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Abstract—In this paper two Austrian case studies will be
presented and discussed. The first case study deals with a
geometrically complicated sand trap. After alteration works
massive water surface and flow oscillations occurred. The
oscillation was investigated with hydrodynamic simulations
using TELEMAC-2D and measures proposed to prevent those
oscillations. The second case study focus on sediment transport
simulations of flushing processes in an alpine reservoir of a
hydro power plant. Sediment transport processes are an
important topic in Austrian rivers and reservoirs. On one side
existing reservoirs built decades ago have severe sedimentation
problems now. On the other side the construction of new hydro
power projects is connected with stringent conditions imposed
by the public authorities due to the water framework directive.
TELEMAC-3D internally coupled with SISYPHE was used.
The calibration of the morphological part of the model
(SISYPHE) was very difficult because of the complex reservoir
geometry.
Figure 1.

I.

Plan view of the original sand trap.

CASE STUDY: SAND TRAP

In this case study hydrodynamic simulations with
TELEMAC-2D are performed to investigate the flow
behaviour in a sand trap. After alteration works at the
prototype massive water surface and flow oscillations
occurred. Purpose of the 2D numerical simulations was the
investigation of the original state, to reproduce the unsteady
flow behavior of the modified sand trap and to propose
measures to prevent those oscillations.
A. Overview
The sand trap is part of a high head hydro power plant
which is located in the province Salzburg in Austria. After
years of operational experience – very low sediment input
observed during the last years –, the owner decided to
decommission the sand trap by closing three of the 15 sand
trap chambers - the first and the last two chambers. The
outlet sills were removed which were located downstream of
every chamber. Originally they had the function to decrease
the flow velocities in the chambers for a better siltation
efficiency of suspended load material. Figs. 1 and 2 show the
original sand trap and the modified sand trap (status quo)
respectively.

Figure 2.

Plan view of the modified sand trap (Status quo).

After the structural alteration works in the modified sand
trap (status quo) unsteady flow behaviour occurred even
under hydraulic steady inlet and outlet conditions.
Measurements of the water surface elevation showed the
swinging up and down of the water surface with amplitudes
of around 40 cm (Fig. 3).
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with reaching a steady state was encountered. This
hydrodynamic result obviously indicates a good hypothetical
siltation efficiency of the original sand trap.

Figure 3.

The simulation results of the modified sand trap shown in
Figs. 5 - 7 reveal completely other flow pattern conditions
compared to the original state. The flow velocities show an
oscillating behaviour in the chambers with swinging up and
down of the water surface with amplitude of around 7 cm.
Three to five chambers are charged sequentially with flow in
the downstream direction whereas the flow in the three
chambers downstream synchronously emerges in the
opposite direction (Fig. 6). This process evolves repeatedly in
time with no attenuation of the oscillations. The results are in
qualitatively good agreement with the oscillations observed
in the prototype; however the measured water surface
amplitudes in the prototype cannot be reached.

Prototype with water surface swinging up and down.

An interesting remark is that the 2D numerical simulation
of the original state with 15 chambers but without
downstream sill at the outlets of the chambers yields also
unsteady flow behaviour with water surface oscillations.

B. Geometry of the sand trap and mesh generation
The original sand trap consists of 15 chambers, each with
a length of around 30 m and a trapezoidal cross section with
a crest width of 5.0 m and a bottom width of 0.5 m. The
upstream zone of the sand trap has a width of 17 m, the
outflow zone a width of 12 m. The average flow path length
of the whole project area is 230 m, the elevation difference
between inlet and outlet is 1.45 m. The original sand trap was
designed with downstream sills at the outlets of the
chambers. The differences between original and modified
sand trap are the closing of 3 chambers and the removal of
the downstream sills. The meshes are triangulated with the
free software BlueKenue [1] using edge lengths from 25 to
80 cm, whereas the chambers and the zone around have a
denser mesh with 25 cm edge lengths. The guide walls and
boundary walls are modelled as vertical impermeable walls.
The mesh of the original state consists of 106000 elements,
whereas the mesh of the modified sand trap has 75000
elements.
C. Numerical simulations of original state and status quo
In the TELEMAC-2D simulations most of the default
numerical parameters (keywords) were used. For the
advection of the velocities generally the method of
characteristics was used in combination with the wave
equation. For the advection of depth (continuity equation) a
conservative scheme was applied with the Streamline
Upwind Petrov-Galerkin (SUPG) upwinding turned off. For
the bottom friction a Strickler roughness value of 65 m1/3/s
was chosen and the wall roughness was set to a Strickler
value of 80 m1/3/s. For turbulence closure the depth averaged
k-e turbulence model was used. Details of the different
methods and schemes employed in the TELEMAC System
can be found in [2]. A time step of 0.05 seconds was used.
The simulations were run until a theoretical steady state in
the prototype. As hydraulic boundary conditions a constant
inflow discharge of 80 m3/s and a constant water depth of
4.7 m at the outlet were applied.

