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3.8 PARNAIBA WATERWAY SYEM

3.8.1 Physical system of the river and environmental and social aspects

Parnaiba waterway system comprises the Parnaiba River basin's tegritmogted in between
the states of Maranhao, Piaui and Cear4, in Brazil's northeastern reg®borders penetrate
the Catinga (53%) and Cerrado (47%) biomes.

The Parnaiba and das Balsas Ripeesentpoor navigation conditionsThey are located in a
region with intense erosion and sedimentation processes, which result in generalized
aggradatiornproblems and kallow waters along these rivers the upstream sections dioth
riversare presentedseveral rapids andock outcrops, restricting navigationSeverakections

of these rivers are shallowaters

The Boa Esperanca hydroelectric plant, the only plant built in this waterway system, does not
have operating locks blocking the passage ofvesselsthrough this HPP The main
characteristics iterms of physical conditions and navigability of the waterways that compose
the Parnaiba waterway system can be seen in the followingar Diagrardiagram.

The analyses and studies carried out to characterize the physical, social and enviranment
conditions of potential waterways in the Parnaiba waterway system followed the
methodologies introduced in Chaptergitem 1.3¢ Methodology of this report.

Due to the vast amount of information collected and analyzed, this chapter presents a
summary @ the main results and conclusions for each river studied.

The CDannexedto this report (Step C: Assessment dbidgnosis)ontainsa table in the .xls
format that present in a moraletailed wayall the varables and informatiomnalysedor each
river and eaclsectionstudied.

The Linear Diagrams in this chapteummarize the mentioned table, following the
methodologiesexposedn chapter 1, item 1.3 ahis 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 Parnaiba River Basin has an approximate area of 344 thousand kmz, partially touching the
territory of 293 municipalities, 222 in Piaui, 29 in Ceara, and 42 in Maramh@tate The total
population in these municipalities is 5,119,667 (IBGE, 2010) and the most important city is
Teresina, capital of the state of Piaui accounting for 15.9% of this population. IRBAN-

(2010) index ranges from 0.34 in Sdo Felix das Balsas (MA) through 0.84 in Teresina (PI). The
average is 0.54.

In the Parnaiba River basin, there are 12 Conservation Units, 9 Sustainable Use Units near the
Parnaiba River mouth, and 3 Integral Proi@ctUnits, near the south part of the basin. There
are also INCRA settlements throughout the basin, espeaiedlythe Parnaiba River mouth.

The main social and environmental characteristics to foster the integrated planning of possible
interventions reeded in the region of the Parnaiba waterway system can be seen together in
the Linear Diagrandiagram below.
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The diagam above shows that the Parnaildéaterwaysystem has no social or environmental
vulnerabilities deemed too high (indigenous land or integral protection conservation units in
the area surrounding the waterwaylj.is noteworthythe concentration otUnits of Sustainable

Use Goncavation, as well as INCRA settlements in its ingittions especially between the
municipalities of Coelho Neto, Araioeses and llha Grande in Piaui.

The main cheacteristicsof this Waterway System are described below.

3.8.1.1 Parnaiba Waterway
a) Navigability Diagnosis

The Parnaiba River basin comprises the states of Piaui, part of Maranhdo and Ceara, totaling
344,112 km2. The Parnaiba River originatethatconfluence of the Surubim, Agua Quente and

Boi Pintado Rivers, whose springs are located in the Tabatinga Rawtgehapadaa plateau

in the Brazilian highlands) of Mangabeiras, at the border of the states of Piaui, Tocantins and
Maranhao, 700m above sea level. Its mouth is in the Atlantic Ocean, near the municipality of
Parnaiba (PI). Parnaiba's most important tributaries are Gurgueia, tRugtoi, Canindé, Poti,
Long4, and Balsas.

The average rainfall is around 1,500 mm a year. Tualfperiod is between January and May.
Parnaiba's average flow is about 800m#flear its mouth (see AppendiXll, item 4.5.1).
According to the climate change forecasts (Marengo, 2007), both the regular rainfall volume
and the runoff volume of the Parrzd basin tend talecrease

TheParnaiba's waterwagonsidered in this studincludes the Parnaiba River, from its mouth
until Santa Filomena (RBwn (section120), about 1,200kmf extention

Generally, the Parnaiba Riv has poor navigation conditions, with many generalized
aggradationsections as well as rapids, rocky outcrops and shallow depths. The current
navigablesectionis located in the Boa Esperangd®Presewoir, with no functioning locks.

The Parnaiba River, between its mouth and Tereseetibns1 through 39), has no adequate
navigation conditions. There aextensesandbankswhich resulsin minimal depths of about

1m during the dry seaspand on sinuous routes.The slopesare low (from 7 through
20cm/km) and minimal width ranges from 90 to 300m. The picture below illustrates the river's
behavior on thisection.
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Figure 38.1: Aggradationin the Parnaiba Rer (Cabeceiras do Piaui, 2013)

From Teresina to thélPPof Boa Esperanc¢adctions40 through 71), with 310km lengtlthe
navigationconditionsare poor and worsened by the presence of beaches, sandbaokky
outcrops andslandsand verypronouncedcurves Minimal widthsvary from 50 through 200m

and minimal depths may reach about 1m. The most crieetionis locatedbetween Teresina

(PIl) and 80km upstrealsection47). Landiseon the Parnaiba riverbanks, the deforestation of
natural forests and the building of Boa Esperanca’'s hydroelectric plant have led to increased
sedimentation andgggradationworsening navigation calitions.

