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ABSTRACT 

  

Former regulative measures on water bodies have highly affected structural diversity and thus the habitat quality 

for fish fauna. In a 3-year research project, funded by the Fisheries Department of the state of Baden-

Württemberg, hydraulics and morphodynamics of deep watercourses and scours will be investigated. The 

background and objectives of the project are explained and the scouring mechanisms are investigated with three 

different methods: flume experiments, numerical simulations and field studies. 
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1 INTRODUCTION 

The aim of many revitalisation measures on watercourses is to improve the structural diversity and thus the 

habitat quality for the fish fauna. Through various measures for restoration of fish passage, in particular by 

removing bottom sills and cross-barriers, a degradation of local depth variation and disappearance of local 

scours can be seen. Moreover, water management often requires bank and river bed protection which is 

contrary to natural morphodynamics and depth variability. As a result, watercourses lose significant parts of 

their ecological functionality (e.g. adult habitats and wintering grounds for fish) and the climate change and the 

increasing water temperatures in summer aggravate the threat to the fish biocenosis (LUBW, 2019; Roberts et 

al, 2014). The goal of the research project is to fill the knowledge gap in terms of suitability and dimensioning 

of hydraulic engineering structures for the permanent creation of deep pools by investigating the hydraulic and 

the morphodynamic interaction. Based on the results, recommendations for practice will be derived with 

special regard to fish biology, hydraulics and morphodynamics.  

  

2 FUNDAMENALS OF SCOURING PROCESSES 

Deep pools in rivers are created by scouring processes. Scouring occurs when the transport capacity of 

sediment is locally higher than in other sections of the river. Leading processes are higher flow velocities, 

higher turbulence, secondary currents and combinations of the latter (Zanke, 1982). In general, there are 

three different types of scouring processes. The general scour occurs due to morphological processes in 

rivers. Constriction scours are caused by a reduction in the width of the river and thus increased flow velocity. 

The local scour occurs at structures in rivers such as bridge piers or groynes and superimposes the two 

previous scour types (Breusers and Raudkivi, 1991). Scours can also be divided in three categories according 

to their morphodynamic behavior (Breusers and Raudkivi, 1991). If the relation of local velocity Uo to the 

critical velocity of the bed material Uc is smaller than 0,5 no scour will occur. Clear-water scour conditions are 

present for 0,5 < Uo/Uc< 1. Live-bed scour with a general sediment transport occurs for Uo/Uc >1. According to 

various authors (see e.g. Breusers and Raudkivi (1991), Melville (2008) and Breusers (1977)) the influencing 

factors on scouring depth can be divided up into five groups: 

 Parameters of the fluid: fluid density ρ, kinematic viscosity ν 

 Flow parameters: mean flow velocity Uo, depth of flow h, gravity g, overflow depth hoverflow 

 Parameters of the bed material: geometric mean diameter d50, geometric standard deviation σg, 
density of the sediment ρs, mean critical velocity Uc 
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 Geometry of the structure (shape, dimensions, surface condition) 

 Time-depending processes 

 

3 METHODS 

To answer the previous research questions, different methods of hydraulic engineering research are applied. 
To explore the morphodynamic questions of the project, a flume experiment is currently being installed in the 
Theodor-Rehbock laboratory at KIT. The experimental setup will be used to investigate the complex three-
dimensional flow processes that occur in scour formation and the interaction with local morphodynamics. The 
hydraulic and morphodynamic boundary conditions are based on local aspects of the state of Baden-
Württemberg. Two exemplary sites in Schwarzenberg at river Murg and Criesbach at river Kocher were 
selected for hydraulic conditions. Discharges will mainly focus on the low flow and on the two year flood, 
which is often seen to be the morphodynamically significant discharge. Due to the predominantly disturbed 
bedload balance in the states rivers, clear-water scour conditions will be accomplished. The flume 
experiments will be carried out in a 7,8 m long, 0,79 m wide and 0,54 m deep flume corresponding to a model 
scale of approximately 1:25. The mean diameter of the sediment (d50) was selected to 3 mm. Velocity 
measurements will be made with an LDA-system. The bottom topography will be captured with a Structure 
from Motion technique. The experiments in the laboratoy will be investigated further, first in a hydrodynamic 
and later in a hydromorphological numerical 3D approach. The physical and numerical model tests will be 
supported by the analysis of different case studies in Baden-Württemberg.  

Table 1. Overview of application of model types. 
PHYSICAL MODEL NUMERICAL MODEL FIELD STUDY 

   
 Simulations with flat, rigid bed  

Movable bed experiments   
 Simulations with scoured, rigid bed  
   

 
Simulations with movable bed with calibration 

values from the physical model 
 

  Validation in field study 
   

  
 
4 CONCLUSIONS 

The presented project investigates different measures and structures to initiate deep watercourses and scours 
that provide fish habitats especially at low flow conditions and high water temperatures. Flume experiments, 
numerical simulations and field studies are applied to answer the research questions. The focus of the project 
will be on hydraulic and morphodynamic aspects. 
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