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operation
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Generation

Consumption

Transmission

Distribution
168 hydropower plants 6 Under construction

72 Regularization Reservoir 96 Reservoir without Regularization

Hydroelectric
Generation

Recursos Hídricos e Meteorologia na Operação do SIN
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Brazilian Interconnected Power System - BIPS
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Medium Term
Horizon : up to 5 years

Short Term
Horizon : up to 2 months

Very Short Term
Horizon : up to 1 week
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VERY DISCRETIZED

BIPS - Operation Planning

Brazilian Interconnected Power System - BIPS
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BIPS - Operation Planning

Brazilian Interconnected Power System - BIPS

Mathematical
Models

Objective function: 
Lower operating cost

Subject to Hydraulic
CONSTRAINS



5

MULTIPLE WATER USES
Hydraulic CONSTRAINS

ENVIRONMENTAL CONDITIONS
FLOOR CONTROL

CONSUMPTIVE USES OF WATER

BIPS - Operation Planning

Brazilian Interconnected Power System - BIPS
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Brazilian Interconnected Power System

&

Flood Control
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Natural Flow

Operated Flow

Constraint

The outflow constraint genesis

Reservoir 
regularization 

effect

Rainy Season
Accumulate

water

Dry Season
Use accumulated

water

River without regularization River with regularization

Dam Level
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Examples of regularizations
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Examples of regularizations
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Guararema City Upstream Guararema

Some occupied areas – Paraíba do Sul River

Natural Flood area preserved Natural Flood area occupied
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Montante de Jacareí Jacareí

Some occupied areas – Paraíba do Sul River

Natural Flood area preserved Natural Flood area occupied
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Montante de Barra Mansa Barra Mansa

Some occupied areas – Paraíba do Sul River

Natural Flood area preserved Natural Flood area occupied
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Inflow Constraint

NATURAL INFLOW

System reservoirs hydraulic 
operation upstream to avoid flood 
on protected areas 

WAITING VOLUME

NORMAL LEVEL

Constraint

local to be
protected

Flood control problem - concept
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WAITING VOLUME

NORMAL LEVEL

Constraint

local to be
protected

Flood control problem - concept

Function of:
• Inflow Constraint

• Return Period
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Flood control problem - responsibilities

ONS

• Waiting Volumes Calculation
• Operation Coordination

• Energetic impacts valuation
• Articulation with the National Agency of Water

Generation
Agents

• Inflow Constraint
• Return Period

• Rules Establishment
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Parnaíba River Basin
 Urban areas:

― Teresina e Floriano (MA)
São Francisco River Basin
 Urban areas:

― Pirapora (MG),
― Juazeiro (BA),
― Petrolina (PE),
― Traipu e São Brás (AL) , entre outras)

Jequitinhonha River Basin

• Urban areas:
― Coronel Murta (MG)

Paraíba do Sul River Basin
 Urban areas:

― Guararema e Jacareí (SP),
― Resende, Barra Mansa e Volta Redonda (RJ)

Iguaçu River Basin
 Urban areas:

― União da Vitória e Porto União (PR)
 Power House of Salto Santiago

Paraná River Basin
 Urban areas :

― Ribeirão Vermelho (MG),
― São José do Rio Pardo  e 

Barra Bonita (SP),
― Itumbiara (GO), entre outras 

 Rural areas
 Power House of M. Moraes
 Highways Bridges:

― BR050, BR153 e
BR364.

 Railroad
 Little Power Plants
 Aquatic Transport

Bacia do rio Jacuí
• Rural areas
• Eletric subestation
of Jacuí

Basins with flood control planning at BIPS
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Elaboration of 
Flood Control 

Plan

Elaboration of 
Directives for 
the Rules of 

Flood Control 
Operation

• Establish the waiting volumes for the reservoir.
• Valuate the energetic impacts that may be caused for the waiting 

volumes.

• Establish the rules for flood control situations;
• Establish the rules for waiting volumes revision;
• It is the base to elaborate the flood control hydraulic operation 

program.

Ye
ar

ly
Ye

ar
ly

Planning

Elaboration of 
Operation 

Instructions

• Establish the procedures for the Real Times areas, from ONS and 
Generation Agents, to execute the flood control hydraulic operation 
program.Ye

ar
ly

BIPS Flood Control Steeps
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Operation Execution • Real Time operation execution.

W
ee

kl
y-

D
ai

ly Weekly-Daily 
Hydraulic Operation 
Program on Flood 

Control Period

• Waiting volumes revision application;
• Elaboration of Flood Control hydraulic program;
• Realization of phone calls with involved agents.

Program

Operation

BIPS Flood Control Steeps
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Operation Situations DESCRIPITION

Normal The is no flood characterization, the is no waiting volumes occupation and the is
no constrain violation indication.

Attention The is flood characterization or the is waiting volumes occupation; and the is no
constrain violation indication.

Alert The is flood characterization and the is waiting volumes occupation; and the is
constrain violation indication.