Figure 4.
Original sand trap, plan view:
flow velocitiy magnitudes and water surface at steady state.

Fig. 4 shows the results of the original state in terms of
flow velocity magnitudes. The flow pattern is at steady state
and the chambers have nearly equal flow rates. No problem

Figure 5.
Modified sand trap, plan view:
oscillating flow velocitiy magnitudes and water surface.
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Figure 6.
Modified sand trap, plan view:
oscillating flow velocities in x-direction.

Figure 7.

For the modified sand trap a numerical sensitivity
analysis was performed, first to verify the preceding results
and second to attempt to simulate higher water surface
amplitudes to achieve a better agreement with the amplitudes
observed in the prototype. The variation included the
following numerical parameters:
•

Time step

•

Primitive equation (coupled)

•

SUPG upwinding, classic and Courant number based

•

Fine mesh with constant edge length 30 cm

•

Constant eddy viscosity from 1.E-6 to 0.5 m²/s

•

Roughness variation

•

Finite Volume method: kinetic scheme of 1st order

Parameter variation: calculated water surface elevation over
time at Pegel 3.

D. Investigations of variants
The primary aim of the numerical investigation of
variants was the elimination of the oscillation in the sand trap
by implementing various constructional measures.
Fig. 8a shows such a proposed measure by installing
submerged stop-logs at the inlets of the chambers. With this
exemplary method a steady state flow pattern could be
realized. Other simulated measures included e.g. the opening
of some chambers by removing the guide walls in between
and closing of various chambers (Fig. 8b). The resulting
steady flow pattern is shown in Fig. 9 representing the (not
much exciting) velocity distribution in the model.

The results of the numerical parameter variation are that
the use of wave equation (default) or primitive equation
(coupled), the chosen time step, the choice of SUPG
upwinding, the use of a finer mesh or the variation of
roughness gives no significant differences in the computed
flow pattern and water surface amplitudes. Simulations using
the constant eddy viscosity model with values from 1.E-6 to
1.E-3 m²/s show nearly the same flow pattern as the default
result with the k-e turbulence model. By increasing the eddy
viscosity to 0.1 and 0.5 m²/s the oscillations show a
remarkable attenuation with a steady state flow field using
the latter value. However an eddy viscosity value of 0.5 m²/s
is not real physical in combination with the chosen cell sizes
and expected flow velocities. The use of the Finite Volume
Kinetic scheme of 1st order gives a steady state flow pattern
in the entire model. With the kinetic scheme the maximum
Courant numbers are around 0.1 which, maybe, indicates
high numerical diffusion and thus the damping out of the
oscillations. This assumption would correspond also to the
findings of Cooper [3]. Fig. 7 shows the results of some
parameter variations in terms of water surface elevation over
time at Pegel 3.
Figure 8.
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surface oscillations in its vicinity which in the prototype
certainly occur in this area.
For practical benefits the numerical investigations reveal
that the removal of the downstream sills at the outlet of the
chambers is responsible for the flow oscillations in the
modified sand trap. However the question why these
oscillations appear is still not answered. Numerical variation
studies to prevent the unsteady flow behaviour in the
chambers, e.g. the installation of submerged stop-logs or the
closing of chambers, indicate some cost-efficient solutions.
II.

Figure 9.

