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Sediment balance

leads to partial differential equation

Combination with sediment transport formula

results in the Exner principle:



Sediment balance: the Exner principle
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long-term equilibrium
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Bed degradation due to river training

Bed degradation: advantage of lower flood levels?



Bed degradation due to river training

navigation bottleneck
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Bed degradation due to river training

River bed degradation:

• Limited depth above fixed layers

• Restrictions for sluices and river 
port entrances

• Instability of banks and hydraulic 
structures

• Shift in discharge distribution at 
bifurcations

• and for the Netherlands…
angry Germans!



Bed degradation due to river training

In der Regel, 
kein Fluß oder 
Bach der Welt 
braucht mehr 
als ein Bett

Johann Gottfried Tulla

As a rule, no 
river or 

stream in the 
world needs 

more than one 
bed
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Oberrhein below Basel



Bed degradation due to river training

Narrowing produced up to 10 m bed degradation
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Bed degradation due to river training

Navigation 
impossible …

Construction of 
lateral canal:

Grand Canal 

d’Alsace
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Bed degradation due to river training

Lesson learned:

River narrowing to improve navigability:

• effective on a short term

• leading to expensive measures to maintain navigability 

on a long term

• due to sediment
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Water withdrawal for irrigation

Who dares?
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water withdrawal
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water withdrawal

long-term equilibrium
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water withdrawal

sedimentation:

• rise in bed levels

• rise in water levels
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Water withdrawal for irrigation

sedimentation:

• rise in bed levels

• rise in water levels

• raised embankments

flooding



Water withdrawal for irrigation

flooding

Effect of water withdrawal

made worse in case of barrages and subsidence



Water withdrawal for irrigation

Lesson learned:

Water withdrawal for irrigation:

• lowers water levels on a short term

• raises flood water levels on a long term

• due to sediment
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Irrigation on Indo-Gangetic Plains



Water withdrawal for irrigation
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Koshi river megafan



Koshi river megafan

Chakraborty et al, 2009



Koshi river megafan



Koshi river megafan: 2008 flood
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Engineering of river bends
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Engineering of river bends

Hypothetical application to Río Magdalena in Colombia



Engineering of river bends

Hypothetical application to Río Magdalena in Colombia







Engineering of river bends





Engineering of river bends

Sustainable improvement of navigability?

Regrets within 10 years after implementation!

due to sediment
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Bank protection and river training against erosion

bank protection often 
starts locally
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Bank protection and river training against erosion

Once started, you are obliged to continue?

Problem at terminations … hence training of a longer 
reach
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Bank protection and river training against erosion



Engineering for flood protection
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Flood disaster 1953



Rhine and Meuse floods in 1993 and 1995



Rhine flood in 1995: 250.000 evacuated



Rhine and Meuse floods in 1993 and 1995



Engineering for flood protection

Brakel



Engineering for flood protection



Alternative solutions:

1. Raising the bridge

2. Creating space by releasing air 
from tyres



Room for the River programme

Ooievaar Plan (1985)

Alternative solutions:

1. Raising the dikes

2. Creating space by floodplain excavation and dike set-back



Room for the River programme

The “Planning Kit”,
an instrument for democratic decision making:

• Total of 693 proposals for giving more room to the river

• Proposed by central government, provinces, municipalities, 
individual citizens, environmentalists, sand miners, etc.

• Evaluation of effects on flood water levels, costs, number of 
houses to be demolished, and spatial quality (nature, landscape, 
cultural heritage)

• Results summarized in the Planning Kit, easy-to-use

• Even popular among people without any affinity with technology 
and computers

Information accessible in the same way for all parties









Room for the River programme

Result: about 35 selected 
local projects

€ 2.2 billion



Room for the River programme

€ 75 million

Lowering of 750 groynes



Room for the River programme

Secondary channels



Room for the River programme

€ 300 million

Flood channels into Noordwaard wetlands



Room for the River programme

Dike 
relocation



Room for the River programme

€ 300 million

Floodway at Nijmegen



Room for the River programme

second road bridge for city paid by central government

Floodway at Nijmegen



Room for the River programme

cattle farms on mounds with financial 

aid from government

De-poldering at Overdiep



Room for the River programme

De-poldering at Overdiep



Engineered river systems

• Short-term improvements vs long-term sustainability:

> morphological impact assessment in feasibility and 

design phases

• Decisions to be taken when negative effects develop:

> invest in mitigating measures to maintain the 

system?

> create a new system?

> restore (parts of) the original system?

• Smart engineering to meet multiple objectives



Hvala! Хвала!


