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E possivel fazer prognésticos sobre o futuro observando o passado?

Todos sabem que as vazoes afluen-
tes as usinas hidroelétricas que foram
observadas no passado ndo ocorrerao
de forma idéntica no futuro. Mas, se o
processo estocastico “utilizado” pela
Natureza for estacionario, as estatisticas
— por exemplo, as médias — do futuro
serao préximas as do passado. A hipé-
tese de estacionariedade é o nilar nrin-

sive nas regides onde havera aumento
da precipitacao, devido ao aumento da
evapotranspiracao, por sua vez causa-
da pelo aumento da temperatura. Se-
gundo o estudo, a vazao média para o
periodo de 2011 a 2040, quando com-
parada ao periodo de 1961 a 1990, di-
minuira cerca de 20% na bacia do rio
Parana e de 30% na hacia do rio Sao

cao das curvas cota x area x volume e
cota x m3/s x MW dos principais re-
servatorios e usinas do SIN.

Segundo, ndo basta considerar as
previsdes de mudanca climatica nos ce-
narios futuros de afluéncia as usinas. £
preciso considerar também os efeitos
da mudanca de uso do solo (nao indu-
ida no estuda da FBDS) atie de acor-

Usina

1931-1992

1993-2012 A

Itaipu

9789 m3/s

11817 m3/s

+ 20%

Sobradinho

2814 m3/s

2161 m3/s

- 23%




Climate change: a challenge to
decision-makers in managing
Brazilian hydro systems

A. Livino, Harvard University, Brazil
). Briscoe, E. Lee and P. Mooraroft, Harvard University, USA
J. Kelman, Federal University of Rio de Janeiro, Brazil

The study described hers aims to contribute to the investigation of impacts of dimate and land-use changes on the
Brazil. It explores how the climate and vegetation modals can ba used credibly in conjunction with

rological cyce in
Tydrological models i imvestigate the

impacts of climata change on the fydrological cycle. The paper describes work done in the Parand river basin, and angoing work in the
Tapajos river basin.

razilian electric power genemtion is d ominated

by hydmpower, which accounts for more than

B0 per cent of production. Altogether, Brazil is
building or planning maore than 33 GW of new
hydropower capacity in the next 10 years, most of it
(around 75 per cent) in the Amazon. An impartant his-
torical challenge to the operational planming of the
Brazilian interconnected electrical system has been the
stabilization of energy supply. as a result of the sea-
sonal and annual uncentainty of hydm resounes.

The present study, investigating the impacts of cli-
mate and land-use changes on the hydmlogical cycle,
will ]:m'\-'i.d: new i.nslg]'ns for two reasons. First, the
hydrological model uses mare realistic unoffs, precip-
itation and evapotranspiration, which are ated
from a biosphere model coupled with a regional cli-
mate model, thus incorporating land-use change and
climatc change inip the asscssment of future water
resources for hydmpower planning in Brazil. Second.
the work promotes cutting-edge mesearch and interae-
tion among scientists, engineers, and also decision-
makers who are participating from the beginning of
this study, and may influence the presentation of the
results and the most sensitive variables to be analysed.

The Parana basin was chosen primarily to address the
walid concems of ]:ra.cr.iti.un:n that few, if any, of the
plethom of climate models are credible, because they
make no effort to explain important features of
Brazilian hydrology. In this casc, the test was to scc
whether the mesulis of the models would be able to
explain ‘the Pamnd paradox”, namely a large secular
increase in flows of the Parand river in recent decades.

The Tapajos basin was chosen because there are major
plans for development of this curently undeveloped
hasin in the coming decades. Plans include 3
but alo navigation, which is vital for a cheaper and
more environmentally friendly cxport of grains.

