quasi-steady flow conditions. By a hydrograph unsteady effects are provoked such as changes of the height of bed forms or adaptation of armour layers. Nor the inertia of the sediment could be taken into account. Thus, the coincidence between measured and calculated transport rates is often quite poor.

For improvement of bed-load transport modelling a concept was developed considering the impact of the hydrograph and the dependence of the grain size distribution of the bed-load on the discharge. The concept is based on fundamental considerations about the initiation, the development, and the decay of a bed-load transport event. The shape of the functions was verified by means of bed-load transport data of the Lower Rhine.

Kees Sloff (WL / Delft Hydraulics)

Sediment feeding simulations with Delft3D in the Dutch Rhine

Presently plans are drafted for river management options to guarantee a safe and durable navigation route between Rotterdam and Duisburg, as well as to stop the large scale bed degradation. As part of this planning study for the Dutch-German Rhine River, a research study has been initiated to develop tools and to improve the knowledge on sediment feeding as a potential measure for river improvement in the Dutch Rhine branches. 

Sediment-feeding operations in the German Rhine have proven the effectiveness and flexibility of the measure. Nevertheless, from an operational and economical perspective it is important that the efficiency of these operations is maximal. That means that maximal counter effect is achieved with minimal time and volume of nourished sediment, and with minimal disturbance to navigation. This requires a good understanding of the physical processes and morphological responses of the nourishment operations.

The aim of this sediment-feeding study is to firstly develop the modeling tool, and analyze the processes. Then, secondly a trial sediment nourishment will be carried out in the upper Dutch Rhine River to validate and improve the modeling tool. Based on 1D and quasi-3D morphological simulations with a multi-fraction sediment model, different approaches for nourishment in the upper reach of the Dutch Rhine River have been analyzed. Not only to judge the impacts of different strategies, but also to evaluate the ability of the modeling tool to reproduce the physics.

Tracers have been used in the simulations to determine the destination of nourished material. It can be concluded from these experiments that the thickness of the mixing layer is a key parameter in the spreading of the sediment (horizontal and vertical). Careful discharge dependent selection of this thickness is important with respect to time-scales of temporal storage of nourished sediment in the bed. Furthermore it has been shown that sediment must be dumped over a reasonable distance rather than at one point, and that nourishment of coarse material both enhances the efficiency to reduce the degradation, and influences the pool-bar pattern of the meandering river reach.

Following the numerical modeling study a validation study should follow. The continuation of this work is determined by the availability of field data, either from a trial nourishment in the Dutch Rhine, or from other sources.

Thomas Wenka & Boris Glander (Bundesanstalt für Wasserbau)
Studies of morphological predictions with the 2-D depth-average numerical model of the Lower Rhine at Wesel

The bed evolution of the stretch of the Lower Rhine River is characterised by general bed degradation as a result of the river training works and dredging activities of the last two centuries. The degradation of the river bed affects the water levels, and so the navigation conditions. To combat the erosion of the river bed with the aim to keep up the shipping traffic and to avoid the ecological system damages due to water level reductions, sand-gravel-mixtures were added to the river (so called artificial grain feeding activities). Depth-average models using a finite-element method have been developed to calculate the natural bed deformation in waterways and the influences caused by river regulation measures.

The introduced model covers the winter bed of a stretch of the River Rhine from station km 805.0 to station km 825.9. The numerical tool is based on the TELSIS system, which solves the 2-D shallow water equations. The morphodynamical approach provides a graded sediment transport module (bed load) and a bed-deformation module based on the mass-balance for sediment. The model has a median geometrical discretisation with approximately 37 000 nodes and 72 500 elements accounting for a more detailed reproduction of groin geometries and supply areas. 

The object to be studied currently is geared to the behavior of the model in the prediction of bed level changes and graded sediment transport with and without consideration of bend effects as well as the tracing of singular fractions of the bed load supply material for realistic operational sequences under natural flow conditions. The underlying concepts and first results are presented.

