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The Belo Monte run-of-river powerplant is under construction on the lower reach of the Xingu river, in northern Brazil. When completed in
December 2019, Belo Monte will have 24 generating units with a total installed capacity of 11 233.1 MW, making it the largest wholly
Brazilian hydropower plant and the fourth in the world, in terms of installed capacity. Since April 2016, 7566.4 MW have already been
installed with six bulb and 12 Francis turbines in commercial operation. The authors give the latest update on the achievements of the
project, along with a description of the Belo Monte project as a whole.

he Belo Monte project on the Xingu river is in
the middle of the Amazon jungle, in the state of
Pará, in Brazil’s northern region close to
Altamira and Vitoria do Xingu cities, and about 800
km from Belem, the capital city of the state (see Fig.
1). The plant is about 3000 km from several major
Brazilian cities, such as São Paulo and Rio de Janeiro.
The main objective of the project is power generation,
with an installed capacity of 11 233.1 MW and an
average 4571 MW of firm energy.
Norte Energia SA is the developer of the project. The
state-owned power company Eletrobras, directly and
through its subsidiaries Eletronorte and CHESF, controls a 49.98 per cent stake in the consortium. Other
important partners are stakeholders of the consortium,
such as FUNCEF (10 per cent), Petros (10 per cent),
Neoenergia (10 per cent), Aliança Norte Energia SA
(Vale, CEMIG and Sinobras, 10 per cent), Amazonia
Energia SA (Light and CEMIG, 9.77 per cent) and
J. Maluceli Energia SA (0.25 per cent).

Since the late 1970s, the original project concept has
undergone several modifications, to mitigate social
and environmental impacts. This was done to maintain
the living conditions of indigenous groups and communities who live in the area surrounding the plant,
known as ‘Big Bend’ on the Xingu river, a stretch of
reduced flow (SRF). To comply with strong environmental constraints, Belo Monte was planned to operate
as a run-of-river plant, resulting in a significant reduction in the size of the reservoir and consequently the
area to be flooded.
While the Brazilian average flooded area for
hydropower is 0.49 km2 per MW installed, the ratio for
Belo Monte is only 0.04 km2 per MW installed, the third
lowest ratio in Brazil. In addition, of the 478 km2 of
flooded area of both reservoirs, about 228 km2 or 47.7
per cent corresponds to the original riverbed. The design
of Belo Monte was optimized to reduce environmental
impacts, as compared with other hydropower, which
leads to improved and sustainable models and represents good practice for a hydro project.
Necessary steps have been taken to avoid flooding
indigenous lands, which remain unaffected by the
dam, construction sites, access roads and other engineering structures required for the project. For the
indigenous communities, and those who use the Xingu
river for fishing or transport, the Belo Monte project
has created solutions to enable boats to pass through
the dam, as well as the construction of a fish passage
system.

1. Background
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As well as a stretch of approximately 100 km downstream of the main dam, the SRF of the Xingu river
has an ecological hydrograph consensus with the purpose of generation of energy and the adoption of a
hydrograph that meets the maintenance and continuity
of ecological processes (terrestrial and aquatic ecosystems) and navigability.
Currently, the civil works are concentrated on the placement of the secondary concrete for assembly of the
remaining generating units. At present (December 2018),
the civil works are 98.5 per cent complete and 67.3 per
cent of the total installed capacity has been implemented
(7566.4 MW from 18 generating units, six bulb and 12
Francis turbines). The first two turbines went online in
April 2016. The main power station will be completed by
December 2019. The plant is also responsible for supplying electricity for the interconnected national grid, both
the systems in the North and South/Southeast, with transmission lines of 500 kV/880 kV.
The construction of a huge hydropower plant in the
middle of the Amazon jungle has been a very challenging project. From December to June, heavy rains and
floods occur, with average rainfall of 2200 mm/year,
increasing the difficulties and logistical problems. Most
of the suppliers of materials, equipment and processed Fig. 1. Location of
food are located in other regions, mainly in Belem, cap- the Belo Monte
ital city of the state, and in the southeast of Brazil.
scheme.
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Simultaneously with the work, it was necessary to
improve river access and, by building a load trans-shipment station, the regional highway network was also
improved and expanded. More than is the case at other
hydro projects in Brazil, it was necessary to attract and
keep workers, by offering both direct and indirect extra
benefits, namely building a village with complete with
standard educational, health and leisure facilities, and
break times for workers who have families living away.
(a) Crossing the
The civil contractor decided to implement four sepaXingu river at a
rate construction sites, with a distance between them
distance of 7 km for
of up to 40 km, to achieve high rates of excavation and
the construction of
placement
of earthfill and rockfill, with a tight schedthe main dam in
Pimental represented ule, and to manage the complex logistics for the supply and movement of the materials on the job site as
a significant
challenge.
well as the ability to perform maintenance tasks.
Fig. 2. General
arrangement of the
Belo Monte hydro
project.

