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Due to the extent of such anthropogenic induced sediment
movement it can be necessary to take the influences of
dredging and disposal actions into account when analyzing the
sediment transport regime of waterways. In order to model
such influences in hydrodynamic-morphodynamic-numerical
simulations the software package DredgeSim was developed.
DredgeSim coupled to Telemac and Sisyphe allows the
modelling of dredging and disposal activities for maintenance
or expansion works as well as artificial bed load supply [3].
The model can be used to analyze and optimize sediment
management systems.

Abstract— High amounts of sediments are dredged regularly
within channels and harbour basins to provide the required
water depths for safe shipping. Hence different dredging and
disposal strategies as a part of sediment management concepts
are investigated to reduce the economic and ecological impacts of
the maintenance of waterways. In order to model dredging and
disposal strategies the software package DredgeSim was
developed. This package is coupled to Telemac and Sisyphe,
which provide the initial data. The three simulation components
are exchanging information, as their results are affecting each
other. This paper presents first practical experiences and typical
applications for modelling dredging and disposal activities.
Furthermore, one application for artificial bed load campaigns
along a stretch of the River Rhine is discussed in depth.

II. MODELLING OF DREDGING AND DISPOSAL ACTIONS
There are different possibilities to compute dredging and
disposal operations in numerical models. Modelling such
activities will result in a modification of the node depths of the
used computational mesh around the dredging and disposal
areas. Furthermore, if a multi-fraction sediment transport
model is used, the sediment distribution on the bottom can
change at disposal sites. If dredged material is transferred to a
disposal site it is necessary to recalculate the sediment
fractions.

I. INTRODUCTION
Different sediment management concepts are used within
rivers, estuaries and harbour basins in order to react on
negative effects of sediment transport. To avoid instabilities of
structures next to erosion hot spots or an abatement of the
water level, grain feeding measures are applied as a response
on a sediment deficit. The sediment material which is disposed
on such locations stems from dredging operations performed at
forehand within the water or as artificial bed load supply from
the outside. In the latter case additional sediment material is
introduced to the system. An example of such an activity is the
grain feeding campaign along the barrage of Iffezheim at the
River Rhine in Germany, where 200 000 m3 of sediments are
disposed annually as artificial bed load supply in order to
stabilize the bottom and the water level [1].
Furthermore, sediment management concepts contribute to
the maintenance of waterways to provide the required water
depths for safe shipping. Construction measures like groynes or
current deflection walls are used to prevent the accumulation of
sediments along critical stages of channels and harbour
entrances. Quite often sediment deposition has to be removed
by dredging. E.g. 15 to 25 Million m3 are dredged annually
within the Elbe Estuary [2]. The main part of those dredged
sediments is disposed at other locations. Hence, dredging and
disposal strategies are developing to keep the economic and
ecologic impact of such maintenance actions small. They play
a major role within sediment management.

A. Computing Dredging Actions in DredgeSim
In DredgeSim dredging operations can be computed in two
ways:
• For time steered dredging a dredging time and an amount
of dredged material is defined. Dredging is initiated if the
simulation time reaches the defined time frame. The node
depths resulting from this dredging activity are then
calculated from the amount of dredged material and the
size of the dredging area.
• Or a dredge criterion is defined. Then dredging is
initiated, if too much sediment material is accumulating at
certain stages. The depths within a predefined area are
checked at defined time intervals on whether a critical
value is reached due to deposition of sediments. In this
case the affected nodes are dredged to a defined dredging
depth (Fig. 1). Either node depths or node water depths
can be checked in a dredge criterion. Dredged sediment
volumes are then calculated from the difference between
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the actual node depths and the dredging depth and the
area of the dredging site.

Furthermore, DredgeSim offers the possibility to model
artificial bed load supply. Those operations are time steered
operations for the disposal of sediments as well. Thus the
required input data are nearly the same. Only the composition
of the disposed material must be defined explicitly. This way,
external sediments can be introduced into the system. All key
functionalities of DredgeSim and their main use cases are
illustrated in Fig. 3.

In order to compute the composition of the soil mixture, the
dredged sediment fractions that are supposed to be dumped on
a disposal site are saved.

Figure 1. Dredge criterion to initiate dredging operations in DredgeSim.

