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ABSTRACT - In fluvial environments, factors such as longitudinal slope, water volume, channel shape (cross section), bed roughness, 
and water viscosity affect water speed in different sections of the channel. Boats in these environments introduce an additional factor 
by generating primary and secondary wave systems. The objective of this work was to describe the erosive effects of waves from tour 
boats on the banks of the reservoir at the Xingó hydroelectric power plant in northeastern Brazil. Reservoir data were gathered through 
onsite measurements as well as environmental monitoring systems, while wave heights were calculated according to the effects of 
transverse and divergent waves. The wave propagation behavior observed in this present study alone cannot be responsible for erosion 
on the banks and slopes of the lake, since this is also associated with the presence of wind fetch, human activities, deposit of transported 
sediments resulting from operations at the power plant, as well as other factors. The findings corroborated observations that the tour 
boats do not directly cause erosion, since they are limited to subcritical speeds, but wind was seen to be directly related to this 
phenomenon. 
Keywords: Wind. Froude number. São Francisco River. 
 
RESUMO - Em ambientes fluviais, fatores como inclinação longitudinal, volume de água, formato do canal (seção transversal), 
rugosidade do leito e viscosidade da água afetam a velocidade da água em diferentes seções do canal. Os barcos nesses ambientes 
introduzem um fator adicional ao gerar sistemas de ondas primárias e secundárias. O objetivo deste trabalho foi descrever os efeitos 
erosivos das ondas dos barcos de turismo nas margens do reservatório da Usina Hidrelétrica de Xingó, no nordeste do Brasil. Os dados 
dos reservatórios foram coletados por meio de medições no local e também por sistemas de monitoramento ambiental, enquanto as 
alturas das ondas foram calculadas de acordo com os efeitos das ondas transversais e divergentes. O comportamento de propagação 
das ondas observado no presente estudo por si só não pode ser responsável pela erosão nas margens e encostas do lago, pois também 
está associada à presença de wind fetch, atividades antrópicas, depósito de sedimentos transportados decorrentes de operações na usina, 
bem como outros fatores. Os achados corroboram as observações de que os barcos de passeio não causam erosão diretamente, pois se 
limitam a velocidades subcríticas, mas o vento mostrou estar diretamente relacionado a esse fenômeno. 
Palavras-chave: Vento. Número de Froude. Rio São Francisco. 
 

INTRODUCTION 
Boat-generated waves, sediment transport and 

erosion on the banks of rivers and lakes can alter 
vegetation as well as the fluid dynamics and 
geological structure of water bodies (Miranda et 
al., 2020).  

Waves are important sources of kinetic 
energy. Known as "energy in transition" because 
they involve mechanical loads with significant 
power and constant movement, their impact can 
cause mechanical damage to fixed objects 

(Baumann et al., 2017; Liu et al., 2017).  
Some ocean waves are currently being explored 

for electricity generation (Plamer et al., 2017). 
Jahangir & Mazinani (2020) demonstrated that 
waves in the southern Caspian Sea could 
potentially generate 3.5Kw per meter over a 15-
year period, indicating major potential.  

Waves are mostly a result of wind, and are often 
accentuated as they move across long distances and 
open waters and propagate on the surface.  
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In general, winds blow consistently over large 
portions of confined water and their energy is 
transported to the shore of lakes and dams as 
waves (Ozkan et al., 2020). 

When waves propagate toward the coast, their 
height increases as a result of several hydro-
dynamic processes close to the shore, including 
wave capture and refraction (Bittencourt et al., 
2007; Netto et al., 2019), wave breaking (Lara et 
al., 2006; Pizzo et al., 2018), and reflection and 
diffraction (Zhu et al., 2020).  

The same kinetic energy resulting from waves 
contributes to sediment transport and erosion by 
resuspending sediments resulting from solitary 
or grouped waves (Boegman & Stastna, 2019; 
Illig & Bachèlery, 2019), shear induced by waves 
and currents in lakes, as well as particle movement 
(Forgia et al., 2020) and marsh edge retreat from 
wave erosion (Elsey-Quirk et al., 2019).  

In fluvial environments, water speed depends 
on important factors such as longitudinal slope, 
water volume, channel shape (cross section), bed 
roughness, and water viscosity, all of which 
affect speed in different sections of the channel 
in which it flows.  

