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3.8 PARNAÍBA WATERWAY SYSTEM 

3.8.1 Physical system of the river and environmental and social aspects  

Parnaíba waterway system comprises the Parnaíba River basin's territory ς located in between 

the states of Maranhão, Piauí and Ceará, in Brazil's northeastern region ς its borders penetrate 

the Caatinga (53%) and Cerrado (47%) biomes. 

The Parnaíba and das Balsas Rivers present poor navigation conditions. They are located in a 

region with intense erosion and sedimentation processes, which result in generalized 

aggradation problems and shallow waters along these rivers. In the upstream sections of both 

rivers are presented several rapids and rock outcrops, restricting navigation. Several sections 

of these rivers are shallow waters. 

The Boa Esperança hydroelectric plant, the only plant built in this waterway system, does not 

have operating locks, blocking the passage of vessels through this HPP. The main 

characteristics in terms of physical conditions and navigability of the waterways that compose 

the Parnaíba waterway system can be seen in the following Linear Diagram diagram. 

The analyses and studies carried out to characterize the physical, social and environmental 

conditions of potential waterways in the Parnaíba waterway system followed the 

methodologies introduced in Chapter 1 ς item 1.3 ς Methodology of this report. 

Due to the vast amount of information collected and analyzed, this chapter presents a 

summary of the main results and conclusions for each river studied. 

The CD annexed to this report (Step C: Assessment and Diagnosis) contains a table in the .xls 

format that present in a more detailed way all the variables and information analysed for each 

river and each section studied. 

The Linear Diagrams in this chapter summarize the mentioned table, following the 

methodologies exposed in chapter 1, item 1.3 of this report. 

As the result of the final step of the Strategic Waterway Plan (Step F: Preparation of the final 

strategic plan) a Georeferenced Database is presented, which contains all the existing 

information in the table of the CD annexed to this report. 
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The Parnaíba River Basin has an approximate area of 344 thousand km², partially touching the 

territory of 293 municipalities, 222 in Piauí, 29 in Ceará, and 42 in Maranhãom State. The total 

population in these municipalities is 5,119,667 (IBGE, 2010) and the most important city is 

Teresina, capital of the state of Piauí accounting for 15.9% of this population. The FIRJAN 

(2010) index ranges from 0.34 in São Felix das Balsas (MA) through 0.84 in Teresina (PI). The 

average is 0.54. 

In the Parnaíba River basin, there are 12 Conservation Units, 9 Sustainable Use Units near the 

Parnaíba River mouth, and 3 Integral Protection Units, near the south part of the basin. There 

are also INCRA settlements throughout the basin, especially near the Parnaíba River mouth. 

The main social and environmental characteristics to foster the integrated planning of possible 

interventions needed in the region of the Parnaíba waterway system can be seen together in 

the Linear Diagram diagram below.  
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The diagram above shows that the Parnaíba Waterway system has no social or environmental 

vulnerabilities deemed too high (indigenous land or integral protection conservation units in 

the area surrounding the waterway). It is noteworthy the concentration of Units of Sustainable 

Use Concervation, as well as INCRA settlements in its initial sections, especially between the 

municipalities of Coelho Neto, Araioeses and Ilha Grande in Piauí. 

The main characteristics of this Waterway System are described below. 

3.8.1.1 Parnaíba Waterway 

a) Navigability Diagnosis 

The Parnaíba River basin comprises the states of Piauí, part of Maranhão and Ceará, totaling 

344,112 km². The Parnaíba River originates at the confluence of the Surubim, Água Quente and 

Boi Pintado Rivers, whose springs are located in the Tabatinga Range, and Chapada (a plateau 

in the Brazilian highlands) of Mangabeiras, at the border of the states of Piauí, Tocantins and 

Maranhão, 700m above sea level. Its mouth is in the Atlantic Ocean, near the municipality of 

Parnaíba (PI). Parnaíba's most important tributaries are Gurgueia, Uruçuí-Preto, Canindé, Poti, 

Longá, and Balsas. 

The average rainfall is around 1,500 mm a year. The flood period is between January and May. 

Parnaíba's average flow is about 800m³/s near its mouth (see Appendix VII, item 4.5.1). 

According to the climate change forecasts (Marengo, 2007), both the regular rainfall volume 

and the runoff volume of the Parnaíba basin tend to decrease. 

The Parnaíba's waterway considered in this study includes the Parnaíba River, from its mouth 

until Santa Filomena (PI) town (section 120), about 1,200km of extention. 

Generally, the Parnaíba River has poor navigation conditions, with many generalized 

aggradation sections, as well as rapids, rocky outcrops and shallow depths. The current 

navigable section is located in the Boa Esperança HPP reservoir, with no functioning locks. 

The Parnaíba River, between its mouth and Teresina (sections 1 through 39), has no adequate 

navigation conditions. There are extense sandbanks, which results in minimal depths of about 

1m during the dry season and on sinuous routes. The slopes are low (from 7 through 

20cm/km) and minimal width ranges from 90 to 300m. The picture below illustrates the river's 

behavior on this section. 



 

 
754 

 

Figure 3.8.1: Aggradation in the Parnaíba River (Cabeceiras do Piauí, 2013) 

From Teresina to the HPP of Boa Esperança (sections 40 through 71), with 310km length, the 

navigation conditions are poor and worsened by the presence of beaches, sandbanks, rocky 

outcrops and islands and very pronounced curves. Minimal widths vary from 50 through 200m 

and minimal depths may reach about 1m. The most critical section is located between Teresina 

(PI) and 80km upstream (section 47). Land use on the Parnaíba riverbanks, the deforestation of 

natural forests and the building of Boa Esperança's hydroelectric plant have led to increased 

sedimentation and aggradation, worsening navigation conditions. 

Boa Esperança's hydroelectric plant (section 71) has 47m of head and regulates Parnaíba's 

flows, not improving, however, the river's navigation conditions downstream from this HPP. 

Besides, this plant has a set of two unfinished locks since 1982, each 50m long. They have no 

deadline to be finished and, therefore, navigation is interrupted at this dam. 
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Figure 3.8.2: Unfinished lock at Boa Esperança's hydroelectric plant (Portal Gterra, 2013) 

Between Boa Esperança's dam and the surroundings of  Uruçuí (PI) city (sections 71 through 

85), mouth of the das Balsas River, navigation is feasible and takes place on lake conditions at 

Boa Esperança's reservoir, with minimum depths of 2m along its 155km. However, there is no 

records of adequate signaling. 

Between the municipalities of Uruçuí (PI) and Santa Filomena (PI) (section 120), the Parnaíba 

River has about 365km of extension and poor navigation conditions. This section has very 

pronounced curves, sinuosity rates that reach 2, apart from having a number of sandbanks and 

rocky outcrops, which may make this section more sinuous than expected. Erosion on the 

riverbanks aggravates aggradation processes in this section. Minimum widths in this section 

range from 30 through 100m, with narrowings sections. Minimum depths are about 1m, 

during the dry season, moreover, shallower depths may be found due to the large number of 

natural obstacles. There are sections with rapids and waterfalls, not suitable for commercial 

navigation. Slopes reach about 60cm/km in some sections. There are not enough information 

about the dimensions of the bridges on this section, but these are visibly restrictive to 

navigation. 
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Figure 3.8.3: Parnaíba River (Fazendas Piauí, 2013) 

The Parnaíba River has an approved Hydroelectric Master Plan in which falls have been divided 

among, apart from Boa Esperança, five other hydroelectric plants (Castelhano, Estreito, 

Cachoeira, Uruçuí, and Ribeiro Gonçalves). There are no construction dates for these plants 

and it is not known whether they will be equipped with locks. Building these hydroelectric 

plants may turn commercial navigation on the Parnaíba River feasible for 80km upstream from 

Teresina (PI) to the vicinity of Taso Fragoso (MA), should these hydroelectric plants, apart from 

Boa Esperança, be equipped with operating locks and in case there are no free current sections 

between the plants. The picture below shows how Parnaíba's falls are to be grouped. 

The hydroelectric plants planned to be built on the Parnaíba River are energetically little 

attractive, that, associated with the pessimistic climate change scenarios for the river, make 

the feasibility of these plants becomes even more adverse. 
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Figure 3.8.4: Longitudinal Profile of Parnaíba river (Estudos de Inventário Hidrelétrico da Bacia do rio Parnaíba, 2002) 
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b) Social environmental vulnerabilities 

The Parnaíba Waterway is 1,211 kilometers long and crosses 54 municipalities, 30 in Piauí and 

24 in Maranhão. 
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Map 50: Parnaíba Waterway Location 
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The total population in these municipalities is 2,098,482 (IBGE, 2010). Teresina ς capital of 

Piauí state ς is the most populous city, accounting for 36.83% of the total. The FIRJAN (2010) 

index ranges between 0.34 in São Felix das Balsas (MA) and 0.84 in Teresina (Piauí). The 

average is 0.54, similar to the average for the basin. 

