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The Xingu River is one of the main tributaries of the
Amazon River. With a total length of about 2.000 km, it
flows northward from the Serra Azul, in the Brazilian
Central Plateau where it rises, to join the Amazon River
near its mouth, at Porto Moz in the State of Para. Its
drainage basin is an integral part of the Brazilian
Amazonian Region and covers an area of 510.000 km?,
roughly equivalent to the surface of France. However, in
spite of its size this area is scarcely populated, being
almost completely covered with the tropical amazonian
jungle.

The Altamira Hydroelectric Complex will
develop the Hydro power potential
concentraded in the lower stretch of the
Xingu River, in a site Called Volta
Grande.






THE INVENTORY lenght — 1.300 km on the Xingu main stem and 600 km on
the Iriri River, its main tributary. The total power potential
inventoried and found to be in conditions compatible
with the economics of the Brazilian Integrated System is

The inventory of power resources of the Xingu River of the order of 96 thousand GWh/year.

Basin was realized from 1974 to 1979. The main

objectives of this work were the evaluation of the total The most important conclusion of the inventory works,
economical hydroelectric potential of the basin as well however, was the identification of an exceptional

as a survey of the most favorable sites to implement the hydroelectric site in the lower reach of the Xingu River,
corresponding power projects. These projects would near the town of Altamira, in the State of Para. At this
be considered as alternatives for the future supply of place, the Xingu River deflects abruptly eastward,

the electric power needs of Brazil. The responsibilities forming the Volta Grande (“large bend"), that develops,
for the inventory work was contracted with CNEC — over an accumulated length of 160 km, a total natural
Consorcio Nacional de Engenheiros Consultores S.A. head of 85 meters, allowing the development of a

by ELETRONORTE — Centrais Elétricas do Norte do hydroelectric complex that will eventually comprise
Brasil S.A., the electric power agency of the 17.000 MW of installed capacity.

ELETROBRAS Group in charge of electric power
generation in the northern region of Brazil.

In spite of the experience gained by brasilian
engineering organizations in more than 20 years of
survey of hydro resources in different areas of the
country, the effort to evaluate the Xingu River potential
was a challenging rather than a routine operation. The
extension of the area, the absence of urban centers, the
difficulty of access and above all the enormous
obstacles created by the jungle, required the
adaptation of traditional survey methods and the
extensive use of most recent investigation techniques,
such as radar aerophotography and the Doppler
tracking of Satellites for determination of points for a
basic geodetic network. The reconnaissance work
covered 4.000 km of rivers where 47 possible sites were
identified and examined.

The hydrometric and geological work was also
impressive. Eleven new stream gaging stations were
added to the existing network. The geological
reconnaissance was developed in an integrated form
with other field services, and included 5.000 km of
travelling across the jungle, with the establishment of
225 points for the general geological investigations.

A total of 2.300 hours of helicopter time and 1.300 hours
of airplane time were used for the air transport required
to support the overall operation.

The sites selected from the reconnaissance alternatives
led to the detailed examination of 1.900 km of river
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THE ALTAMIRA
HYDROELECTRIC COMPLEX

The peculiar characteristic of the Xingu River of
concentrating a substantial part of its natural drop in a
short stretch near its mouth allows the formulation of a
hydroelectric generating complex of high capacity and
economical value. This is the Altamira Hydroelectric
Complex that, after four years of studies, has been
defined as formed by two independent but related
developments, the Babaquara and Kararad Power
Plants. The aggregated installed capacity in these two
plants will be of the order of 17.000 MW and represent
about 70% of the total power potential economically
available in the Xingu River Basin. The estimated cost of
the power produced is equivalent to not more than 800
dollars per installed kW, which is extremelly competitive
with other alternative sources of power for the Brazilian
System.

The Babaquara development will be located 10 km
upstream of the town of Altamira. It will include, besides
the power plant, a dam and reservoir which will be used
to regulate the river flows. The Kararad development,
will be located 60 km downstream, by-passing the river
bend and using most of the natural head and the
regulated flows released by the Babaquara power
plant.

To produce the by-pass across the river bend, an
intermediate dam, called the Jurua dam, will be
required. Its main purpose will be to convey the Xingu
waters through a sistem of small reservoirs and canals,
to the downstream Kararad plant. Furthermore, a series
of dikes will be required to completely close lower
points in the Babaquara reservaoir.






THE BABAQUARA
RESERVOIR
AND POWERPLANT

18 GENERATORS
383 MW EACH

The Babaquara reservoir and powerplant will be formed
by the construction of a major dam, immediately
upstream of the abrupt deflection of the Xlngu River,
some 10 km upstream of Altamira.

At the dam site the width of the river is approximately
4.5 km but this is normally reduced, during the low
water season, to about 1,2 km with an average depth of
10 meters. The present studies, which are still
examining the overall dimensions of the dam and
reservoir, call for a fill dam with a central stretch of a
concrete face rockfill with earthfill abutments. The dam
will have a total lenght of 6,5 km and a maximum high of
AR AXIS 85 m. The reservoir will develop, upstream along the
‘ Xingu and Iriri Rivers, a total volume of 143.500 million

PARAPET 1690

B . cubic meters.

Fifty kilometers of dykes will be necessary to close low
areas of the reservoir.

The spillway will be of surface type controlled by 20
sector gates and with a total capacity of 76.000 m%/s.

River diversion will be through 36 provisional opennings
in the spillway ogee.

Next to the spillway, the powerplant will include a
conventional water intake 700 m long with 18 frontal
opennings, one for each generating unit. The
powerhouse will be equiped with 18 units driven by
Francis turbines each with 383 MW of nominal capacity.

