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ALPINE RHINE RIVER 

SUSTAINABLE FLOOD PROTECTION MEASURES BETWEEN THE LEVEES 

Roland Fäh1, Martin Weiss2, Michael Hengl3, Daniel Dietsche4 and Robert Boes5 

INTRODUCTION 

The Rhine River between its confluence of the Upper and Lower Rhine and the Lake of Constance is 
called the Alpine Rhine and is approx. 95 km long. In its natural state the Alpine Rhine endangered 
settlements in the valley over centuries not only by flooding but also by the interaction of sediment 
transport and the corresponding morphological changes. Therefore the river was known as the largest 
torrent of Europe. After several devastating floods in the 19th century, the governments of Austria and 
Switzerland decided to protect in a joint effort the settlements in the international part of the Alpine 
Rhine covering the reach between the tributary of the Ill River and the Lake of Constance. In the state 
treaty of 1892, the “Internationale Rheinregulierung” (IRR) was established. The aim of this 
organisation was to prevent further flooding by restraining the Rhine River in between levees. The 
meandering and aggradation of the river bed should thus be stopped. The river was narrowed, 
straightened and shortened by cutting off the meander of Diepoldsau and moving the mouth of the 
river about 8 km to the east by dredging the man-made channel named the "Fussacher Durchstich”. 
Due to the steeper slope, the transport capacity was increased affecting the bed-load balance and the 
groundwater level. Soon after the training works had been accomplished, aggradation of the river bed 
on the last 15 km was observed. Although the cross-section area of the main channel was reduced later 
on, aggradation is still persisting and thus affects the safety against flooding.  

MASTER PLAN ALPINE RHINE 

The original regulation works neglected ecological aspects. To improve the situation, a transnational 
master plan for the development of the Alpine Rhine valley was developed. The focus of the outlined 
measures was to improve the flood protection and simultaneously take into account the aspects of the 
groundwater, ecology and local recreational opportunities for residents. 
Within this framework, the IRR started a project called “Sustainable flood prevention measures 
between the levees”. The incentive for the project was that the actual targeted level of flood protection 
which is based on a HQ100 = 3100 m3/s can only be guaranteed in the future by dredging of bed-load 
material. Additionally, the vulnerability and damage potential of the area increased due to high 
population growth. Therefore, the level of protection shall be increased to HQ300 = 4300 m3/s.  

NUMERICAL MODELING 

Due to the concentration of settlements along the levees of the river, the new level of protection can 
only be achieved by increasing the discharge area between the levees. For this purpose, either the 
levees have to be heightened or the discharge area has to be increased by extending the main channel 
or by lowering the adjacent flood plains.  
Downstream of the Ill tributary, the annual volume of bed load amounts to approx. 50000 m3 and 
suspended load to about 3 Mio. m3. Observations over the last 15 years showed that the river bed in 
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the international stretch of the Alpine Rhine is near a stable state of equilibrium. Thus, each change in 
the cross-section geometry of the river can lead to a substantial change of the bed level. Therefore, the 
impact of any river engineering measure on the development of the bed level is a crucial criterion.  
For this reason IRR decided to investigate the long-term impact on the development of the bed level 
for all of the planned measures with the help of numerical modelling. The model should be based on 
the freely available software BASEMENT (see www.basement.ethz.ch) so that all of the future project 
partners can base and investigate their findings on calibrated and validated models implemented by 
VAW. 

FIRST RESULTS 

In a first phase of the project, the numerical model was used in order to obtain feasibility documents to 
support negotiations for a new treaty between Austria and Switzerland. The focus of this modelling lay 
on a cost estimate of potential measures and its influence on the behaviour of the groundwater level. 
The modelling of flow and sediment transport (based on a multi-grain approach) in this first phase was 
restricted to the international stretch of the Alpine Rhine. Several long-term simulations (over 55 
years) were carried out to investigate the impact of dredging and river engineering measures on the 
development of the river bed and the level of the safety against flooding. 
One result of these simulations was that certain measures have an impact on the river upstream of the 
regarded simulations range; another outcome was that the inflow boundary conditions of the bed load 
transport amount are sensitive to the result and a further in-depth study for the determination of these 
boundary conditions is required.  
As an example for the results Fig. 1 shows the predicted development of the mean bed level for one 
measure variant. In this case the flow capacity of the river was increased by a lowering of the bed level 
of the main channel. Starting with a bed level which was assumed to be excavated by 3 m compared to 
the bed level in the year of 2005, the river aggraded continuously over the years to its initial state. 
Thus, this measure turned out to be not sustainable and therefore would certainly not be realized. 
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Fig. 1 Longitudinal profile of the development of the mean bed level in the international stretch of the Alpine 
Rhine. 

The main result of the long-term simulations of the considered measure variants was that the river bed 
will aggrade continuously. In widened river sections, this behaviour was pronounced additionally. 
Thus, the flood protection aim cannot be achieved without any management measures for the bed load. 
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