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Upper Rhine
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Construction of 10 dams in the
southern Upper Rhine...
... to control water levels and improve navigation

... for hydropower purposes
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Sediment retention bfgeess

Construction of 10 dams in the Reservoirs upstream of the

southern Upper Rhine... dams retain 100 % of bed load
(sand/gravel) and ~ 15 % of

suspended load

... to control water levels and improve navigation

... for hydropower purposes
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HCB contamination bfg e

Construction of 10 dams in the Hexachlorbenzene emission
southern Upper Rhine... into the Upper Rhine (1970-

... to control water levels and improve navigation 1990)
. for hydropower purposes Highly toxic aromatic compound

(dirty dozen) strongly associated
~>// OKARLSRUHE to fine sediment
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HCB contamination

{) Location of
secondary
HCB sources
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Hexachlorbenzene emission
into the Upper Rhine (1970-
1990)

Highly toxic aromatic compound

high HCB-
concentrations

(dirty dozen) strongly associated
to fine sediment

Pohlert et al (2011)
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Bundesanstalt fiir

Erosion modelling  bfge=

(> Location of
secondary " Risk of erosion of contaminated

HCB sources

and cohesive sediments
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Bundesanstalt fiir

Erosion modelling  bfge=

Risk of erosion of contaminated

Hoffmann et al (subm, JRBM)

and cohesive sediments

A

4 [ffezheim data (n=350) A
— — log-normal distribution
—e— literatur data (n=27)

Widely-used erosion law:

M >< (z'b@ 1)

large uncertainty & variability
» no universal law to predict
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Aims

(1D Model the long-term
(approx. 60 to 100 years)

erosion and deposition
dynamic in the 10

reservoirs of the Upper Widely-used erosion law:
Rhine

(2 Evaluate the uncertainty M >< (Tb@ 1)
of the model results

Scale not appropriate for large uncertainty & variability
complex CFD-models » no universal law to predict
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(D Find statistical models to predict
M, and T_

(2 Evaluate uncertainty of erosion model:
M=M,(t,/7.-1)

(3 Develop and apply sedimentation/erosion
model to predict dynamics of cohesive
sediment in reservoirs
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1. Prediction: M, T bige=:
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1. Prediction: M, 1
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2. Uncertainty of modeled M

M:Mox(rb/rc—l)
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M, = (5.53%0.6) X 10> kg m2s’?
T. =0.62 = 0.32 Nm™
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2. Uncertainty of modeled M

- M, = (5.53%0.6) X 103 kg m3s?
M= Mo X (Tb/z-c - 1) 1, =0.62 £ 0.32 Nm?>
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2. Settling/erosion dynamics P&

1D settling/erosion model 3
— 10-6_
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1D settling/erosion model

(1) Sedimentation: hindered
settling approach

(@ Erosion: M = M,(t,/7.-1)
for T, > T,

@ Application to Iffezheim : . TN
reservoir (Example: 2007) -
. .. . 4000 — elevation (echo-sounding) - 118
* Main deposition = weir _ i o« oz _
Channel "’% 3000 . . Qoos > 2500 erosion | 440 %
* Weir discharge e f\j\ MM - j\ B
N ) * — 114
at Q> 1100m3/s wo PGV Ny v
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3. Settling/erosion dynamics
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3. Conclusion bfg s

(D Prediction of 1. and M in the order of 50% and
100%, respectively.

(2 Vertical 1D model covers general behavior of
dynamics of cohesive sediment in reservoirs
» Appropriate to model long-term evolution!

(3 But large uncertainty
» Improved erosion model required
» Stochastic approach required
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Thank you!
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