Any obstacle negatively influences flow 
efficiency, and consequently water speed and 
flow (turbulent or laminar) are related to the 
fluvial current, which transports the sedimentary 
load in various manners (suspension, jumping 
and rolling) according to particle size and shape 
and current characteristics; all these variables 
influence river relief morphology (Carvalho, 
2009; Dai Prá et al., 2016; Grzegorczyk et al., 
2019). Boats can also cause agitation in bodies of 
water (Pereira et al., 2016).  

Environmental balance depends on cyclical 
arrangements and is susceptible to human actions 
including sustainable management of water 
systems (Teixeira, 2016).  

In Brazil, these systems are not only relevant 
in supplying water for human use, but also 
provide navigation routes as cargo transport and 
tourism increase on narrow waterways that may 
include confined portions (Paula et al., 2019).  

These activities have caused damage 
including reduced numbers of riparian plant 
species that are sensitive to water movement, 
remobilization of sediments in shallow portions, 
emission of effluents from passenger craft, and 

river and lake bank erosion caused by cargo boats 
(Holanda et al., 2020; Rapaglia et al., 2015).  

Regular boat and cargo traffic is steadily 
increasing in major waterways such as those in 
the Amazon Region, where cargo shipments 
increased 9.75% between 2018 and 2019, from 
22,289,925 to 24,462,315 tons (ANTAQ, 2020).  

The Institute of Strategic Social and Enviro-
nmental Intelligence of the Amazon (PIATAM) 
has developed plans to reduce the risks of 
accidents that could generate environmental 
impacts on river areas (Piatam, 2020).  

Nevertheless, even with government efforts to 
study and prevent impacts on waterways, few 
studies have addressed river or lake bank erosion 
resulting from boats. 

Boat-generated waves have a complex 
distribution, forming primary (first order) and 
secondary (second order) wave systems 
(Bittencourt et al., 2007; Themistocles, 2016).  

A primary wave system consists of a frontal 
wave and a sharp depression in water level 
associated with a “return” moving in the opposite 
direction of the boat.  

The end of this depression contains a stern 
wave, which is relatively high and has a shorter 
period (Gomes, 2014). This type of wave is also 
known as a compressive wave and is propagated 
from uniaxial deformations generated by boats 
(Assumpção & Neto, 2000; Nascimento, 2019).  

Secondary waves, which have a shorter 
period, are most common and have been the 
subject of various studies because of the damage 
they cause; these systems are composed of 
transverse and divergent waves that interact and 
may cause significant bank damage.  

Divergent waves spread equally on both sides 
of the boat if it does not change direction, as well 
as to the front of the bow or front of the ship, 
while transverse waves move toward the stern 
(Gomes, 2014).  

Both boat speed and secondary nonlinear wave 
forces can amplify waves and their induced res-
ponses (Kong et al., 2017). Furthermore, boat move-
ment can be defined based on speed into displa-
cement, semi-sliding, or sliding (Pessin, 2017). 

The objective of this article is to describe the 
erosive effects of waves from tour boats on the 
reservoir banks at the Xingó hydroelectric power 
plant in northeastern Brazil.

MATERIAL AND METHODS 
The experimental site, the reservoir of the Xingó hydroelectric power station, is located in the state 
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of Sergipe, Brazil, near the border with Alagoas 
(9°37'25"S 37°47'54"W); the plant is 12 kilometers 
from Piranhas, Alagoas and 6 kilometers from the 
central region of the municipality of Canindé de 
São Francisco. The power station is in the lower 
course of the São Francisco River Basin, within the 
channel of the São Francisco River approximately 
65 km downstream from the Paulo Afonso 
hydroelectric plant complex (in the state of Bahia). 
The reservoir is an important tourist attraction, and 
has also been used to irrigate crops and supply 

water to the local population. The climate is 
defined as semi-arid megatherm, with average 
annual temperature of 25.3°C and rainy period 
from March to July with average annual rainfall of 
521 mm (INMET, 2020); shrubby hyper-
xerophilous Caatinga vegetation is present. The 
lake has a surface of 908.2 km²; catamaran berths 
are found on both banks, mainly in Canindé de São 
Francisco (Holanda et al., 2020), (Figure 1), and 
smaller boats provide the essential tourism 
infrastructure for the Xingó area.

 

 
Figure 1 - Xingó Reservoir, along the São Francisco River. Source: Adapted from Google Earth. 