The record-breaking outputs achieved for soil and
rock excavation, as well as in earthfill and rockfill
services, had reached 6.6 ¥ 106 m³ (soil excavation),
2.5 ¥ 106 m3 (rock excavation) and 6.28 ¥ 106 m3
(earthfill and rockfill) by July 2015.
As well as the civil contractor, 37 000 workers and
3800 light and heavy pieces of equipment were mobilized at the peak of the construction. The civil works
needed to allow for the start of the filling of the main
and intermediate reservoirs, which have been accomplished in a record time of 4.2 years.
The project is modern and fully committed to the
principles of technical and economic feasibility, as
well as minimal social and environmental impacts.
The statistics relating to Belo Monte are impressive,
but the project cannot be judged only from the point of
view of energy generation. It should be highlighted that
more than 5000 socio-environmental steps have been
taken, which have promoted true social transformation
and have contributed to sustainable development.

The arrangement of the project is different from any
other already built in Brazil or elsewhere. As mentioneds the four construction sites are some distance
from each other. These include the Pimental dam,
which forms the main reservoir (359 km2) and diverts
the water of the Xingu river into a rock-lined power
canal, considered the largest in capacity for energy
generation, which conveys 13 950 m3/s of water to an
intermediate reservoir with an area of 119 km2 that
feeds an 11 000 MW powerhouse at the Belo Monte
site (see Fig. 2). There are six earthfill and rockfill
dams and 30 dykes (some these could be considered
large dams). Completing the project, there are two
powerhouses with 24 generatings units, six horizontal Kaplan bulb turbines at Pimental (38.85 MW
each) and 18 Francis turbines at Belo Monte, (611.1
MW each). There is also a spillway with 18 radial
gatesand a stilling basin and a discharge capacity of
62 000m3/s.

2. The general arrangement of the project

The construction of the Pimental dam was a very challenging project as it was necessary to cross several
islands: Forno, Pimental, Marciana, Reynaldo and
Serra, see Photo (a). The main dam was also constructed across the Xingu river, 40 km downstream
from Altamira city with about 7 km of extension. It
forms the main reservoir (359 km2) and consists of
several major components (see Fig. 3) including: the
lateral left dam; low head complementary powerhouse; and, a spillway with 18 radial gates.
Completing the arrangement are a dam linking the
spillway with the Serra Island, right channel dam, two
dykes, a transposition system for boats, from upstream
to downstream and vice versa, a fish transposition
channel and a switchyard of 230 kV/69 kV.
The complementary powerhouse and spillway
release a minimum flow downstream, which varies
each month, to comply with the hydrograph of consensus for the SRF and to mitigate the socio-environmental impacts. During the wet season, this flow has
to be a minimum of 1100 m3/s in January, 8000 m3/s in
April, and 4000 m3/s in May. During the dry season
there has to be a minimum flow of 2000 m3/s in June,
700 m3/s in October and a minimum of 900 m3/s in

3. Pimental site

Fig. 3. Arrangement of the Pimental site and its strucures.
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December. A programme of regular water quality
monitoring has also been implemented downstream of
the dam to improve the quality of life of riparian and
indigenous communities, as well as the maintenance
of biodiversity, navigability and the living conditions
of the populations on the SRF.
In the first phase of the diversion of the Xingu river, to
allow the construction of all concrete structures, the
central canal of the river was closed by three cofferdams, one upstream and two downstream between
islands, and all the water from the Xingu river was
diverted to the right channel, see Photo (b).
In the second phase of river diversion, to allow the
construction of the right channel dam, two cofferdams
upstream and downstream closed off the right channel,
diverting the Xingu river to the spillway which was
almost completed.
Considering the short term for the construction of the
right channel dam, with a high risk of delay for the
beginning of generation, there was a decision to construct the upstream cofferdam with the crest at el. 99 m,
just 1 m below the crest of the final dam. This cofferdam,
with a maximum height of 40 m, and an extension of 923
m, enabled filling of the reservoir and start of operation
of the first turbines during the time foreseen in the schedule. The right channel dam was constructed after, taking
nearly a year, and reaching completion in October 2016.