There are no critical points, from social and environmental perspectives, along the 122 

sections where these waterway surroundings have been divided. The substantial presence of 

Sustainable Use Conservation Units is noteworthy between section 01 and 02 in the 

municipality of Ilha Grande (PI). 

The main characteristics in terms of social and environmental vulnerabilities of the waterways 

comprising the Parnaíba waterway system can be seen as a whole in the Linear Diagram 

diagram below. 
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3.8.1.2 Das Balsas Waterway 

a) Navigability Diagnosis 

Das Balsas is the largest tributary, on the left bank, of Parnaíba River, with about 510km of 

extension. It springs is located where the Chapada das Mangabeiras meets Serra do Penitente, 

over 700m above sea level, in the state of Maranhão. Its mouth is in the Parnaíba River, near 

the Uruçuí (PI) city (section 1). 

Average rainfall is about 1,500mm a year. The period of floods occurs between January and 

May. Das Balsas river average flow, in the town of Balsas (MA), is about 100m³/s (see Appendix 

VII, item 4.5.2). According to climate change forecasts (Marengo, 2007), both average rainfall 

and run-off volume of the Das Balsas tend to decrease. 

The Das Balsas Waterway considered in the following study comprises the section between its 

mouth and the municipality of Balsas (MA), about 240km long. Its importance is related to the 

possibility of integrating this waterway with the Parnaíba Waterway. 

The das Balsas River is navigable only for small draft vessels, from its mouth to the municipality 

of Balsas (MA), specifically during the flood season. 

Average slope between das Balsas River and the town of Balsas (MA) (section 24) is about 

30m/km, with occasionally higher slopes sections, resulting in rapids, which make some points 

unfit for navigation, especially near Balsas municipality (MA). 

Moreover, during dry season the river carries a large quantity of materials, which deposit in 

certain spots, creating occasional and alternating sandbanks as well as pebbles. Rapids and 

sandbanks may restrict navigation or make it unfeasible in several sections. 

Minimum depth in the dry season is approximately 1.5m. The river is narrow ς 80m near its 

mouth and about 40m near Balsas town. The sinuosity rate in some sections is about 1.9 

(section 16). The presence of sandbanks may decrease the navigation channel dimensions and 

make it even narrower and more sinuous than expected. The picture below shows the das 

Balsas River. 
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Figure 3.8.5: Das Balsas River (Agrobalsas, 2013) 

The das Balsas River was considered in the Parnaíba River basin Hydroelectric Master Plan, 

elaborated in 2003. According to this Master Plan's division of falls, das Balsas will be affected 

by the hydroelectric plant reservoir in Uruçuí, to be implemented on the Parnaíba River, up 

through about 140km from Balsas mouth. The Master Plan also foresees the Taboá 

hydroelectric plant, with 98MW Installed Power, whose backwater will reach the town of 

Balsas (MA). The figure below shows the approved division of falls for Das Balsas River. 

 

Figure 3.8.6: Division of falls approved for the das Balsas River (Estudos de Inventário Hidrelétrico da 
Bacia do rio Parnaíba, 2002) 
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In case of being constructed with locks  in  these hydroelectric plants, commercial navigation 

will be feasible with good conditions all along the das Balsas Waterway. 

b) Social and Environmental Vulnerabilities 

The Das Balsas waterway has 233 kilometers of extension, crossing 6 municipalities: Balsas, 

Benedito Leite, Loreto, Sambaíba, São Félix de Balsas, and São Raimundo das Mangabeiras, in 

the state of Maranhão. 



 

 
768 

 

Map 51: Balsas River Location 
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The population in these municipalities totals 128,050 inhabitants (IBGE, 2010). Balsas is the 

most populated town, accounting for 65.23% of the total. The average FIRJAN (2010) index is 

0.54, similar to that of the basin in general. 

The area around these waterways was divided into 24 sections for social and environmental 

vulnerabilities assessment. It is worth noting that this river has well preserved vegetal 

coverage. 

The main characteristics in terms of social and environmental vulnerabilities in the waterways 

comprising the Parnaíba waterway system may be seen in the Linear Diagram diagram shown 

below. 
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3.8.2 Economic Aspects 

3.8.2.1 Current inland waterways transport 

Today, navigation on the Parnaíba is limited to small vessels traveling between villages 

transporting soybeans, coal and sugar cane by means of ferries that take them from one bank 

of the river to the other, usually for local communities. Navigation along the whole river is 

prevented by lack of a ship lock at the Boa Esperança dam. 

3.8.2.2 Planned developments 

A small part of the works for the locks at the Boa Espeança dam are still pending. It is foreseen 

that the works will be resumed after 2015. However it is not clear when the locks will be fully 

operational. 

If the Port of Luís Correia were built at the river mouth (partially underway), the waterway 

could extend to direct export. There is also the possibility of transporting the cargo by highway 

to Ribeiro Gonçalves, if the extension of the Transnordestina highway is built. 

3.8.2.3 Future inland waterways transport 

This paragraph summarizes the forecasts for inland waterway transport in the Parnaiba river 

basin, depending on the economic and transport projection for the states in the influence zone 

of the Parnaiba river basin: Maranhão, Piauí, Bahia and Tocantins.  

Agricultural products like soy, soy meal, corn, cotton and fertilizers seem the most likely future 

prospects. Table 3.8.1 gives an overview of the projected production of the most relevant 

commodities in the catchment area of Parnaiba river for the period 2011 ς 2031. 

Table 3.8.1: Transport potential (in 1.000 tons) 

 2011 2015 2023 2031 

Soy 4.077 5.180 8.788 12.361 

Soy meal 844 1.080 1.691 2.253 

Corn 498 609 689 760 

Cotton 707 741 822 900 

Fertilizers 1.589 1.427 1.826 2.003 

Total 7.715 9.037 13.816 18.277 

 

Not all potential however will be realized. We assume that the share of the Parnaíba River52 

will increase with time. Table 3.8.2 gives the shares used. 

 

                                                           
 

52
 It was used the same assumptions for the Tocantins River. 
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Table 3.8.2: Shares of Parnaiba River (%) 

 2011 2015 2023 2031 

Share 0 30 40 50 

 

This leads to the forecasts for the Parnaíba River in table 3.8.3. 

Table 3.8.3: Forecast for Parnaiba River (in 1000 tons) 

 2011 2015 2023 2031 

Share 0 2.711 5.526 9.139 

 

The main question will be whether the Parnaíba River will be the main transport route for 

these flows, or the Tocantins River. The location of the Parnaíba River with regard to the 

production zone is excellent, but there are severe drawbacks. In the first place highligt the 

missing locks. Perhaps even worse is the missing seaport. From Teresina, rail or road has to be 

used to reach Sao Luis or Fortalenza. For the moment all developments tend to favor the 

Tocantins as main transport axis for the Matopiba region. More detailed information is 

provided in the background reports concerning commodities and river basins. 

3.8.3 Transport System  

3.8.3.1 Transported Cargo 

As seen in Chapter 3.8.2, there is no longitudinal cargo transportation today for this waterway 

system, only crossings. However, for 2031, potential volumes to be moved through Parnaíba 

Waterwai have been identified, relating to agricultural production cargo in the Matopiba 

region. These are shown in the table below. 

Table 3.8.4: Cargo transported in the Parnaíba waterway system per year (Source: internal) 

Cargo 2011 2031 

Soybean 0 6,181 

Soy meal 0 1,127 

Corn 0 380 

Cotton 0 450 

Fertilizers 0 1,002 

Total 0 8,316 

 

Agricultural bulk cargoes are for exporting. Fertilizers are for importing. 
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3.8.3.2 Infrastructure 

This item describes the current Parnaíba waterway system infrastructure, which, as explained 

in Chapter 3.8.1, comprises the Parnaíba and das Balsas Rivers. 

a) Waterway/River infrastructure 

The physical characteristics of the Parnaíba waterway system, its current dams and those that 

have been planned have all been described in Chapter 3.8.1. 

After reviewing a number of official documents and the interviews, it was found that there is 

no longitudinal navigation in this system, only crossings. Besides, there are no waterway 

terminals operating in this system, according to PNIH's database, 2013.  

Ports/Terminals 

To analyze the Parnaíba waterway system, the database resulting from the PNIH was used. 

Information collected during the interviews or coming from recent reports was added. At this 

base, 13 terminals are listed, 8 of which have no status information and 5 are being planned. 

Roads 

This item addresses the roads that are part of the Parnaíba waterway system. It is worth 

noting that those described below are potential competitors or connections. 