1. Background

Climate change smdies and assessment of changes in
land use are often wsed as the hasis for genemting sce-
narics, which can assist in decision making in various
sectors. Howewer, Fmﬂnm show ju:tit'i.cd sccptl—
cism dbout these studics, since the resulis vary so
widely and there are seldom effons to show that the
models can eproduce known hydmlogical foaturcs.
Many studies have been conducted to estimate and

Hydropower & Dams  lssue Four, 2014

anadlyse the hydmlogical impacts of climate change
and the changes in land use. There is great interest in
this type of study in Brazil becausc:

= more than 8D per cent of the electric energy is pro-
duced by hydmelectric plants;

= hydmpower will mtain a dominant mlc in the fore-
secable future, despite the fact that most new plants
will be built in the Amaron; and,

* most of the new plants will not have megulating
reservoirs as aresult of envimnmental constraints and
the flatness of the torrain, which mcans that the cncrgy
output will be maore dependent on the flow of the river,
which in tum is directly linked to rainfall and soil char-
acteristics and vegetation of the watershed® .

Studics of climatc change and its influcnce on the
hydmlogical cycle suffer from a mismatch between
the spatial scales characicristic of cach model type.
Global climate models (GCM) usually work in the
range of 1 » 1 {approximately 120 = 1 X0 km) and seek
to represent the processes and relationships between
the atmosphere. the vegetation and the soil. On the
other hand, hydrological models are traditionally used
to represent and simulate the processcs of runoft gen-
eration and their propagation in the dminage network
in the catchment arca. Most of these models consider
only the processes of the land phase of the hydmlagi-
cal gycle, using rainfall as input data. They wsually
work on scales of 5% 5 kmi. An advantage in the use of
a regional climate model (RCM, such as BRAMS —
Bmzilian Regional Atmospheric Model) is that the
cumrent resolution (a scale of a few mther than hun-
dreds of kilometres) enables them to capture the het-
crogencity of the processes that influence the genera-
tion of the flow in the river basin scale without the
need for disaggregation (downscaling). Both types of
maodel, climate and hydmlogical, represent, with dif-
ferent levels of accumey, the interaction soil = climate
» vegetation. To use them jointly, it is necessary to
deal with the redundant representations. In this con-
text, this study sought to investigate the best hydmlog-
ical models to coninbute to the assessment of impacts
in mover tlnws,usi.ng as i.ll]:ll.l‘l the results of ah'ncn:ph:r—
ic models and vegetation.

*ln cobeer s, dhe funme posremplanes will tend w0 be sm-of de river,
e same o5 those moenly built or being baik om the Madeim river (Firm
anad Samo Ansomso), Xinge mver{Bado Monte), and Teles Pires river (Teles
[Pires and Ciolider).




Natural Flow at Itaipu
300,000 T T T T T T

250,000 - Model:

1969~1978 o/ i 1999~2008 .
200,000 10.5% increase ) s 8.5% increase

T

1

150,000

rnafyear

100,000 -

50,000

0
1970 1975 1980 1985 1990 1995 2000 2005

Annual rainfall (Sheffield et al. meteorology)

250,000 T T T T I T T
200,000 1969-1978 1999~2008 1
- 6.9% decrease . i ;
& 150,000 - )
= 1
E 100,000
i
1970 1975 1980 1985 1990 1995 2000 2005
Year

Livino, Angela, John Briscoe, Eunjee Lee, Paul Moorcroft, and Jerson Kelman. 2014.
Climate change as a challenge to decision-makers in the management of the Brazilian
hydropower Systems. The International Journal on Hydropower and Dams. 21(4):57-61.



http://www.hydropower-dams.com/

mm / year

mm / year

250,000

200,000

150,000 - -
100,000 |

50,000 -

0

250,000

200,000

150,000 -
100,000 |-

50,000 -

Annual runoff with land-cover of Year 1970

1969~1978 climate
1970 land-cover

T I I T

1970
24.4%

1975
increase

1980

Annual runoff with land-cover of Year 2008

1985

1990

1995

2000

2005

v

1969~1978 climate

1970

2008 land-cover

11.3% decrease

1975

1980 1985 1980

Year

1995

1999~2008 climate

2008 land-cover

2000 2005




1. Nao-estacionariedade hidrologica
2. A crise hidrica na Regiao Metropolitana de SP
3. Reservatorios, inventarios e concessoes de bacias

