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Conteudos

Motivag¢ao — por que um nova geragao de planos diretores de aguas
urbanas?

Licoes do passado — como valorizar melhor erros e falhas?
Aprendizados do presente — como usufruir do contexto legal e técnico?
Oportunidades para o futuro — como planejar estrategicamente?

Sintese



Gaming generations of urban water balances Motivacao — por que ter nova
Different approaches for environmental systems... geracao de planos diretores de

15t G (traditional) : P=ETR + Q aguas urbanas?

2"dG (expanded) : P + Tap = ETR + Q + Black

35t G (integrated) : P + Tap + Virtual = ETR + Q + Black + Garbage + Dilution Load Demands
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Licoes do passado — como valorizar melhor erros e falhas (de projeto, construcao,

operacao e manuten¢ao?
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Experimental urban catchment in Sao Carlos City, SP, Brazil
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Licoes do passado — como valorizar melhor erros e falhas (de projeto, constru¢ao, operagao
e manuten¢ao? FINEP/MAPLU: Sub.Proj. 1

Cargas Poluidoras na Drenagem Urbana Parceria UFAL-EESC/USP

Area de Estudo:bacias urbanas de S3o Carlos
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FINEP/MAPLU: Sub-Proj.1
Parceria UFAL-EESC/USP

Coliformes Fecais

Cargas poluentes na drenagem urbana:

- Aumento da poluicdo (montante-jusante) nas cabeceiras
- Impacto da poluicao no canal principal

Carga especifica (NMP/km?2.ano)
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FINEP/MAPLU: Sub-Proj.1
Parceria UFAL-EESC/USP

Nitrogénio Amoniacal

Cargas poluentes na drenagem urbana:

- Aumento da poluicdo (montante-jusante) nas cabeceiras
- Impacto da poluicao no canal principal
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, . oA FINEP/MAPLU: Sub-Proj.1
Demanda Quimica de Oxigénio
Parceria UFAL-EESC/USP

Cargas poluentes na drenagem urbana:

- Aumento da poluicdo (montante-jusante) nas cabeceiras
- Impacto da poluicao no canal principal
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FINEP/MAPLU: Sub.Proj. 1
Parceria UFAL-EESC/USP

Fosforo Total

Cargas poluentes na drenagem urbana:

- Aumento da poluicdo (montante-jusante) nas cabeceiras
- Impacto da polui¢cao no canal principal
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Ecosystem services and quali-quantitative duration curves
Quantity is related to BLUE water availability and Quality is linked to GREY water footprint.
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What happens if ...

... a climate change occurs?

Q*: Specific Discharge (L s"Km2)

Load (kg N hatyr1)
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Sintese quali-quantitativa de, DQO da drenagem urbana.

Especificade

DQO
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Sintese quali-quantitativz;'{amé SST da drenagem urbana.
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Fontes: Pehovaz (2010);
Mendiondo et al (2013)



mDesenvolvido na
USP-2, com 10
micro-bacias para
receber TCs.
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FINEP/MAPLU: Sub.Proj. 2
Parceria UFAL-EESC/USP

FINEP/MAPLU/S2.

rechasge

Qualidade da macro-dren

Cargaespedifica (kg/km?.ano)

agem (corpos receptores

Area de drenagem & montante (km?)

Tabela 3: Valores dos pardmetros limnoldgicos analisados na Bacia do Corrego do Mineirinho