BR-020 

BR-020 is a radial federal road in Brazil. Its starting point is in the city of Brasília (Distrito 

Federal) and it ends in Fortaleza (Ceará). It crosses the Federal District and the states of Goiás, 

Bahia, Piauí, and Ceará. In the states of Bahia and Piauí, it has long unpaved segments and 

segments that have not been built yet, being planned step, forcing drivers to use other roads 

to get to their destination. 

From Fortaleza (CE) to Picos (PI), the road is completely asphalted, with significant quality 

paving, occasional holes and narrow shoulders in most of the route, despite some segments 

with wide shoulders. It is possible to go from Picos (PI) to Floriano (PI), on the bank of the 

Parnaíba waterway. With this connection, BR-020 becomes a direct competitor with the 

waterway and traffic flows through the road mode up to Fortaleza's port. From Picos (PI), one 

can take BR-407 toward Petrolina (PE), a cargo route for goods coming from the countryside of 

the states of Bahia, Piauí, and Pernambuco to the port of Fortaleza (CE). 

BR-135 

BR-135 is a road that connects Brazil's midnorth (Maranhão) and ends in Belo Horizonte 

(Minas Gerais). It competes with BR-040, between the two-road junction in Paraopeba, and 

Belo Horizonte, in Minas Gerais. This road is in a very poor state of maintenance in the north of 

Minas Gerais and there is still no asphalt in several parts, especially in Bahia. Because this road 

crosses very poor and not very developed regions (north of Minas Gerais and the whole 

northeastern outback), it was left in a very poor state or without paving projects in several 

segments and a number of times. 
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BR-135 may represent in a direct competition to the Parnaíba waterway, connecting the 

Floriano (PI) and Guadalupe (PI) region to the port of São Luis (MA). In spite of this 

competition, BR-135 is paved in this segment with poor maintenance and signaling conditions. 

Some segments have neither lines painted on the road nor paved shoulder. 

BR-226 

BR-226 is a Brazilian transversal road that connects the city of Natal (RN) to the municipality of 

Wanderlândia (TO). Throughout its route, BR-226 goes through the states of Rio Grande do 

Norte, Ceará, Piauí, Maranhão, and Tocantins. Its total length is 1674.6km. It crosses the 

municipalities of Natal, Currais Novos, Florânia, Pau dos Ferros, Pedra Branca, Cratéus, 

Teresina, Timon, Grajaú, Porto Franco, Estreito, Aguiarnópolis, and Wanderlândia, among 

others. The road has several unpaved or unimplemented segments. In the section between 

Porto Franco (MA) and Wanderlândia (TO), BR-226 integrates the route of the famous Belém-

Brasília road, also known as Rodovia Transbrasiliana. 

The most relevant segment for the study is that connecting Porto Franco (MA) to Teresina (PI). 

It crosses BR-135, thus forming a corridor that connects all the countryside of the state of 

Maranhão and the Tocantins and Parnaíba Rivers waterways to the port of São Luis (MA). 

Besides, its route is parallel to the Balsas Waterway and it crosses the Parnaíba waterway 

further on, making this a direct competitor with the first waterway. The road conditions are 

considerably good: single-lane, signaling, but no paved shoulder. 

BR-230 

In the state of Maranhão, BR-230 connects the municipalities of Estreito, Carolina, Balsas and 

São João dos Patos. In the state of Piauí, it connects the towns of Floriano and Picos. Since it 

cuts through the interior of both states, apart from providing a link between the three 

waterways (Tocantins, Balsas, and Parnaíba), with several roads that connect to ports further 

north, BR-230 is considered vital for cargo transportation in the region. It may work both as a 

complement to the aforementioned waterways and as a competitor, if we consider its 

connection to other roads. BR-230 is in good paving conditions in both states, with single-lanes 

with adequate signaling, without paved shoulders. In some segments, there are holes on the 

road. Other than that, there is no major issue for cargo transportations. 

BR-316 

BR-316 starts in the city of Belém, in the state of Pará, and ends in the city of Maceió, in the 

state of Alagoas. It goes across the states of Pará, Maranhão, Piauí, Pernambuco and Alagoas. 

BR-316 also cuts through well-known cities, such as Belém, Castanhal, Teresina, Picos, Maceió, 

and Santa Inês. 

BR-316 cuts through the Parnaíba waterway in the city of Teresina (PI), and integrates with 

other roads into a network that competes with Parnaíba's waterway. Single lane, asphalt 

pavement, it is in reasonable maintenance conditions. Its shoulders are not asphalted for most 

of its length. 
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BR-343 

The BR-343 is a diagonal highway of Piaui State, which connects the city of Luís Correia to 

Teresina. It is very important for the development of the state, as it connects the state capital 

(Teresina) to the coast, and connects Piauí to Ceará, in the intersection with BR-404. Its course 

is parallel to the downstream section of Parnaíba waterway, in a passage that difficult 

navigability. It is considered complementary to the Parnaíba River waterway. Asphalt paving 

has not too good conditions with single lane throughout the course and unpaved shoulder. 
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Railroads 

The railroads that integrate the Parnaíba waterway system are described below. They can 

work as connections to the ports of Pecém and Itaqui. 

EF-225 

EF-225 interconnects the Parnaíba Waterway in Teresina (PI) to the ports of São Luis (MA) and 

Fortaleza (CE). The latter is a complement to EF-405. EF-225 is part of the Transnordestina 

railroad and has metric gauge. Most of the cargo transported is oil, alcohol, cement, and pig 

iron. 

EF-405 

EF-405 integrates railroad EF-225 in Cratéus (CE), to the port in Fortaleza (CE). EF-405, which is 

part of the Ferrovia Transnordestina (Transnortheastern Railroad), has metric gauge and most 

of the cargo transported over it is oil derivates, alcohol, cement, and pig iron. It is operated by 

CFN. 

3.8.3.3 Current fleet and operative companies 

a) Vessels 

As mentioned before, there is no longitudinal transportation of goods ς only crossings. This 

fleet is not adequate for inland waterway transport, because there are only 12 barges with a 

total static capacity of 1,427 tons. For this navigation, Pipes Empreendimentos is the main 

player. 

Pipes Empreendimentos is a small-sized navigation company that works especially in crossing 

transport. 

Table 3.8.5: Fleet of crossing vessels in the Parnaíba waterway system (Source: Based on ANTAQ's 
Statistical Yearbook, 2011). 

Company 
Barges' static capacity (in 

tons) 

Number of 

barges 

Average age 

(years) 

Pipes Empreendimentos Ltda. 1,149 8 11,3 

Comvap Açúcar E Álcool Ltda 177 1 10 

Transportes G & G Ltda 50 1 12 

Nordeste Navegações Ltda 42 1 6 

Raimunda N Dos Santos Viana 8 1 3 

Total 1,427 12 8,5 
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b) Push Boats 

Push boats are also only used for crossing transports in the Parnaíba waterway system. The 

fleet is composed of 10 pusher tugs and Pipes Empreendimentos is the main player. 

Table 3.8.6: Fleet of pusher tugs for crossing navigation in the Parnaíba waterway system (Source: 
ōŀǎŜŘ ƻƴ !b¢!vΩǎ ǎǘŀǘƛǎǘƛŎŀƭ ȅŜŀǊōƻƻƪΣ нлммύΦ 

Operating company Number of push boats Average age(years) 

Pipes Empreendimentos Ltda. 7 16,9 

Comvap Açúcar E Álcool Ltda 2 6,5 

Nordeste Navegações Ltda 1 6 

Total 10 13,7 

 

3.8.3.4 River Information Management System 

The Parnaíba waterway system is managed by AHINOR, whose responsibilities are signaling 

and dredging (for more details about competencies, see Chapter 3.8.4). 

There is no information regarding the water level of the rivers that compose this system and, 

despite being the waterway administration duty, there is no implemented signaling in the 

system. 

3.8.3.5 Intermodal Competition 

Based on the results shown in Chapter 3.8.2, it can be concluded that the potential cargo for 

the Parnaíba waterway system results from the exportation of agricultural bulks from the 

Matopiba producing region. For this analysis, it was assumed that there would be a terminal in 

the area of Santa Filomena. This hypothesis will be tested and optimized in the next stage of 

the plan. 

In this analysis, two alternatives were analyzed: multimodal, where the first segment (from 

productive areas to the hypothetical terminal at Santa Filomena) should be by highway, then 

on waterway from Santa Filomena to Teresina, and from there through the port of São Luís, by 

rail; the second alternative is to consider the road mode only to the port of São Luís. 

The table below presents the results of these alternative analyses, the cost relationship 

between the multimodal transportation mode and that considering road mode only. The 

micro-regions chosen for the analysis were based on their production ς if the micro-region 

production is more than 400,000 tons a year or if the micro-region includes a municipality that 

produces more than 100,000 tons a year, it has been included. 

