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Figueira da Foz coastal region (W Portugal), that comprises sandy beaches and the Mondego estuary-inlet, is
exposed to the high energetic wave climate of the North Atlantic Ocean, which induces important local
morphological changes. These changes entail shoaling problems as the formation of a submerse sandbar at the
inlet which can block navigation towards local harbor. Therefore, coastal dredging is a non-structural temporal
solution for this problem. Nevertheless, dredging activities have an impact on local hydrodynamic processes that
should be known beforehand. The aim of this study is to clarify this issue using modeling tools dedicated to help
stakeholders in decision making process. For that purpose, Delft3D-WAVE module propagates the most
representative regional wave conditions under four dredging scenarios including the respective dump areas.
Additionally, Delft3D-FLOW module simulates tidal flows along spring and neap tides. The hydrodynamic
parameters, significant wave height, orbital velocity, wave-induced currents, tidal current velocity and total
sediment transport are analyzed in comparison with numerical solutions obtained in reference scenario (no
dredging and no dumping). The results highlight changes in these hydrodynamic parameters in dredging and
dumping areas as well as in surrounded areas. Different scenarios draw a similar change pattern for different
parameters, namely a reduction of flow velocity intensity within dredged areas and their increase in adjacent
areas. Furthermore, hydrodynamic alterations intensify in response to the increase in significant wave height
and wave direction considered. These findings are the basis for understanding the influence of dredging and
dumping operations on the hydrodynamic of this coast.
ADDITIONAL INDEX WORDS: Tidal inlet, Delft3D model, hydrodynamics, coastal management.

INTRODUCTION
Coastal dredging is a worldwide non-structural solution to
enhance navigation in tidal inlets with sedimentation tendency
(Mendes, Fortunato and Pires-Silva, 2016; Ramli, 2016; ReyesMerlo et al., 2017). Nowadays, local stakeholders demand
dredging optimization because these operations modify
environmental conditions as well as require high annual budgets
to assure its periodic execution. Therefore, dredging effects on
local hydrodynamic processes should be beforehand carefully
analyzed. For that reason, there has been an important
development of numerical models that have been implemented to
study the efficiency of dredging scenarios in different areas (e.g.,
Reyes-Merlo et al., 2017; Shaeri et al., 2017).
____________________
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Background and Goal
Figueira da Foz coastal region which includes rocky outcrops,
semi-exposed sandy beaches and the Mondego estuary-inlet is
located in the Portuguese west coast (Figure 1). The inlet suffers
morphological changes in response to the high energetic wave
climate of the North Atlantic Ocean. These changes entail
shoaling problems as the formation of a submerse sandbar at the
inlet and thus, navigation towards harbor is forbidden during
several days by year. Therefore, regular dredging operations
appear as a provisional solution to guarantee minimum depth for
safe navigation: for instance, three operations were performed
from November 2015 to February 2016 (Romão et al., in press).
The goal of this research is to enlighten the impact of dredging
and dumping activities on local hydrodynamic processes. For that
purpose, a widely applied modeling tool (Delft3D) is used. The
results will help local stakeholders in decision making processes
towards more efficient coastal management that has high socioeconomic value for this region.
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Figure 1. Map of studied area with the location of dredging and dumping scenarios represented with greenish and orange colors, respectively.

METHODS
Numerical modeling was performed with Delft3D model suite
which was previously calibrated for this coastal region (Ferreira
et al., 2017). Two modules were particularly used in this study:
the Delft3D-WAVE for the propagation of waves and the

