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Brazilian Interconnected Power System - BIPS
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Brazilian Interconnected Power System - BIPS

BIPS - Operation Planning

UNCERTAINTY IN RESOURCES
Medium Term
Horizon : up to 5 years
Short Term
Horizon : up to 2 months

Very Short Term
Horizon : up to 1 week

VERY DISCRETIZED
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Brazilian Interconnected Power System - BIPS

BIPS - Operation Planning

Medium Term
Horizon : up to 5 years

Mathematical

Short Term ] Models
Horizon : up to 2 month .

Very Short Term

Horizon : up to 1 week

¥

Objective function:
Lower operating cost

Subject to Hydraulic
CONSTRAINS




Brazilian Interconnected Power System - BIPS

BIPS - Operation Planning

Hydraulic CONSTRAINS
MULTIPLE WATER USES
ENVIRONMENTAL CONDITIONS

0 FLOOR CONTROL

A CONSUMPTIVE USES OF WATER




Brazilian Interconnected Power System
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Flood Control




The outflow constraint genesis

Natural Flow
Rese_rv0|_r Operated Flow
regularization ]
Dam Level
effect
»
| —— | |
‘“ Rainy Season m Dry Season ‘“
Accumulate Use accumulated
water water

River without regularization

River with regularization
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Examples of regularizations
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Examples of regularizations
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Regularizacdo ltumbiara
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Some occupied areas — Paraiba do Sul River ONSE ooz

Natural Flood area preserved Natural Flood area occupied

oogle

Data das imagens: 10/Jul/i2007 3°22' 55'28.05" 0 elev 584'm Altitude do ponto devisdo  1.65 km :'_D.ita das ]rragens' 11/Jan/2007 Sa P de do ponto de visdo  1.65 km

Guararema City Upstream Guararema
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Datas das imagens.| 10/Jul’. 7- 3 58'17.20" O & m Altitude do ponto de visac

03.31"0 elev 568 m™ Altitude do ponto de visdo ) 1.65km

Montante de Jacarei Jacarei
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Some occupied areas — Paraiba do Sul River ONSE ooz

Natural Flood area preserved

Image 10 DigitalGlobe

g
S 2010/Map Link/Tele Atlas 10 MapLink/Tele Atla

Data das imagens: 24/Jun |

Data das imagens: 2 un/2005 f 2 "58.

Montante de Barra Mansa Barra Mansa
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Flood control problem - concept

NORMAL LEVEL

WAITING VOLUME

- byt

System reservoirs hydraulic
operation upstream to avoid flood
on protected areas

Inflow Constraint

NATURAL INFLOW

T ON

local to be
protected

Constraint /
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Flood control problem - concept

NORMAL LEVEL local to be
WAITING VOLUME

protected

Constraint /

= bt

_ * Inflow Constraint
Function of: -

e Return Period




Flood control problem - responsibilities

« Waiting Volumes Calculation
ONS e Operation Coordination
 Energetic impacts valuation

o Articulation with the National Agency of Water

e Rules Establishment

Generation
Agents

 Inflow Constraint

e Return Period




Basins with flood control planning at BIPS

2204

-25

-30

Parana River Basin
= Urban areas :

— Ribeirdo Vermelho (MG),

— Sao José do Rio Pardo e
Barra Bonita (SP),

— ltumbiara (GO), entre outras
= Rural areas
= Power House of M. Morges
» Highways Bridges:

— BRO050, BR153 e

BR364.

= Railroad
= Little Power Plants

/‘.