 

 

 

 



 

 
783 

Table 3.8.7: Transportation cost between the Matopiba region and the port of São Luís (R$/ton). 

Region Micro-region São Luis São Luis São Luis 

  multimodal road Multimodal/road 

BA+TO Formosa do Rio Preto 148 230 64% 

 Correntina 200 283 71% 

 Campos Lindos 191 188 102% 

MA+PI Sambaíba 161 144 112% 

 Balsas 142 154 93% 

 Bom Jesus 149 150 99% 

 Baixa Grande do Ribeiro 137 173 79% 

 

The alternative using multimodal transport is not always the most competitive choice, since 

cargoes originating in certain micro-regions, such as Sambaíba and Campos Lindos, for 

example, destined to the port of São Luís, are more advantageously transported by road than 

by multimodal. The average ratio between the cost of multimodal transport and the road 

mode is 88%. 

It has been concluded that the transport in producing micro-regions of Formosa do Rio Preto 

and Correntina has good competitiveness. 

3.8.4 Governance and institutions  

The Parnaíba River, which draws the border between the states of Maranhão and Piauí, has 

become an integrating axis between the two states over the years. This is because, despite the 

navigation obstacles in its course, its sinuosity, its aggradation spots or the non-conclusion of 

the lock at Boa Esperança, navigation is taking place, although only in the form of crossing 

from one riverbank to the other, transport of goods for the local trade and the transport of 

people. 

The Parnaíba basin region does not have a wide range of roads and the existing ones do not 

get adequate maintenance. The nearest railroads (Carajás and Companhia Ferroviária do 

Nordeste ς bƻǊǘƘŜŀǎǘΩǎ wailroad Company) are currently absorbing cargoes that arrive in 

Teresina (PI) to be taken to the port at Itaqui (MA). Use of the waterway mode should be 

encouraged, but the navigation obstacles encountered return the demand to the roads and 

railroads. This is because there are sections of little depth due to alluvial deposits, the 

ŜȄƛǎǘŜƴŎŜ ƻŦ ǊŀǇƛŘǎ ŀƴŘ ǎƻƳŜ ǊƻŎƪȅ ƻǳǘŎǊƻǇǎΣ ŀǇŀǊǘ ŦǊƻƳ .ƻŀ 9ǎǇŜǊŀƴœŀΩǎ ŘŀƳΣ ǿƘƛŎƘ impede 

transposition because its lock has not been concluded. 

Moreover, the use of water resources for irrigation in this region is crucially important for local 

agriculture and also for the subsistence of the population of the semi-arid, demanding studies 

about the use of underground waters. Associated to the multiple uses of water there is the 

incompatibility between the time of harvesting the agricultural crops and the flood season of 

the rivers ς these events do not usually take place at the same time ς making vessels navigate 
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with reduced drafts, which makes navigation in the region even more difficult (ANA, 2006). 

Four hydroelectric plants are planned to be built, which inhibits investments in waterway 

transport in the region because, when construction works begin, navigation is interrupted on 

that section until completion. Another problem in the region is the irregular invasions on the 

riverbanks, which modifies the riparian forests and contributes to the deposits of sediments 

along the rivers, increasing the risk of aggradation. These invasions have also resulted in 

untreated sewage being added to the water, leading to pollution and to the degradation of 

water fauna. 

AHINOR (Administração Hidroviária do Nordeste ς bƻǊǘƘŜŀǎǘΩǎ ²ŀǘŜǊǿŀȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ ŀǎ 

well as other AHs (Waterway Administrations), have not been able to fully perform their duties 

with regard to the works necessary to navigation especially due to lack of financial capacity. 

In spite of this, AHINOR has played an important role in articulating demands from the 

waterway sector in the region. With local partnerships and using its scarce resources to 

develop some activities in Parnaíba, AHINOR has supported some initiatives to contribute to 

ƴŀǾƛƎŀōƛƭƛǘȅΦ ¢ƘǳǎΣ ƛƴ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ {ŜŎǊŜǘŀǊƛŀ ŘŜ tƭŀƴŜƧŀƳŜƴǘƻ Řƻ tƛŀǳƝ όtƛŀǳƝΩǎ 

Secretariat of Planning), for example, three spikes have been implemented as a means of 

avoiding the need to carry out rock demolition in this section. The possibility is being studied 

to create a system of spikes and dikes for self-dredging, minimizing environmental impacts. 

Moreover, AHINOR has been pruning the riverbanks upon request of ICMBio (Anexo I) and 

IBAMA (Anexo I) and implementing floating quays so ICMBio can perform the environmental 

monitoring. 

The table below shows the partnerships AHINOR has built, presents a synthesis of the main 

players in waterway and port management for the Parnaíba and relates their priority activities. 

It is worth pointing out that such responsibilities reflect the contents of the legal text that 

ŘŜŦƛƴŜǎ ǘƘŜƳ ŀƴŘ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ǊŜŦƭŜŎǘ ǘƘŜ ŀŎǘǳŀƭ ŀŎǘƛǾƛǘȅΦ 9ŀŎƘ ǇƭŀȅŜǊΩǎ ŀŎǘƛǾƛǘƛŜǎ 

and their interaction will be explained below. 
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Table 3.8.8: Matrix of Formal Attributions of the Parnaíba Waterway Players 

  
Port 

administration 
Inspection 

Waterway 
maintenance 

Licensing 
Process 

Regulation 

Waterway 
Administration 
(AW)- AHINOR           

Port Company of 
Piauí           

Docks Company- 
CDP           

Environmental 
Secretariats           

DNIT/DAQ           

ANTAQ           

IBAMA           

Other Agents**           
 
*Realização de dragagem, derrocagem, sinalização. 
** Esse bloco engloba todos agentes consultados pelo IBAMA no proesso de licenciamento (Fundação Palmares, FUNAI, INCRA, 
IMCbio, IPHAN, Minst. Público) 

Fonte: Consórcio Arcadis Logos, 2012 

!ILbhw ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ tƛŀǳƝΩǎ tƻǊǘ !ǳǘƘƻǊƛǘȅ ƛƴ ƎǳƛŘƛƴƎ ŀƴŘ ƛƴǎǇŜŎǘƛƴƎ ǿŀǘŜǊ ǎƛƎƴŀƭƛƴƎ ό!ƴƴŜȄ 

I). To guide the environmental licensing process, consultation is carried out with IBAMA. In 

2002, when IBAMA was questioned about the need to license for routine maintenance service 

rendering in the Parnaíba Waterways, including the clearing of the riverbed by rock demolition 

(removing trunks and branches), depth maintenance service for the preferential navigation 

route, beaconage ς where applicable ς riverbank signaling, cleaning and fixing the banks on 

the aforementioned waterway (IBAMA, 2002), they said such services were considered mere 

preventive maintenance and were free of environmental impacts. Thus, maintenance work has 

been carried out without the need to obtain licenses, always informing IBAMA and getting 

authorization. Larger works, such as building ports or terminals, go through the conventional 

licensing process and are guided by IBAMA, which consults other bodies such as the Agência 

Nacional das Águas (National Agency of Waters, Annex I), the state Secretariats for the 

Environment, the Comitês de Bacias Hidrográficas (River Basin Committees), RESEX, ICMBio, 

and INCRA (Annex I), because there are rural settlements in the region often in Environmental 

Protection Areas. 
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3.8.5 SWOT Parnaíba Waterway System 

Strengths  

Å Central location with regard to the new 

agriculture borders (MATOPIBA region). 

Å The Parnaíba River is navigable at Boa 

9ǎǇŜǊŀƴœŀΩǎ wŜǎŜǊǾƻƛǊΦ  

Å AHINOR has been authorized by IBAMA to carry 

out maintenance works: these were considered 

works of low environmental impact. 

Weaknesses 

Å Parnaíba has a number of rapids, 

rocky outcrops, and sandbanks from Santa 

Filomena through Uruçuí. The existing bridges 

in this section do not make navigation easier. 

Å Downstream from Teresina, 

Parnaíba presents shallow waters. There are 

sandbanks and it is very sinuous. 

Å The Boa Esperança dam has an 

unfinished lock system. 

Å Using the waterway for cargo 

transport destined to sea ports 

requires/creates a complex transport chain: 

- Road (from the production area through 

Santa Filomena), inland waterway (from 

Santa Filomena through Teresina) and 

railroad (from Teresina through São 

Luís). 

- The multimodal alternative is not always 

the most competitive one because for 

the cargo originating in some micro-

regions, such as Sambaíba and Campos 

Lindos, for example, destined to the port 

of São Luís, the road mode is more 

advantageous than the multimodal one. 

