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1. Introduction

A river bifurcation, can be found in, for instance, a river
delta, in braided or anabranching reaches, and in
manmade side channels in restored river reaches.
Depending on the partitioning of water and sediment
over the bifurcating branches, the bifurcation develops
toward (a) a stable state with two downstream branches
or (b) a state in which the water discharge in one of the
branches continues to increase at the expense of the
other branch (Wang et al., 1995). This may lead to
excessive deposition in the latter branch that eventually
silts up. For navigation, flood safety, and river
restoration purposes, it is important to assess and
develop tools to predict such long-term behavior of the
bifurcation.

A first and highly schematized one-dimensional model
describing (the development towards) the equilibrium
states of two bifurcating branches was developed by
Wang et al (1995). The use of a one-dimensional model
implies the need for a nodal point relation that describes
the partitioning of sediment over the bifurcating
branches. Wang et al (1995) introduce a nodal point
relation as a function of the partitioning of the water
discharge. They simplify their nodal point relation to the
following form: s*=g*", where s* denotes the ratio of
the sediment discharges per unit width in the bifurcating
branches, g* denotes the ratio of the water discharges
per unit width in the bifurcating branches, and k is a
constant. The Wang et al. (1995) model is limited to
conditions with unisize sediment and application of the
Engelund & Hansen (1967) sediment transport relation.
They assume the same constant base level for the two
bifurcating branches, and constant water and sediment
discharges in the upstream channel. A mathematical
stability analysis is conducted to predict the stability of
the equilibrium states. Depending on the exponent & they
find a stable equilibrium state with two downstream
branches or a stable state with one branch only (i.e. the
other branch has silted up). Here we extend the Wang et
al. (1995) model to conditions with gravel and sand and
study the stability of the equilibrium states.

2. Extension to mixed sediment

Considering a two-fraction sediment mixture requires
two nodal point relations, one for sand and one for
gravel: s,*=q, q*[ and s,*=a; ¢*", where s,* (s,*) is the
ratio of the gravel (sand) transport rates per unit width in
the two bifurcating branches, and /, m, a,, and ¢, are
constants. Following Wang et al.’s (1995) analysis for
unisize sediment, we derive a system of ordinary
differential equations for the flow depths in the
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bifurcating branches and perform a stability analysis of
the equilibrium solutions. The extension to mixed
sediment reveals more complex behavior than the
unisize case. Depending on the values for / and m we
find 2 to 5 solutions for the combination of flow depths
in the bifurcating branches. Two of these solutions are
ones in which one of the branches silts up, yet their
stability depends on the values for / and m. Furthermore,
we find that whether the stable state consists of one or
two branches (for the same values of / and m) depends
on the initial conditions. The analysis also reveals the
time scales of the approach toward the equilibrium state.

The form of the nodal point relations (for gravel and
sand) appears to determine the outcomes of our analysis.
As our nodal point relations neglect several physical
mechanisms (for instance bend flow upstream from the
bifurcation), the results of our analysis likely have
limited predictive value. Using measured data of a large
bifurcation in the Dutch Rhine River, we provide a
preliminary assessment of the stability of the bifurcation
point in the long term.

3. Conclusions

Our extension of the one-dimensional bifurcation model
developed by Wang et. al (1995) to two sediment size
fractions increases the number of unstable and stable
equilibrium solutions with respect to the unisize case.
The time scale of the evolution towards the equilibrium
state appears to be in the order of decades. The form of
the nodal point relations for the sediment size fractions
largely affects the outcomes of our analysis and requires
further research to allow for physically based
predictions. This is worthwhile, as one-dimensional
models are computationally cheap compared to two-
dimensional models and provide a rapid assessment of
the river’s development on the long term. Yet two-
dimensional models represent some of the physical
processes in an improved manner and do not suffer from
the burden of the requirement of nodal point relations.
Efforts to improve the nodal point relations should focus
on including the effects of bend flow and lateral
sediment transport upstream from the bifurcation, which
will improve the validity of the one-dimensional model.
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