3.1 Diversion of the Xingu river

The left lateral dam, which interconnects the concrete
structures with the left abutment, is 5100 m long, passing over three large islands (Forno, Marciana and
Pimental); the section on Pimental is around 2900 m
long. In the stretches of the islands, the dam has a
homogeneous earth section, with an average height of
14 m, supported by alluvial soils, and a rock cutoff
trench was implemented to intercept the seepage flow.
In the stretches of the Pimental and Marciana islands,
the sealing trench was shifted upstream of the dam,
where the alluvial layers are less thick (see Fig. 4). In
the stretches of the canals, it has an average height of
23 m and is supported by rock. In the section near the
concrete structures, the section is a rock formation
with a clay core, with the foundation in sound rock.

3.2 The left lateral dam

The right channel dam, located in the deepest section
of the Xingu river, with a length of 714 m, has an
earth/rock section in the centre, supported by sound
rock, with a maximum height of 41 m, supported on
soil with homogeneous margins, supported in residual
soil of migmatite.
The downstream part of the dam also rests on the
downstream cofferdam, partially incorporating it. Fig. 5
shows the cross section of the right channel dam and the
cofferdams during the second phase of the river diversion.

3.3 Right channel dam

(b) The first phase
of the diversion of
the Xingu river for
the construction of
all concrete
structures at the
Pimental dam.

A main concrete gravity dam with an integrated intake
structures, see Fig. 6 Photos (c) and (d), houses the six
horizontal Kaplan bulb turbine units, and an assembly
bay and an unloading bay. The units each have a
capacity of 38.85 MW. On the right side there is a
dividing wall, where the drainage wells are located,
connecting the powerhouse to the spillway.

3.4 Complementary powerhouse

The spillway is located on the right side of the complementary powerhouse, to discharge 62 000 m3/s,
with the reservoir at el. 97.5 m (full supply level).
There are 18 spans, each 20 m wide and 22 m high,
and an ogee crest at el. 76 m (see Fig. 7).

3.5 Spillway

Fig. 4. Cross section
of the left lateral
dam.

Fig. 5. Cross section
of the right channel
dam and cofferdam.
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There are stoplogs for maintenance upstream and
downstream. The energy dissipation of the discharged
flow is achieved by a stilling basin 50.31 m long. The
spillway has two service bridges, one upstream with
the crest at el. 98 m and another downstream with the
crest at l.98 m.

Fig. 6. Intake and powerhouse.

The fish transposition channel, see Fig. 8 and Photo
(d), is designed for a flow of 12 m3/s to 40 m3/s, it is
located on the left of the complementary powerhouse.
It comprises a bypass channel designed to simulate the
natural flow conditions in the river. The entrance structure for the fish is located next to the tailrace channel
and has a control structure for a mitre gate for fish
attraction. The outlet structure is adjacent to the dam,
away from the intake, with a structure for flow control
and fish monitoring. That structure has a 1.41 per cent
slight inclination at the bottom of the channel and 1.2
km-long concrete channel composed of a series of
tanks separated by transverse deflectors built in
gabions, spaced at 14.2 m, which have an opening for
the passage of the flow and fish (gap/vertical groove).
The channel has a trapezoidal section of 6 m at the
base and walls with the slope of 1.8 H:1.0 V. The passages provide a 0.2 m difference in level between two
successive tanks.

Fig. 7. Spillway with 18 gates and a flow capacity of 62 000 m3/s.

The boat transposition system is on the right bank of
the Xingu river (see Fig. 9). The system consists of
three semi-channels excavated to approach the boats.
On the structures of the semi-canals piers were constructed for the operation with a travel lift for boats up
to 35 t, and an access ramp for small boats. At the pier
level, there is a platform for the manoeuvering and
positioning of a special self-propelled truck known as
the transporter. The system allows boats to cross the
dam from upstream to downstream and vice-versa.
There are the following facilities: passenger station;
operational control station; parking; workshop; warehouse and gas station; fire System; reservoir; and,
water treatment plant.

3.6 Fish transposition system

3.7 Boat transposition system

(c) Complementary
powerhouse with six
bulb generators and
spillway viewed from
the upstream side.