The average ratio between the 

multimodal cost and the road cost is 

88%. 

Å AHINOR is having difficulties to 

perform its activities, due to the lack of access 

to financial and human resources (due to the 

covenant signed between DNIT/DAQ and 

CODOMAR).  
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Opportunities 

Å Potential cargo in 2031 

- {ƻȅōŜŀƴ Ҧ с Ƴƛƭƭƛƻƴ ǘƻƴǎ 

- {ƻȅ ƳŜŀƭ Ҧ м Ƴƛƭƭƛƻƴ ǘƻƴǎ 

- hǘƘŜǊǎ Ҧ лΦф Ƴƛƭƭƛƻƴ ǘƻƴǎ  

Å Building the dams defined in the Inventário 

do Parnaíba (Parnaíba Master Plan) will make 

navigation possible on many sections of the river, in 

case of being built locks. 

Å Upon conclusion of the construction of Boa 

Esperança lock, a navigation connection will be made 

possible from the Boa Esperança reservoir through 

downstream sections. 

Å Promoting regional development around 

the waterway, with the support of local institutions 

and other bodies such as CODEVASF. 

 

 

Threats 

Å In case of constructing the planned dams 

(Castelhano, Estreito, Cachoeira, Uruçuí, Ribeiro 

Gonçalves) without locks, navigation will continue 

to be difficult. 

Å Even after the dams are concluded, there will be 

sections of the river where navigation will be 

difficult. 

Å The intensified use of the waterway may bring 

about greater human occupation on the 

riverbanks, which may affect the quality of the 

water. If this is not done with adequate public 

planning, it may also increase the sedimentation 

process in the Parnaíba River. 
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3.9 SÃO FRANCISCO WATERWAY SYSTEM 

3.9.1 Physical system of the river and social and environmental aspects  

The São Francisco Waterway System (SH) comprises four waterways, all of them within the São 

Francisco rive basin, namely, the Corrente, Grande, Paracatu e São Francisco rivers waterways 

which are altogether 2,527 km long and cross the territory of 105 municipalities in the states of 

Minas Gerais, Bahia, Sergipe, Alagoas and Pernambuco. These municipalities together have a 

population of 2,821,659 inhabitants (IBGE, 2010). Among the major urban centers is the state 

capital city of Belo Horizonte (MG), besides Contagem (MG) and Montes Claros (MG), Petrolina 

(PE), Barreiras (BA) and Arapiraca (AL).  

The São Francisco River has good navigation conditions between Ibotirama (BA) and Juazeiro 

(BA) /Petrolina (PE). In this segment, the main difficulties remit to the erosion and silting up 

formation processes, isolate stone outcrops, besides the need to combine the waterway and 

the Brazilian Electrical Industry interests, which differ as to water use. This segment has 

already installed and measured infrastructures of designed and underway improvements. 

The other stretches of the São Francisco River under analysis have bad physical conditions 

from the commercial navigation point of view and/or are unfeasible for commercial 

navigation. 

The Grande, Correntes and Paracatu Rivers have limited capacity as to commercial convoy 

traffic and are navigable on some stretches, especially at the flood season. 

The analyses and studies conducted for the characterization of the physical and social-

environmental conditions of the potential waterways of the São Francisco Waterway System 

obeyed the methodologies presented in Chapter 1 ς item 1.3 ς Methodology, of this report. 

Due to the large volume of collected and analyzed information, we present in this chapter the 

summary of the main results and the conclusions arrived at for each river under study.  

In the CD attached to the present report (Step C: Assessment and diagnosis) a table in the.xls 

format containing all analyzed variables and more detailed information is presented for each 

river and each stretch under study. 

The Linear Diagrams contained in this chapter synthesize the above mentioned table, obeying 

the methodology exposed under Chapter 1, item 1.3 of this report. 

As a product of the Strategic Waterway Plan final step (Step F: Preparation of the final strategic 

plan) a data base is presented with georeferenced data containing all the information existing 

in the table of the CD attached to the present report. 

The main characteristics as to navigability physical conditions of the waterways composing the 

São Francisco River SH can be checked together with the one-line diagram presented below. 
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The territorial dimension of the São Francisco river basin is 634,000 km², covering 504 

municipalities in the states of Bahia (BA), Minas Gerais (MG), Pernambuco (PE), Alagoas (AL), 

Sergipe (SE), Goiás (GO) and Federal District (DF), totalling a population of 12,823,013 

inhabitants (IBGE, 2010). It is worth noting that the course of the São Francisco River is 

commonly divided into Upper, Medium, Sub-Medium and Lower São Francisco. 

With regard to conservationism, the basin is inserted in the Caatinga bioms, with 40% of the 

total area, 57% in the Cerrado and 3% in the domains of the Atlantic Forest. Within the basin 

limits there are 1,974 cases of mining works, 7,932 cases of natural cavities (CECAV, 2010), 53 

Integral Protection Conservation Units (UCPI) and 32 Sustainable Use Conservation Units 

(UCUS). 89 Biodiversity Conservation Priority Areas (APCB) with extreme or high action priority 

are found there. According to the INCRA (2012), 16 Maroon Community areas and 647 rural 

settlements were found there. The Indigenous Lands account for 29 cases in the area of the 

above mentioned basins (FUNAI, 2012).  

All the main social-environmental characteristics worth to stress in order to foster the 

integrated planning of occasional interventions needed in the region where the São Francisco 

River SH can be checked together in the one-line diagram presented as follows. 
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By observing the one-line diagram of this Waterway System it can be seen that the São 

Francisco waterway is the one that concentrates the most vulnerable stretches from the 

social-environmental point of view, where the Integral Protection Conservation Units cases 

stand out, concentrated between the stretches 22 (in the municipalities of Piranhas/AL and 

Canindé do São Francisco/SE) to 27 (in the municipalities of Delmiro Gouveia/AL and Paulo 

Afonso/BA), in addition to stretches 160 (in the municipalities of Manga/MG and Malhada/BA) 

to 170 (in the municipalities of Januária/MG and Pedras da Maria da Cruz/MG).  

In addition to the stretches where the Integral Protection Conservation Units are, the 

segments considered the most vulnerable from the social-environmental point of view are 

those where there are Indigenous Lands; in the case of this SH, they spread out between the 

stretches 07 (in the municipality of Porto Real do Colégio/AL) and 54 (in the municipalities of 

Cabrobró/PE and Curaçá/BA) and at some points in the stretches 128 (Ibotirama/BA), 131 

(Muquém de São Francisco/BA) and 165 (São João das Missões/MG).  

Another factor that deserves to be stressed is the recurrent presence of INCRA settlements at 

the São Francisco River banks, especially between the stretches 03 and 67 (between the 

municipalities of Petrolina and Brejo Grande in Pernambuco) and between the stretches 128 

and 166 (between the municipalities of Manga/MG and Xique-Xique/BA), something that may 

generate conflicts because of the use of the banks at those points, should it be necessary to 

build structures in support of navigation there. 

The main characteristics of the waterways composing this Waterway System are described 

below.  

3.9.1.1  São Francisco Waterway 

a) Navigability Diagnosis 

The São Francisco River basin has around 640,000 km² and covers the states of Minas Gerais, 

Bahia, Pernambuco, Alagoas and Sergipe. Its source is at the Serra da Canastra, in the state of 

Minas Gerais. The São Francisco River runs for more than 2,750 km, starts in the state of Minas 

Gerais, crosses the state of Bahia and divides it from the state of Pernambuco. After being the 

border between the states of Sergipe and Alagoas it runs into the Atlantic Ocean. Its most 

important tributaries are the following rivers: Pará, Verde, das Velhas, Indaiá, Jequitaí, 

Paraopeba, Urucuia, Abaeté, Carinhanha, Paracatu, Corrente and Grande, the last three of 

which are the analyzed for navigation purposes in this study. 

At the headwaters, the São Francisco River basin rainfalls reach 1,800 mm per year. At the 

semiarid the rain levels decrease going downstream and rainfalls vary between 800 and 600 

mm as the annual average at the intermediate river course. The minimum values are reached 

in the area of Cabrobó (PE) (stretch 52). The drier period goes from May to October, and the 

flood period goes from December to April. According to climatic change forecasts (Marengo, 

2007), the runoff volume tends to decrease in the São Francisco River basin. 
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The São Francisco River is morphologically stable and does not have large modifications in its 

bed over the time. It crosses the long depression nestled between the Atlantic Plateau and the 

Chapadas of Central Brazil until it goes through a transition segment (where a number of 

hydroelectric plants - UHE - were implemented) and arrives at a coastal plain region. 