 

Data collection 
A topobathymetric survey of the points of 

interest in the Xingó reservoir was conducted 
using acoustic doppler current profile (ADCP, 
Rio Grande Model) for bathymetry and global 
positioning system technology (GPS) to 
determine the position of the equipment; 
ADCP provided measurements of the lake 
(propagation time) as well as the relative speed 
of the boat in relation to the fixed bottom 
(Doppler effect) and the relative speed of 
particles suspended in the water, which is the 
speed of the liquid mass (also determined by 
the Doppler effect). The orientation was 
determined using an electronic compass. 

The primary and secondary waves were 
initially classified and quantified using the boat 
speed. Because speed is directly related to the 
water agitation caused by the tour boats, a 
maximum speed limit is defined for boats to 
avoid erosion on lake banks (Gomes, 2014). In 

our study, the speed limit was obtained using 
Equation 1:  

𝑉𝑉𝐿𝐿 = (𝑔𝑔ℎ)1/2  (1) 

Where:  
𝑉𝑉𝐿𝐿 represents the speed limit (𝑚𝑚/𝑠𝑠)  
𝑔𝑔 is the acceleration of gravity (𝑚𝑚/𝑠𝑠2), and 
ℎ is the water depth (𝑚𝑚) 
The speed limit was obtained in greater detail, 

considering the morphometry of the boats, using 
Equation 2. 

VL = (𝑔𝑔L/2π)1/2   (2) 

The speed limit calculations exclusively 
considered the catamaran-type tour boats that 
regularly navigate the Xingó reservoir on a 
regular route. These boats were divided into two 
groups according to hull width (group 1: width 
<8 m and group 2: width ≥8 m, respectively); 
examples of boats in each group are shown in 
figure 2. 
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The intersection between the secondary waves 
generates a line where the tallest waves are 
located, known as the cusp line. The angle 
formed by this cusp line mainly depends on the 
Froude number (𝐹𝐹𝐹𝐹) of the flow, which is used to 
determine how boat motion will affect wave 
formation (Liang & Chen, 2017).  

The Froude number is related to different 
parameters such as water depth (Canellas et al., 
2016) or boat length; when the channel depth 
provides a limitation, it is represented by 𝐹𝐹𝐹𝐹ℎ and 
is calculated using Equation 3. 

𝐹𝐹𝐹𝐹ℎ =  
𝑉𝑉

(𝑔𝑔 ℎ)
1
2

 
  (3) 

Where:  
𝑉𝑉 represents the boat’s working speed (m/𝑠𝑠) 
ℎ is channel depth (𝑚𝑚), and 
𝑔𝑔 represents acceleration of gravity (𝑚𝑚/𝑠𝑠2). 
Several speed variation intervals could be 

defined according to the Froude number; because 
𝐹𝐹𝐹𝐹ℎ was below 0.75 for all boats, according to 
Macfarlane et al. (2014) speed was considered 
subcritical.

 

 
Figure 2 - Tour boats: representative of group 1 (Delmiro Gouveia) at left, representative of group 2 (Frei Damião) at right. 

 
By definition, lakes are confined waters which 

are relatively calm and deep. In deep waters, the 
wedge formed under the conditions established by 
Macfarlane et al. (2014) at a 19.28° angle to the 
boat's navigation line. In these deeper water 
conditions, the Froude number was defined 
according to boat length (L) and calculated using 
Equation 4. 

𝐹𝐹𝐹𝐹𝐿𝐿 =  
𝑉𝑉

(𝑔𝑔 𝐿𝐿)
1
2

   (4) 

Where:  
𝑉𝑉 represents the boat’s working speed (m/𝑠𝑠) 
𝑔𝑔 acceleration of gravity (𝑚𝑚/𝑠𝑠2), and 
L the length of the boat (m) 
Consequently, in deep water the Froude number 

calculated according to boat length provided a 
better description of the waves generated, and 
classified boat motion (which in turn depends on 
speed) into three categories: displacement, semi-
slip, and slip. Each of these movements is 
associated with a certain range of values for 𝐹𝐹𝐹𝐹𝐿𝐿 
and 𝐹𝐹𝐹𝐹∇, where 𝐹𝐹𝐹𝐹∇ represents the Froude number 
relative to the volume of water displaced by the 
boat's passage. According to Archimedes’ 
principle, this corresponds to the volume of the 
submerged hull, calculated using Equation 5 and 
Equation 6. 

