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Abstract
A surface wave modeling was applied on the right margin
of Sergio Motta Dam Reservoir (Porto Primavera Dam),
Brazil, to investigate the behavior of breakwaters against
impact of incoming waves. The Simulating WAves
Nearshore (SWAN) spectral wave model was applied to
simulate waves generated by wind in the reservoir.
Between 2009 and 2012 researchers from the Brazilian
Institute of Technological Research (IPT) conducted sev-
eral studies and developed an experimental project to
protect reservoir banks from erosion caused by waves.
Three different kinds of submerged breakwaters were
installed in 2009, 1.0 km along the shoreline, in five
stretches of 100 m length each, with an interval of 100 m
between them. Two breakwaters were made of concrete
(with an innovative arrangement) and the third one was
made from geotextile tubes. The objective of the study was
to compare and validate the modeling results with those
observed in situ. Different simulations were done: 1—for
the same arrangements of breakwaters installed on a
segment in the reservoir, 2—for each structure, with a
single side-by-side arrangement. The results indicate that
the structures reduce wave heights by 35–40% compared to
no breakwater. The single side-by-side structure arrange-
ment showed better performance results when compared to
the original in situ configuration installed. Wave height
attenuation was found to be highly dependent on the

incident wave direction relative to breakwater orientation,
and even considering a single structure configuration, the
differences in performance depends on the wind direction
and speed relative to the structure position.
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1 Introduction

Erosion of reservoir banks involves a complex relationship
of processes that contribute to the occurrence of different
problems related to physical issues directly in the affected
areas, as well as social ones, such as the impacts on the
activities resulting from human occupation. The main agents
of erosion are the wave’s action, the surface runoff and the
elevation of the water level (aquifer). Among these agents,
the wave represent the most devastating erosive process and
occurs mainly in large reservoirs, whose extensive surface
area presents significant and propitious fetches to the gen-
eration of these waves.

In this work, the Simulating WAves Nearshore (SWAN)
spectral wave model was applied on the right margin of
Sergio Motta Dam Reservoir (Porto Primavera Dam), Brazil,
to simulate waves generated by wind in the reservoir lake.

2 Study Area and Objectives

The Sergio Motta Dam Reservoir (Porto Primavera Dam) is
located half way down the Paraná River, on the borders of
the states of São Paulo and Mato Grosso do Sul, in Brazil,
downstream of the Jupiá dam and upstream of the Itaipu dam
(Fig. 1). The drainage area of the basin is 574,000 km2; the
reservoir surface and capacity are 2044 km2 and 15.7 km3

respectively (Celeri et al. 2005).
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Between 2009 and 2012 researchers from Brazilian
Institute of Technological Research (IPT 2012) conducted
several studies and developed an experimental project to
protect banks from erosion caused by waves in the reservoir.
Three different kinds of submerged breakwaters were
installed in 2009, 1.0 km along the shoreline, in five stret-
ches of 100 m length each and with an interval of 100 m
between them (Fig. 2).

The objective of this study is to compare the surface wave
modeling results with the performance of the breakwaters
installed in the experimental area on the right reservoir
margin (IPT 2012) and verify the behavior of the structures
in a single side-by-side arrangement.

3 Materials and Methods

3.1 Model Set-Up

The grid implemented in the studied area was generated from
the physical contours of the preexisting cartographic base
(level contours and reservoir margin line). The grid was built
using RFGRID tool of the Delft3D software package.
Around the area of the submerged breakwaters the grid is
more detailed (presents a higher resolution) in order to enable
better representation of the structures. The breakwaters were
reproduced in the model exactly in the same position and

Fig. 1 Detail of the study area in the reservoir, where the Simulating WAves Nearshore (SWAN) spectral wave model was applied. Images show
the geophysical survey around the breakwaters and the reservoir margin
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arrangement installed, according to the sonographic survey
images, obtained in 2012. The final grid shows 12,389 cells,
with horizontal resolution of 66 � 199 cells.

Bathymetry survey data collected in 2012 were projected
onto the model grid using triangular interpolation of the
survey points using the QUICKIN tool. The grid and
bathymetry of the model are shown in Figs. 3 and 4. Two
breakwaters were composed of concrete and the third one of
geotextile tubes.

The installation arrangements were: breakwaters, side by
side, aligned in a single line for geotextile tubes and aligned

in multiple lines for the breakwaters made of concrete. All
breakwaters were submerged (water column of 0.80 m). The
wave parameters were measured in the reservoir previously
and the values adopted for the upstream dam model were the
same as those specified for the experimental erosion control
project, i.e. a 1.5 m wave height, with a period of 5 s. The
wind speed used was 10 and 20 m/s with an incidence
direction of 180°, considering the true South.

The structures were represented as Dam type obstacles. In
this option, the model admits that the transmission coeffi-
cient depends on the condition of the wave incident on the

Fig. 2 Types of breakwaters: a,
c, e geotextile tube and concrete
(sinuos and pyramidal); b, d, f the
sonographic survey images show
the installed configuration
(multiple lines for concrete
breakwater and single line for
geotextile tube)
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obstacle as well as its height. The values used for the
transmission coefficients a and b (used in the mathematical
formulation when processing the modeling) were 1.8 and
0.1, respectively.

Wave simulations were performed for three scenarios:
1—margin without breakwater to obtain the initial wave
condition in the studied section; 2—the same arrangements
of breakwaters installed on a segment in the reservoir and
3—different arrangement from the original installed, with
simulations for each structure, aligned side-by-side.