CASE STUDY: RESERVOIR FLUSHING

In this case study a numerical analysis is carried out to
investigate the sediment transport processes in a reservoir
during flushing events in case of floods. TELEMAC-3D
internally coupled with SISYPHE was used to perform the
simulation of the flushing event.

Calculated flow velocities magnitudes for a variant with
opening of 3 chambers and removed guide walls.

E. Discussion
This contribution highlights hydrodynamic depth
averaged simulations of a sand trap using TELEMAC-2D.
The alteration works at the discussed sand trap led to
considerable water surface oscillations and unsteady flow
behaviour. Measurements of the water surface elevation in
the prototype showed the swinging up and down of the water
surface with amplitudes of around 40 cm.

A. Background
The project area is a reservoir at the river Mur in Styria,
Austria (Fig. 10). The run-of-river hydropower plant forming
the reservoir was built in 1994. The reservoir is
approximately 4.5 km long with an initial storage volume of
about 1.4 Mio. m3. Annually around 85000 m3 of sediments
deposit in the reservoir. A small amount of the deposited
sediments has been eroded and transported through the
reservoir in former flushing events. However, echosoundings
performed in 2007 showed that approximately 890000 m3 of
sediments are already deposited in the reservoir. This
represents an annual sedimentation rate of about 6.1 % of the
initial reservoir volume. Due to this fact, the present flushing
strategy has to be adapted and optimized.

Purpose of the 2D numerical studies is the reproducing of
the unsteady flow oscillations and to propose measures
against this undesired behaviour. The simulation results of
the original state show the expected steady flow field. The
simulation of the modified sand trap using most of the default
parameters (keywords) demonstrates the ability of
TELEMAC-2D to reproduce the unsteady flow behaviour in
the chambers. However the measured water surface
amplitudes in the prototype cannot be reached in the
simulation. A large sensitivity analysis has been carried out
to validate the results and to attempt to achieve numerically
the water surface amplitudes observed in the prototype. The
parameter analysis included the variation of time step, use of
the primitive equation, SUPG upwinding, turbulence model,
roughness, mesh size and the use of the 1st order Finite
Volume kinetic scheme. The sensitivity analysis reveals the
general reliability of the results obtained with the default
parameters in TELEMAC-2D. So merely the variation of the
constant eddy viscosity to higher, for the employed
configuration unphysical, values causes the oscillations to be
partially or fully attenuated. By use of the 1st order Finite
Volume kinetic scheme not any flow oscillations arise and a
steady flow field is calculated in the entire model, which
possibly indicates considerable numerical diffusion of this in
TELEMAC-2D implemented scheme. In addition to the
sensitivity analysis it should be noted that the nonachievement of the observed water surface amplitudes with
the TELEMAC-2D simulations can be also attributable to
non-hydrostatic flow effects in the prototype and also to the
hydraulic boundary conditions. The applied constant water
depth at the outlet of the 2D model doesn’t allow any water
surface variations respectively dampens possible water

B. Mesh and input data for the simulation
Based on the existing bathymetry data, a threedimensional digital elevation model was generated. The
mesh with 46300 triangular cells and an average edge length
of 4.5 m was mapped on the digital elevation model using the
free software Blue Kenue [1]. Fig. 11 shows a 3D view of a
part of the generated mesh with the conserved break lines of
the river banks.
For the numerical simulation a time step of 1.0 seconds
was chosen. The flushing process during a nearly 1-year
flood in May 2009 was simulated and the calculated erosion
pattern was compared with the measured erosion pattern. The
stage hydrograph as downstream boundary condition and the
inflow hydrograph for the upstream boundary for the
flushing event 2009 are shown in Fig. 12.
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Sediment characteristics
Sediment Sample

Figure 10. Overview of the reservoir with bathymetry data before the
flushing event (March 2009) and indicated freeze core sampling points.

Figure 11.

Figure 12.

d50[mm]

Sample 2

0.2

0.11

Sample 3

0.2

0.07

Sample 4

0.25

0.16

Sample 5

0.5

0.22

Sample 6

16.0

3.8

Sample 7

32.0

17.0

Sketch of the generated mesh with the conserved break lines
of the river banks, 3D view superelevated.