I
I
|
1 Pontos A(Bacial) B(bacia2) C(Bacia3) D (Bacia5) E(Bacia7)
1| TCo 21 22 21 20 20
N 7,0 6,0 6,5 7.0 7.0
& P : DQO (mg/L) 20 15 15 10 10
- /i . ’ : ) Nitrogénio(mg/L) 02 02 02 02 0.2
k /‘-/ ‘ ‘ o 1 Oxigénio dissolvido 7,0 7.0 6,0 7,0 7.0
eﬂlTC (Q’t) = A’l eﬂlAQ,quantf + A'z' eﬁAY,qualf + A’J' eﬁAX,bio; para }'1 + A‘Z A’3 = 1 ! (mg/L)
| Fosfato Total (mg/L) <02 <02 <0,2 <02 <02
Vmax,TC(t) = Vmax,quanli(t) + Vmax,quali(t) + me,bio(t) Dimensionamento, : Coliformes Fecais 2520 1020 300 3600 2160
~ (nmp/100 mL)
9 = B(AQquanti(t)’AYquali(t),AXb,'o(t)) operagao % ' Coliformes totais 5520 2880 1680 7560 5760
. - S manutengdo N apnoon)
detengdo biorreten¢ao
Fr=ls " P TP R R SRR EEREERES 1
1 10, 1 Tabela 2- Relagbes experimentais previstas entre varidveis para controle da poluicdo difusa na
I o9 e Flow: Q/Qmax 1 microdrenagem (linhas) com base em indicadores ecohidroldgicos (colunas). Fonte: Mendiondo (2008)
| 08 ~—0—TSS/TSSmax ! Continuidade Diversidade . Dindmica Resiliéncia . Vulnerabilidade
: 07 i LoadTSS/LoadTSSmax : X X X X X X X X Xo Xo Xo Xo Xu X Xe Xy X
: E 06l —%— Load acumulated | DQO = = = = . e - = = = - — - —
| ’ . DBO + + + 4+ 4+ - H- o+ o+ o+ - 4 - 4 - - - 4
;80 : N Y T Y A AT
" £ 044 I P-tot  +- +H- - 5 - 4 o+ o+ - - e - A A H- -
1 “ 031 1 IBiol. +/- +- + A - - - -+ + H- H- - - - o + +-
1 02 1 SSI + o+ + + -+ -+ + + - +- - - - + -
| o I SSO + o+ o+ + - - -+ + + - - - - - + + -
1 "l 1 EY‘:? SST F + + - - -+ A - - H- - H- = =+ -
| 00 ” 5 i s 8 0 1 Legenda: sinal indica a correlagdo experimental esperada e o intervalo do coeficiente de determinacdo (R°) ;
1 Time (min) 1 + +: correlagdo positiva e R*>08;+: correlagdo positiva e 0,5 <R’ <08;
ime (min| . ~ .
o _____ 1 +/- : sem correlagdo e R <0.5 ; - : correlago negativa e 0,5 <R <0.8; - - : correlago negativa e R* > 0.8;




FINEP/MAPLU: Sub.Proj. 2
FINEP/MAPLU/SZ Parceria UFAL—EEUSC/L;(;JP

Source: adapted from Rosa et al (2013; 2014)
GROUNDWATER RECHARGE FACILITY

In-situ soils should have a high
infiltration rate (af least 1"hr)
Soil filser depth should be at
beast 2.5

Fonte: MARGOLIS, L.; ROBINSON, A., 2010.

N2 Rk o l
Histérico das pesquisas experimentais no Depto de Hidraulica e Saneamento da
EESC/USP sobre Técnicas Compensatérias (TCs) para controle da poluigao difusa da

drenagem urbana.
| Ano | Escala | T.C. | Compensacio | Entrada | Referéncias e Projetos
VL AP

m Lote exp. C Exp/Nat.  Vérios autores
groundwater [ .. ]
rechasge Micro- Biorretengdo APe, AQualPe, Experi- [9] MAPLU/FINEP,
drenagem MUWS mental e [10] FAPESP IAV,
(demons- Natural [11] Casadinho/PROCAD (UFAL+EESC/USP)
Fonte: trativo)
http://www.lid-stormwater.net/bio_benefits.htm
Legendas: “T.C.”: CVL: Cobertura Verde Leve (telhado verde), Trin: trincheira de infiltragao, Pogo Profundo de Recarga, Mini-Res: Mini-reservatério

detengdo; “Compensacdo" de: AP: chuva incidente; APe: incremento da chuva efetiva (escoamento superficial); AQualPe: incremento da polui¢cdo
difusa; MUWS: Microbiologia de Aguas Urbanas (Microbiology in Urban Water Systems)
controlada) de precipitagdo, Exp/Cont.: experimento com entrada controlada de precipitagdo, Mod/IDF: modelagem de drea de drenagem para chuva de
projeto (IDF local): (1) www.shs.eesc.usp.br/downloads/technotes/emm/Ara-FAPESP-2004-Relat-final.pdf; (2) www.abrh.org.br/novo/rbrh_completas/
RBRHV 17R2CHnGMet LpbErturé3Yeme teses (iethbdevesidiédponiveis/18/18139/tde-13032009-093755/en.php;  (4)  www.tcc.sc.usp.br/tce/disponiveis/
18/180300/tce-19072010-112639/; (5) www.teses.usp.br/tesksifdisponiveis/18/18138/tde-24062009-081439/en.php; (6) em revisdo editorial; (7)
www.teses.usp.br/teses/disponiveis/18/18138/tde-23042012-090308teinpheira dé8nfiltragdoy.teses.usp.br/teses/disponiveis/18/18138/tde-12042012-090452/
en.php; (9) FINEP 01.10.0701.00 - MCT/FINEP/ACAO TRANSVERSAL SaneamentBPr&fob. e Habitacio 07/2009; (10) FAPESP IAV http:/
www.bv.fapesp.br/pt/projetos-tematicos/29498/assessment-impacts-vulnerability-climate-change/; (PbgdCNPq 552494/2011-9 MCT/CNPq/MEC/CAPES -
Acao Trans 06/2011 - Casadinho/ Profundo de Recarga, Mini-Res