Boa Esperanca's hydroelectric plasection71) has 47nof head and regulates Parnaiba's
flows, not improving, howeverthe river's navigation conditions downstream from ti®P
Besides, th plant hasa set of two unfinished locksince 1982 each 5@n long They have no
deadline to be finished and, therefore, navigation is interrupted at this dam.
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Figure 3.8: Unfinished lock at Boa Esperanca's hydroelectric plant (PbGterra, 2013)

Between Boa Esperancga’'s dam and slieroundingsof Urugui (Plkity (sections71 through

85), mouth of the das Balsas River, navigation is feasible and takes place on lake conditions at
Boa Esperanggeservoir, with minimum depths of 2m along its 155km. However, there is no
records of adequatesignaling.

Between the municipalities of Urugui (PI) and Santa Filomenas@tjon120), the Parnaiba
Riverhas about 365kmof extension andpoor navigation conditions. Thisection has very
pronouncedcurves sinuosityratesthat reach 2, apart from having a number of sandbanks and
rocky outcrops, which may make thégction more sinuous tharexpeced. Erosion on the
riverbanks aggravateaggradationprocesses in thisection Minimum widths in thissection
range from 30 through 100m, witlharrowingssections Minimum depghs are about 1m,
during the dry seasgmrmoreover,shallower depths may be found due to the large number of
natural obstacles. There amsectionswith rapids and waterfalls, not suitable for commercial
navigation.Slopesreach about6Ocm/km in somesections Thereare not enough information
about the dimensions of the bridges on thi&ection but these are visibly restrictive to
navigation.
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Figure 3.8.3Parnaiba River (Fazendas Piaui, 2013)

The Parnaiba Riveas an approvettlydroelectricMaster Plarin which falls have been divided
among, apart from Boa Esperanca, five other hydroelectric plants (Castelhano, Estreito,
Cachoeira, Urugui, and Ribeiro Gongalves). There are no constrdeties 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 Parnaiba River feasible for 80km upstream from
Teresina (PI) to the vicinity of Taso Fragoso (MiAguld these hydroelectric plants, apart from
Boa Esperanca, be equipped with operating locks and in case there are no free saot@ns
between the plants. The picture below shows how Parnaiba's falls are to be grouped.

The hydroelectric @ints planned to be built on the Parnaiba River are energetically little
attractive, that, associated witlthe pessimistic climate change scenarios for the riveake
the feasibility ofthese plants becomes even more adverse
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Figure3.8.4:Longitudinal Profileof Parnaibariver (Estudos de Inventario Hidrelétrico da Bacia do rio Parnaiba, 2002)
Consércio

£ ARCADIS logos 757



& Ministério dos Transportes

b) Social environmental vulnerabilities

The Parnaib&Vaterwayis 1,211 kometers long and crosses 54 municipalities, 30 in Piaui and
24 in Maranhdo.
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The total population in these municipalities is 2,098,482 (IBGE, 2010). Tegesamtal of
Piauistate ¢ is the most populos city, accounting for 36.83% of the total. The FIRJAN (2010)
index rangesbetween 0.34 in S& Felix das Balsas (MA) and 0.84 in Teresina (Piaui). The
average is 0.54, similar to the average for the basin.

There are no critical points, from social and eomnmental perspectives, along the 122
sectionswhere these waterway surroundings have been divided. The substantial presence of
Sustainable Use Conservation Units is noteworthy betwsention 01 and 02 in the
municipality of Ilha Grande (P

The main characteristics in terms of social and environmental vulnerabilities of the waterways
comprising the Parnaiba waterway system can be seen as a whole ibirtbar Diagram
diagram below.
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3.8.1.2 Das Balsas Waterway
a) Navigability Diagnosis

Das Balsas is the largdsbutary, on the left bank,of ParnaibaRiver, withabout 510kmof
extenson. It springgs locatedwhere the Chapada das Mangabeiras meets Serra do Penitente,
over 700m above sea level, in the state of Maranhao. Its mouth is in the Parnaiba River, near
the Urucui (PIity (sectionl).

Average rainfthis about 1,500mm a year. The period of flomtsursbetween January and
May. Das Balsas river average flow, in the town of Balsas {#/#jout 100m3/gsee Appendix
VI|, item 4.5.2). According to climate change forecasts (Marengo, 2007), bethgevrainfall
and runoff volume of the Das Balsas tenddecrease

The Das Balsa®aterwayconsidered in the following studsomprises thesectionbetween its
mouth and the municipality of Balsas (MA), about 240km long. Its importanciaieddo the
possibility of integrating this waterway with the Parnailvaterway.

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.

Averageslope between das Balsas River and the town of Balsas (BEELOn 24) is about
30m/km, with occasionallftigherslopessections resulting in rapids, which make some points
unfit for navigation, especially ne&alsas municigiay (MA).

Moreover, during dry seasorthe river carries a large quantity of materials, which deposit in
certain spots creatingoccasional and alternating sandbanks as well as pebbles. Rapids and
sandbanks may restt navigation or make it unfeasible geveralsections

Minimum depth in the dry season is approximately 1.5m. The river is nagr8@m near its
mouth and about 40m neaBalsastown. The sinuosity rate in som&ctionsis about 1.9
(section16). The presence of sandbanks ndgcreasehe navigation channel dimensioasd
make iteven narrower and more sinuous thaxpected. The picture below shows tldas
Balsas River.
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Figure 38.5: Das Balsas River (Agrobalsas, 2013)

Thedas Balsas River wasnsideredin the Parnaiba River bashydroelectricMaster Plan
elaboratedin 2003. According to thislaster Plars division of fallsdas Balsas will be affected
by the hydroelectric plant reservoir in Urugui, to be implemented on the Parnaiba, Rpver
through about 140km fromBalsasmouth. The Master Planalso foresees the Taboa
hydroelectric plant, with98MW Installed Power, whose backwater will reach the town of
Balsas (MA). The figure below shows the approved division of falls for Das Balsas River.