Figure 13.

Measured depth averaged velocities in the reservoir.

Figure 14.

Calculated depth averaged velocities in the reservoir.

Inflow and stage hydrograph for the flushing event 2009.

C. Sediment analysis
In December 2008 seven representative sediment samples
were taken from the reservoir and sieved according to the
Austrian Standard ÖNORM B4412. The freeze-core method
was used for taking the sediment samples, starting from the
weir (sample 1) to the head of the reservoir (sample 7).
Table I presents some characteristics diameters of the
sediments samples.
TABLE I.

D. Calibration of the numerical model
The calibration of the hydrodynamic model was done
using ACDP measurements performed at the prototype to
calibrate the roughness at the river bed and at the banks.

SEDIMENT CHARACTERISTICS

Sediment characteristics
Sediment Sample

Sample 1

d90[mm]

d90[mm]

d50[mm]

0.15

0.10
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shear stresses due to slope effect and by the correction of the
direction of the sediment transport due to steep transverse
slopes in the cross sections.

E. Sediment transport - Results and Discussion
The measured bed changes (Fig. 15) of the flushing event
2009 were used for validation of the numerical model. These
measurements are very interesting, because in this case most
of the erosion took place at the inner site of the river bends
and not on the outer side as expected. This may result from
the complex meandering geometry of the reservoir (Fig.10).
The massive depositions at the inner site of the river bend are
eroded in case of higher discharges and sand slides and
instabilities at the river banks lead to the erosion on the inner
site and deposition on the outer site of the river bend. The
complex geometry and the various sediment transport
processes were difficult to handle in the numerical model.

In some simulations “furrows” occurred in direction of
the main velocities and parallel to the mesh. In this case, with
lots of break lines in the geometry, it was very difficult to
handle these “mesh effects” of SISYPHE. We had also some
problems with the layer subroutine. Because of the big
variation of the grains sizes in the model area, some
simulations with a small active layer thickness (3dm) stopped
after an error in layer.

Several parameters were tested and validated in a
sensitivity analysis:
•

different sediment transport formula (Meyer-PeterMüller, Engelund-Hansen, Van Rijn)

•

skin friction correction

•

hiding / exposure factor

•

slope effect formula and deviation formula

•

number of layers (2 layer – 5 layer – 8 layer)

•

non erodible bed subroutine.

Figure 15. Measured bed changes after the flushing event, derived from
echosoundings before (March 2009) and after (May 2009).

The sensitivity analysis showed that the skin friction
correction and the deviation formula affect the results
significantly. Without the deviation formula the erosion
pattern is inverted due to the secondary currents effect and
the direction of the shear stress vectors. The calculated
sediment transport rates with skin friction correction are in
the areas with very fine sediments quite low (approximately
20% of the total shear stresses) and therefore the calculated
bed changes were too low. Otherwise, without skin friction
correction, the calculated sediment transport rates are much
too high.

Figure 16.

The sediment transport formula derived by Meyer-PeterMüller underestimates and the formula by Engelund-Hansen
overestimates the sediment transport rate in case of the
flushing 2009. The formula of Van Rijn showed the best
agreement. Fig. 5 illustrate the measured bed changes derived
from echosoundings before the flushing event (March 2009)
and after the flushing event (May 2009). The erosion pattern
of the calculated bed changes (Fig. 16) compare well with the
measured ones but the erosion depths in the middle of the
reservoir are too high and at the weir too low. This may be a
result of the very low effective shear stresses at the weir due
to the skin friction correction. The different hiding and
exposure formulas showed only marginal differences.

Calculated bed changes for the flushing event 2009 using the
sediment transport formula derived by Van Rijn [3].

In summary, TELEMAC-3D internally coupled with
SISYPHE was able to simulate the flushing process. The
simulated flushing event reproduced the routing of sediments
from the upstream free flowing area through the reservoir
and of remobilization of the deposited sediments.
The numerical simulation of sediment transport processes
and of flushing events is still a research topic and under
development. Further studies and field measurements are
required to enhance the knowledge of sediment transport
processes.
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