The river bed is dominantly sedimentary, from the São Francisco River mouth to the vicinity of 

the city of São Brás ς AL (stretches 1 to 9) and the Itaparica lake upstream (stretches 33 to 

203). The bed of the intermediate stretch has rocky characteristics, typical from the transition 

region of the Depressão of the São Francisco to the coastal plain region.  

Between Juazeiro (BA) and the upstream segment (stretches 73 to 203) soils are sandy, loose, 

more or less acid and little differentiated, having a thin surface horizon with a small 

accumulation of organic matter at the utmost. They include sand from dunes and other 

geologic formations that are more ancient. Even with dominantly sandy formations, some 

relevant rock outcrops appear in some stretches. 

The São Francisco waterway, as considered in this analysis, consists of the stretch between its 

mouth, on the Atlantic Ocean, and the city of Piropora (BA), and is about 2030 km long. The 

navigable stretch consists of the segment between Ibotirama (BA) and Juazeiro (BA) / Petrolina 

(PE), about 570 km long. 

 Along the stretch under study, the São Francisco River presents various physical chracteristics 

that make it navigable in some stretches and inadequate to navigation in other stretches. The 

flood period takes place between December and April, but it may undergo some small changes 

while running along the basin. The average flow rate is in the order of 800 m³/s at Pirapora 

(stretch 202), 2,400 m³/s at Ibotirama (stretch 129) and 2,600 near the mouth (see Appendix 

VII, Item 4.6.1). 

From the São Francisco River mouth to the municipality of Piranhas (AL) (stretch 21), about 

210 km long, the river has an average slope in the order of 5 cm/km and is considered 

navigable; it was formerly visited even by cabotage vessels that reached the river port of 

Penedo. Until the 80s, navigation on the Lower São Francisco was pretty significant and vessels 

could count with a minimum depth of 2,50 m along the entire stretch, even at the period of 

low waters. Facilities built for power generation on the upstream stretch deeply changed flow 

conditions on this long stretch where commercial navigation virtually disappeared. This 

navigation ceased as a result of the intense silting up that took place at the mouth where 

depths are nowadays in the order of just 2 m. 

On the segment between Pirapora and the Sobradinho lake, the São Francisco river undergoes 

intense erosion processes at the banks, mainly due to soil fragility (over 50% of sand content), 

quick variations in the discharges of the Três Marias Hydroelectric Plant (UHE), the emptying of 

the reservoir of the Sobradinho Hydroelectric Plant, the anthropic activities on the river banks 

and the absence of riparian vegetation on many stretches of the banks. These erosions 

enhance silting formations, many of which are mobile, impacting navigability conditions. 

Upstream the municipality of Piranhas ς AL (stretches 21 to 46) the São Francisco River has a 

number of hydroelectric uses, which take advantage of the existing differences in level and 
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canyons along the São Francisco River in this stretch. The Xingó Hydroelectric Plant (stretch 

21), the Hydroelectric Complex of Paulo Afonso (stretch 27) and the Itaparica Hydroelectric 

plant (stretch 32) stand out. Navigation is possible on the reservoir stretches of theses plants, 

however none of the theses facilities has lock systems, making vessel transposition impossible. 

The figure below illustrates in a schematic manner the division of falls on the São Francisco 

River and shows the existing UHEs and the currently navigable stretch. 

 

Figure 3.9.1: Schematic division of falls on the São Francisco River (CODEVASF, 2011) 
 

On the stretch between the end of the Itaparica UHE reservoir (stretch 46) and Petrolina 

(PE)/Juazeiro (BA) (stretch 073), approximately 170 km long, the São Francisco River has bad 

navigability conditions due mainly to the great number of stone outcrops, floating islands and 

sandbanks, which take place at low depths during the drought period, in addition to the 

existence of very sinuous stretches and the lack a safe navigation channel. On some stretches 

the average slope reaches 40 cm/km. Recent studies, aiming at hydroelectric use, mention the 

possibility of building the Riacho Seco and Pedra Branca dams, whose reservoirs do not reach 

the cities of Juazeiro (BA) / Petrolina (PE). 
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Figure 3.9.2: Rock outcrops on the São Francisco River (stretch 56) (My Old Chico, 2010) 

 

Between Petrolina-PE/Juazeiro (BA) (stretch 73) and the Sobradinho Dam (stretch 77) the 

minimum depth is 1.4 m at the drought period and depends on the discharges of the 

Sobradinho UHE (stretch 77). According to the AHSFRA, the rock excavation of the stretch was 

performed in 1988, guaranteeing a 2.0 m depth for a 1,500 m³/sec flow at the Sobradinho Dam 

and an average down flow at Sobradinho of 2050 m³/sec and daily variations between 1,300 

m³/sec and about 4,000 m³/sec. The effect of depth variations are noted up to 15 km 

downstream the Sobradinho Dam. Downstream to this point the variations are smaller, 

reaching less than 30 cm on the ruler at the Ilha do Fogo, monitored at real time by the ANA. 

The river bed is formed of granite and gnaiss, with many rocky crests along the stretch. The 

rock excavation performed to date on this stretch did not overcome the problems. In addition 

to the rocky formations there are also sand and gravel deposits on the segment. 



 

 
803 

 

Figure 3.9.3: Rock outcrops on the São Francisco River (stretch 74) (Panoramio, 2013) 

 

The Sobradinho Dam has a 120 m long and 17 m wide lock that allows vessels to overcome the 

difference in level of 32.5 m. 

At the Sobradinho reservoir (stretches 77 to 96), navigation is lacustrine and does not have 

restrictions to the navigation of commercial convoys. The route is determined by the DGPS. 

The Sobradinho reservoir operates in a way that different multiple water uses (urban supply, 

power generation, navigation) are considered. However, during the drought season it is not 

possible to meet the multiple functions of the reservoir. 

This reservoir shows a marked depletion that can reach 12 m, mainly due to power generation. 

Due to the fact that it is interconnected with the National Interconnected System (SIN), the 

Sobradinho power plant (UHE) tends to generate large quantity of electricity during the 

drought period in the Southeast region (April to October), causing large depletions and 

generating potential conflicts between the possible uses of the reservoir water. 

At the end of the reservoir of the Sobradinho UHE (stretches 97 to 99) reservoir depletion can 

cause the appearance of a large quantity of sandbanks, stone outcrops and floating islands, 

causing the course of the São Francisco river to become a delta. 
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Figure 3.9.4: Final of Sobradinho reservoir (stretch 97 to 99) (MMA, 2013) 
 

Between Pilão Arcado (BA) (stretch 99) and Ibotirama (BA) (stretch 129), about 300 km long, 

the São Francisco River is currently navigable on free current, with minimum depths of about 

2.0 m, at the drought period. The sinuosity rate is about 1.2, the slope is in the order of 10 

cm/km and the minimum width is about 300 m. The stretch has silting problems at some 

sections, which moves over the time. There are restrictions to navigation at: Passagem (stretch 

108), Amarra Couro (PK 108), Torrinha (PK 121), Baixio do Meleiro (PK 124) and Limoeiro (PK 

127).  

On the stretch between Ibotirama (BA) (stretch 129) and Pirapora (MG) (stretch 203) the São 

Francisco River has rather different conditions between the rainy season and the dry season. 

At the rainy season it is long and regular, with long navigation distances, except at the mining 

area, where there are regions with countless islands and the river is slightly sinuous. At the dry 

season, the minimum depth is 1.7 m and (it) depends on the operation of the Três Marias UHE, 

which is located over 100 km upstream of the waterway end. The river bed is movable, made 

of fine sand and clayey silt, and also with scattered and short rock outcrops. The average 

declivity of this long stretch is about 10 cm/km and the water speed ranges from 0.6 and 1.1 

m/s. The main stone outcrops existing in the segment are located on the stretches 156 to 166, 

being the main ones: Cachoeira de Carinhanha (stretch 156), Roncador (stretch 160), 

Umburana (stretch 163), Correnteza (stretch 164) and Ressaca (stretch 166), that must receive 

signaling and beaconage to ensure safe navigation. On the stretch between Pirapora (MG) and 

Bom Jesus da Lapa (BA) the river shows a progressive degradation state due to bank erosion, 

deforested prevailingly though anthropic/man-made action. There are some continuous rock 

outcrops, mostly of limestone, and many sandbanks. Sediments are prevailingly sandy. 
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Figure 3.9.5: Bank erosions on the São Francisco river (source: CODEVASF, 2011) 
 

b) Social-environmental vulnerabilities 

The São Francisco Waterway, which is 2,015 km long ς for the purposes of the present 

analysis, it was divided into 203, 10 km-long stretches ς inserts in the São Francisco River basin 

(already described). Along its course the Grande River ς on stretch 015 -, Corrente River ς on 

the stretch 142 - and Paracatu  River ς on the stretch 191 ς waterways connect with it. 
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Map 52: Location of the São Francisco Waterway 
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This waterway intercepts the territory of 91 municipalities in the states of Minas Gerais, Bahia, 

Sergipe, Alagoas and Pernambuco. Among the main urban centers, Petrolina (PE) and Juazeiro 

(BA) stand out. These municipalities, together, represent a population of 2,399,311 inhabitants 

(IBGE, 2010). The FIRJAN (2010) Index mean is 0.55 at the basin region, with the smaller rate 

appearing in the municipality of São João das Missões (MG) with 0.42, and the greater, 0.75, in 

Petrolândia (PE).  