The power canal connects the upstream reservoir at the
Pimental site to the intermediate reservoir, which feeds
the main powerhouse at the Belo Monte site. It is a 20
km-long rock-lined conveyance canal with a width of
360 m at the top and a minimum width of 210 m at its
base, and comprises a sequence of straight and curved
stretches, over the entire course of the channel, see
Fig. 10 and Photo (e). The canal lined with rock along
the bottom floor and side slopes in soils with different
gradations. At the entrance to the canal, the bottom is
at el. 87 m and it is 500 m wide, maintaining this size
for a length of 160 m. After that there is a 270 m-long
ramp down to el. 75 m, where it widens again to
210 m and is maintained at this width. The headrace
canal is 25 m deep and experiences flow depths of up
to 22.5 m and it was designed to convey a maximum
discharge of 13 950 m3/s, with an estimated average
flow velocity of about 2.5 m/s, for a peak generation of
11 000 MW at the Belo Monte powerplant, see Photo
(e). The initial impounding of the canal and intermediate reservoir was carried out by a spillway located
about 1 km from the entrance of the canal to provide

4. Power canal

(d) Pimental site viewed from the downstream side.
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controlled flows with two gates and a capacity of up to
1000 m3/s. An earth cofferdam was also constructed at
the entrance to protect the excavation works of the
canal. The cofferdam was removed at the entrance of
the canal when the water level inside the canal was
approximately the same as the water level of the reservoir at Pimental. A bridge located 13.5 km from the
entrance of the canal links both sides of the access
roads.
On both sides of the bottom floor, there are drainage
channels used during the construction phase. The bottom rock floor lined with processed rock material
called 5D’, with a thickness of 0.6 m, provides uniformity of the canal’s roughness. In the sections
where the bottom floor of the channel is soil, a transition layer 0.2 m thick was laid under the rock line
material.
The side slopes excavated in soil have a slope of
2.5 H:1 V to allow the transit of equipment (tractors)
along the slope itself for the application of the rockfill lining and the slopes excavated in rock have
slopes of 0.5 H:1 V without lining. Both sides of the
channel have access roads at el. 100 m, which delimits the edge of the channel at a distance of 179.5 m
from the axis. At els. 84 m and 93 m, the slopes have
intermediate berms, which for a soil excavation configuration (see Fig. 11), are 6 m wide. The arrangement of section excavated in soil (or conformed by
earthfill) constitutes the typical section where the
top of the rock is above the bottom floor of the channel (see Fig. 11). The slopes are excavated with an
inclination of 2.5 H: 1 V with the width of the rockcarved shoulders widened to maintain the excavation
of the typical section in soil.
As can be seen, soil or earthfill embankments are
lined with a 0.6 m-thick 5D rockfill material applied
over a transition layer, 0.2 m in thickness. This 5D
material has a grain size greater than the 5D’ material
(applied to the bottom floor); it was obtained directly
from the mandatory excavations of the channel.

Fig. 8. Fish transposition system with its strucutures.

Fig. 9. Boat transposition system on the right bank from upstream to downstream of
the dam and vice-versa.

The following are highlights relating to the construction of the power canal:

4.1 Highlights of the power canal construction

• The construction of the power canal was the most
complex and difficult component of the project,
requiring a major effort on the part of the designer,
contractor and the owner to define the hydraulic
studies and logistical plan for the work to be carried
out.
• The volumes of excavation required for the
canal were impressive: around 108 ¥ 10 6 m 3 of soil
and rock excavation, some of which was below the
water table. Therefore the construction planning
required a rigorous detailing to ensure satisfactory
execution. At the peak of construction, the power
canal required around 7000 workers.
• For the construction of the power canal it was necessary to implement drainage systems to divert
creeks and control the flow of water. Some dykes has
to contain flood waters emanating from the subbasins, with the effluent flow being reduced by the
pond’s routing effect. The drainage of the excess
flows from the pond region was done through galleries and collection channels.
• The geometry and lining of the canal, which affect its
hydraulic performance, required studies of optimization,
Hydropower & Dams
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Fig. 10. Power
canal arrangement.

(e) Power canal
with its dimensions.
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• Three-dimensional computational modelling of
the canal was undertaken by the designer, with
collaboration from the team at Ven Te Chow
Hydrosystems Laboratory, University of Illinois,
USA, led by Prof Marcelo Garcia;
• Consulting services of the board of consultants of
Norte Energia SA, led by Prof Nelson de Souza
Pinto were of great value to the success of the project.
• The designer Intertechne and the civil contractor
CCBM with their teams faced and achieved the challenges posed by the owner, Norte Energia SA.
The intermediate reservoir is an artificial lake, formed
by 28 dykes and dams of earthfill and rockfill. It has
seven channels for the transposition of basins, and
three channels for reservoir filling, with a total surface
of 119 km2 (see Fig. 12).
Some of the dykes are actually large dams, including:
dyke 8A, see Photo (g), which is 1030 m long, 68 m
high and has a volume of 5.27 ¥ 106 m3, as well as
dyke 13 which is 1987 long, 53 m high and has a volume of 5.75 ¥ 106 m3, see Photo (h). It connects the
main reservoir of the Xingu river at the Pimental site,
through the power canal, to the main powerhouse,
which has an installed capacity of 11 000 MW from 18
Francis turbines.