4 Results and Discussion

The simulation for scenario 1 considered significant wave
heights (Hsig) varying between 0.8 and 1.3 m in the studied
area, without structures. Scenario 2 represents the situation
after the installation of the breakwaters and the wave heights
were reduced to values between 0.6 and 0.8 m and 0.7 and
0.85 m; the winds velocities considered were 10 and 20 m/s,
respectively (Fig. 5).

The geotextile tube and pyramidal with multiple lines
structures showed the best performance in reducing the
significant wave height, with rates of 42%.

Some points were chosen in the numerical grid to mea-
sure the values of significant wave heights after the break-
waters for the scenario 2 simulation. The values are show in
Table 1.

The simulations for scenario 3 considered a different
arrangement from the original installed. Only one structure
was simulated at a time, repeated side by side in the same
extension area.

The significant wave height reduction was evaluated in
sections behind the breakwater (considering a grid cell
behind the breakwater inside the final grid).

The results show that all the breakwaters, even individ-
ually, have reduced the significant wave heights from 1.2 m
to values between 0.6 and 0.8 m (Fig. 6 and Table 2).Fig. 3 Delft3D model grid and submerged breakwaters contour

Fig. 4 Bathymetry interpolated
in the numerical grid with their
depth and submerged breakwaters
contours. 1—geotextile tube; 2—
sinuous aligned; 3—pyramidal
aligned; 4—sinuous multiple
lines and 5—pyramidal multiple
lines
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Fig. 5 Results from scenario 2
simulation with wind speed of
10 m/s (a) and 20 m/s (b). The
color bar shows the significant
wave heights reduction (m) after
breakwaters. 1—geotextile tube;
2—sinuous aligned; 3—
pyramidal aligned; 4—sinuous
multiple lines and 5—pyramidal
multiple lines
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5 Final Considerations

The Simulating WAves Nearshore (SWAN) spectral wave
model was applied to simulate waves generated by wind in
the reservoir lake of Porto Primavera, Brazil. The results
obtained with this study were satisfactory and show the
model efficiency in this sort of study. The more significant
wave height (m) reductions were obtained whit the geotex-
tile tube and the pyramidal concrete breakwaters (42% of
reduction). These results are similar to those verified in the
breakwaters installed in reservoir margin and in the hydro-
dynamic laboratory tests performed at the Institute for

Technological Research (Instituto de Pesquisas Tecnológi-
cas—IPT).

Each breakwater has a specific configuration, with dif-
ferent shapes and sizes. When installed side-by-side their
performance in response to incoming waves may be
adversely affected by their structural differences and different
wave incident directions. Simulations for only one type of
breakwater, aligned, at first, exhibited better performance
when compared to the original configuration installed (dif-
ferent types side-by-side) in the reservoir margin. Even in
the individual configuration, differences in performance are
observed in the reduction of significant wave height, because
the structures are submitted to different wave spectra, with

Table 1 Significant wave height
and reduction in the s values (%)
obtained in scenario 2

Breakwater/wind speed Significant wave
heights (m)

Significant wave heights
reduction after breakwater (%)

Geotextile tube Out 1.25

10 m/s In 0.72 42.40

Geotextile tube Out 1.29

20 m/s In 0.74 42.64

Sinuos aligned Out 1.01

10 m/s In 0.79 30.68

Sinuos aligned Out 1.09

20 m/s In 0.84 22.94

Pyramidal aligned Out 0.92

10 m/s In 0.74 19.57

Pyramidal aligned Out 1.1

20 m/s In 0.85 22.73

Sinuos multiple lines Out 1.02

10 m/s In 0.7 31.40

Sinuos multiple lines Out 1.22

20 m/s In 0.79 35.25

Pyramidal multiple lines Out 1.01

10 m/s In 0.63 37.62

Pyramidal multiple lines Out 1.18

20 m/s In 0.68 42.37

In with breakwater; Out without breakwater
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Fig. 6 Significant wave height
reduction considering the
breakwaters for scenario 3
simulations (wind speed of the
10 m/s). Breakwaters: a sinuous
concrete in multiple lines and in a
single line; b pyramidal concrete
in multiple lines and in a single
line; c geotextile. Values
displayed on the scale (0.0–
0.6 m) show how much the
incident wave height has been
reduced after the breakwater
(difference between the scenarios
with and without breakwaters)
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different energies. Breakwaters simulations are recom-
mended prior the implementation in the reservoirs should be
considered as an alternative, as it assists in the best planning
and management of the work that will be performed, and
thus also minimizing costs.
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Table 2 Significant wave height
reduction values (%) obtained in
scenario 3

Segment* Significant wave heights (m)
without/with structures

Significant wave heights
reduction after breakwater (%)

Out In

Sinuous concrete in multiple lines

1 1.05 0.79 25.0

2 1.00 0.80 20.0

3 0.82 0.65 21.0

4 0.97 0.77 20.6

5 1.18 0.80 32.2

Sinuous concrete in a single line

1 1.23 0.87 29.0

2 1.10 0.84 23.6

3 1.00 0.79 21.0

4 0.95 0.77 19.0

5 1.10 0.83 24.5

Pyramidal concrete in multiple lines

1 1.20 0.78 35.0

2 0.82 0.69 16.0

3 0.97 0.67 31.0

4 1.18 0.70 40.5

Pyramidal concrete in a single line

1 1.20 0.82 31.6

2 0.82 0.71 13.0

3 0.97 0.78 19.0

4 1.18 0.78 33.8

Geotextile in a single line

1 1.14 0.77 32.5

2 1.00 0.75 25.0

3 0.82 0.63 23.0

4 0.97 0.72 26.0

5 1.18 0.72 39.0

*Sections evaluated behind of each type of breakwater
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