= Aquatic Transport

Bacia do rio Jacui
Rural areas
Eletric subestatio
of Jacui

T~

Parnaiba River Basin
Urban areas:

— Teresina e Floriano (MA)
Séao Francisco River Basin

/- Urban areas:

— Pirapora (MG),

— Juazeiro (BA),

— Petrolina (PE),

— Traipu e S&o Bras (AL) , entre outras)

' Jequitinhonha River Basin

e Urban areas:
— Coronel Murta (MG)

Paraiba do Sul River Basin

» Urban areas:
— Guararema e Jacarei (SP),
— Resende, Barra Mansa e Volta Redonda (RJ)

Iguacu River Basin
» Urban areas:

— Uni&o da Vitoria e Porto Uniéao (PR)
» Power House of Salto Santiago



BIPS Flood Control Steeps

T ON

> || Elaboration of |[e Establish the waiting volumes for the reservoir.
S Flood Control || Valuate the energetic impacts that may be caused for the waiting
> Plan volumes.

Elaboration of ||« Establish the rules for flood control situations;
> || Directivesfor || Establish the rules for waiting volumes revision;
ks the Rules of |1, 1t is the base to elaborate the flood control hydraulic operation

Flood Control program.

Operation

> || Elaboration of |l. Establish the procedures for the Real Times areas, from ONS and
s Operation Generation Agents, to execute the flood control hydraulic operation
> Instructions program.

Q. Operador Nacionsl
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BIPS Flood Control Steeps

’ dwe?'kI%Dailyt' « Waiting volumes revision application;
yelelCllie Lpebieldel] p Elaboration of Flood Control hydraulic program;

Program on Flood o s with invol
Control Period » Realization of phone calls with involved agents.

Weekly-Daily

Operation Execution ||« Real Time operation execution.

Real Time

.
e N Operador Nacional
18 0 ‘s anSi‘tam. Elétrico




BIPS Flood Control Situations

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

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

Y. ONS oo
*# do Sistema Elétrico



Parana River flood control

Bacia do rio
Parana
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Some protected areas - Parana River

Dam
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Some protected areas - Parana River

et m

S, ltumbiara

ltumbiara -».

Google earth
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Some protected areas - Parana River
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Total Allocation of waiting volumes at Parana River basin (2006/2007)

12

14 Marimbondo

16 i (5.260 hm?3)

18

20

Sao Simao Agua Vermelha
(5.540 hm?) (5.170 hmd)
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Flood Control x Energetic Impacts - Valuation

Energy Evaluation of Waiting Volume Allocation at BIPS
Expected Value of Operation Total Cost — Cycle 2019/2020
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Brazilian Interconnected Power System
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Drought Control




BIPS case of drought control Paraiba do Sul River

o Armazenamento (EAR):
< 3,6% SE/CO
&E | 792 2,6% SIN
_ ) = hm3
Rio Jaguari i .
N Afluéncia (ENA):
4 m3s Vazaozr\éatusr/al (MLT) 3.1% SE/CO
m=/s 0
< < ¥ < 1,8% SIN
z Z =
3 g G
pr @ - O
< g 2 :
o 10m¥s {5 30mds 2 70m3s 190 MSH 29 mas

—————————————————————— o 307 I 602 ‘119 m3/s
hm3 hms3
- m — " Complexo LIGHT

Vazéo Natural (MLT)  Vazdo Natural (MLT)  (ver detalhe)
80 m¥/s 228 m3/s

Vazao Natural (MLT)
69 m3/s

y
e Oiraddis Nl
27 0 N s do Sistema Elétrico




A . 8T02/TT/10

Paraiba do Sul River

-] | 6T02/60/10
_ 6T0Z/0/T0
| 6102/50/T0
_ 6T0Z/€0/T0
u  6T0Z/10/T0
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\

| L102/T0/10
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V/V

| 9T0Z/60/T0

| 9102/£0/T0

Paraiba do Sul River - Hydrological Condition

BIPS case of drought control
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BIPS case of drought control
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BIPS case of drought control

Paraiba do Sul River

Armazenamento Equivalente (hm3)