Figure3.8.6: Division of falls approved for thelas Balsas River (Estudos de Inventario Hidrelétideo
Bacia do rio Parnaiba, 2002)
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In case of being constructed witbcks in these hydroelectric plantscommercial navigation
will be feasible with good conditions all along ttiees BalsagVaterway
b) Social and Environmental \foerabilities

The Das Balsas waterwhws 233 kilometersof extension crossing 6 municipalities: Balsas,
Benedito Leite, Loreto, Sambaiba, S&o Félix de Balsas, and Sdo Raimundo das Mangabeiras, in

the state of Maranhao.
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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 thee waterways was divided into Zgctionsfor 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 vulneradiiitithe waterways
comprising the Parnaiba waterway system may be seen ihitiear Diagrandiagram shown
below.
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3.8.2 Economic Aspects

3.8.2.1 Current inland waterways transport

Today, navigation on the Parnaiba is limited to small vessels traveling between villages
transporting soybeans, coal and sugar cane by means of ferries thatitakeftom 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 Esperanca dam.

3.8.2.2 Planned developments

A small part of the works for the locks at the Boa Espeancaatarstill 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 Luis Correia were built at the river mouth (partially underway), the waterway
could extend to diret export. There is also the possibility of transporting the cargo by highway
to Ribeiro Gongalves, if the extension of the Transnordestina higrsayt.

3.8.2.3 Future inland waterways transport

This paragraph summarizes the forecasts for inland watenraysport in the Parnaiba river
basin, depending on the economic and transport projection for the states in the influence zone
of the Parnaiba river basin: Maranh&o, Piaui, Bahia and Tocantins.

Agricultural products like soy, soy meal, corn, cotton antiliiszrs seem the most likely future
prospects. Tabl&.8.1 gives an overview of the projected production of the most relevant
commodities in the catchment area of Parnaiba river for the period 204031.

Table3.8.1 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 assurhattthe share of the Parnaiba River
will increase with time. Tabl®.82 gives the sharegsed.

*2|t wasused the same assumptions for the Tocantins River.
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Table3.8.2 Shares of Parnaiba River (%)

Share 0 30 40 50

This leads to the forecasts for the Parnaiba River in GBI&

Table3.8.3 Forecast for Parnaiba River (in 1000 tons)

Share 0 2.711 5.526 9.139

The main question will be whether the Parnaiba River will be the main transport route for
these flows, or the Tocantins River. The location of the ParnRibder with regard to the
production zone is excellent, but there are severe drawbacks. In the first pigbégt the

missing locks. Perhaps even worse is the missing seaport. From Teresina, rail or road has to be
used to reach Sao Luis or Fortalenzar 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 mhwvedgh Parnaiba
Waterwai have been identifiedrelating to agricultural production cargo in the Matopiba
region. These are shown in the table below.

Table3.8.4: Cargo transported in the Parnaiba 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 Parnaiba waterway system infrastructure, which, as explained
in Chapter 3.8.1comprises the Parnaiba adds Balsas Rivers.

a) Waterway/River infrastructure

The physical characteristics of the Parnaiba waterway system, its current dams and those that
have been planned have all been described in Chapter 3.8.1.

After reviewing a numér 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 aralyze the Parnaiba waterway system, the database resulting from the PNIH was used.
Information collected during the interviews or coming from recent reports was addlethis
base 13 terminals are listed, 8 of which have no status information ane Haing planned.

Roads

This item addresses the roads that are part of the Parnaiba waterway system. It is worth
noting that those described below are potential competitors or connections.

BR020

BR020 is a radial federal road in Brazil. Its starting pdsnin the city of Brasilia (Distrito
Federal) and it ends in Fortaleza (Ceara). It crosses the Federal District and the states of Goias,
Bahia, Piaui, and Ceara. In the states of Bahia and Piaui, it has long unpaved segments and
segments that have not le® built yet,being plannedstep, 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 shouldersnost 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
Parnaiba waterway. With this connection, -BBO becomes a direct competitor with the
waterway and traffic flows througthe road mode up to Fortaleza's port. From Picos (Pl), one
can take BRI0O7 toward Petrolina (PE), a cargo route for goods coming from the countryside of
the states of Bahia, Piaui, and Pernambuco to the port of Fortaleza (CE).

BR135

BR135 is a road thaconnects Brazil's midnorth (Maranh&o) and ends in Belo Horizonte
(Minas Gerais). It competes with BR0, between the twoeroad junction in Paraopeband

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 pgvmmojects in several
segments and a number of times.
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BR135 mayrepresent ina direct competition to the Parnaiba waterway, connecting the
Floriano (Pl) and Guadalupe (PI) region to the port of S&o Luis (MA). In spite of this
competition, BRL35 is @ved in this segment with poor maintenance and signaling conditions.
Some segments have neither lines painted on the road nor paved shoulder.

