Grain size sorting over tidal sand waves: \
on the transient growth and the periodic state of the bottom composition.
ToMAS VAN OYEN' AND PAOLO BLONDEAUX!

"Department of Civil, Environmental and Architectural Engng,
University of Genoa, Via Montallegro 1, 16145 Genoa, Italy

tomas.vanoyen@dicat.unige.it

/

ABSTRACT

The effects of a sediment mixture on the formation of tidal sand waves and the spatial distribution of the bottom composition induced by the bedform appearance
are investigated. Hereto, we examine the stability of a flat sea bed in a shallow tidal sea dominated by the semi diurnal tidal constituent; i.e. small perturbations
are superimposed on the flat sea bed and a linear analysis of their time development is made. The heterogeneous sea bed composition is modelled by means of
a cohesionless bimodal sediment mixture and the associated volume fraction of each grain size class n is denoted by p,(n = 1,2). Hiding/exposure effects on the
fractional sediment transport are considered and a sediment continuity equation for each grain size class is introduced using the active layer model. The combination
of the latter with the bottom evolution equation provides an equation that describes the time development of the bottom composition which, at the first order of
approximation, turns out to be nonlinear in p; ,. Considering this equation in dimensionless form, it is found that the nonlinear term is proportional to a small
quantity z, (z, denotes the ratio between the active layer thickness and the water depth) indicating that the nonlinear term is negligible except when large values
of p1,, are taken into account. Here, we provide a discussion on the influence of the nonlinearity of p; , on the properties of the time development of py .
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e These bed forms oc-
cur in shallow seas
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Sediment sorting patterns
are observed along tidal
sand waves. At the green
locations the crest of the
sand wave is coarser, at
the red locations the crest
is found to be finer.

o Wavelength of
0(100) m

e Amplitude of a few
metres

e Able to migrate

Morphodynamic model:

Active layer model [2]:

Sediment continuity:
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The time development of the bottom composition:
Small perturbations to the bed are considered:
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Combination leads to:
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Both 8 and z.~ O(10~*) and C(t), G(t), B(t) and F(t) are periodic functions.

Neglecting the terms ~ z,.

Analytical solution:

Pa1,1(t) = Zot + [...] +
~

osc.

Taking into account the terms ~ z,.

Numerically, the solution is found by
means of a second order Runga Kutta
method.
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Stability analysis [1]
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2. Impose perturbations
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3. Do the perturbations
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Left: The perturbed volume fraction p,1,1 plotted against time. The blue lines repre-
sent the analytic solution, the red lines denote the numerical solution of pa1,1(¢). The
bedform wavelength considered is 940 m.

Right: The value of the coefficient that represents the linear growth (times 100000) of
the analytic solution and the tidal averaged value of pq1,1(t) taken from the periodic
numerical solution plotted against the dimensionless wavenumber «.

Properties of the numerical solution:

The numerical solution to the value of
Pa1.1(t) plotted versus time considering
different initial contiditions.

. . . . . . E
0 100000 200000 300000 400000 500000 600000 700000
time (amount of tidal cycles)

Discussion and conclusion

After a long transient, the value of pg11(t) attains a periodic state, inde-
pendently of the initial conditions: the system = periodic attractor.

For small time: analytical solution = numerical solution.

The coefficient 7 describes qualitatively the resulting bottom composition,
also for large times

The periodic state is only attained after a long transient when a linear anal-
ysis fails — linear stability analyses: the analytical solution is owkay!