600 —

Vazao minima de Santa Ceciliaem 2015

L | | |
Mlglmgm cf)utflow . Average flow in the dry
reduction from 190ms3/s period 135 m¥/s

a00 - t0 110m3/s | |
—80% da Série 2014 em Santa Cecilia
200
s
144 m3/s N
0 \/Tﬁ \
\Volume Morto
-200 92m?/s 91 m3/s 87 m? SN 92 m3/s
e 78m°/s | e8m?/s m 65 m*/s
-400
Volume Morto Adicional
-600
1-fev 1-mar 1-abr 1-mai 1-jun 1-jul l-ago 1-set 1l-out 1l-nov

300

250

200

150

100

50

Vazdo (m3¥5s)




Paraiba do Sul River

Santa Cecilia's Operation

——Natural Inflow(m3/s)

——Outflow (m3/s)

- 6T02/TT/TO
- 6T02/60/10
- 6T02/L0/T0
- 6T02/50/T0
- 6T02/£0/T0
- 6T0Z/T0/TO
- 8T0Z/TT/T0
- 8102/60/T0
- 8107/£0/T0
- 8102/50/T0
- 8T0Z/€0/10
- 8T02/T0/10
- LTOZ/TT/TO
- £T02/60/T0
- £T02/L0/10
- LT0T/S0/T0
- £T02/€0/T0
- £702/10/T0
- 9T0Z/TT/10
- 9102¢/60/10
- 9T02/L0/T0
- 9102/50/10
- 9T02/£0/T0
- 9T02/10/T0
- STOZ/TT/10
- ST07/60/T0
- ST0Z/L0/TO
- §T02/50/T0
- §T0Z/£0/T0
- ST0Z/T0/TO
- ¥T0Z/TT/TO
- ¥102/60/10
- ¥T0Z/L0/TO
- ¥102/50/T0
- ¥T0Z/€0/10

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

Volume Util

32.013 hms3

. Volume Util -
Poténcia 526.8 hm? Poténcia Poténcia
243 MW ’ 903 MW 8.370 MW
Sao Salvador @\ Lajeado Tucurui/ -
Rio Tocantins
Serra da Mesa Cana Brava Peixe Angical Estreito

Poténcia Poténcia Poténcia Poténcia
1.275 MW 450 MW 499 MW 1.087 MW

|
ONS oo
'perador Nacional



Tocantins River

Tocantins River - Hydrological Condition

\

A

A

FINAN

——Average

\ AV )

—_—
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J

| 6102/60/T0
| 6T0Z/L0/T0
| 6102/50/10
| 6T0Z/€0/T0 |
| 6102/10/10
| 8T0Z/TT/T0
| 8102/60/T0
| 8T02/L0/T0
| 8102/50/10
| 8T02/€0/10
| 810Z/10/10
| LT0Z/TT/10
| LT0Z/60/T0
| £102/L0/T0
| £102/50/10
| L10Z/€0/10
. £102/10/10
| 9T0Z/TT/10
| 9T02/60/T0
| 9T0Z/£0/T0
| 9T02/50/10
| 9T02/€0/T0
| 9T02/10/10
| STOZ/TT/T0
| ST0Z/60/T0
| ST0Z/L0/TO
| §T0Z/50/10
| §T0Z/€0/10
| sT0Z/10/10
| tT0Z/TT/10
| tT0Z/60/T0
| ¥T0Z/L0/T0
| t102/50/10

| ¥10Z/£0/T0

¥10Z/10/T0

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

Minimum QOutflows

300 m3/s” vazao minima estabelecida na resolugdo ANA n°® 529/2004
- (reducéao para 100 m¥/s testada e praticada com éxito)

vazoes estaveijs- no periodo de 10/jun a 20/ago, conforme resolugao ANA n°
376/2011

744 m3/s

vazao minima estabelecida pelo IBAMA

Protecéo
360 m3/sIctiofauna

/ Lajeado

Peixe Angical Estreito

Sao Salvador Tucurui

Rio Tocantins

Serra da Mesa Cana BR/a

90 m?3/s Protecao Ictiofauna

e Vazdo minima em Estreito — 744 m3/s (até 2016 era de 1.000 m3/s)

y
e Oiraddis Nl
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BIPS case of drought control