𝐹𝐹𝐹𝐹𝐿𝐿 =  
𝑉𝑉

(𝑔𝑔 𝛻𝛻)
1
2

     (5) 

Where: 
𝑉𝑉 represents the boat’s working speed (m/𝑠𝑠) 
𝑔𝑔 acceleration of gravity (𝑚𝑚/𝑠𝑠2), and  
∇ displaced water volume (m)  

𝛻𝛻 =
1
2

(𝜋𝜋 ∗ 𝐹𝐹2 ∗ 𝐿𝐿)   (6) 

Where: 
Π = 3.1416  
r = radius, and 
L = boat length 

Wave height calculation - Hochstein Method  
Wave height was calculated using the cross-

sectional area of the channel and the submerged 
transverse area of the boat, as well as the length of 
the boat in movement, according to Equation 7. 

 

𝐻𝐻𝐻𝐻 = 0.0448 𝑉𝑉2  �
𝐷𝐷
𝐿𝐿�

0.5

�1−  
𝐵𝐵𝐷𝐷
𝐴𝐴𝑐𝑐 �

−2.5

   (7) 
 

Where: 
𝐻𝐻𝐻𝐻 is the height of the interference wave 
𝑉𝑉 represents the boat’s working speed (m/𝑠𝑠) 
𝐷𝐷 represents the draft 
𝐿𝐿 the length of the boat 
𝐵𝐵 the width of the boat, and 
Ac the area of the channel section at the midpoint 
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of the boat. 
To calculate Ac (the area of the channel section 

at the midpoint of the boat), the channel section, 
depth, and boat width were considered.

RESULTS AND DISCUSSION 
It is important to examine the tour routes to 

understand how waves form. Figure 3 shows the 
regular route for all the tour boats listed in table 
1; there are only slight variations in the places 
where these boats dock to load and unload cargo 
and passengers.  

The same figure also shows a longitudinal 
profile of the lake's depth between the starting and 
ending points of the usual tour route, showing that 
channel depth varied between 10 and 125 m. 

In order to better understand the waves 
formed by the boats, the speed limit calculated by 
𝑉𝑉𝐿𝐿 (Equation 1) is shown in table 2. The speed 

limit is an equipment-dependent recommendation 
to avoid lake shore erosion based on the values 
presented, and is consequently important for 
passenger safety as well as to protect the local 
environment. This parameter differs from 
working speed, since it considers the acceleration 
of the boat as well as its length. Only the Delmiro 
Gouveia (group 1) had unique 𝑉𝑉𝐿𝐿 values, which 
are probably explained by its shorter length. Note 
that the boats described in table 2 represent the 
craft used in this area in terms of size, frequency 
of operations throughout the year, as well as 
regular function in the routes they offer tourists.

 

Table 1 - Technical specifications of boats providing sightseeing tours of the Xingó reservoir. 

Boat Name 
Maximum 
Capacity 
(Units) 

Boat Working 
Speed 

(m/s)/(km/h) 

Length 
(m) Width (m) Average 

Draft (m) 

Hull 
Height 

(m) 
Delmiro Gouveia 189 4.47/16.09 19.00 7.50 0.90 2.10 
Rei do Cangaço 250 4.02/14.47 20.00 8.0 1.0 2.50 
Padre Cicero 250 4.02/14.47 20.00 8.0 1.0 2.50 
Luiz Gonzaga 250 4.02/14.47 20.00 8.0 1.0 2.50 
Frei Damião 250 4.02/14.47 20.00 8.0 1.0 2 .50 
Patativa do Assaré 250 4.02/14.47 20.00 8.0 1.0 2.50 
Apolônio Sales 250 4.91/17.67 20.00 8.0 1.0 2.50 
Source: ATOLX - Lake Operators Association of the Xingó Power Plant 
 

 
Figure 3 - Top: longitudinal profile of the boat route; starting point at bottom (Karranca) and endpoint at top (canyon). 
Bottom: submerged profile of the boat route. Source: The authors, adapted from Google Earth 
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Table 2 - Working speed and speed limit (𝑉𝑉L). 