B. Computing Disposal Activities in DredgeSim
The computation of disposal actions in DredgeSim is tied
to the modelling of dredging operations. If a dredge criterion
is used, a subsequent modelling of disposal of the dredged
material can follow by specifying a disposal site. From the
saved volume of dredged material and the extent of the
disposal site a new bottom depth is calculated. As these
bottom depths are achieved by dividing the disposal volume
by the area of the disposal site, this value applies for all nodes
inside the disposal site (Fig. 2, left). Such an approach is
acceptable for disposal sites with a rather flat bathymetry. The
new sediment distribution on the disposal site is calculated
from the dredged and the original sediment distribution on the
disposal site.
A disposal action following a time steered dredging
operation is modelled in a similar way. From a specified
disposal volume and the size of the disposal area a new
bottom depth resulting from the dumping of the sediment
material is calculated like explained above. The sediment
distribution on the disposal site is again calculated from the
dredged sediment fractions and the soil composition on the
disposal site.
Another feature of DredgeSim is the computation of a
disposal activity to fill scours. Contrary to the modelling of
disposal operations described above, the new disposed surface
is plain. So, different node depths need to be calculated for all
nodes inside a scour hole. Therefore a filling line needs be
calculated respecting the main requirement that the volume
can be stored underneath it (Fig. 2, right).

Figure 3. Options to define dredging and disposal operations in DredgeSim.

III. USED MODELLING PACKAGE
The DredgeSim package was developed as an additional
component to existing sediment transport models. The
sediment transport model calculates the natural sediment
transport induced by the flow regime. The dredging module
then takes into account dredging and disposal works within the
actual bed topography.
A. Software Structure
The presented modelling structure consists of three
components: Telemac2D, Sisyphe and DredgeSim. Telemac2D
computes the flow regime, which is needed to determine the
forcing data for the sediment transport, which is calculated by
Sisyphe. Therefore, Telemac2D and Sisyphe are exchanging
data of velocities, water levels and bed levels. Thus the
interaction between flow regime, sediment distribution and bed
level changes can be computed.
DredgeSim communicates with Sisyphe in order to get the
actual information about the topography (node depths zi) and
the composition of the bottom (sediment fractions j per node i
dij). After dredging and disposal operations are computed in
DredgeSim, changed bottom depths and in case of disposal
areas the new sediment composition of the bed has to be
updated in Sisyphe. The used model components and data flow
are shown in Fig. 4.

Figure 2. Disposal of dredged material with a constant heightening and with
variable depths inside scour holes.

This is done by an iterative procedure, as the position of
the filling line is affected by the effective disposal area which
in return is specified by the position of the filling line.
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sand, according to the Udden-Wentworth-Scale. After a constant discharge period of one year typical bed level change
patterns are developed. Fig. 6 (left) shows sedimentation at the
inner banks (white) and erosion at the outer banks (black).
In a first study it was assumed that the water depths need
to be maintained. A minimum value of around 2.5 m was
supposed to be guaranteed. For that, a dredge criterion was
applied, where dredging is initiated on nodes which reach the
critical water depth of 2.5 m. Then the affected nodes were
dredged down to a water depth of 3 m. The results of the
bottom evolution following this dredge criterion are shown in
Fig. 6 (middle). The dredging needs resulting from this
operation are 4567.14 m3 of sediments.
In a next step this model was extended by including the
disposal of the dredged sediments. The deep stages of the outer
banks were chosen as disposal sites. The disposal strategy
applied here consisted of two features: The dredged volume
was deposited on the nearest disposal site. The scour disposal
option was chosen. This means, that the filled material in the
scour had a levelled surface. The results of the bottom
evolution following this dredge criterion are shown in Fig. 6
(right). The dredge volume for this scenario increases up to
5198.01 m3. This is due to the remobilization of the disposed
matter from the scours.
The comparison of both dredged volumes can help to
evaluate the maintenance strategy. In this example, the amount
of dredged material is increased only slightly, if the dredged
material is disposed along the outer river bends. Therefore this
seems to be a good disposal place.

Figure 4. Used Modular Simulation Package and Data Flow.

B. Input Files of DredgeSim
DredgeSim requires information about the dredging and
disposal activities which shall be modelled and the size and
position of the operational areas (Fig. 5). The first is defined in
a steering file, which allows the definition of different
sediment management activities according to the functionnalities being available. The operational areas are set in an
extra input file – the IPDS-File (Initial Physical Data Set).
Within this module package different shape formats can be
defined to distinguish regions where initial parameters vary
from their global values, e.g. a local sediment distribution or
the salinity. In DredgeSim it is used to define the position and
size of dredging and disposal sites.
Furthermore, a reference surface water level can be
defined. This surface level is used to define a critical water
depth. At coastal regions the reference surface level is
normally defined as sea level (0 m). Along inland rivers of
Germany it is calculated from statistical values of free surface
levels measured in the past, therefore varying in its spatial
distribution.

