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Evolution of the Upper Rhone River discharge and
suspended sediment load during the last 80 years and
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Eutrophication processes regulated by a plunging river
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Current knowledge

Hyperpycnal river inflows will plunge
and form an underflow and/or
interflow

— current knowledge mostly based on
laterally confined lab experiments

— plunging process provides upstream
boundary conditions for underflows
(entrainment of ambient water)

— plunging process has crucial influence on
pathway and final destination of
sediment, nutrients and contaminants
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Current knowledge (3-d
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Science gquestions

* (Canthe dominant three-dimensional hydro-sedimentary processes
related to unconfined plunging be resolved for the first time using
transect field measurements and remote imagery?

e Whatis the three-dimensional flow structure of an unconfined
plunging plume and, in particular, where is the plunge located?

 What are the sedimentary processes of a plunging plume and are
they depositional or erosive in nature?

 How can existing conceptual models of plunging plumes be
extended for unconfined configurations?
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. Presented data gathered under high
St U d y S |te Hydrological measuring discharge, high sediment load conditions

[ station on Lake Geneva
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Virtually all boundary conditions are known! Laterally unconfined inflow plume

13th Symposium on River, Coastal and Estuarine Morphodynamics 6 September 25, 2023



Methods

/Gridded ADCP measurements
— 3-d velocity field along transects
—> multiple repetitions per transect
\9 guided by remote camera images

Remote camera imagery

- 2-d surface patterns

— 1 min, 1 m resolution

— during ADCP measurements

/)
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Results

sediment sediment /
billows
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Secondary currents transporting
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8 September 25, 2023



Results .
eSults
_ E
5L 18
-20
%0 —
e ) Longitudinal transect
-0.6 -0.4 0.2 0 9 0.2 .
= - = lassic 2-d model
s Tz E —
= b Y T
N1\ EE =
-~ / N )
i -3 >
-15 (@)
T £
sk v s - u1'— a
- = |2
/ \ 21 -
N ]
Transverse transects 3 |
- Ap drives lateral slumping 1 £
— LS drives secondary , =
currents EE
. . i~ N
— Vert. divergence drives , <
lateral convergence = — — i = = |
\9 Triangular surface pattern
ynamics 9

September 25, 2023



-

SPM conc. and flux estimation

Results

— Estimate SPM conc. from ADCP backscatter

- Lon. vel. used to identify plume core

\9 Lon. vel. and SPM used to calculate Qgp, Y
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Erosion or deposition?
—> SPM conc. and flux
increase in plunge region

- Erosion dominates

\_ /

- Long-term dynamic equilibrium:
transient storage of sediment?
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Conceptualization

v’ Longitudinal velocity
field

v'Return current

v Lateral slumping

v'Secondary currents
with sediment
transport

v/ Lateral flow
convergence

v/ Triangular surface
pattern
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" Colorado River - Rhine River - ‘ Rhéne River - Rusizi River - Lake Tanganyika
Lake Mead Lake Constance Lake Geneva (Burundi, 01.2021)
(USA, 09.2010) (Austria, 04.2012) | (Switzerland, 10.2009)
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Triangular surface pattern is not an exception = conceptual model widely applicable
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Conclusions

* Transect field measurements and remote imagery allowed for
resolving the dominant three-dimensional hydro-sedimentary
processes related to unconfined plunging for the first time

* The three-dimensional flow structure of an unconfined plunging
plume was elucidated

 The sedimentary processes of a plunging plume were revealed to
be erosive in nature under high discharge, high sediment load
conditions

* The existing conceptual models of plunging plumes were extended
for unconfined configurations
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! Post-doc candidates wanted !

4 years
40 h/week
Focus: sediment transport processes
More info: koen.blanckaert@tuwien.ac.at
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