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Abstract—The design of access channels aims to achieve a
balance between the requirements for navigation and the need
for both capital and maintenance dredging; these are
essentially the key factors on which decisions are based, whilst
considering the constraints posed by the site-specific
environmental settings and legislation. Within the constraints
of navigation requirements, channel and trench design can be
optimized to minimize capital dredge volumes and the
expected sedimentation and related costs of maintenance
dredging. However, the infill of channels and trenches is highly
stochastic, due to the large number of uncertainties in flow and
wave forcing, sediment characteristics and the well-known
limitations in sediment transport models. This paper describes
an approach taking these uncertainties into account.

The structure of the paper is the following: Section II
summarises the specific settings of the sediment transport
model. Previous results are given in section III, showing the
best model prediction and a sensitivity analysis into the
effect of the grain size on the trench development. Section
IV describes the parameter variations in the ensemble
simulations. And section V then gives the results of this
ensemble. Conclusions are drawn and discussed in section
VI.

I.

II.

THE MODEL

TELEMAC is run in depth averaged mode, fully coupled
to SISYPHE for sediment transport and uses wave results
from TOMAWAC for wave stirring. The depth averaged
sediment concentration is derived from the Soulsby-van Rijn
formula [4]:

INTRODUCTION

C S = q s (hU ) −1 ,

The infill of channels and trenches in practice is difficult
to estimate. There is considerable uncertainty in the
calculation of sediment transport and infill rates that are
difficult to capture. As the costs of dredging in general are
high, it is important to get the best infill predictions possible,
taking these uncertainties into account. This is impossible
using a single model. An ensemble of model simulations,
however, does allow engineers to quantify the uncertainties
and determine the most likely infill rates.

(1)

where qs is the suspended load transport rate, h the water
depth and U the depth average velocity. The erosiondeposition term is based on Miles [4]:
1
−

2 
Ws (C S − C )z =0 = Ws  (1 + 2τ 2 )Ε(τ ) − 2τπ 2 e −τ (C S − C 0 )z =0 ,



Bakker et al. [1] proposed a stochastic approach based on
a highly simplified model for sediment transport. Such a
simplified approach does account for all parameter
uncertainties. However, by missing the fundamental physical
processes of sediment transport, it also introduces additional
uncertainties. To make the stochastic approach more
accurate, it needs to be combined with a proper model to
calculate sediment transport and morphological change.

(2)

with Ws the settling velocity of the sediment and Cs the
saturated concentration just above the bed and C0 the actual
concentration above the bed. Finally, τ is a non-dimensional
time.
The model has shown to accurately reproduce suspended
sediment transport in the Thames, and the morphodynamic
development trenches in flume experiments [2].

Here, the stochastic approach with ensemble simulations
is extended using a more advanced numerical model for
channel and trench infill based on the TELEMAC modeling
system [2], [3]. This model has achieved good agreement
with observed channel infill over time in flume experiments.

III.

PREVIOUS RESULTS

A. Best fit model
Previous work showed that the coupled TELEMACSISYPHE model using default settings reproduces the infill
measured during flume experiments by van Rijn [6] very
well (Fig. 1).

To avoid large computation times, this model is used as a
numerical flume simulating relatively small sections of a
trench or channel. Further reduction in the computation time
is achieved using a morphological speed-up factor. The
model is then run with a large number of different settings
for e.g. grain sizes, roughness, slope effects for a range of
forcing conditions, using Monte Carlo techniques.
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VI.

CONCLUSIONS

A Monte Carlo approach is applied to quantify the
uncertainties of infill in channels and trenches. The result is a
statistical distribution that allows decision makers to take all
natural uncertainties into account. The results using the most
likely setting, which is using the default parameters for
TELEMAC-SISYPHE, do neither match the mean expected
change nor the most likely outcome. This is caused by the
non-linearity of the distribution for the parameters and the
nonlinearity of the equations. Therefore, the information
regarding the uncertainties is likely to change the decisions
regarding the dredging strategies.
In most practical applications there is less precise
information on the sediment and bottom characteristics. In
such a situation, the best settings will not necessarily
produce the most likely result. Therefore, ensemble
simulations will be necessary.
In this study, the focus has been on the impact of
uncertainty in the sediment composition and bed structure.
The uncertainty in flow, water levels and wave conditions
has been ignored. However, in many cases these are the main
uncertainties in the channel or trench infill. In the next phase
of this research, the ensemble will be extended to include
these factors.

Figure 10. The histogram of the 100 resulting depth estimates at the end of
the run shows that the most likely value does not coincide with the result of
the default setting (red bar).

The distribution of the width over which a 0.75 m depth
is achieved is given in Fig. 10. It shows a bimodal
distribution, with peaks as 10 m and 12 m. Both the median
and the mean are approximately 10m, which is also the peak
of the distribution. All these values are 3 m less than the
13 m predicted by the model with the default settings.

Increasing the modelling time step to safe computation
time, caused the channel to migrate further downstream,
whereas the flow and initial sediment transport do not show
any significant change with the larger time step.
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