Figure 6. Bottom evolution due to natural morphodynamics (left), natural
morphodynamics with dredging (middle) and natural morphodynamics with
dredging and disposal of dredged material (right) [5].

Figure 5. Required input files for DredgeSim.

IV. TYPICAL USE CASES
B. Time Steered Operations
Especially along waterways and harbours, where dredging
and disposal activities occur frequently, the effect of such
anthropogenic measures can not be neglected. Their impact on
the evolution of the riverbed can be massive. The functionality
of time steered dredging and disposal operations can be used in
hindcast models to evaluate their effect on the total change in
the bathymetry of the riverbed over a defined period. The
usually well documented data about dredging and disposal
measures (such as date, time and amount of dredged and

All key functionalities were developed in order to model
typical aspects and use cases of maintenance actions along
waterways. The most important are illustrated below.
A. Predicting Dredging Needs to Analyze Maintenance
Strategies
A simple model of a meandering channel with two bends
was built to simulate a prediction of dredging needs for two
different dredging strategies. The model has a width of 200 m
and a length of 3500 m. The initial water depth is 4 m along the
whole channel. The sediment distribution consists of very fine
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dumped sediments) can be used as input information for
DredgeSim.
Fig. 7 shows the computed bed evolution in a simulation,
where only the maintenance efforts were taken into account.
All dredging and disposal events of the year 2000 along the
Mühlhamer Bend in the River Danube were used as input data
to calculate the resulting bed level change. Influences of the
natural morphodynamics were neglected herein. Such a result
already shows the high impact of anthropogenic influences on
the bathymetry of this region. In further simulations the total
bed level change induced by natural and anthropogenic effects
on the morphodynamics can be computed. From these results,
both their effects can be analyzed in detail.

Figure 8. Determining the filling capacity of a scour. The upper picture shows
the bed evolution due to the computation of the scour filling (left), the initial
bottom level (middle) and the resulting bottom level after the scour filling
(right). The lower picture shows the time dependent filling of the scour up to
the maximum filling line.

Figure 7. Maintenance measures over one year along the Mühlhamer Bend at
River Danube and their effect on the topography.

In order to stabilize the riverbed and through this hold up
the water level, artificial bed load supply campaigns are
conducted along some erosive stretches of the River Rhine
between Iffezheim and Mainz (Fig. 9). Downstream of the
barrage of Iffezheim around 200 000 m3 sediments are
disposed annually on different disposal fields (Fig. 10). The
disposed material comes from gravel-pits located in the area of
Iffezheim.
It is essential to consider these anthropogenic measures in
order to successfully simulate the sediment transport regime of
this river stretch. Only if all main influences on the hydraulic
and morphologic system are taken into account reliable results
for possible optimization scenarios can be expected.
Therefore, the simulation package Telemac2D, Sisyphe and
DredgeSim was applied between Iffezheim und Speyer (Rhinekm 334,7 – 394,3) in order to model common artificial bed
load supply measures [6]. The computed drifting and transport
velocities of the disposed sediment fractions are compared with
measurements carried out during a tracer experiment by the
Federal Institute of Hydrology (BfG) [7]. The functionality of
modelling artificial bed load supply in DredgeSim was used.
Over a simulation period of five years all five disposal fields
were fed with 100 000 to 300 000 m3/year, varying by
discharge. The distribution of the disposed sediment was
represented by four classes of sediment with the following
mean grain diameters:

C. Determining the Filling Capacity in Scour Holes
The time steered disposal functionality in combination with
the scour disposal option can be used to determine the capacity
to store sediments in scour holes. For applying the scour
disposal option an upper value for the filling line needs to be
defined. This marks a horizon, up to which material can be
disposed (Fig. 8). In a use case to determine the volume of
sediments which can now be dumped underneath this
maximum filling line, the disposal volume on defined disposal
area can be varied until this height is reached.
In Fig. 8 the maximum filling line was defined at a total
height of 302.5 m. A disposal area was roughly defined around
the deepest parts of a scour hole (see the red line in Fig. 8, left).
The disposal volume was determined to be 70 000 m3. The
resulting topography of the scour filling is shown in Fig. 8
(right). From this values and the initial bathymetry (Fig. 8,
middle) the bottom evolution is computed (Fig. 8, left). It can
be seen that the nodes inside the defined disposal area are all
heightened by a different value due to the initial topography
and the maximum filling line. Fig. 8 (below) further shows the
filling process of the scour over the simulation time.
V. PRACTICAL APPLICATION
This section presents an example of modelling artificial bed
load supply measures to stabilize the riverbed at a River Rhine
reach between Iffezheim and Mainz.
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Figure 9. Artificial bed load supply at the River Rhine (picture taken by WSA
Freiburg).