BR226

BR226 is a Brazilian transversal road that connects the city of Natal (RN) to the municipality of
Wanderlandia (TO). Throughout its route, BR6 goes through the states of Rio Grande do
Norte, Ceard, Piaui, Maranhdo, and Tocantins. Its total length is 1674.6km. It crosses the
municipalities of Natal, Currais Novos, Florania, Pau dos Ferros, Pedra Branéas,Crat
Teresina, Timon, Grajal, Porto Franco, Estreito, Aguiarnépolis, and Wanderlandia, among
others. The road has several unpaved or unimplemented segments. Isetti®n between

Porto Franco (MA) and Wanderlandia (TO)2BR integrates the routef the famous Belém
Brasilia road, also known as Rodovia Transbrasiliana.

The most relevant segment for the study is that connecting Porto Franco (MA) to Teresina (PI).
It crosses BR35, thus forming a corridor that connects all the countryside of théestd
Maranh&o and the Tocantins and Parnaiba Rivers waterways to the port of Sdo Luis (MA).
Besides, its route is parallel to the Bald&sterwayand it crosses the Parnaiba waterway
further on, making this a direct competitor with the first waterway. Toad conditions are
considerably good: singlane, signaling, but no paved shoulder.

BR230

In the state of Maranh&o, BR30 connects the municipalities of Estreito, Carolina, Balsas and
Sao Joao dos Patos. In the state of Piaui, it connects the towHsraino and Picos. Since it
cuts through the interior of both states, apart from providing a link between the three
waterways (Tocantins, Balsas, and Parnaiba), with several roads that connect to ports further
north, BR230 is considered vital for cargmansportation 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. BR30 is in good paving conditions in both states, with sitahes

with adequate signalingyithout paved shoulders. In some segments, there are holes on the
road. Other than that, there is no major issue for cargo transportations.

BR316

BR316 starts in the city of Belém, in the state of Para, and ends in the city of Maceid, in the
state of Ahgoas. It goes across the states of Para, Maranhao, Piaui, Pernambuco and Alagoas.
BR316 also cuts through welinown cities, such as Belém, Castanhal, Teresina, Picos, Maceid,
and Santa Inés.

BR316 cuts through the Parnaiba waterway in the city of Tiee$Pl), and integrates with
other roads into a network that competes with Parnaiba'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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BR343

The BR343 is a diagnal highwayof Piaui State, which connects the city of Luis Correia to
Teresina. It is very important for the development of the state, as it connects the state capital
(Teresina) to the coast, and conngBiauito Ceard, in the intersection with BR4.Its course

is parallel to thedownstream section of Parnaibawaterway, in a passage that difficult
navigability. It is considered complementary to the Parnaiba River waterway. Asphalt paving
hasnot too goodconditions with single lane throughout the caerand unpaved shoulder.
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Railroads

The railroads that integrate the Parnaiba waterway system are described below. They can
work as connections to the ports of Pecém and Itaqui.

EF225

EF225 interconnects the Parnailvlaterway in Teresina (PI) to the ports of Sao Luis (MA) and
Fortaleza (CE). The latter is a complement ted@= ER225 is part of the Transnordestina
railroad and has metric gauge. Most of the cargo transpoitedil, alcohol, cement, and pig
iron.

EF405

EF405 integrates railroad EE25 in Cratéus (CE), to the port in Fortaleza (CEJO&Fwhich is

part of the Ferrovia Transnordestina (Transnortheastern Railroad), has metric gauge and most
of the cargo transported over it is oil derivates, alcoleeinent, 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 goqdmly crossings. This
fleet is not adequate for inland waterway transport, because there ang @2 barges with a

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

Pipes Empreendimentos is a snefled navigation company that works especially in crossing
transport.

Table3.8.5 Fleet of crossingassels in the Parnaiba waterway system (Source: Based on ANTAQ's
Statistical Yearbook, 2011).

Compan - Barges' static capacity in ~ Numberof ~ Average age
i tons) barges (years)

Pipes Empreendimentos Ltda. 1,149 8 11,3
Comvap Aclcar E Alcool Ltda 177 1 10
Transportes G & G Ltda 50 1 12
Nordeste Navegacdes Ltda 42 1 6
Raimunda N Dos Santos Viana 8 1 3
Total 1,427 12 8,5
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b) PushBoats

Pushboats are alsoonly used for crossing transports in the Parnaiba waterway system. The

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

Table3.8.6. Fleet of pusher tugs for crossing navigation in the Parnaiba waterway system (Source:

0laSR 2y ! b¢! vQa

Operating company ‘

Number of pushboats

aidliAadAolrt &@SINp221 =

Average age(years)

Pipes Empreendimentos Ltda, 7 16,9
Comvap Agucar E Alcool Ltda 2 6,5
Nordeste Navegacdes Ltda 1 6

Total 10 13,7

3.8.3.4 River Information Management System

The Parnaiba waterway system is managed by AHINOR, whose responsibilities aigsign

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 signalirigein

system.

3.8.3.5 Intermodal Competition

Based on the results shown in Chapter 3.& 2an beconcludel that the potential cargo for

the Parnaiba waterway system results from the exportation of agricultural bulks from the
Matopiba producing region. Fohis 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 (fr
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 Sao Luis, by

rail; the second alternative is to consider the road mode only eogbrt of Sao Luis.

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 petidn ¢ if the microregion
production is more than 400,000 tons a year or if the mi@gion includes a municipality that

produces more than 100,000 tons a year, it has been included.
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Table3.8.7 Transportation cost between the Matopiba region artbe port of S8o Luis (R$/ton).

