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Alpine Rhine River

- heavily channelized in the 19th and 
20th centuries

- flood protection measures

Switzerland



Alpine Rhine River

alternate bars →

Switzerland



Alternate bars

• appears under specific conditions
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relative flow depth
= flow depth/grain diameter of river bed

Marti and Bezzola (2009), after da Silva (1991) 

river channelization river revitalization



Alternate bars

• appears under specific conditions
• associated with scours (pool)

Alpine Rhine River at low discharge



Alternate bars

Bertoldi and Tubino (2009)

← laboratory experiment

associated with scours
(pool)



Scours

scour formation (working hypothesis)
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• bathymetric surveys may underestimate scour depth
• bar and scour migrate downstream



Scours

riverbank erosion/collapse during flood events

maximal scour depth 
= critical parameter for flood embankment design

Alpine Rhine River, 1927 Alpine Rhine River, 1987



Research questions

1. scour below scour?
2. scours location?
3. maximal scour depth?



Preliminary experiment

• topographic survey
(Total Station)



Preliminary experiment

• topographic survey
(Total Station)

• GPR survey 
(100 MHz antennas,
PulseEkko Pro)

• CMP



Processing & Interpretation

• GPR processing
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Processing & Interpretation

• GPR processing
• interpretation

– continuity of the dominant 
reflections

– angular unconformity
– only non-ambiguous 

structures

• surface interpolation in 
GOCAD
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Results - bar

- up to 2 m thick
- foreset → migration direction
- base = armour layer
- two superimposed bar?



Results - scour



Results - scour

- partially imaged (100 m × 30 m × 4.5 m)
- river bed elevation difference = 7.5 m 

(vs. 2.5 – 4 m from bathymetric surveys)
- erosion surface starts 10 – 15 m upstream the bar
- oinon-like internal structure



Conclusion

• do ″less″ to get more
• surface morphology vs. sedimentology
• scour partially imaged
• scour depth > 4.5 m 

• Future research: 
− full imaging (GPR bathymetry)
− statistical significance
− capture the dynamics of scour formation

(link discharge – scour size)
− impact scour on subsurface flow and biology 
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