Boat (name) Length  
(m) 

Working Speed 
 (m/s) / (km/h) 

𝑉𝑉𝐿𝐿 

 (m/s) / (Km/h) 
Delmiro Gouveia 19.00 4.47/16.09 29.60/61.56 
Rei do Cangaço 20.00 4.02/14.47 29.60/63.03 
Padre Cicero 20.00 4.02/14.47 29.60/63.03 
Luiz Gonzaga 20.00 4.02/14.47 29.60/63.03 
Frei Damião 20.00 4.02/14.47 29.60/63.03 
Patativa do Assaré 20.00 4.02/14.47 29.60/63.03 
Apolônio Sales 20.00 4.91/17.67 29.60/63.03 

 

The speed limit is an equipment-dependent 
recommendation to avoid lake shore erosion 
based on the presented values. This information 
is very important for passenger safety as well as 
to protect the local environment. The waves 
generated by the boats are directly dependent on 
the Froude number of the flow, which indicates 
the intersection between the secondary waves 
where a line with the tallest waves is located (the 
cusp line), making it possible to predict how the 
boat will propagate waves. Table 3 shows the 
Froude number (𝐹𝐹𝐹𝐹ℎ) of the waves generated by 

the boats, which differs between the two groups. 
At subcritical speeds, divergent waves have 

small crests, and the Kelvin wedge (cusp lines) is 
at a 19.28° angle, as shown in figure 4. 

The values calculated for 𝐹𝐹𝐹𝐹𝐿𝐿 and 𝐹𝐹𝐹𝐹∇ are 
shown in Table 4, and are less than 0.4 and 1.3, 
respectively, which defined the boat movement 
as displacement; 𝐹𝐹𝐹𝐹𝐿𝐿 and 𝐹𝐹𝐹𝐹∇ values of 0.4 𝑎𝑎 0.9 
and 1.0 𝑎𝑎 3.0 or > 0.9 and > 2.3 characterize 
movement as semi-slip and slip, respectively 
(Gomes, 2014), unlike the values for the boats in 
this study.

 

Table 3 - Froude number values (𝐹𝐹𝐹𝐹ℎ) for the waves generated by the tour boats in the Xingó power plant reservoir. 
Boat Working speed (m/s) / (km/h) Froude number (calculated) (𝐹𝐹𝐹𝐹ℎ) 
Delmiro Gouveia 4.47/16.09 0.15 
Rei do Cangaço 4.02/14.47 0.13 
Padre Cicero 4.02/14.47 0.13 
Luiz Gonzaga 4.02/14.47 0.13 
Frei Damião 4.02/14.47 0.13 
Patativa do Assaré 4.02/14.47 0.13 
Apolônio Sales 4.91/17.67 0.16 

 

 
Figure 4 - Development of divergent waves with Kelvin wedge at a 19.28° angle to the direction of travel. 

 

Table 4 - Froude number values derived from boat length (L) and volume of the submerged hull (∇) (𝐹𝐹𝐹𝐹𝐿𝐿 and 𝐹𝐹𝐹𝐹∇, 
respectively) for the waves generated by the boats. 

Boat Working speed (m/s) Boat length (m) Froude number (𝐹𝐹𝐹𝐹𝐿𝐿) Froude number (𝐹𝐹𝐹𝐹∇) 
Delmiro Gouveia 4.47 19 0.32 0.36 
Rei do Cangaço 4.02 20 0.28 0.32 
Padre Cicero 4.02 20 0.28 0.32 
Luiz Gonzaga 4.02 20 0.28 0.32 
Frei Damião 4.02 20 0.28 0.32 
Patativa do Assaré 4.02 20 0.28 0.32 
Apolônio Sales 4.91 20 0.35 0.39 
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In displacement-type movement, the weight 
of the boat is supported only by the thrust of 
water over it; the bow is directed downward, and 
the relatively low speed causes small waves 
(Bispo, 2007), in agreement with our findings.  

In cases where boats move very close to the 
banks, the embankment can affect how 
secondary waves propagate; this was the case in 
the Xingó reservoir, where boat speed was 
considered subcritical (since values for 𝐹𝐹𝐹𝐹ℎ were 
> 0.75, as shown in table 3).  

Like waves generated by wind action, the 
waves produced by boat movement are influenced 
by the dimensions of the body of water.  

Some studies have developed several empirical 
formulations based on measurements in the 
laboratory and in the field that can predict wave 
height according to the geometry of the channel 
and boats (Aguiar, 2018). These formulations 
permit initial estimates of the waves generated by 
boat passage and can help determine potential 
erosion on the banks of the body of water. 