169.0
normal maximum water level 1650
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/ KARARA6 POWERPLANT excaveted indicate the possibility of fill-type dams with

composite sections of rock and earth. The intake works
will be of conventional type with 19 opennings
connecting to the penstocks and to the powerhouse.

The Kararad development will be formed by a The generating units will be driven by Francis turbines
powerplant and four dams totaling 5050 meters long. with 526 MW capacity each, operating under a nominal
The granitic rock in which the tailrace channels will be head of 88,7 m.

normal water level 96,0 . -

No.W.L. 96,0
b

19 GENERATORS
526 MW EACH
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- 15,0 MxTWL.




The Jurué dam will be located in an intermediary
position between the Kararad Powerplant and the
Babaguara tailwater channel, closing a depression in
the Kararad reservoir. It will incorporate the reservoir

normal water level 96.0
v

spillway, which will be of surface type, controlled by 25
sector gates with a total capacity of 80.000 m®/s. The
dam proper will be 5.800 m long with a maximum hight
of 50 m. It will be an earthfill structure with a central
portion of a clay-core rockfill embankment.

A series of dykes will be located in other low areas of the
reservoir. Total length of dykes will be 14.700 m.




~QUANTITIES

In the present stage of studies, the main quantities of civil work for the Altamira Complex are the following

Earthfill Rockfill Earthfill Excavation (1000m?)
maindam maindam  Concrete dykes
Development (1000m®  (1000m%  (1000m3)  (1000m?) Earth Rock
Babaquara 15015 29950 5410 95840 16820 6250
Kararad 12730 6870 2460 38110 33990 25230
Complex
(Babag. + Kararad) 27745 36820 7870 133950 50810 31480




INFRASTRUCTURE WORKS

The construction of the Altamira Hydroelectric Complex
will require substantial improvements in the urban
facilities available in the area.

The present population of Altamira, the largest town
existing in the Xingu Basin, is of the order of 45.000
inhabitants. The construction of the hydroelectric
complex, estimated to last 10 to 12 years, will more than
triple the present population, bringing into the area
approximately 100.000 people. To accomodate and
effectively manage the corresponding impact to the
region, ELETRONORTE is carrying out a series of
studies and analyses to determine the best ways to
cope with this challenging technical and social
problem. Extensive practical experience gained in
previous works in Brasil, such as Tucurui, llha Solteira
and ltaipu is being examined with detail, and will be fully
used in the definition of the Altamira scheme.

As of today, possibly the best alternative corresponds
to the improvement of the town of Altamira, by enlarging
and upgrading the urban facilities, in order to
accomodate the additional population.

The studies made in relation to social and economical
impact of the hydroelectric complex into the region
include also the survey of the potentialities of the area
and the definition of actions to be taken to better utilize
the necessary investments, in terms of lasting benefits
for the project area.

A very important aspect of this problem concerns the
means, of access and transportation into the region.
Nowadays, Altamira is connected by river to Manaus
and Belem with full-year navegability capacity. However
no extensive port installations are available at Altamira.
The main road connections between the project area
and the rest of the country is the Transamazon Roadway
(BR-230).

The studies now under way contemplate substantial
improvements in the tansportation network and are
being analysed with due consideration to other
economical potentialities of the area.

Another important factor to be considered in the
complementation of the Altamira Project is the

existance, in the Xingu Basin, of the Carajas Iron Ore
Development, one of the largest mining undertakings in
the world, which recently started its commercial
operation. Other important mineral reserves, already
detected in the Carajas mineral province (gold, copper,
aluminum) will strongly influence the future of the
region, and are being relevant in the overall
infrastructure planning of the Altamira Project.



In spite of being still in the early feasibility phase of
development, the environmental impact of the Altamira
Hydroelectric Complex is already being studied. This
will be based in the experience already accumulated
by ELETRONORTE in the establishment of reservoirs in
the Amazonian area such as Tucurui, Balbina and
Samuel.

The reservoirs of Babaquara and Kararad will flood a
maximum area of 7.365 km?, of which 6.140 km? in
Babaquara and 1.225 km? in Kararad. Although
impressive, these figures correspond to an extra
flooding of area of not more than 1% of the Xingu
Basin, because the river, during high water periods,
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naturally covers an important area beyond its normal
channel.

The studies regarding the ecological aspects will take
into consideration the problems associated to the
effect of the reservoir in the natural flora and fauna of
the area. Inventories of species and characterization
studies are being carried out with assistance of
scientific and specialized agencies.
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Alternative plans for the transmission of energy from the

complex

TRANSMISSION OF
ENERGY

The industrial development of the Northern area of
Brazil will require in the future substantial amounts of
electric power. However, most of the power produced
in the Altamira Complex will be used in the already
developed industrial centers of South and
South-Central Brazil.

In this perspective, Altamira will be an important
interconnecting point in the future power transfer
scheme, because 50% of all known power potential of
the Amazon Basin is concentrated in a radius of not
more than 400 km of the Altamira Complex. This
includes, blsides Tucurui, the future Itaituba Project in
the Tapajos River.

To evaluate the technical and economical aspects of
this supply, a preliminary study was made that
considered the possibility of transmission of the
energy generated by the complex by direct current as
well as alternating current. In a conhservative form, line
routing was established using the routes of existing
roadways such as the Transamazon and
Belem-Brasilia. Total distance between the Complex
and the main load centers in South-Central Brazil,
along these routes is of the order of 3.000 km.