4. Revisao de garantias fisicas



£

e, b
L
™ i

Rio Tiete

: Lﬂmie do esfar:!o gt
Mmaus Gera:s

Area de drer'la'gerﬂ:. ;
da ba_cig‘ do Cantareira

T
™,

Tuinél 7 27

REPRESA
CACHOEIRA

REPRESA:
ATIBAINHA

Tianel'5

CAMANDUGAIA

MONTE VERDE,




Plano Diretor de Recursos Hidricos da Macrometropole Paulista, 2013




Sistema Cantareira

SAO PAULO
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O Sistema Cantareira abastece, em condi¢cdes normais, quase a
metade da populacdao da Regiao Metropolitana de Sao Paulo
(22 milhoes)



A mais grave seca em 84
anos de monitoramento

P(Q<qzo14 - 0004)

Tempo de recorréncia
de 250 anos
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Vazdo [m3fs)

Jan Fev Mar Abr Mz Jun Jul AZ0 et Lt MNow Dez Jan
fMes




Deplecionamento do Sistema Cantareira

(volume em %)
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Estratégia para

enfrentamento
da crise hidrica




Garantia do abastecimento — Captacao da Reserva Técnica do Cantareira




Transferenua de agua entre sistemas produtores V|a distribuicao
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Programa de Incentivo a Redu¢ao de Consumo
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REDUGAD DE PRESSAD
NAS TUBULAGOES

TUBULAGOES
HITETHE

IMOVEIS RECEBEM AGUA DA RUA COM MENOR PRESSAD,
MAS A REDE PERMANECE PRESSURIZADA.

RODIZIO DE ABASTECIMENTO

Ao contrario das demais situacdes,
com rodizio, as valvulas sdo totalmente fechadas
¢ toda regido fica sem dgua.

v S . — _
AREEFCA R ety SEM AGUR

COM A DESPRESSURIZAGAO DAS REDES POR LONGO PERIODO,
EHISTE 0 RISCO DE CONTAMINAGAD PELA ENTRADA DE AGUA DO SOLO
ATRAVES DE FISSURAS NA TUBULAGAD.

AS REGIOES MAIS ALTAS SOMENTE SAO ABASTECIDAS DEPOIS QUE
TODA A REDE E AS CAIKAS DE AGURA INTERNAS ESTIVEREM CHEIRS.



Acoes executadas reduziram em 58% a utilizagdo de agua do Cantareira em Abril.
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Comparagdo com Fevereiro/14 = ultimo més de produgdo normal, antes inicio das agdes de combate a crise hidrica.

Economia obtida por acao:
(em m¥s)

B Reducdio Presséio/Perdas
B Reducdo Permissiondrios

Avanc¢o outros sistemas
B Programa Bénus




Obras para garantir o abastecimento de agua em 2015

Implantagao da adutora de agua bruta no Ribeirao Guaié

para o rio Taiagupeba Mirim o _
Extensdo 9 km, Diametro 800 mm em Ferro Fundido, Aco e PEAD \ Y._‘\\,\i' § (-
\\\'.,?"‘; \E o
\ \"""‘4.:\ \$ ‘aria 5 peb?'
X o 4
\\‘_)

Ampliagdo da ETA RICS em 1 m?¥s (Sist. Guarapiranga)

Implantagao de 6 mdédulos de ultrafiltragdo por membrana

Bombeamento de 4 m¥s do Rio Pequeno para o Rio
Grande e, na sequéncia, transporte para a represa

Taiagupeba (Sistema Alto Tieté)
Extensdo 13 km, duas adutoras de Didmetro 1200 mm

