How laboratory rivers transport sediment
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1. Introduction 4. Mechanisms for river formation 6. Our model matches the experiment with no tuning

1. Stokes flow

Qs = 44 grains s~ !
The laminar flow in the channel obeys the Stokes law:
All of the parameters in
our model are well-
= — s’
VAU g S S — el = constrained in the
experiments of Abramian
1 em et al. 2020. Rivers in our
model  reproduce the
- experiments well in all
2. Sediment flux metrics with no tuning.
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Grains on the sediment bed feel the force of gravity and @ e Oir model ur. mode dpre ICtSﬂ a
the fluid shear stress. Sediment flux, gs, depends on the g 20 n;axgnumosze 1ment. ux
ratio, i, of forces tangential to the bed that act to move < © .t;l outb e toconsmten;
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Sediment transport by rivers shapes much of the landscape on Earth. Yet, how rivers adjust their the grains to normal forces that act to keep them in ED 10 atural Fivers
shape to enable sediment transport is not understood. place. When the force ratio is below a threshold, #x, & '
there 1s no sediment flux, while above, sediment flux is 0
proportional to the distance to threshold: —3
gravity ¥

qs = qu(p — tt)

2. Rivers exist near the threshold of sediment transport
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3. Sediment diffusion
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Due to random interactions with the river bed, sediment S
Bed of sediment rivers typically exists close to the threshold traveling downstream also diffuses across stream from E
of sediment motion - below threshold it would not possible to parts where sediment transport is intense to quieter 4
move the sediment grains and build the bed, while parts. Analogous to a gas in hydrostatic balance in a
significantly above the threshold, the bed would quickly erode gravitational field, balance between grain diffusion and _
away. Any sediment transported by rivers is driven by small gravity leads to a Boltzmann-like distribution of moving gravity grain 0 | |
force deviations from this threshold. Therein lies the main grains as a function of the flow depth, D: iU 0 3 6
challenge for understanding sediment transport in rivers - to
find the shape of a river carrying a certain amount of Qs = q,u G(D _5)/ A QS/ (Q,Lb ds )
sediment, we have find the water stress, which sensitively
depends on the river shape itself, with high accuracy.

Experiment
Excluding momentum diffusion
Based on the above, we develop a model for the shape of the river cross-section. First, Stokes —_— S from our model, drastically
flow (Eq. 1) relates the river shape to the fluid stress on the bed. Then, stress on the bed 1 cm changes the shape of the river. To
Fluid determines the sediment flux through Eq. 2. Finally, sediment flux is related to the bed shape explain the observations, we need
delivery through the Boltzmann equation (Eq. 3). to keep the momentum diffusion.
@ Sediment We considered the experiments of Abramian et al. With ¢ diff _ S.edlm'ent .transport by momentum
delivery Camera 2020. IP these experir.nents., straight .laminzIr rivers We simplify the problem by assuming the river is much wider than it is deep, which leads to a ! momentum alirusion d1ffu§19n is enabled by the sudden
Laser (i formed in a bed of plastic sed1ment. Fluid (a mixture of second order differential equation for the river shape: transition from curved banks to a

= sheet \yater and glycqol) and sednpent were fed ’1nt0 the flat bottom.
: \ river at prescribed rates. River cross-section was . . e
| 5 monitored by a laser sheath, and sediment flux profile 1 cm

(sediment discharge per unit river width) could be

s?
estimated by grain counting in movies filmed by an — (IE + %(DS)//) 2 i — Uy = e% (D—-p) Bank Bottom
head . - H .
overfiead camera L I I I Without momentum diffusion
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River shape, sediment flux profile, and downstream _
slope all robustly adjusted to the discharges of fluid shallow- ~ cross-stream gravity Ne—_——e—
and sediment. water momentum T o qgs = 0 qs > 0
diffusion
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