Region Micro-region S&o Luis Sao Luis S&o Luis
multimodal road Multimodal/road
BA+TQ Formosa do Rio Preto 148 230 64%
Correntina 200 283 71%
Campos Lindos 191 188 102%
MA+PI Sambaiba 161 144 112%
Balsas 142 154 93%
Bom Jesus 149 150 99%
Baixa Grande do Ribeil 137 173 79%

The alternative using multimodal transport is not always the most competitive choice, since
cargoes originating in certain micregions, such as Sambaiba and Campos Lindos, for
example, deshed to the port of S&o Luis, 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 miegions of Formas do Rio Preto
and Corratina has good competitiveness.

3.8.4 Governance and institutions

The Parnaiba River, which draws the border between the states of Maranhdo and Piaui, has
become an integrating axis between the two states over the years. This is bedaspite the
navigation obstacles in its course, its sinuosityadgradationspots or the norconclusion of

the lock at Boa Esperanca, navigation is taking place, although only in the form of crossing
from one riverbank to the other, transport @foods for the local trade and the transport of
people.

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

get adequate maintenance. The nearest railroads (Carajas and Companhia Ferroviaria do
Nordeste ¢ b 2 NJi K Sdilraaill @&mpamy) 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. Thisis because there arsectionsof little depth due to alluvial deposits, the
SEA&GSYOS 2F NILARE FyR a2YS NRpOlé& 2qmdONR LA |
transpositionbecause its lock has not been concluded.

Moreower, 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 seidi demanding studies
about the use of underground waters. Associated to the multiplesusfewaterthere is the
incompatibility between the time of harvesting the agricultural crops and the flood season of
the riversg these events do not usually take place at the same timeaking vessels navigate
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with reduced drafts, which makes navigationthe 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 sectionuntil 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 afgradation These invasions have alsesulted in
untreated sewage being added to the water, leading to pollution and to the degradation of
water fauna.

AHINOR (Administracdo Hidroviaria do Nordeste2 NJi KS ad Q& 21 GSNBF& ! RYA
well as other AHs (Waterway Administrations), hawé 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 regionWith local partnerships and using its scarce resources to

develop some activities in Parnaiba, AHINOR has supported some initiatives to contribute to
YI@GAALOoAfAGEDd ¢KdzAX Ay | LI NIYSNBKALI ¢gA0GK (S
Secretariat of Planing), for example, threspikeshave been implemented as a means of

avoiding the need to carry out rodemolitionin thissection The possibility is being studied

to create a system o$pikesand dikesfor self-dredging, minimizing environmental impacts.

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

IBAMA (Anexo 1) and implementing floating quays so ICMBio can perform the environmental
monitoring.

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

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

It is worth pointing out that such responsibilities reflect the contents of the legal text t
RSTAYySa GKSY IyR Ay a2Y$S OlFLasSa GKA& R2Sa yz2id N
and their interaction will be explained below.
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Table3.8.8 Matrix of Formal Attributions of the Parnaiba Waterway Players

Port . Waterway Licensing
. . Inspection .
administration maintenance Process
Waterway
Administration
(AW) AHINOR
Port Company of
Piaui
Docks Company
CDP
Environmental
Secretariats

DNIT/DAQ

Regulation

ANTAQ

IBAMA

*Realizacdo de dragagem, derrocagem, sinalizacgao.
** Esse bloco engloba todos agentes consultados pelo IBAMA no proesso de licenciamento (Fundac@o Palmares, FUNAI, INCRA,
IMCbio, IPHAN, MinsRublico)

Fonte: Conséic Arcadis Logos, 2012

'l Lbhw A& &dzZLJIR2NISR o0& tAlFdzZNQa t 2NI ! dzZiK2NRG&
). To guide the environmental licensing process, consultation is carried out with IBAMA. In
2002, when IBAMA was questioned about the chée license for routine maintenance service
rendering in the Parnaib@&/aterways, including the clearing of the riverbed by ratdmolition
(removing trunks and branches), depth maintenance service for the preferential navigation
route, beaconag ¢ where applicableg 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 bodlessulce Agéncia
Nacional das Aguas (National Agency of Waters, Annex 1), the state Secretariats for the
Environment, the Comités de Bacias Hidrograficas (River Basin Committees), RESEX, ICMBIo,
and INCRA (Annex 1), because there are rural settlemenkeiregion often in Environmental
Protection Areas
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3.8.5 SWOT Parnaiba Waterway System
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Opportunities
A Potential cargo in 2031

- {2806S8lYy Thc YAEfA

- {28 YSIf MM YAff

- hiKSNBA I ndd YAff
A Building the dams defined in tHaventario
do Parnaiba (Parnaiba Master Plan) will make
navigation possible on marsgctionsof the river,in
case ofbeing builtlocks

A Upon conclusion of the construction of Boz
Esperanca lock, a navigation connection will be ma
possible from the Boa Esperanca reservoir through

downstreamsections

A Promoting regional development around
the waterway, with the support of local institutions
and other bodies such as CODEVASF.
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Threats

In case of constructintpe planned dams
(Castelhano, Estreito, Cachoeira, Urugui, Ribeiro
Goncalvesyvithout locks, navigation will continue
to be difficult.

Even after the dams are concluded, there will be
sectionsof the river where navigatiowill be
difficult.