Emergency The is flood characterization and the is waiting volumes occupation; and the is
constrain violation.

BIPS Flood Control Situations
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Bacia do rio 
Paraná

Parana River flood control

12001200

16000

1200120012001200

16000

1250

MAUÁ

16000

Parana River 
main constraint 
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Some protected areas - Parana River

Camargos/Funil
Dam

Ribeirão Vermelho
City
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Some protected areas - Parana River

Itumbiara 
DamItumbiara 

City
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Some protected areas - Parana River

Jupiá
Dam

Castilho
Region
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Total Allocation of waiting volumes at Parana River basin (2006/2007) 
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Energy Evaluation of Waiting Volume Allocation at BIPS
Expected Value of Operation Total Cost – Cycle 2019/2020

Flood Control x Energetic Impacts - Valuation 
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Brazilian Interconnected Power System

&

Drought Control
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Paraíba do Sul RiverBIPS case of drought control
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Rio Paraíba do Sul
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Rio Jaguari

2.636
hm³

Vazão Natural (MLT)
69 m³/s 

Vazão Natural (MLT)
80 m³/s 

307
hm³

Vazão Natural (MLT)
228 m³/s 

602
hm³

Vazão Natural (MLT)
28 m³/s 

792
hm³

10 m³/s 30 m³/s 70 m³/s

4 m³/s

190 m³/s 71 m³/s

119 m³/s

Afluência (ENA): 
3,1% SE/CO

1,8% SIN

Armazenamento (EAR): 
3,6% SE/CO

2,6% SIN

Complexo LIGHT
(ver detalhe)
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Gestão de Restrições Hidráulicas de ReservatóriosParaíba do Sul RiverBIPS case of drought control
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Necessidade de vazões mínimas para diluição de 
poluentes
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Gestão de Restrições Hidráulicas de ReservatóriosParaíba do Sul River

Complexo LIGHT

BIPS case of drought control



30

Minimum outflow 
reduction from 190m³/s 
to 110m³/s

BIPS case of drought control Paraíba do Sul River

Average flow in the dry 
period 135 m³/s
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Gestão de Restrições Hidráulicas de ReservatóriosParaíba do Sul RiverBIPS case of drought control
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Rio Tocantins

Volume Útil
526,8 hm³

Volume Útil
32.013 hm³

Serra da Mesa Peixe Angical

Lajeado

Cana Brava

Volume Útil
43.250

hm³

499 MW
Potência

450 MW
Potência

903 MW
Potência

1.275 MW
Potência

São Salvador

243 MW
Potência

Estreito

1.087 MW
Potência

Tucuruí
8.370 MW
Potência

BIPS case of drought control Tocantins River
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BIPS case of drought control Tocantins River
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Rio Tocantins

Serra da Mesa Peixe Angical

Lajeado

Cana Brava

• Vazão mínima em Estreito – 744 m³/s (até 2016 era de 1.000 m³/s)

São Salvador

Estreito

Tucuruí

300 m³/s - vazão mínima estabelecida na resolução ANA nº 529/2004 
- (redução para 100 m³/s testada e praticada com êxito)

vazões estáveis- no período de 10/jun a 20/ago, conforme resolução ANA nº 
376/2011 

744 m³/s
vazão mínima estabelecida pelo IBAMA

90 m³/sProteção Ictiofauna

360 m³/s
Proteção 
Ictiofauna

BIPS case of drought control Tocantins River

Minimum Outflows
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Minimum outflow 
reduction in Serra da 
Mesa from 300 m³/s 
to 100 m³/s in the 
rainy season

Average flow in the dry 
period 214 m³/s

BIPS case of drought control Tocantins River
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BIPS case of drought control Tocantins River
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Rio São Francisco

Rio Preto

41 hm³

3.548 hm³

15.278 hm³

Queimado

Rio Paracatu

Rio Paraopeba

Retiro Baixo

Três Marias

Sobradinho

Itaparica Moxotó
P.Afonso

1,2,3

P.Afonso 4

Xingó

462 hm³

28.669
hm³

100 m³/s (Navegação)
80 m³/s (Abastecimento)

1.300 m³/s (Abastecimento e Navegação)
550 m³/s (crise hídrica)

1.300 m³/s
550 m³/s (crise hídrica

Afluência (ENA): 
93,4% SE/CO

13,7% SIN

Armazenamento (EAR): 
46,9% NE
17,2% SIN

Referência: Restrições de vazões mínimas estabelecidas pela ANA, IBAMA e pela CEMIG.

BIPS case of drought control São Francisco River
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BIPS case of drought control São Francisco River
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Sobradinho’s Reservoir

Defluência necessária para elevação 
do nível de Itaparica para 20%

7%VU
6%VU

15%VU

Minimum flow 
reduction from 1300 
m³/s to 550 m³/s

BIPS case of drought control São Francisco River

Average flow in 
the dry period 
569 m³/s
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Sobradinho’s Reservoir
BIPS case of drought control São Francisco River
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Paulo Diniz

Thanks!
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