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Sediment transport and channel dynamics

 The concept of dynamic equilibrium (Lane’s balance, 1955)
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Elevation

Elevation — +

Examining the longitudinal profile of stream channels can be
geomorphically informative. Channels with gradients that smoothly

decrease downstream are considered graded. Channels with abrupt

Longitudinal profile

changes in steepness are thought of as being out of equilibrium and
responding to changes in external conditions such as base-level
change. However, channels can also establish a dynamic equilibrium
where steeper reaches may reflect more resistant bed material.
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Distance downstream

Knickzone
(oversteepened reach)

Knickpoint
(discrete step)

Old base level

Distance downstream

Knickpoints are discrete jumps
in elevation along a river's bed, or
waterfalls. Such jumps commonly
retreat and grow less steep over
time. Knickpoints can result from
base level change, faulting,
resistant rocks, or the lingering
effects of valley glaciation.
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Terraces and complex response
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Channel narrowing and incision in Europe
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Channel narrowing and incision in Europe

(Surian 2006)
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Channel narrowing and incision in Europe

Incresed forest cover (land abandoment)?
Milder climate ?
First control works ?
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Long term fluvial dynamics: fan formation

e Channels change direction over time (avulsion events),
gradually building up a slightly mounded conical alluvial
fan landform.
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Long term fluvial dynamics: megafans




Long term fluvial dynamics: paleochannels

 Evidence of past river
courses visible on the
floodplain, recent terraces,
and alluvial fans

« Channels abandoned
following avulsions or
river captures




Geomorphic processes in the channel network
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 The main long-term and flood-event fluvial adjustments
differ from confined to un-confined (floodplain) channels



Confined, partly- and un-confined channels

confined partly-confined unconfined




Channel morphology: planform types
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Discharge and slope influence channel planform patterns. At a particular slope,
higher discharges are likely to produce braided channels. Likewise, for a
particular discharge (or stream size), meandering channels tend to have lower
slopes than do braided channels. Straight channels occur at low discharges over
a variety of slopes. Sediment supply and the variability in discharge also play a
role in determining channel form.







Channel morphology: medial bars and braiding
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Cascade channels,

typical of mountain-

ous headwater
settings, contain
disorganized bed
material typically
consisting of
cobbles and
boulders. Large
clasts protrude
through flow.

Step-pool channels
contain longitudinal
steps formed by
large clasts
organized into
discrete channel-
spanning accumula-
tions. These steps
separate pools
containing finer
material (gravel and
sand).

D. Montgomery

Dune-ripple

Plane-bed channels
are characterized by
long stretches of
relatively featureless
bed, which is
typically composed
of cobbles or gravel.
Large woody debris
may force the
localized formation
of pools and bars.

Pool-riffle channels
have undulating
beds with lateral
bed-form oscilla-
tions that define a
sequence of bars,
pools, and

riffles. Pool-riffle
channels are often
gravel-bedded and
are typical of
lowland valleys.

In dune-ripple
channels, which are
typically sand-
bedded, bedforms
vary with increasing
flow depth and
velocity, from
lower-regime plane
beds, to ripples,
sand waves, dunes,
upper-regime plane
bed, and anti-dunes.



Floods in mountain basins: what happens ?

In steep reaches (>2-4%)

e Bed Incision




Floods in mountain basins: what happens ?




loods in mountain basins: what happens ?

In mild reaches (<2-4%)

» Deposition of coarse sediment

e Avulsions (on fans or In less
confined reaches)




Floods in mountain basins: what happens ?

In partly- to unconfined reaches

* bank erosion
e channel widening




Floods in mountain basins: what happens ?

In  confined or partly-
confined reaches

e Landslide dams

v' Dam-break flows downstream

v’ Backwater and aggradation
upstream



Floods in mountain basins: what happens ?

In forested basins

RDIA DI FINANZA
RONAVALETA SPEZIA

« Wood jams at bridges
and other structures

v" Avulsions
v' Backwater effects