Figure 10. Disposal fields and rates of artificial bed load supply in 1998
downstream of the barrage of Iffezheim.

• di,m = 2.0 mm

The front velocities (velocities of the fastest particles) of
the four sediment classes were computed:

• di,m = 11.0 mm
• di,m = 21.0 mm

•

10,5 km/a for di,m = 2.0 mm (class 0−8 mm)

• di,m = 42.0 mm

•

18.5 km/a for di,m = 11 mm (class 8−16 mm)

•

6.5 km/a for di,m = 21 mm (class 16−32 mm)

•

2.5 km/a for di,m = 42.0 mm (class 32−64 mm).

Those grain sizes resemble typical grain sizes dumped at
such campaigns. For the dumping process the amount of
sediment volume and the disposing time periods for the five
disposal sites must be defined. Furthermore, the grain size
distribution has to be specified.
The distribution and the names of the sediment classes are
given in DredgeSim (Fig. 12). The grain size of the sediment
is defined in Sisyphe. Therefore, all classes on the riverbed
and the ones being disposed have to be specified there.
The computation mesh used in this study consists of
approximately 117 000 elements. The bed load transport in
Sispyhe was calculated with the formula of Meyer-Peter and
Müller. Additionally, exposure effects were regarded
following the approach of Karim, Holly and Yang. The
Nikuradse law was used to determine the roughness coefficient for the hydrodynamic computation.
The results of the simulation of each sediment class of the
artificial bed load campaign after one year due to drifting from
the disposal site are shown in Figure 11.

The observed front velocities of similar sediment classes
of the tracer experiment are:
•

11.5 km/a (class 4−8 mm)

•

11.5 km/a (class 8−16 mm)

•

8.9 km/a (class 16−31.5 mm)

•

7.6 km/a (class 31.5−45 mm)

•

4.4 km/a (class 45−62 mm).

The computed transport velocities of the first, the third and
the fourth sediment class are comparable to the measured
ones. The modelled transport velocity of class di,m = 11 mm is
significantly faster than the observed one. As the measurements of the tracer experiment were carried out at different
discharge conditions, the results of the simulations and the
measurements are not directly comparable. A further explana-

96

XVIIIth Telemac & Mascaret User Club

Chatou, France, October 19–21, 2011

Figure 11. Drifting and transport range of disposed sediment classes after a simulation period of one year.

tion for the increased transport velocity of the simulations is
the inaccuracy of the chosen approach for hiding and exposure
effects.

The model shows a good validity concerning the transport
behaviour of grain feeding sediment classes. Therefore, it can
be applied for computations of different sediment management
scenarios and the reliable evaluation of such optimization
studies. The results of an calibrated model can then be used for
analyzing and evaluating maintenance measures.
VI. SUMMARY
In order to model dredging and disposal strategies due to
the maintenance of waterways the software package
DredgeSim was developed. This package is coupled to
Telemac and Sisyphe, which provide the initial data. First
practical experiences and typical applications for modelling
dredging and disposal activities have been presented. An
application for artificial bed load campaigns along a stretch of
the River Rhine has been further discussed.
It has been shown how a modelling package of
Telemac2D, Sisyphe and DredgeSim can be used to analyze
maintenance actions with numerical models. As the whole
package is MPI-parallelized an application on high performance computers is possible. A potential application is the use
in hindcast models to estimate the effects of anthropogenic
influences on the total bed evolution over a certain time
period. Further applications are the use in forecast models to
predict maintenance efforts, the simulation of different

Figure 12. Steering data for modelling artificial bed load supply in
DredgeSim.
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dredging strategies or the possibility to analyze the transport
paths of sediments disposed by artificial bed load supply.
VII. OUTLOOK
With the presented modelling package the effects of new
maintenance concepts with regard to anthropogenic changes
from dredging and disposal activities can be computed and
studied. Optimization of dredging strategies is necessary for a
sustainable sediment management along navigation channels
[8]. Numerical models which are able to take into account
dredging and disposal actions can support this optimization
process in the future. Further research is needed, especially
regarding applied optimization and interpretation techniques.
A challenge will be the direct use of computational results to
solve an optimization task, as a lot of regional parameters
have to be considered.
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