With regard to the social-environmental vulnerability analysis, Integral Protection 

Conservation Units (UCPI) can be found on stretches 22 to 27 (Natural Monument of the São 

Francisco River) between the municipalities of Paulo Afonso (BA), Canindé de São Francisco 

ό{9ύΣ hƭƘƻ ŘΩ#Ǝǳŀ Řƻ /ŀǎŀŘƻ ŀƴŘ 5ŜƭƳƛǊƻ DƻǳǾŜƛŀ ό![ύ ŀƴŘ ƻƴ ǎǘǊŜǘŎƘŜǎ мсл ǘƻ мтл ōŜǘǿŜŜƴ 

the municipalities of Jaíba, Matias Cardoso, Januária and Pedras de Maria da Cruz, all of them 

in Minas Gerais. On stretches 01 to 03, between the municipalities of Penedo (AL) and Brejo 

Grande (SE), 75 to 115, from the municipalities of Petrolina (PE) to Xique-Xique (BA) 

Sustainable use Conservation Units (UCUS) can be found.  

Along the entire waterway there are APCBs with very high or extreme action priority, 

excepting stretches 75 to 81, 87 and 88, 109, 136 to 138, 149 to 156, approaching the 

municipalities of Petrolina (PE) and Juazeiro (BA) to the municipalities of Carinhanha and 

Malhada in Bahia. 

The most vulnerable stretches are those where there are Indigenous Lands, located on 

stretches 07 to 10, between the municipalities of São Brás and Porto Real do Colégio (AL), 16 

and 17 in the municipality of Porto da Folha (SE), 30 to 33 between the municipalities of 

Jatobá, Petrolândia and Tacaratu in Pernambuco and the municipality of Glória, in Bahia, 50 to 

54, between the municipalities of Cabrobó (PE), Curaçá and Abaré (BA), 128 to 131 in Muquém 

de São Francisco (BA) and 165 to 166 in the municipality of São João das Missões (MG). 

On stretches 62 ς municipality of Santa Maria da Boa Vista in Pernambuco - and 65 ς 

municipality of Lagoa Grande ς there is greater vulnerability from the social-environmental 

point of view due to the concentration of INCRA settlements. 
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3.9.1.2 Rio Grande Waterway 

a) Navigability Diagnosis 

The Grande River is one of the major tributaries of the São Francisco River and is located in the 

state of Bahia. Its drainage has around 75,170 km². Its source is located in a semi-humid 

tropical region where abundant rains ensure the perennial flows all over the year. The medium 

and eastern part of the basin is located in a semi-arid climate, characteristic of the region 

containing the medium course of the São Francisco River, where scarce rains contribute very 

little to river flows. The Grande River mouth is in the São Francisco River, in Barra (BA) (stretch 

115). The São Francisco River shows geologic characteristics typical of river and/or river-

lacustrine plains and the bed is prevailingly sedimentary, with islands and sandbanks. 

The Grande River flows in the southwest-northwest direction, receiving its major tributaries 

through the left bank, like the das Fêmeas River, the Ondas River, the Branco River and the 

Preto River; through the right bank it receives: the São Desidério River, besides the Tamanduá 

and the Boa Sorte Rivers. 

The rainfall regime takes place between November and April, when river flows are greater. The 

average flow is around 270 m³/sec at the Boqueirão station (See Appendix VII, Item 4.6.2). The 

drought flows have been decreasing over the last years due to enhanced irrigation, especially 

at the tributaries. 

The Grande Waterway that is considered in this analysis consists of the stretch between its 

mouth and Barreiras (BA), the main city covered by the waterway, which is about 310 km long. 

The Grande River has good navigation conditions for small commercial vessels, although 

navigation is incipient. The current use of the river for transport navigation has specific 

commercial purposes, being practiŎŜŘ ōȅ ǾŜǎǎŜƭǎ ƪƴƻǿƴ ŀǎ άwŜƎŀǘńƻέ όƭŀǊƎŜ ǊŜƎŀǘǘŀύΣ ǇǊƻǾƛŘƛƴƎ 

freight services for the transport of cattle, flours, sacked goods and other articles; or for the 

commercialization of articles badly needed by the riparian inhabitants on rudimentary vessels 

or self-propelled boats. 

There are no relevant obstacles to navigation. The river has an average slope of 5 cm/km and 

rather uniform widths, as a result of the low water contribution of the tributaries of the 

waterway. However, two major narrowings stand out, namely: Estreito (stretch 4), about 40 

km from the Grande River mouth on the São Francisco River, and Boqueirão (stretch 10), near 

the Preto River mouth. At these points the bed is strangled and runoff speed increases, a fact 

that may bring difficulties to navigation. The river does not have rapids or small falls.  

The greatest restrictions to navigation consist of the small curvature radii and small widths, 

which make the safe maneuver of a river convoy difficult, especially near Barreiras. Minimum 

depths are in the order of 1.5 m, and take place at the dry season on the upstream stretches. 

The Grande River has two characteristic stretches from the navigation point of view:  

On the stretch between the Grande River mouth to Boqueirão, near the Preto River mouth, 

the river, and about 100 km long, has good navigation conditions for vessels of the same size 

as those that navigate on the São Francisco River. Widths are constant, in the order of 100 m. 

http://pt.wikipedia.org/w/index.php?title=Rio_S%C3%A3o_Desid%C3%A9rio_(Bahia)&action=edit&redlink=1
http://pt.wikipedia.org/w/index.php?title=Rio_Tamandu%C3%A1_(Bahia)&action=edit&redlink=1
http://pt.wikipedia.org/w/index.php?title=Rio_Boa_Sorte_(Bahia)&action=edit&redlink=1
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The existing stone outcrops do not represent greater risk to navigation. In terms of depth, an 

effective beaconage and improvement projects need to be implemented. On several points of 

the stretch underwater tree trunks and branches can be noted, which although representing a 

risk to navigation can be easily removed. Still, there are some curves that might restrict the 

size of the vessel-type to be established. 

 

Figure 3.9.6: Rio Grande (stretch 10). (Brasil das Águas, 2007) 
 

On the stretch that goes from the Preto River mouth to the city of Barreiras, about 210 km, the 

river presents greater difficulties to navigation. Depths still favor navigation, but the river 

becomes gradually sinuous and many curves appear, impairing the navigation of greater size 

convoy. Minimum widths reach 30 m (stretches 21 to 31). There is the occurrence of stone 

outcrops. The most critical stretches correspond to the last 40 km upstream stretches of the 

waterway, where river width and the sequence of curves make vessel crossover unfeasible. 
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Figure 3.9.7: Rio Grande and the city of Barreiras (BA). (Brasil das Águas, 2007) 
 

The existing bridges do not represent restrictions to navigation. The Grande River doe not have 

hydroelectric vocation due to the low slopes and the vast potentially flooded areas.  

b) Social-environmental vulnerabilities 

The Grande Waterway is 305 km long and inserts in the São Francisco River basin, which has 

already been characterized. This waterway connects to the São Francisco River near the 

municipality of Barra (BA) and was divided into 31 10km-long stretches for analysis purposes.  
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Map 53: Location of the São Francisco Waterway 
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The waterway goes through seven municipalities in the state of Bahia and amounts to 261,475 

inhabitants (IBGE, 2010). The FIRJAN (2010) index ranges from 0.47 in the municipality of 

Cotegipe to 0.56 in the municipality of Wanderley.  

With regard to the social-environmental vulnerability analysis, it can be seen that on the 

stretches 01 to 07 in the municipality of Barra (BA) there is an extremely or very high 

Biodiversity Conservation Priority !ǊŜŀ ό!t/.ΩǎύΦ !ƭƻƴƎ ǘƘŜ ŜƴǘƛǊŜ ǿŀǘŜǊǿŀȅ ŀǘ ƭŜŀǎǘ тл҈ ƻŦ ǘƘŜ 

vegetal coverage is preserved. The stretches 11 to 13 in the municipality of Wanderley are in 

areas of Maroon Lands and have Sustainable use Conservation Units (UCUS), and the stretches 

07 at Barra and 21 at Cotegipe have three INCRA settlements.  