5. Intermediate reservoir

Fig. 11. Cross
section of the power
canal in soil and
rock.

(f) Power canal
filling up after
reservoir impounding
and a bridge viewed
crossing the canal.

which involved a combined evaluation of hydraulic head
losses and efficiency of the generating equipment.
• Physical hydraulic model studies were carried out
at the LACTEC/CEHPAR laboratory in Curitiba, to
assist with the design to evaluate the stability of the
linings and the flow behaviour and velocities.

Fig. 12.
Arrangement of the
intermediate
reservoir.

(g) Dyke 6C, which is 1.5 km long with a volume of 4.13 ¥ 106m3, and dyke 8A.
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The reservoir impounding process was carried out by
a spillway with total capacity of 1000 m3/s controlled
by two radial gates, located in the right side of the
power canal, interconnected to the main reservoir, see
Fig. 13 and Photo (i).
Sixteen impounding stages were established, which
were defined so that the process of transposition of the
flow between the various basins did not compromise
the integrity of the linings of the transposition channels and the power canal. For this purpose, filling flow
restrictions were established, so as to achieve, in a
controlled manner, the water levels, accumulated volumes in the valleys, as well as partial and total times
for filling.
The initial stage was carried out by the gradual opening of the filling spillway, with control of the gates
until the flow was 100 m3/s. This flow was maintained
until the water level within the power canal, which has
its base at el. 75 m, had reached el. 76 m.
Afterwards, the spillway gates were opened to discharge a flow of 200 m3/s, maintaining this flow until
the water level reached el. 71 m between the
Paquiçamba and Aturiá valleys, thus fulfilling steps 2
to 11 (see Fig. 13).
With the bottom of the valleys filled with water up to el.
71 m, it was possible to increase the water flow through
the spillway to 500 m3/s and later to 1000 m3/s, thus
reducing the total filling time and concluding the process.
The total filling of the power canal and intermediate
reservoir were successfully ahieved within a period of
about 45 days.
The removal of the upstream cofferdam of the
entrance of the power canal only began when there
was a maximum difference of 0.4 m between the
Pimental reservoir and the water level inside the power
canal, to avoid erosion in the rock lining of both sloped
sides.

5.1 Filling of the intermediate reservoir
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The Belo Monte site consists of a powerplant with an
installed capacity of 11 000 MW, with 18 Francis turbines, each rated at 611.1 MW, with two large closure
dams. The net head is 87 m, from the intermediate
reservoir to the tailrace channel, where the waters of
the Xingu river finally return to the natural river bed
after the diversion, since folowing through the main
reservoir at Pimental. The concept of the design
allowed the construction of this huge project to be executed almost completely independently from the
course of the river, with no need for river diversion
while the main structures were being built, keeping the
Xingu river virtually unaltered during construction.

6. Belo Monte site

The general arrangement of the structures located at the
Belo Monte site comprises the generation circuit itself,
the intake, the penstocks, the powerhouse and the tailrace channel, two closure lateral earth- and rockfill
dams and the Santo Antônio earthfill dam (see Fig. 14).
The power intake structure directs the water collected from the intermediate reservoir to the main powerhouse through 18 penstocks, each 11.6 m in diameter.
The concrete structures of the Belo Monte site comprise 18 blocks of the power intake, a concrete-gravity
central block, two side closure; these are flanked by
two left and right closure rockfill and earthfill
embankments extending to the abutments. The total
length of the power intake and side walls is 819 m with
the crest at el. 100 m.
The concretes used were conventional vibrated concrete (CCV) and roller compacted concrete (RCC) in
the power intake, central wall and the lateral walls,
from the foundation to 1.6 m below the sill of the
power intake (see Fig. 15).
The gravity power intake consists of 18 blocks, each
33 m wide. These blocks are in two groups; ten are on
the right and the other eight are on the left, Photo (j). A
concrete gravity block separates these two groups. The
main powerhouse of the Belo Monte powerplant houses 18 vertical axis Francis turbines. The blocks for the
generating units are 33 m wide, eight of them located on
the left side and ten on the right side, separated by a 33
m-wide central block.
There are five blocks on the assembly bay in the left
bank, each 33 m, and two more blocks on the unloading bay, 20.7 m wide on the right bank and 36.5 m
wide on the left bank.
The excavation for the tailrace channel was in soil and
rock, about 2 km long and 620 m wide. The left dam closure has a crest at el. 100 m, a maximum height of 88 m
and a length of 1100 m, with a volume of 7.79 ¥ 106 m3.
The right dam closure has the crest at el. 100 m, maximum height of 54 m and extension of 790 m, with a volume of materials of 1.3 ¥ 106 m3. The Santo Antonio dam
is located to the left of the power intake in a position
close to the left dam closure. The dam crest is at el. 100
m with the lowest elevation of the foundation being
located at approximately el. 30 m, which results in a
structure with a height of 70 m. The crest has a width of
7 m and an extension of around 1310 m, and a total volume of 6.22 ¥ 106 m3 of earth-fill.

