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Introduction.

Hydraulic engineering structures have to be protected against local-scour, because local-scour can lead to
undermining and the collapse of the structures. Local-scour holes are caused by non-equilibrium sediment transport.
Downstream from structures the sediment particles are eroded, yielding local-scour holes, upstream from structures
sediment particles are deposited, yielding a bottom level rise.

The prediction of local-scour holes is important in the design of hydraulic structures, because complete protection
against scour is generally too expensive. In this study a model is presented to predict local-scour holes. It deals
with clear-water scour downstream from structures. This means that the sediment transport in the flow is zero at
the downstream-side of the structure, which is the upstream-side of the scour area.

The research concerning scour-holes started in the early sixties by deriving empirical relations from experiments
in flumes. In later years, these coefficients were readjusted taking two- and three-dimensional (2DV and 3D) scour
experiments into account (De Graauw & Pilarczyk, 1981). In the late seventies the first mathematical models were
developed. Kerssens et al. (1979) presented a model to calculate morphological processes in gradually varying
flows. Van Rijn (1986) extended this model by improving the computations of the velocities and the eddy-viscosity.
Hoffmans (1992) developed a morphological model based on the 2DV Navier-Stokes and convection-diffusion
equations. In this model the sediment transport was described using a stochastic approach for the bed-shear stress.
Unfortunately, this model uses a prescribed eddy-viscosity. The present study is an extension of this model, using
a ke turbulence-model instead of a prescribed eddy-viscosity.

Numerical model.
The adaption of the velocity field is fast compared to the morphological process. Therefore, the velocity field in
the morphological calculations can be considered as quasi-steady. This means that a numerical model can be split
into a flow model to calculate the velocities and a morphological model to calculate the sediment transport. In this
study the flow model used was PHOENICS of CHAM Ltd, the morphological model used was SUSTRA of Delft
Hydraulics (Van Rijn & Meyer, 1986).
The flow model PHOENICS.
The 2DV steady calculations to obtain the velocities, eddy-viscosities, turbulence energy and bed shear stresses
are made with the PHOENICS flow-simulation system. The equations solved in PHOENICS have the form:
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in which ¢ is the time, p is the density, ¢ is any conserved property (for this model: mass fraction, the momentum
per unit mass, turbulence energy (k) and dissipation of turbulence energy (e)), ¥ is the velocity vector, T, is the
diffusivity and S, is a source rate of ¢. The boundary conditions used are the ordinary ones for ke turbulence-
models, which means: prescribed values for the bottom friction, £ and € at the bottom; a symmetry condition for
k and a prescribed value for e at the water surface. The vertical velocity could be taken zero at the water surface
due to the rigid-lid assumption.
The morphological model SUSTRA.
The 2DV calculations to obtain the sediment transport are made with the SUSTRA-model. This model solves the
convection-diffusion e(luatlon having the form:
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in which u, ¢ and w are the time-averaged horrzontal velocity, concentration and vertical velocity, respectively,
w, 1s the particle fall velocity and T, and T, are the horizontal and vertical diffusivities. The horizontal diffusivity
is assumed to be zero, while the vertical diffusivity is related to eddy-viscosity (v,) as (Van Rijn, 1984):
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in whrch u, is the friction velocity. The boundary conditions used are: a zero concentration at the water surface,
and a prescribed value for the concentration at a reference level close to the bed (c_). The concentration ¢, is
determined using a stochastic approach, assuming Gaussian distributions of the probability distributions for as well
the critical shear-stresses as the mean bed shear-stresses. This implies that a characteristic critical bed shear stress £ ;,
should be smaller than the characteristic critical shear stress t,, to initiate particles movement:
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in which 3, is a constant and o, and o, are the standard deviations of ¥, and %, , respectively, T, is the mean
critical bed shear stress (related to the grains) and T, the mean bed shear stress (related to the flow) According
to Hoffmans (1992) €, is about 1.5 times larger than the mean critical Shields value.
Turbulence parameters.
In this study the influence of the turbulence generated in the flow on the near bed concentration is expressed by
the standard deviation (0,) of the mean bed shear-stress and calculated from PHOENICS results. In the recirculation
zone the turbulence energy near the bed (k,) appears to be much larger than the bed generated turbulence
(ky = u 2/ \/c_ ), because the turbulence generated in the mixing layer (k,,) is convected along the bed. It is assumed
that k, is the " average of the turbulence energy generated directly at the bed and the turbulence energy generated
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by the mixing layer.

k(x) = 8k (x) + 8,k &)
in Wthh 5, and 8, are coefﬁcxents On the analogy of the standard deviation for uniform-flow conditions the
standard deviation o, can be expressed in terms of turbulence energy (Hoffmans 1992):

a(x) = 8,k (x) +8,k(x) ©6)
in Wthh 5, and 63 are coefficients and k,, is the depth-averaged turbulence energy.

Stochastzcal entrainment-parameter.

This parameter (E,) was introduced by Van Rijn (1986). It is a measure for the total movement of the sediment
particles: the bed load and the depth-averaged suspended load. The bed load is dependent on the direction of the
instantaneous bed shear stresses and the transport-stage parameter (7). Therefore, the stochastical entrainment-

parameter is split up in two parts, a contribution due to positive velocities (¥,,) and a contribution due to velocities
against the mam flow direction (E,,,):
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where P is the probablhty distribution of the effective instantaneous bed shear stresses (t,), which is assumed to

be normally distributed:
5.5
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in which T} = ppu, 2 is the mean effectlve bed shears-stress, t, = p 1, is the effective instantaneous bed shears-
stress, | = (C/ C )2 is an efﬁc1ency factor, C is the overall Chezy coefﬁc1ent C’ is the grains related Chézy-
coefﬁc1ent and the parameter y is between 1.5 to 2.1.
Bed concentration and bed load.
Using the stochastical entrainment-parameter, the time-averaged concentration at the reference level and the
movement of sediment particles below the reference level (bed load) for uniform flow-conditions can be calculated.
According to Hoffmans (1992) the equations for the bed load (S,) and the reference concentration (c,) are:
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acceleration, v is the laminar kinetic viscosity and a
is thickness of the reference bottom layer.
Computational results. 5.
Some calculations are made using the above .jg
described boundary conditions and numerical
models. In Figure 1 the evaluation of the bottom -
slope is represented, while in Figure 2 the turbulence
energy and in Figure 3 the concentration are plotted
for the last time step. The initial water depth is
13.6m, the inflow velocity is 0.5m/s, the roughness 10-
according to Nikuradse at the inflow boundary is s
0.4m while the roughness at the erodible bed was
4.0m. Unfortunately, at the time of writing no
comparison with the model of Hoffmans (1992) or -s.
experiments (Hoffmans, 1992) are available.
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Fig. 1: Development of the local scour process
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Fig. 2: Profiles of the turb. kin. energy at 768 hours
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Fig. 3: Profiles of the sed. concentrations at 768 hours
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