Delft3D-FLOW for simulating the tide, wave-driven currents and
the inherent sediment transport.
Three nested numerical grids developed by Ferreira et al. (2017)
for the Mondego estuary mouth and adjacent coastal region were
considered: domain 1 with dimensions 335×115 km2 and
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resolution of 1000 m; domain 2 with dimensions 133×85 km2 and
resolution of 500 m and domain 3 with curvilinear configuration
covering 102 km2 and with variable resolution (25 m close to the
inlet and Mondego estuary and 35 m at the open ocean boundary).
The numerical bathymetry was generated from the European
Marine Observation and Data Network and local bathymetry
surveys.
Delft3D-WAVE module propagated the most representative
regional wave conditions (Table 1) (Barata, Teles and Vieira,
1996) in four dredging scenarios namely Dredge 161116mod,
Dredge A, Dredge C and Dredge D with respective dump area
(Figure 1) and reference scenario (i.e. no dredging and no
dumping). The depth of dredging was 10 m for all the scenarios.
The extracted sediment volume was 155×103 m3 for Dredge
161116mod, 299×103 m3 for Dredge A, 777×103 m3 for Dredge
C and 1065×103 m3 for Dredge D scenario. The uniformly
deposited sediment volume was 195×103 m3 for all dumping
scenarios. The optimized settings proposed by Ferreira et al.
(2017) were applied considering: Soulsby-Van Rijn (Soulsby,
1997) and Van Rijn (Van Rijn, Walstra and Ormondt, 2004)
sediment transport equations, variable distribution of sediment
grain size, optimized sediment transport parameters (Įbn=25 and
Įbs=0.5) and constant sediment thickness (z=5 m) in the entire
computational domain.
Table 1. Representative wave climate conditions (Hs-significant wave
height, Tp-peak wave period, Dir-wave direction and %-frequency).
Wave
1
Hs (m) 1.75
Tp (s) 12.00
Dir (°) 315.00
%
50.00

2
2.25
12.00
303.75
30.02

3
3.75
12.00
326.25
9.80

4
4.75
15.00
315.00
1.64

5
6
6.25
3.75
15.00
12.00
315.00 281.25
1.00
7.50

Additionally, Delft3D-FLOW module simulated tidal flows
based
on
inputs
from
TOPEX
global
model
(http://volkov.oce.orst.edu/tides/global.html) during a fortnight
cycle, including spring and neap tide conditions in the reference
and dredging and dumping scenarios following the setting
indicated by Ferreira et al. (2017). The residual circulation was
determined for all cases averaging the tidally induced velocities
along the fortnight cycle.
RESULTS
The results obtained with Delft3D-WAVE module are
described below. The significant wave height distribution maps
representing the difference between dredging and dumping
scenario and the reference scenario solutions are shown in Figure
2a-c for Dredge D. The other scenarios display similar patterns.
In the dredged area, it is observed that the dredging operation
promotes a significant wave height (Hs) variation, decreasing its
values in the dredged area while an increase is found in the
adjacent area towards the beach. These changes are more intense
for the higher values of significant wave height, reaching an
increment of 1 m to Wave 5. They also depend on the wave
direction as can be observed in Figure 2b and Figure 2c.
Regarding the dumping area, the values of Hs also show
variations, increasing in dumping area and decreasing in adjacent
areas. However, under higher height wave conditions (Wave 4