(h) Dyke 13 in the intermediate reservoir, 53 m high and with a volume of 5.75 ¥ 106 m3.

6.1 General arrangement

The substation that connects the powerplant to the
transmission line is an insulated SF6 gas, at 500 kV

Fig. 13. 16 steps for impounding of the power canal and intermediate reservoir in 45 days.

(i) Spillway for filling power canal; and, intermediate reservoir with upstream cofferdam.

Fig. 14. Arrangement of the main structures at the Belo Monte site.

7. Substation and transmission lines
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Fig. 15. Cross section of the intake and powerhouse at the Belo Monte site.
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(j) View from
dowstream of the
Belo Monte
powerhouse with 12
generating units in
operation in
December 2018.

located upstream of the transformers on the main deck
of the powerhouse. The 500 kV transmission lines
reach the Xingu substation 16 km away, where they
are connected with the National System Grid (880 kV
in direct current).
The main data and features of the project either forecast or implemented up to November 2018 are shown
in Table 1, and other characteristics of the project are
shown in Tables 2 and 3.

8. Main data and features of the project

The following is a timeline of the main events:
• 2011: The beginning of construction.
• 2012: Among the challenges faced during the construction of the Belo Monte hydropower plant, the first
access to intercept the Xingu river at the Pimental site

8.1 The main events and challenges

Table 1: Main features of the project forecast or implemented up
to November 2018
Description
Earth and
rockfill
RCC

(k) Belo Monte
powerhouse:
overview of the
remainjng
generating units
from 13 to 18, in
November 2018.
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Predicted
volume (m3)
69 433 177
689 009

Volume
executed (m3)
69 433 177
689 009

Percentage
100
100

CVC

2 397 522

2 315 582

96.6

Lining of
side slopes

2 373 580

2 375 580

100

Lining of the
bottom floor
Common
excavation

Rock
excavation

3 985 712
121 863 271
44 540 659

3 985 712
121 485 240
44 540 659

100
100
100

Table 2: Main features of the project
Pimental
River
Installed capacity
Firm energy
Flooded area
Quantities
Common excavation
Rock excavation
Earthfill and rockfill
Concrete
Power intake
Type
Total length
Gates
Type
Width
Height
Complementary powerhouse
Type
Generator units
Width of blocks
Total length
Turbines
Type
Nominal power
Rotation speed
Nominal head
Nominal rated flow
Maxium efficiency
Generators
Nominal power
Rotation speed
Nominal tension
Minimum yield
Power factor
Total weight per unit
Spillway
Type
Maximum flow
Sill elevation
Total length
Number of spans
Width
Gates
Type
Width
Height
Right channel dam
Type
Total length
Height
Width of crest
Crest elevation
Lateral left dam
Type
Total crest length
Height
Crest elevation
Power canal
Minimum width of the bottom
Total length excavated
Total length after impounding
Maximum flow depth
Maximum flow
Common excavation
Rock excavation
Bottom lined with rock
Embankment
Concrete

Xingu
233.1 MW
152.1 MW
359 km2

4 269 205 m3
1 946 811 m3
11 676.030 m3
666 687 m3
Gravity
114.3 m

Stoplogs
5.64 m
17.33 m
Surface
6
67.15 m
114.3

Bulb
38.85 MW
100 rpm
11.4 m
392 m3/s
94.5 per cent
40.9 MVA
100 rpm
13.8 kV
97 per cent
0.95
2700 kN