The intensified use of the waterway may bring
about greater human occupation on the
riverbanks, which may affect the qualiof the
water. If this is not done with adequate public
planning, it may also increase the sedimentation
process in the Parnaiba River.
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3.9 SAO FRANCISCO WATERW SYSTEM

3.9.1 Physical system of the river and social and environmental aspects

The Sao Francistaterway System (SH) comprises four waterways, all of them within the Séo
Francisco rive basin, namely, the Corrente, Grande, Paracatu e S&o Francisco rivers waterways
which are altogether 2,527 km long and cross the territory of 105 municipalities istdkes 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 (MGMamdes Claros (MG), Petrolina

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

The Sao Francisco River has good nhavigation conditions between Ibotirama (BA) and Juazeiro
(BA) /Petrolina (PE). In this segment, the main difficulties remit to the erosion angj sifiin
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 urajemprovements.

The other stretches of the S&o 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 lincapdcity 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 tB@io Francisco Waterway System
obeyed the methodologies presented in Chapteyitem 1.3¢ 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 camgibns 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 strettunder 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: Preparationfiofahetrategic
plan) a data base is presented with georeferenced data containing all the information existing
in the table of the C@ttached to the present report.

The main characteristics as to navigability physical conditions of the waterways comihesing
S&o Francisco River SH can be checked together with thknengiagram presented below.
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The territorial dimension ofthe S&o 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), Goias (GO) and Federal District (DF), totalling a population of 12,823,013
inhabitants (BGE, 2010). It is worth noting that the course of the Sdo Francisco River is
commonly divided into Upper, Medium, Stedium and Lower S&o 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 Cadoselbaits
(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 accoun29ocases in the area of the

above mentioned basins (FUNAI, 2012).

All the main sociaénvironmental characteristics worth to stress in order to foster the
integrated planning of occasional interventions needed in the region where the Sdo Francisco
RiverSH can be checked together in the dime diagram presented as follows.
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By observing the onbéne diagram of this Waterway Systeitncan be seen that the S&o
Francisco waterway is the one that concentrates the most vulnerable stretches from the
sociatenvironmental point of view, where the Integral Protection Conservation Units cases
stand out, concentrated between the stretches 22 the municipalities of Piranhas/AL and
Canindé do Séo 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 afanuaria/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 seefalironmental point of view are
those where there are Indigenousrds; 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
Cabrobr6/PE and Curaca/BA) and at some points in the stretches 128 (Ibotirama/BA), 131
(Muguém de Saorkncisco/BA) and 165 (Sao Jodo das Miss6es/MG).

Another factor that deserves to be stressed is the recurrent presence of INCRA settlements at
the Sdo Francisco River banks, especially between the stretches 03 and 67 (between the
municipalities of Petrolia and Brejo Grande in Pernambuco) and between the stretches 128
and 166 (between the municipalities of Manga/MG and Xidfigue/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 Watgr@ystem are described
below.

3.9.1.1 Sé&o Francisco Waterway

a) Navigability Diagnosis

The S&o Francisco River basin has around 640,000 km? and covers thefshieas Gerais,

Bahia, Pernambuco, Alagoas and Sergipe. Its source is at the Serra da Canastra, in the state of
Minas Gerais. The Sao Francisco River runs for more than 2,750 km, starts in the state of Minas
Gerais, crosses the state of Bahia and dividé®sm 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: Para, Verde, das Velhas, Indaia, Jequitai,
Paraopeba, Urucuia, Abagt Carinhanha, Paracatu, Corrente and Grande, the last three of
which are the analyzed for navigation purposes in this study.

At the headwaters, the S&o Francisco River basin rainfalls reach 1,800 mm per year. At the
semiarid the rain levels decrease gomgwnstream 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 Cabrobo (PE) (stretch 52). The drier period goes from May to October, and the
flood period goes fronDecember to AprilAccording to climatic change forecasts (Marengo,
2007), the runoff volume tends to decrease in the S&o Francisco River basin.
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The S&o Francisco River is morphologically stable and does not have large modifications in its
bed over the ime. 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 Sao Francisco River mouth to the vicinity of
the city of S&o Bras AL (stretches 1 to 9) and the Itaparica lake upstream (stretches 33 to
203). The bed of the intermediate stretch has rocky characterjsfypscal from the transition
region of the Depresséao of the S&o 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 thsnrface 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 %0 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) andituégA) / Petrolina

(PE), about 570 km long.

Along the stretch under study, the S&o Francisco River presents various physical chracteristics
that make it navigable in some stretches and inadequate to navigation in other stretches. The
flood period takeplace 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 meathAppendk

VII, Item 4.6.1).

From the Sao 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 vesHeht reached the river port of
Penedo. Until the 80s, navigation on the Lower Sao 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 pasv 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 nowadayi the order of just 2 m.

On the segment between Pirapora and the Sobradinho lake, the S&o 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 thegs 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 siltingdrmations, many of which are mobile, impacting navigability conditions.