The height of the interference wave (𝐻𝐻𝐻𝐻) 
varied for waves generated by the boats in groups 
1 and 2, as depicted in Tables 5 and 6. The wave 
height refers to the maximum height that occurs 
in the vicinity of the boat. 

Table 5 presents values for 𝐻𝐻𝐻𝐻 for the boat in 
group 1 in different bathymetric sections of the 
entire route it routinely travels, where depths 
vary. Note that the data generated from 
interference wave height also depend on the 
technical specifications of each boat, among 
other factors. Over time, interference wave 
height results from the sum of the effects of the 
transverse and divergent waves. 

Table 6 presents the height data for 
interference waves and the boats in group 2; 
because of their different technical speci-
fications, different values were seen for Hi even 
though these boats followed the same route as the 
boat in group 1. These values were also related to 
the area of each section of the channel where the 
midpoint of the boat passed.

 

Table 5 - Values related to Hi (interference wave height) and other variables used to calculate this parameter for the 
boat in group 1 

ID Section Route depth (m) Boat width (m) Ac (m) Hi (m) 
1 5 132.48 7.00 918.61 0.19 
2 13 86.73 7.00 598.36 0.20 
3 4 94.22 7.00 650.79 0.19 
4 1 111.32 7.00 770.49 0.19 
5 12 98.21 7.00 678.72 0.19 
6 2 74.19 7.00 510.58 0.20 
7 11 61.47 7.00 421.54 0.20 
8 10 56.47 7.00 385.70 0.20 

Note: Group 1: Delmiro Gouveia. Half hull: 1.05 m. 
 

Table 6 - Values related to Hi (interference wave height) and other variables used to calculate this parameter for the 
boats in group 2. 

ID Section Route depth (m) Boat width (m) Ac (m) Hi (m) 

1 5 132.48 8.00 1049.84 0.1649 

2 13 86.73 8.00 683.84 0.1669 

3 4 94.22 8.00 743.76 0.1662 

4 1 111.32 8.00 880.56 0.1655 

5 12 98.21 8.00 775.68 0.1661 

6 2 74.19 8.00 583.52 0.1675 

7 11 61.47 8.00 481.76 0.1687 

8 10 56.35 8.00 440.80 0.1694 

       Note: Group 2: Rei Do Cangaço, Padre Cicero, Luiz Gonzaga, Frei Damião, Patativa do  
       Assaré, and Apolônio Sales. Half hull: 1.25 m. 

 
Tables 5 and 6 show that the interference 

wave height values (Hi) are absolutely 
compatible with topobathymetric data obtained 

onsite via ADCP.  
Observed and recorded erosive events did not 

appear to be directly related to boat movement; 
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instead, wind and wind tracks (fetch) directly 
affected the observed erosion sites. In an 
investigation of waves generated from wind 
tracks in the Xingó reservoir, Holanda et al. 
(2020) noted erosion on the bank of the lake in 
the same direction as the winds, which 
propagated waves that may vary according to soil 
type on the slopes (Guo et al., 2020).  

Onsite observations made during data 

collection indicate that the wave propagation 
behavior described in this study is not solely 
responsible for erosion on the banks of the lake, 
since it may also be associated with wind tracks, 
human activities, deposit of transported 
sediments resulting from operations at the power 
plant, as well as other factors such as those 
indicated by Miranda et al. (2020) and 
Sajinkumar et al. (2020).

CONCLUSIONS 
The movement of the boats in this study, 

which was characterized as displacement, is 
perfectly justified by the subcritical speed at 
which they traveled, and this low speed causes 
small waves with small crests and consequently 
short duration.  

Because of their low energy, these waves not 
present any risk of erosion when the boats 
approach the reservoir banks as they follow their 
regular tour routes.  

The generated waves, particularly the height 
of the interference wave (𝐻𝐻𝐻𝐻), were seen to vary 
according to the dimensions of the boats. The 
results for interference wave height (Hi) related 

to the secondary wave system, which is the sum 
of the effects of transverse and divergent waves, 
were compatible with the discrete movement of 
water in the form of waves produced by boats. 

This study establishes that the tour boats that 
operate in the Xingó power plant reservoir and 
provide income for local residents do not cause 
erosion on the lake banks. Future studies are 
needed to examine the interaction between 
secondary waves generated by boats and 
hydrological and hydrodynamic factors, 
sediment transport, geotechnical aspects, and 
anthropic activities in order to avoid erosion 
caused by secondary waves.
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