Low head
62 000 m3/s
76 m
445.5 m
18
20 m
Segment
20 m
22 m

Earth-rockfill
834 m
40 m
9m
100 m
Earthfill
5100 m
14/23 m
100 m

210 m
20 181 m
16 200 m
22.5 m
13 950 m3/s
86 957 163 m3
24 537 929 m3
2 704 765 m3
8 942 544 m3
38.152 m3
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Intermediate reservoir
Dam
3
Dykes
28
Transposition channels
7
Filling channels
3
Flooded area
119 km2
Common excavation
21 508 433 m3
Rock excavation
690 141 m3
Bottom lined with rock
1 005 925 m3
Embankment
30 380 351 m3
Concrete
44 272 m3
Belo Monte site
River
Xingu
Installed capacity
11 000 MW
Firm energy
4419 MW
Quantities
Common excavation
25 899 698 m3
Rock excavation
14 304 213 m3
Embankment
10 801 151 m3
Concrete
2 305 612 m3
Power intake
Type
Gravity
Total length
627 m
Gates (emergency)
Type
Wagon
Width
10.1 m
Height
15.68 m
Penstock
Internal diameter
11.6 m
Number of units
18
Average length
115.13 m
Main powerhouse
Type
Sheltered
Number of generating units
18
Width of unit blocks
33 m
Width of central block
33 m
Total length
849.2 m
Turbines
Type
Francis
Nominal unit power
611.11 MW
Synchronous rotation
85.71 rpm
Nominal net head
87 m
Nominal rated flow
775 m3/s
Weighted average yield
95.63 per cent
Total weight per unit
21.182 kN
Generators
Nominal unit power
679 MVA
Synchronous rotation
90 rpm
Rated voltage
18 kV
Maximum yield
98.65 per cent
Power factor
0.9
Total weight per unit
25.740 kN
Right closure dam
Type
Earth/rockfill
Material
Soil/rock
Total crest length
790 m
Maximum height
55 m
Elevation crest
100 m
Left closure dam
Type
Earth/rockfill
Material
Soil/rock
Total crest length
1085 m
Maximum height
88 m
Crest elevation
100 m
Hydropower & Dams

Issue Six, 2018

Table 3: Targets achieved for power generation to 2018
Start of
commercial
operation
April 2016
June 2016
July 2016

August 2016

November 2016
December 2016
Total 2016

January 2017
April 2017
July 2017

October 2017

Pimental site
(Bulb =
38.8 MW)

Belo Monte site
(Francis =
611.1 MW)

Total
units

-

UG 02

1

UG-01
UG-02
UG-03
UG-04
UG-05
5

Total 2018

Grand Total

3

UG-7

-

-

December 2018

UG 03

-

-

October 2018

November 2018

-

UG 04

1

June 2018

-

UG- 06

Total 2017

February 2018

UG 01

-

UG-5
UG 6
4

UG-8

-

UG-09

-

UG-12

-

6

UG-10
UG-11
5

12

2
1
1
2
1
8
2
1
1
1
5
1
1
1
1
1
5

18

was one of them. The beginning of the installation of
the site facilities such as: lodging for workers; catering; quarry; rock crushing system; batch plant; ice
plant; and, industrial yards for concrete, formwork and
steel reinforcement were all part of the initial stages.
The beginning of the preparatory works for the first
phase of the works to divert the Xingu river, as well as
the beginning of the excavation of the power canal,
the excavation of the intake and powerhouse of the
Belo Monte site also took place in 2012.
• 2013: In January 2013, the major targets were the
completion of the works of the first phase of the Xingu
river diversion, and the beginning of the operation of
the boat transposition system. Among the goals
achieved in 2013, were the beginning of the concrete
placement of the Pimental powerhouse in February, as
well as the beginning of the concrete placement of the
intake and powerhouse at Belo Monte.
• 2014: The electromechanical assembly became
important in June 2014 with the start of the operation
of the main crane at the Belo Monte site, when the
stayring of generating unit 1 (UG 1) of the powerhouse
was put in place. The installation of the floodgates at
the Pimental site began in July 2014. By November
2014, excavations had already exceeded 160 ¥ 106 m3,
as well as 40 ¥ 106 m3 of earthfill and more than 2 ¥
106 m3 of concrete. At the end of that year, the Belo
Monte hydro plant had reached the peak of construction, with more than 37 000 workers on site and great
advances in construction.
• 2015: Two events of great significance were
achieved in 2015 at the Pimental site: the second phase
of diversion of the Xingu river by the spillway in July
and, in August the closure of the right channel of the
river with the second stage cofferdams, allowing for
the beginning of the filling of the reservoir in
November. At the beginning of the second phase diversion, on 31 July, the first phase cofferdams were
37

Table 5: Features of the horizontal Kaplan-bulb turbine at Pimental
Equipment

Generator rotor

Generator stator
Distributor

Kaplan rotor

(l) RCC sloped layer carried out at the power intake

Draft tube

Diameter (m)

Weight (t)

9.1

102

8.45

100

9.1

81

7.14

61

10.7 to 8.1

48

crete in the concrete structures of the intake, powerhouse and spillway sped up the construction at Belo
Monte and Pimental.