Upstream the municipality of PiranhgsAL (stretches 21 to 46) the Sdo Francisco River has a
number of hydroelectric uses, which take advantage of the existing differences in lalel an
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canyons along the S&o Francisco River in this stretch. The Xingé 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 resesimtches 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 Sdo Francisco
River and shows the existing UHEd #me currently navigable stretch.
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Figure3.9.1 Schematic division of falls on the S&o Francisco River (CODEVASF, 2011)

On the stretch between the end of the Itaparica UHE reservoir (stretch 46) and Petrolina
(PE)/Juazeiro (BA) (stretch 073), approxetyal70 km long, the S&o 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 sinus 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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Figure3.9.2 Rock outcrops on the S&o Francisco River (stretch 56) (My Old Chico, 2010)

Between Petrolind?E/Juazeiro (BA) (stretch 73) and the Sobradinho Dam (stretch 77) the
minimum depth is 1.4 m at thelrought 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 dowflow 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 tha30 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.diticad

to the rocky formations there are also sand and gravel deposits on the segment.
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Figure3.9.3 Rock outcrops on the S&o Francisco River (stretch 74) (Panoramio, 2013)

The Sobradinho Dam has a 120 m long and 17 m wide lock that allows vessesctore/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 opees 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 thah 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 Sobieast 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 appearam® of a large quantity of sandbanks, stone outcrops and floating islands,
causing the course of the S&o Francisco river to become a delta.
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Figure3.9.4 Final of Sobradinho reservoir (stretch 97 to 99) (MMA, 2013)

Between Pildo Arcado (BA) (stretch @9 Ibotirama (BA) (stretch 129), about 300 km long,

the S&o 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 nmimum 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 Liioeiro (P
127).

On the stretch between Ibotirama (BA) (stretch 129) and Pirapora (MG) (stretch 203) the Séo
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 nawgatiistances, 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 Trés Marias UHE,
which is located over 100 kopstream 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 mn 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 raiv& rec
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/manade action. There arsome continuous rock
outcrops, mostly of limestone, and many sandbanks. Sediments are prevailingly sandy.
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Figure3.9.5 Bank erosions on the S&o Francisco river (source: CODEVASF, 2011)

b) Sociatenvironmental vulnerabilities

The Sao Franciscd&/aterway, which is 2,015 km long for the purposes of the present
analysis, it was divided into 203, 10 #omg stretcheg; inserts in the S&o Francisco River basin
(already described). Along its course the Grande Rj\aer stretch 015, Corrente Riveg on

the stretch 142- and Paracatu Riveron the stretch 19X waterways connect with it.

Consércio

£ ARCADIS logos 805



@ Ministério dos Transportes

' e T AA?_ SAS =A% ORIANG W
B AL > Fuug
e \ RIBEIRO GONCALVES o

- il |
E. L 2

O40

| 5
- h

£ ‘4 \‘ﬁ
\ . ; —’

v e ogur [T EYATN
Refardnoat Locosemis == Hirova
@) Casital Federst Mo & ilgin
@ Coltel Federsdt 20 Umie pelitics adm
=0 Cooitat Esracust i Ui menktps

@ Sede Muricipal 1 Backa hidvogrMic
B echsi o 0km B8 Awa de antorno

Map 52:Location of the Sdo Francisco Waterway
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This waterway intercepts the territory of 91 municipalities in the states of Minas Gerais, Bahia,
Sergipe, Alagoas and Pernamco. 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 Sdo Jodo das Missdes (MG) with 0.42, and the greater, 0.75, in
Petrolandia (PE).

With regard to the sociagénvironmental vulnerability analysis, Integral Protection
Conservation Units (UCPI) can be found on stretches 27 {dNatural Monument of the Séo

Francisco River) between the municipalities of Paulo Afonso (BA), Canindé de S&o Francisco
6{90X hftK2 RQ#3dz2r R2 /I alFlR2 |yR 5St YANR D2dzSA
the municipalities of Jaiba, Matias Cardodanuaria 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 (BA)

Sustainable use Conservatibmits (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) # rttunicipalities 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 Sdo Bras and Porto Real do Colégio (AL), 16
and 17 in the municipdli of Porto da Folha (SE), 30 to 33 between the municipalities of
Jatoba, Petrolandia and Tacaratu in Pernambuco and the municipality of Gléria, in Bahia, 50 to
54, between the municipalities of Cabrob6 (PE), Curacd and Abaré (BA), 128 to 131 in Muquém
de Sao Francisco (BA) and 165 to 166 in the municipality of Sdo Jodo das Missdes (MG).

On stretches 62¢ municipality of Santa Maria da Boa Vista in Pernambuamd 65 ¢
municipality of Lagoa Grandethere is greater vulnerability from the sochvironmenal
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 S&o Francisco River and is located in the
state of Bahia. Its drainage has around 75,Kn@?. Its source is locateth a semihumid

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 samii climate, characteristic of the region
containing the medium course of the Sdo FranciseerRivhere scarce rains contribute very

little to river flows. The Grande River mouth is in the S&o Francisco River, in Barra (BA) (stretch
115). The Séo Francisco River shows geologic characteristics typical of river and/er river
lacustrineplains and thébed is prevailingly sedimentary, with islands and sandbanks.

The Grande River flows in the southwestrthwest direction, receiving its major tributaries
through the left bank, like the das Fémeas River, the Ondas River, the Branco River and the
Preto Rier; through the right bank it receivethe S&o DesidériRiver, besides th&amandua

and theBoa SorteRivers.

The rainfall regime takes place between November and April, when river flows are greater. The
average flow is around 270 m3/sec at the Boqueirdo station (See Appéhditem 4.6.2). The
drought flows have been decreasing over the last years due to enhanced irrigation, especially
at the tributaries.

The GrandéNaterwaythat is considered in this analysis consists of the stretch between its
mouth and Barreiras (BA), the main city covergdhe 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, beingpradtS R 6& @SaasSta {y26y +ta awS3al in2:
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 selfpropelled 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 oogmely: Estreito (stretch 4), about 40

km from the Grande River mouth on the S&o Francisco River, and Boqueirdo (stretch 10), near
the Preto River mouth. At these points the bed is strangled and runoff speed increases, a fact
that may bring difficultiesd 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
depthsare 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 Boqueirdo, near the Preto Roughm
the river, and about 100 km long, has good navigation conditions for vessels of the same size
as those that navigate on the Sao Francisco River. Widths are constant, in the order of 100 m.
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The existing stone outcrops do not represent greater riskawigation. 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 removestill, there are some curves that might restrict the
size of the vessdi/pe to be established.

