Growth of a drainage network
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Diffusion around a network
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Seepage channels in Florida
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Seepage channels in Florida
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Seepage erosion

Dunne 1980



Saffman-Taylor instability
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Darcy's law + Dupuit's approximation
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Water table elevation

Finite elements with FreeFem++

Petroff et al. 2012
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Near the stream’s tip
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Near the stream'’s tip
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Analytical function :

o(x,y) = Re(®(z)) with z=x+iy



Growth rules
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Growth rules
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Network growth
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Bifurcations



Bifurcations
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Bifurcations

Locally A¢ ~ 0
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Bifurcations

Locally Agp = 0
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Bifurcations

Locally Agp = 0
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Only self-similar bifurcation : o = % =72°




Bifurcations

Contour curvature of the lidar map



Bifurcations
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Geometry controls the shape of the bifurcation



Geometry controls the shape of the bifurcation

What about the growth dynamics?



Bedload transport
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Bedload transport
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Lajeunesse et al. 2010



Bedload transport
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Bedload transport
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Laboratory river
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Seizilles et al. 2013



Laboratory river

mean depth (mm)

2 4
time (days)




Threshold theory




Threshold theory
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Glover et al. 1951, Henderson 1961



Threshold theory
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Threshold theory
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Experimental results

theory




width [cm]

Experimental results

101

8

e :

Vs

2

(8).0 0‘.5 1‘.0 1‘.5 2‘.0 2‘.5
discharge [I/min]
0 0 1/3

width = vt )> dischargel/3

v
p2/3 <4g ds(ps — pr




Discharge controls slope

¢ (ps - Pf) ds)4 4g

discharge x slope® = (
pf dpv



Discharge controls slope

For turbulent flows :

5
discharge x slope? = 2Kk(1/2) 203g (ps = pr) ds
3¢ Pf

Cr is the Chézy friction coefficient



Discharge controls slope
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Field data from Bristol, Florida




Discharge and slope are linked through the
mechanical equilibrium of a grain



Discharge and slope are linked through the
mechanical equilibrium of a grain

How is this connected to groundwater flow ?



Coupling river and groundwater
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Coupling river and groundwater
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Near the tip
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Near the tip
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Unique solution ?

b= \/522/3



Near the tip
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Longitudinal profile of a stream
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dimensionless incision depth

Longitudinal profile of a stream
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Longitudinal profile of a stream
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How unique is the solution ?




How unique is the solution ?
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Conclusion

e The 3D structure of the network shows it is near equilibrium



Conclusion

e The 3D structure of the network shows it is near equilibrium

e We still have no dynamics!



Conclusion

e The 3D structure of the network shows it is near equilibrium
e We still have no dynamics!

e We must add sediment transport to the stream model
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