and 5) and with westward direction (Wave 6) the dumping area
dissipates more waves that have broken deeper and thus,
significant wave height values are lower than those observed
without dumping operation.
The wave orbital velocity differences between dredging and
dumping scenarios and the reference scenario depict distribution
patterns similar to those described to significant wave height. The
increase of depth in the dredged area entails a decrease in orbital
velocity whereas the adjacent area records higher values than
those found for the reference scenario. These changes are also
intensified with the increase of the significant wave height and
with wave direction change, reaching higher values eastward of
dredging area. The orbital velocity decreases up to -0.8 m.s-1 in
the dredged area and reaches values of 0.4 m.s-1 in the adjacent
area. The orbital velocity increments up to values of 0.4 m.s-1 in
the dumping area whereas decreases until values of -0.4 m.s-1 in
the adjacent area.
The wave-induced currents also display intensity differences
for the dredging and dumping scenarios. The dredging and
dumping areas disclose higher effect than the observed for
significant wave height. The results indicate a decrease inside the
dredged area of 0.8 m.s-1 whereas the intensification reaches 1
m.s-1 in east and south dredging edges. In the dumping and
adjacent areas, they show a complex pattern, in general with an
intensification of the wave-induced currents values until 0.8 m.s1
in dumping area. As was aforementioned, these changes are
intensified due to the increase of the significant wave height and
changes in wave direction.
The total sediment transport fluxes estimated from dredging
and dumping scenarios comparing to the reference scenario with
both sediment transport equations, namely, Soulsby-Van Rijn
(Soulsby, 1997) (Figure 2d-e) and Van Rijn (Van Rijn, Walstra
and Ormondt, 2004) reveals the influence of bathymetric changes
due to dredging and dumping operations. In the dredged area the
differences in total sediment transport values range from 0.01×10-3 to -0.8×10-3 m3 according to Soulsby-Van Rijn
sediment transport equation and between -0.01×10-3 and -0.4×103
m3 according to Van Rijn sediment transport equation whereas
in eastern dredging area the maximum difference reaches 2.2×103
m3 with Soulsby-Van Rijn sediment transport equation and
0.8×10-3 m3 with Van Rijn sediment transport equation. It is
observed an intensification in total sediment transport fluxes with
the increase of the significant wave height (Figure 2e) and the
change in wave direction (Figure 2f). Regarding dumping area,
there is an intensification of total sediment transport and the
patterns are more complex in adjacent areas as was previously
pointed to wave-induced currents.
Regarding results obtained with Delft3D-FLOW module, the
maximum tidal current velocity values at the inlet range between
0.8 m.s-1 and 1.2 m.s-1 in spring tides and from 0.4 m.s-1 to 0.7
m.s-1 in neap tides. These values are similar to all the scenarios
considered as well as for the reference scenario.
The residual velocity estimations revealed that this estuary is
ebb dominated, with values of residual currents in the mouth
between 0.07 m.s-1 and 0.08 m.s-1. The comparison between
dredging and dumping scenarios and the reference scenario shows
a decrease of the residual currents of around 10 % (Figure 3).
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Figure 2. Difference maps (dredge D and dump scenario minus reference scenario) of significant wave height (a-c) and total sediment transport (d-f)
with Soulsby-Van Rijn sediment transport equation to three representative wave conditions: a) and d) Wave 1; b) and e) Wave 3; c) and f) Wave 6.

DISCUSSION
The results found through modeling four dredging and
dumping scenarios reveal an impact on the local hydrodynamic
processes due to bathymetric changes in the dredged and dumping
areas. The increase of depth in the dredged area resulting from the
excavation operation entails a decrease in significant wave height,
orbital velocity, wave-induced currents and tidal current
velocities whereas the depth decrease in the dumping area owing
to sediment deposition operation results in an increase in the
values of aforementioned hydrodynamic parameters.
Additionally, these changes also affect adjacent areas because
dredging and dumping areas act as obstacles in the wave

propagation. Furthermore, if the area of dredging increases, a
larger adjacent area shows perturbations in the hydrodynamic
parameters when compared with the reference solution.
Moreover, dredging and dumping activities influence sediment
transport pathways (Ramli, 2016). The decrease of total sediment
transport fluxes inside the dredged area is caused by the reduction
of the orbital and depth average velocities whereas the increase of
total sediment transport fluxes at the east and south edges of the
dredging is associated with the intensification of drift current and
the increase of the wave orbital velocity at these locations. These
total sediment transport fluxes variations enhance sediment
accretion within dredging area. This area acts as deposition basin
where sediment is stored until fill its capacity. The changes in
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total sediment transport are clearer in the case of Soulsby-Van
Rijn sediment transport equation since this equation drives higher
sediment volumes transported (Ferreira et al., 2017).
Regarding the wave conditions analyzed under more frequent
wave conditions (i.e. Wave 1), dredging and dumping operations
generate slight changes on hydrodynamic processes due to low
wave energy, whereas under lesser frequent conditions (i.e. Wave
4 and 5), these operations cause higher changes because of high
wave energy. Dredging and dumping operations are sensitive to
wave direction because NW direction (e.g., Wave 3) generates
few changes in the area in contrast to W direction (e.g., Wave 6)
due to Figueira da Foz shoreline configuration.

Figure 3. Difference map (Dredge D and dump scenario minus reference
scenario) of residual velocity.