Figure3.9.6:Rio Grande (stretch 10). (Brasil das Aguas, 2007)

On the stretch that goes from the Preto River mouth to the city of Barreiras, about 21ié&m,

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). Thetheisoccurrence 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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Figure3.9.7:Rio Grande and the city of Barmais (BA). (Brasil das Aguas, 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) Sociatenvironmental vulnerabilities

The GrandeWaterwayis 305 km long and inserts in the Sdo Francisco River basin, which has
already been characterized. This waterway connects to the S&o Francisco River near the
municipality of Barra (BA) and was divided into 31 10éng stretches for angbis purposes.

Consércio

£ ARCADIS logos 813



@ Ministério dos Transportes

EemgnormTren —
Rederdncias Locaciomats e bidrovie . TR et ra——
© Captal Fuderal s o dapon .@. = AR s
@ Capital Federal ) Limie politico adim, } ':-"q" .

[ capital Exadual | Uit s B ey, 13
o8- U =
© Sede Muniipal (__,mwj“ 00 0o o
B mectosce 0km B Awva de aricrno ——pe— | 1 Fl L
Map 53:Location of the Sdo Francisco Waterway
Consércio
814 £2@ ARCADIS logos




& Ministério dos Transportes

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
Cotegipeto 0.56 in the municipality of Wanderley.

With regard to the sociaénvironmental 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 PriorityNB I 61t/ . Qaod ! £t 2y3 GKS Sy i{iiNB
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 Bara and 21 at Cotegipe have three INCRA settlements.

{GNBGOKSa KFE@Ay3d !'/tLQ& FYyR LYyRA3ISy2da [FYRA

Consorcio

£ ARCADIS logos 815






& Ministério dos Transportes

3.9.1.3 Corrente Waterway
a) Navigability Diagnosis

The Corrente River is one of the major tributaries of the S&o Francisco River and is located in
the Southeast of Bahidt is approximately 120 km long and its drainage area is aB51#30

km2. The Corrente River is formed by the confluence of the Formoso and Correntina (or das
Eguas) Rivers, that start altitudes between 800 and 900 m between Bahia &ulas on the

Espigdo Mestre and meet near the citySdnta Maria da Vitoria (BH). its mouth is at the Sdo
Francisco River, 15 km downstream the city of Bom Jesus da Lapa (BA). The Corrente River is
inserted inan ancient alluvial deposits region and sedimentary formations so that the river bed

is prevailingly sedimentary.

The climate is semtiumid tropical with high temperatures and rainfalls concentrated from
October to April, when it rains on average 93%hef total of the year.

The CorrentéNaterwaythat was considered in this analysis consists of the stretch between its
mouth and the city of Santa Maria da Vitoria (BA) (stretch 10), the main city covered by the
waterway, and is 110 km long.

The Corrente Rer 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 ned¥/s (se
Appendix VI, ltem 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 CorRiwée 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 watenildne Corrente River receives
vessels nagating on the S&o Francisco River and simple formation of convoys of the state
owned company. Forty ton sgiffopelled 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 d#o¥ia (BA), about 40 km long. The most restricting point

to navigation on the Corrent#/aterwayis on stretch 8, where depth can reach only 1.20 m
when waters are atheir lowest level.
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Figure3.9.8 Corrente River at Porto Novo (BA) (stretch 6) (Panoian2013)

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

Figure 3.9.9Footbridge on the Corrente River (stretch 10). (Panoramio, 2013)
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b) Socialenvironmental vulnerabilities

The CorrenteWaterway is 103 Km long, serts in the S&o Francisco River basin (already
described) and connects to the Sdo Francisco River near the municipalities of Sitio do Mato and
Bom Jesus da Lapa (BA). The area surrounding this waterway crosses the territory of eight
municipalities in thestate 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 Sdo Félix do Coribe, but averages 0.51 in the municipalities of the
surrounding area of the waterway.
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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 sigmific
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 surroundimgywaterway, about

50% of the vegetal coverage is preserved, but the stretches 02, in the municipality of Sitio 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 Diagesis

The Paracatu river is one of the major tributaries of the Sdo Francisco River and is almost
entirely located in the state of Minas Gerais, with only a small part in the state of Goiés. Its
drainage area is 45,280 kmés source is located between thlepurs of the Chapada da Ponta
Firme and the Serra do Garrote, which are the watersheds with the Paranaiba 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 oretleft bank of the S&do 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 D&k Paracatu River
geologycharacterizes by ancient allial 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 tempenauis in the order of 27°C and the annual
thermal amplitude is low, characteristic of intgppical 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 anmilirainfall, 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 Apgig V1|, item 4.6.4).

The ParacatWaterwayconsidered in this analysis consists of the stretch between its mouth
at the S&o 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 sinuosityis 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 hdges representing difficulties to navigation.
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Figure3.9.10: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 Paraiti 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) Sociatenvironmental Vulnerabities

The ParacatuWaterwayis 103 km long, inserts in the S&o Francisco River basin (already
described) and connects to the S&o Francisco River at the border of the municipalities of Santa
Fé de Minas and Buritizeiro in Minas Gerais.
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Map 55:ParacatuWaterway location
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