{ǘǊŜǘŎƘŜǎ ƘŀǾƛƴƎ ¦/tLΩǎ ŀƴŘ LƴŘƛƎŜƴƻǳǎ [ŀƴŘǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǿŀǘŜǊǿŀȅΦ 
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3.9.1.3 Corrente Waterway 

a) Navigability Diagnosis 

The Corrente River is one of the major tributaries of the São Francisco River and is located in 

the Southeast of Bahia. It is approximately 120 km long and its drainage area is about 35,230 

km². The Corrente River is formed by the confluence of the Formoso and Correntina (or das 

Éguas) Rivers, that start at altitudes between 800 and 900 m between Bahia and Goias, on the 

Espigão Mestre and meet near the city of Santa Maria da Vitória (BH). its mouth is at the São 

Francisco River, 15 km downstream the city of Bom Jesus da Lapa (BA). The Corrente River is 

inserted in an ancient alluvial deposits region and sedimentary formations so that the river bed 

is prevailingly sedimentary. 

The climate is semi-humid tropical with high temperatures and rainfalls concentrated from 

October to April, when it rains on average 93% of the total of the year. 

The Corrente Waterway that was considered in this analysis consists of the stretch between its 

mouth and the city of Santa Maria da Vitória (BA) (stretch 10), the main city covered by the 

waterway, and is 110 km long. 

The Corrente River flows are highly regular along the stretch under study, consequently 

navigability conditions are also regular. This condition comes from the regularity of the river 

discharge in the headwaters region, reaching average values in the order of 210 m³/s (see 

Appendix VII, Item 4.6.3), with the flood period taking place between December and April. 

Widths are virtually constant, around 80 m, and the average slope, on average lower than 12 

cm/km, is favorable to navigation. According to the AHSFRA, the Corrente River does not 

present significant obstacles to navigation.  

Under free current conditions the Corrente River has good navigability conditions for small 

commercial vessels along the entire alignment of the waterway. The Corrente River receives 

vessels navigating on the São Francisco River and simple formation of convoys of the state-

owned company. Forty ton self-propelled boats that are up to 40 m long navigate with no 

restrictions, even in curves, provided there is no surpassing at these points.  

Minimum depths are about 1.5 m at the lowland and minimum widths are in the order of 40 m 

(stretches 6 to 11). Rock outcrops are rare. 

The Corrente River has greater sinuosity and smaller width at the canal between Porto Novo 

(BA) (stretch 6) and Santa Maria da Vitória (BA), about 40 km long. The most restricting point 

to navigation on the Corrente Waterway is on stretch 8, where depth can reach only 1.20 m 

when waters are at their lowest level. 

http://pt.wikipedia.org/wiki/Goias
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Figure 3.9.8: Corrente River at Porto Novo (BA) (stretch 6) (Panoramio, 2013) 
 

The existing bridges (stretches 1 and 10) do not represent difficulties to navigation. 

 

Figure 3.9.9: Footbridge on the Corrente River (stretch 10). (Panoramio, 2013) 
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b) Social-environmental vulnerabilities 

The Corrente Waterway is 103 Km long, inserts in the São Francisco River basin (already 

described) and connects to the São Francisco River near the municipalities of Sítio do Mato and 

Bom Jesus da Lapa (BA). The area surrounding this waterway crosses the territory of eight 

municipalities in the state of Bahia and has altogether 208.555 inhabitants (IBGE, 2010). The 

FIRJAN (2010) index ranges from 0.56 in the least inhabited municipality, Jaborandi, to 0.47 in 

the municipality of São Félix do Coribe, but averages 0.51 in the municipalities of the 

surrounding area of the waterway.  
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Map 54: Corrente Waterway location 
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Stretches with Indigenous Lands or Integral Protection Conservation Units were not detected 

along the 11 stretches that the waterway is divided into. It is worth stressing the significant 

occurrence of natural cavities along the surroundings of the waterway, which are more 

frequent on the stretches 07 to 11, between the municipalities of Santana and Coribe in Bahia. 

With regard to vegetal preservation along the entire area surrounding the waterway, about 

50% of the vegetal coverage is preserved, but the stretches 02, in the municipality of Sítio do 

Mato (BA), and 05 to 07, in the municipality of Santana (BA) should be enhanced for having 

preservation vegetal coverage of over 70%.  
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3.9.1.4 Paracatu Waterway 

a) Navigability Diagnosis 

The Paracatu river is one of the major tributaries of the São Francisco River and is almost 

entirely located in the state of Minas Gerais, with only a small part in the state of Goiás. Its 

drainage area is 45,280 km². Its source is located between the spurs of the Chapada da Ponta 

Firme and the Serra do Garrote, which are the watersheds with the Paranaíba River at 

altitudes higher than 1,000 m. It only receives the name of Paracatu near Pontal, 364 km 

upstream from its mouth. The mouth is located on the left bank of the São Francisco River, 

about 130 km downstream from Pirapora (MG). Its major tributaries are the Preto and Escuro 

Rivers on the left bank and Prata and Sono Rivers on the right bank. The Paracatu River 

geology characterizes by ancient alluvial deposits and sedimentary formations and the river 

bed is prevailingly sedimentary, with silting problems.  

The variability of the climate of the basin is associated with the transition form humid tropical 

to arid tropical. The annual average temperature is in the order of 27°C and the annual 

thermal amplitude is low, characteristic of inter-tropical regions. The average annual rainfall of 

the basin is 1,036 mm. The rainiest quarter goes from November to January, contributing with 

55% to 60% of the annual rainfall, while the driest period goes from June to September. The 

average evapotranspiration is high, of about 896 mm/year. The Paracatu River average flow is 

460 m³/séc at the Porto Alegre station (see Appendix VII, item 4.6.4). 

The Paracatu Waterway considered in this analysis consists of the stretch between its mouth 

at the São Francisco, River and the mouth of the Sono River (stretch 11), about 110 km long. 

The Paracatu River does not have currently good navigability conditions for middle and large 

size commercial convoys, especially at the dry season.  

The waterway has low average declivities along its course (in the order of 15 cm/km), constant 

minimum widths of about 100 m and minimum depths of about 1.5 m at the dry season. The 

average sinuosity is in the order of 1.5. Moreover, the Paracatu River has obstacles to 

navigation, such as silting, sandbanks, shores and floating islands along the river, which can 

make several stretches more sinuous, narrow and shallow than the expected.  

There are no bridges representing difficulties to navigation. 
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Figure 3.9.10: Sandbank on the Paracatu River (stretch 2). (Panoramio, 2013) 
 

There are studies prepared by CEMIG, which are not yet concluded, for the implementation of 

hydroelectric facilities on the Paracatu River. Among them the Paracatu UHE, 93 km from the 

mouth and with an installed power of 75 MW, stands out. Should it be implemented with a 

lock system, navigation would be possible from its mouth to about 360 km upstream. 

b) Social-environmental Vulnerabilities 

The Paracatu Waterway is 103 km long, inserts in the São Francisco River basin (already 

described) and connects to the São Francisco River at the border of the municipalities of Santa 

Fé de Minas and Buritizeiro in Minas Gerais. 
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Map 55: Paracatu Waterway location 
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http://pt.wikipedia.org/wiki/Rio_Tocantins
http://pt.wikipedia.org/wiki/Marab%C3%A1






































































































































































http://www.ahipar.gov.br/?s=administracao


http://www.johndeere.com.br/pt_BR/ag/veja_mais/o_sulco/edicao23/osulco23.html


http://www.unhchr.ch/html/menu2/6/water/index.htm
http://www.cesp.com.br/portalCesp/portal.nsf/V03.02/Empresa_UsinaEclusa?OpenDocument&Menu=5%20-%20menu_lateral@@002_004
http://www.cesp.com.br/portalCesp/portal.nsf/V03.02/Empresa_UsinaEclusa?OpenDocument&Menu=5%20-%20menu_lateral@@002_004
http://www.dnit.gov.br/noticias/parceria-entre-dnit-e-governo-gaucho-visa-incrementar-transporte-hidroviario
http://www.dnit.gov.br/noticias/parceria-entre-dnit-e-governo-gaucho-visa-incrementar-transporte-hidroviario
http://www.dnit.gov.br/noticias/assinado-o-contrato-para-operacao-das-eclusas-de-tucurui?searchterm=tucurui
http://www.dnit.gov.br/noticias/assinado-o-contrato-para-operacao-das-eclusas-de-tucurui?searchterm=tucurui


http://www.sbpcnet.org.br/livro/57ra/programas/.../raimundokappel.htm






http://www.portoriogrande.com.br/site/autoridade_portuaria_apresentacao.php
http://www.transportes.sp.gov.br/programas-projetos_/hidrovia-tiete.asp
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