Several world records of common and rock excavation, as well as earthfill and rockfill services have been
achieved:

8.3 Peaks of output

(m) Slipforming
applied at the
spillway and power
intake.

removed, and the right channel was closed on 7
August. The uncertainties surrounding the foundation
conditions in the right channel led the designers to
develop the upstream cofferdam, with the purpose of
retaining the reservoir for one year until the final construction of the right channel dam. The building of an
upstream cofferdam capable of functioning temporarily as the main dam of the Xingu river, with 1.2 ¥ 106 m3
of material in 80 days, and at 40 m high, was a great
challenge for all involved in the construction of the
Belo Monte hydro plant. After the completion of all the
structures, the filling of the main reservoir at Pimental
began on 24 November, and, on 12 December the filling of the power canal and intermediate reservoir began
through a spillway with two gates located on the right
bank at the beginning of the canal.
• 2016: The completion of the filling of the reservoirs
occurred on 15 February 2016, as shown in Fig. 12. In
October 2016, the right channel dam at Pimental was
completed. Since the beginning of impounding of the
reservoirs in November and December 2015, the
upstream cofferdam in the right channel had played
the role of the right channel dam.
• 2017: Secondary concrete placement took place and
commercial operation began of the last bulb turbine at
Pimental and four Francis turbines at Belo Monte.
• 2018: Secondary concrete placement took place and
commercial operation began of five Francis turbines in
Belo Monte.

The most relevant construction methods employed in
the concrete structures at the Belo Monte site were the
RCC at the intake, using the sloped layer method of
placement.
As well the construction method with pre-assembled
steel bars, the use of slipforming with pumped con-

8.2 Construction methodology

Table 4: Features of the Francis turbine at Belo Monte
Equipment
Penstock

Turbine runner

Generator rotor

Generator stator
38

Diameter (m)

Weight (t)

8.5

317

11.6
18
22

1310
1300
700

• Peak of monthly output of structural concrete:
110 000 m³ in September 2014.
• Peak of monthly output of common excavation: 6.6
¥ 106 m³ in July 2015.
• Peak of monthly rock excavation: 2.5 ¥ 106 m³ in
July 2015.
• Peak of monthly output earthfill and rockfill: 6.28 ¥
106 m³ in July 2015.
• Peak of the workers in civil contracting in 2014:
37 000 workers.
• Peak of the equipment for civil contracting in 2014:
3800.

Completion of the Belo Monte project will be an important milestone for Brazil, as it allows for the continuity
of electrical supply to meet increasing demand on the
national grid. Conclusion of this huge project will also
provide for substantial additional generation at relatively low cost without a negative environmental impact. ◊

9. Conclusions

• Civil contractor (consortium CCBM): Andrade
Gutierrez (Leadership), Camargo Correa, Norberto
Odebrecht, OAS, Queiroz Galvao, Galvão Engenharia,
Contern Cetenco, Serveng and J. Malucelli.
• Civil Designer (consortium IEP): Intertechne
Consultores SA (Leadership), Engevix SA and PCE.
• Electromechanical
assembly:
Consortium
COMGEV ENESA (Leadership), GE and Voith (Belo
Monte) and Andritz (Pimental).
• Manufacturers: Andritz, Impsa, Voith and GE.
• Panel of experts for civil works: Nelson de Sousa
Pinto (Chairman and Hydraulics); Joaquim Pimenta de
Avila and Paulo Teixeira da Cruz (Geotechnical);
Sergio Brito (in memoriam) and Ricardo Abrahão
(Geology); and, Walton Pacelli de Andrade and
Francisco Rodrigues Andriollo (Concrete).
• Intrumentation: SBB Engineering - Joao Francisco
da Silveira.

The main organizations involved in the project

The authors would like to thank Norte Energia personnel for their
dedication in building this huge project in the middle of the
Amazon jungle and in particular, are grateful to the Board of
Directors of Norte Energia, who since 2011 have contributed
much to the construction of the project. Special thanks go to all of
the current Board of Directors and their staff, for their support and
incentive to raise the standards of challenges and achievements.
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