CONCLUSIONS
This work presents the results of a case study regarding the
assessment of dredging and dumping scenarios for Figueira da
Foz tidal inlet in the western coast of Portugal. Results underscore
the impact of dredging and dumping operations in the different
researched hydrodynamic parameters, namely significant wave
height, orbital wave velocity, wave induced currents, total
sediment transport fluxes and tidal current velocity. These
parameters draw similar change patterns for all the scenarios
analyzed that can be described as: reduction of its values within
dredging area, but increase in adjacent areas; and values that
increase within dumping areas and reduce in adjacent areas.
Additionally, these hydrodynamic changes are intensified in
response to the increase in significant wave height and the
considered wave direction. Moreover, the reduction of sediment
transport fluxes within dredging area enhances sediment storage,
which is more effective in large dredging scenarios.
This research provides the basis for understanding the
influence of these non-structural solutions on the

morphodynamics processes of this coastal region, namely how
dredging activities can retain sediment inside. This knowledge is
valuable to give a step further towards efficient design of
dredging and dumping scenarios in this area and thus, it
contributes to help local stakeholders.
ACKNOWLEDGMENTS
This work was financially supported by APFF, SA - Figueira
da Foz Port Administration in the framework of the project:
"Elaboration of the study of dredging and dumping scenarios at
the mouth of the Figueira da Foz Harbour". Thanks are due for
the financial support to CESAM (UID/AMB/50017 - POCI-010145-FEDER-007638), to FCT/MCTES through national funds
(PIDDAC), and the co-funding by the FEDER, within the PT2020
Partnership Agreement and Compete 2020. C.F. and A.S.R. are
awarded a PhD Fellowships (PD/BD/127993/2016 and
SFRH/BD/114919/2016, respectively) by FCT.
LITERATURE CITED
Barata, M.G.O.A.; Teles, M.J.B.S., and Vieira, J.A.R. 1996.
Selecção de ondas representativas da agitação marítima para
efeito da avaliação do transporte litoral na costa de Aveiro.
Recursos Hídricos, 17 (1), 43-74.
Ferreira, C.; Silva, P.A.; Fernández-Fernández, S.; Ribeiro, A.S.;
Abreu, T.; Bertin, X., and Dias, J.M.D. 2017. Validation of
a morphodynamic model to Figueira da Foz inlet. In: Losada,
I.J.; Lara, J.L.; Tomasichio, G.R.; D’Alessandro, F. (eds.),
Proceedings of International Short Course and Conference
on Applied Coastal Research (SCACR).
Mendes, D. S.; Fortunato, A.B., and Pires-Silva, A.A., 2016.
Assessment of three dredging plans for a wave-dominated
inlet. Proceedings of the Institution of Civil Engineers Maritime
Engineering,
169
(2),
64-75.
doi:
10.1680/jmaen.2015.7
Ramli, A.Y. The Impact of Dredging on the Stability of the
Matakana Banks Ebb-Tidal Delta. Waikato, New Zealand.
University of Waikato, Ph.D. Thesis, 336p.
Reyes-Merlo, M.A.; Ortega-Sánchez, M.; Díez-Minguito, M.,
and Losada, M.A. 2017. Efficient dredging strategy in a tidal
inlet based on an energetic approach. Ocean and Coastal
doi:
Management,
146,
157-169.
10.1016/j.ocecoaman.2017.07.002
Romão, S.; Silva, P. A.; Baptista, P.; Fontán-Bouzas, A.;
Fernández-Fernández, S.; Ferreira, C.; Bernardes, C.;
Coelho, C.; Garrido, C., and Rua, J., in press. Efeito da
agitação marítima na morfologia de uma embocadura sujeita
a dragagens. In: Coelho, C; Silva, P.A.; Pinheiro, L.M.;
Gonçalves, D.S. (eds.), Dragagens.
Shaeri, S.; Tomlinson, R.; Etemad-Shahidi, A., and Strauss, D.,
2017. Numerical modelling to assess maintenance strategy
management options for a small tidal inlet. Estuarine,
Coastal and Shelf Science, 187, 273-292. doi:
10.1016/j.ecss.2017.01.017
Soulsby, R., 1997. Dynamics of Marine Sands, a Manual for
Practical Applications. Thomas Telford, London. 249 p.
Van Rijn, L.; Walstra, D. R., and v. Ormondt, M, 2004.
Description of TRANSPOR2004 and implementation in
Delft3D-ONLINE. Tech. Rep. Z3748.10, WL | Delft
Hydraulics, Delft, The Netherlands. 69, 85, 237, 239.

Journal of Coastal Research, Special Issue No. 85, 2018