Tocantins River

2500

2000

1500

Vazdo (m¥s)

1000

500

Opera¢ao Reservatorio de Serra da Mesa

= Afluéncia (m?/s)
——Defluéncia

==\olume util (%)

/\

/ Minimum outflow

reduction in Serra da
Mesa from 300 m3/s
to 100 m3/s in the

rainy season

&

I

Average flow in the dry
period 214 m3/s
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Tocantins River

Serra da Mesa's Operation

Natural Inflow(m?3/s) - 50

Outflow (m?/s)

= ===9% Reservoir Volume
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- 6T0Z/TT/TO
- 6T02/60/T0
- 6T02/L0/10
- 6T02/50/T0
- 6T02/£0/T0
- 6T0Z/T0/T0
- 810¢/TT/T0
- 8102/60/T0
- 8102/L0/T0
- 8T02/50/10
- 8T02/€0/10
- 8T02/T0/10
- £T0Z/TT/TO
- LT02/60/T0
- £T02/L0/T0
- £702/50/T0
- £T02/€0/T0
- £T02/10/T0
- 9T0Z/TT/10
- 9T02/60/10
- 9T07/£0/T0
- 9102/50/T0
- 9T02/£0/T0
- 9T02/10/T0
- STOZ/TT/TO
- §T02/60/T0
- §T07/£0/T0
- ST0Z/50/T0
- ST0Z/€0/T0
- ST0Z/T0/TO
- ¥T0T/TT/TO
- ¥102/60/T0
- ¥102/L0/T0
- ¥T02/50/10
- ¥T0Z/£0/T0

BIPS case of drought control
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BIPS case of drought control S&o Francisco River

Armazenamento (EAR):

46,9% NE
17,2% SIN
oz Afluéncia (ENA):
T 93,4% SE/CO
@ 13,7% SIN
RioPreto  » N\
Queimado 28.669

1.300 m3/s (Abastecimento e Navegac&o)
Rio Paracatu 550 m3/s (crise hidrica)

A . i . P.Afonso ]
Trés Maria | Itaparica poxot6 1.2.3 Xingo

Rio Sao Francisco

Retiro Baixg I. SObradth%\ \"."', 1.300 m3/s

Rio Paraopeba ‘ ‘ 3.548 hm? P.Afonso 4 550 m3/s (crise hidrica
\L 100 m3/s (Navegacao)
3
41 hm?3 15.278 hm 80 m3/s (Abastecimento)

Referéncia: Restricbes de vazdes minimas estabelecidas pela ANA, IBAMA e pela CEMIG.

y
e Oiraddis Nl
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\

[

Sao Francisco River

[\

—Average

\

Sao Francisco River - Hydrological Condition

\/
L4

N\

| 6102/60/T0
| 6T0Z/L0/T0
| 6102/50/10
| 610Z/£0/10
| 6102/10/10
| 8T0Z/TT/T0
| 8102/60/T0
| 8T02/L0/T0
| 8102/50/10
| 8T02/€0/10
| 810Z/10/10
| LT0Z/TT/10
| LT0Z/60/T0
| £102/L0/T0
| £102/50/10
| L10Z/€0/10
. £102/10/10
| 9T0Z/TT/10
| 9T02/60/T0
| 9T0Z/£0/T0
| 9T02/50/10
| 9T02/€0/T0
| 9T02/10/10
| STOZ/TT/T0
| ST0Z/60/T0
| ST0Z/L0/TO
| §T0Z/50/10
| §T0Z/€0/10
| sT0Z/10/10
| tT0Z/TT/10
| tT0Z/60/T0
| ¥T0Z/L0/T0
| t102/50/10

| ¥10Z/£0/T0

¥10Z/10/T0

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

Sobradinho’s Reservoir
Sobradinho's Operation
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