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DIVERSION CHANNEL OF BELO MONTE HPP 

INTRODUCTION 

The diversion channel of Belo Monte HPP is an important engineering work which 
required the engagement of several specialties to be able to address all the 
environmental, technical and economic challenges of a project of its magnitude to be 
implemented in the Amazon region. Due to the unprecedented characteristics of the 
project, several innovative thinking and engineering were required to solve issues of 
lining definition, stability assessment, head loss calculations and construction 
process/planning.  

BELO MONTE HPP 

Belo Monte HPP, owned by Norte Energia S.A, is under construction near the city of 
Altamira, in the state of Pará – Brazil in the Xingu River, which is an Amazon River´s 
tributary. The project has a total installed capacity of 11,233MW which is divided 
between a main Power House with 18 Francis turbines and a total capacity of 11,000 
MW and a complementary Power House with 6 Bulb turbines and a total of 233MW. 
The Belo Monte HPP is the second largest Brazilian Power Plant and the third largest 
in the world. 

Belo Monte HPP is a project that has been under study for many decades. It´s first 
concept was called Kararao and had a reservoir of 1,225km² of inundated Amazon and 
indigenous areas. Later studies proved that a better environmental/economical solution 
was to displace the location of the dam axis upstream the previous position. This 
solution enabled to reduce the environmental impact on main tributary of Xingu River, 
and eliminated any interference with indigenous areas and reduced the reservoir area 
of the project to 478 km², a reduction of more than 50%. This optimization was only 
possible with the implementation of the diversion channel.  

The final concept of project is located upstream a big bend of the Xingu River, 
approximately 80 km long to take advantage of a natural 90 m topographic drop for the 
hydropower generation. The distance between the main dam, at the Pimental Site, 
where the spillway and complementary power house are located, and the main Power 
House is nearly 50 km. The maximum generation flow in the main Power House is 
13,950 m³/s and to connect the main reservoir to an intermediate reservoir upstream 
the main Power House, the so called diversion channel is under construction.  
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Figure 1. General Layout of Belo Monte HPP 

KEY FEATURES 

The diversion channel is 16km long with a trapezoidal transversal section. Its 
trapezoidal section is 210m wide at the bottom, approximately 360m wide at the top 
and a maximum water depth of 22m. The bottom of the channel is at a constant 
elevation 75m.a.s.l. and the excavated soil (slopes and bottom of the channel) is lined 
by a selected rockfill material. There is no slope along the channel because any slope 
over 16km, even if minimal, would result in a considerable drop from upstream, making 
the construction activities considerably more complex, both in excavation and for the 
rockfill lining. Next to the main reservoir, the channel has a wider intake at elevation 
87m.a.s.l. and a 13m high cofferdam from bank to bank of the channel in order to 
protect the work inside the channel during construction. 



                                                                                  

FIDIC AWARDS 2015 

 

 

Figure 2. General Layout of the Diversion Channel 

 

The excavation of the channel is done both in soil and rock with a variable elevation of 
the rock surface along the channel, which implies that the effective hydraulic area of 
flow varies along the channel. The soil excavation is done with 
1(Vertical):2,5(Horizontal) slopes and is lined with a rockfill layer with a selected grain 
size distribution. The lining rockfill size is coarser at the side slopes and finer at the 
bottom in order to ensure the required design head losses. The rock excavation is done 
with a subvertical slope of 1(Vertical):0.25(Horizontal). 

There is no precedent engineering experience in magnitude of such a channel for a 
hydroelectric power plant as the diversion channel of Belo Monte HPP. The magnitude 
of the diversion channel has a total excavation work of nearly 75,000,000m³ of soil and 
25,000,000 m³ of rock, carried out in a record time of 5 years. 

The environmental constraints in projects in the Amazon Basin led to a specific design 
requirements for the diversion channel.  The main axis of the diversion channel follows 
two main streams which have more than forty smaller tributaries flowing to the main 
streams.  

Particular engineering solutions were produced, especially to control these water flows 
in the area under excavation.  The main condition was to keep these tributaries flows 
coming into construction area by a controlled way during the rainy season both during 
the construction and the operation phase. The magnitude of the rainfall in the Amazon 
Basin is among the highest in the world and calculations of the flows incoming to the 
channel through the tributaries are outstanding high flows. For this reason a drainage 
system was designed consisting of 18 dikes, each one 10m to 15m high with a 
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concrete spillway on its crest and a drainage gallery underneath. The dikes with the 
drainage galleries have the purpose of routing the high flows enabling their 
management. With this system, the natural course of the tributaries was held as close 
as possible to their natural condition. 

DESIGN 

Channels design is a well-known subject for hydraulic engineers all over the world. 
However, the magnitude of Belo Monte´s diversion channel requires a special care in 
every aspect because the current theories were developed in general for much smaller 
channels. A simple extrapolation of these theories could lead to a strong negative 
consequence for the project, in meeting the expected head-losses. 

For that reason, the design of the channel was broken down in several smaller parts in 
order to pay the required attention, especially for the following definition: 

· Axis Positioning  

· Geometry of the channel 

· Type of lining 

· Lining rockfill grain size distribution and roughness coefficient 

· Material stability 

· Head-losses 

 

In the feasibility studies, the channel was defined with two parallel channels. In order to 
optimize the channel, nearly 15 different axes were studied and the final configuration 
reduced near 40% of the total excavation volume. For the geometry, different side 
slopes, widths and bottom elevation were studied. Side slopes and bottom elevations 
came to be defined mainly because of the construction methods and the width was 
connected to the head losses requirements. 

Two different types of lining were studied, concrete and rockfill. The concrete lining had 
the advantage of reducing the total excavation because of its smoother surface, but 
questions over its stability, which had to withstand a medium velocity of 2.5 m/s with no 
steel, and constructive difficulties led to the choice for the rockfill lining. Once the lining 
was defined, studies were carried out on site for the definition of the best grain size 
distribution for both side slopes protection and bottom in order to meet the roughness 
coefficients required. The studies came to the conclusion that the bottom roughness 
was more important for head loss then the side slopes and, for this reason, a finer and 
more controlled grain size distribution was adopted for the bottom lining. 

The above definition was done with an unidimensional hydraulic model of the channel 
but because of the magnitude and complexity of such channel, additional and more 
complex studied were carried on in order to confirm the assumptions and especially to 
confirm the rockfill lining stability for the design conditions. The first analysis was a 
reduced physical model of a straight portion of the channel where the rockfill lining of 
the bottom, which is finer, was simulated to verify its stability. The simulations showed 
that the material was stable even for higher mean velocities.  
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As showed in the general layout, the channel is composed of sequential curves and 
questions arose whether the rockfill lining in the bend stretches would suffer an 
additional stress due the flow velocity. To answer that question a three-dimensional 
mathematical hydraulic model of the channel was performed and came to the 
conclusion that a region, approximately 300m long, on the right bank slope will need an 
extra protection. The solution foresees the use of coarser rockfill in this stretch. 

With all the above variables defined, a two dimensional analysis of the head loss was 
conducted to ensure the results were consistent.  

CONCLUSION 

The magnitude of Belo Monte´s diversion channel is unprecedented in engineering 
worldwide. The design and construction of such channel, taking into account all the 
environmental, technical and economic aspects proof to be a challenge for all 
engineers involved and the lessons learned surely will be applicable for future projects. 