« Séao Paulo

< Rio'Grande =2/




Simulacoes do Sistema Cantareira, considerando as obras emergéncias de 2015

Sistema Cantareira

250 - .
Volume Total do Sistema B A
. 3 Guarau, considerando que a
Cantareira: 1495,00 hm afluéncia ao reservatério Paiva
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Os reservatorios de regularizacao podem e devem ser construidos
guando as condicoes hidrologicas, topograficas, energéticas e as
externalidades forem favoraveis, sem necessidade que haja uma
usina hidrelétrica associada... porém, com as regras atuais,
reservatorio puro € inviavel (beneficio indireto limitado a poténcia
instalada)

Alguns inventarios foram desenvolvidos para trecho de bacia, sem
atencao ao efeito sobre todas as usinas localizadas a jusante,
futuras e existentes



MDE — Visao 3D




¢ Rede de Drenagem

¢ Locais Candidatos

¢ Curvas cota-area-volume
¢ Regionalizagao das vazoes
¢ Analise de interferéncias

Queda bruta: 16m
Poténcia: 102.7 MW

Queda bruta; 25m
Poténcia: 138.1 MW

Queda bruta: 15m
it Poténcia: 76 MW

ueda bruta: 25m
oténcia: 88.9 MW

Queda bruta: 24m
Poténcia: 2.6 MW
4}

Queda bruta: 5em (g
Poténcia: 153.4 MW,

25

Hera (PSR)

Max F(x)

sujeito a:

A(x) <b

penstock

turbine

HERA
(Otimizacao)

Orcamento

¢ Dimensionamento das
estruturas

e Interface CAD para célculo
de volumes

e Cdlculo do orgamento

e Analise de Custo x
Beneficio

e Alternativas de quedas

Resultados

Perfil Longitudinal do Rio Ivai

P=48.33 MW, H=30 m

P=82.63 MW, H=24 m

P=102.73 MW, H=16m

300 400
Distancia (Km)



A comparacao entre diferentes divisdes de queda admite a
“complementaridade energética”, mas nao a ambiental

Concessao de uso multiplo de bacias hidrograficas

(Hidrovia x Lei 13081/2015; motivacao para construcao de
reservatorios)
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Revisdao Ordinaria de Garantia Fisica de Energia das Usinas Hidrelétricas —
UHEs
(dezembro 2014)

Somatorio das garantias fisicas das usinas hidrelétricas, que podem ter seus
montantes de garantia fisica revistos, ja considerando o limite maximo de
reducao de 5% para cada usina: 40.749 MW meédios

Somatorio das garantias fisicas vigentes destas usinas: 41.120 MW médios

diferenca insignificante: 0,5% da carga critica do SIN



Revisao Ordinaria de Garantia Fisica de Energia das Usinas Hidrelétricas — UHEs
(dezembro 2014)

Aperfeicoamentos

Usos consuntivos

Batimetria dos reservatoérios (Resolucdo Conjunta ANA/ANEEL n®
3/2010)

Rendimento do conjunto turbina-gerador e perda hidraulica
Periodo critico probabilistico

Restricoes operativas



Sio Francisco Sobradinho / Xing6 1.300 m3/s Captagiio de agua 1.100/900 m3/s
Trés Marias 500 m3/s 120 m®/s
Parana llha Solteira / Trés Irmaos 46 %VU 0% VU
. Barra Bonita 48% VU Hidrovia Tieté-Parana 5% VU
Tiete Promissao 29% VU 5 % VU
5% VU
Grande M. de Moraes 75 %VU Captacao de agua 5% VU
Parana Porto Primavera 5.500 m3/s Requisito Ambiental 3.000 m®/s
Jupia 4.000 m3/s Requisito Ambiental 2.500 m3/s
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Fonte do grafico: ONS, citada por ER dez 2014, PSR

4,2

- 19,7

Energy Report, PSR
(dez 2014)

1) Bomba flutuante:
RS600 mil, ndo foi paga
pelos consumidores de
energia elétrica

2) Se, a flexibilizacao
de regras operativas
nao gerar
externalidades... é
possivel torna-la
definitiva

Solucao tipo ESCO?
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