FINEP/MAPLU/S2.

FINEP/MAPLU: Sub.Proj. 2
Parceria UFAL-EESC/USP

*Os custos de técnicas compensatorias tradicionais de micro-detencao e de trincheiras
de infiltracao tém caracteristicas e singularidades.
*Comparacao de custos especificos em relagao a:
*numero médio anual de usuarios das areas fontes e
 volumes excedentes de escoamento superficial devido a impermeabilizacao

Necessidade de incluir diretrizes construtivas para técnicas compensatdrias por biorretencao da

drenagem urbana visando a sustentabilidade para Plano Diretor em futuras dreas de expansao (ex. USP-2)
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Fonte: adaptado de Shiratsubaki et al (2011)



FINEP/MAPLU/S2/M1: Construgdo de medidas compensatdrias em FINEP/MAPLU: Sub.Proj. 2
escala de lotes urbanos e de micro-drenagem Parceria UFAL-EESC/USP

Abordagem: Tratamentos para eficiéncia da drenagem com controle: (a) quantitativo, (b) qualitativo e (c) bioldgico

LINHA CONTINUA: Demanda e capacidade variaveis com “politica reativa” (ocorre somente apds colapso do sistema de drenagem)
LINHA DE TRAGOS: Demanda e capacidade varidveis com Técnicas Compensatérias (TC), politica pré-ativq e adaptativa (FINEP/MAPLU)
i 1

1] i . g
T b Aumento de vida Gtil— |
©
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Q
T
©
o
Q
©
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©
(&)
Tempo
* g‘ . .
CurremLawsn_UrbanWaters Demanda —Capacldade do SIStema
L B Demanda com TC == == « Capacidade com TC
/l
, .
eﬁTC (6’1’) = A’1 eﬁAQ,qmnti + A‘2 eﬁAY,quali + A’J eﬁAX,bio’ para A'1 + )"2 + A‘3 = 1

Critérios para
DimenSionamento' V ax,I'C (I) = Vmax,quanti(t) + Vmax,qua[i(t) + Vmax,bio (t)

U e et MR Operagao e _
Ga‘r‘b‘:;g;e < Wasfewater . => A Manuten‘;éo 8 - B(LAQquanu(t)vAYquah(tgﬁAszo(r))

det.;lrlgﬁo biorretencao

Técnicas Compensatodrias como Estratégias Adaptativas de Longo Prazo e de Prevencao de Poluicao Futura

0 Demandas e capacidades da drenagem que variam com o tempo [AQ, (), AY4i(t) € AX,(t)]

0 Modificagdo da capacidade do sistema V,,, ¢ (t) [possibilidade de dimensionamento modular]
. Eficiéncias effyq quanti(t), €Ffay quai(t) € effax biolt) [ de forma combinada ou individual]



Community perception of reactive urban drainage control
(no planning, “Order from Strength” Scenario)
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Participatory monitoring: Flood Citizen Observatory
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Ampliacdo da Rede de Monitoramento FINEP/MAPLU — FAPESP-IVA e FAPESP/AGORA/SADE
Sources: Furquim et al (2014-a; 2014-b-b; Horita et al 2013)

FINEP/MAPLU: Sub-Proj.1
Parceria UFAL-EESC/USP-ICMC/USP
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Sistema de Monitoramento Experimental WSN (Wireless Sensor
Network) e Sistema de Previsdao Antecipada de Enchentes Urbanas.

Monjolinho
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Figure 8: Temporal behavior of flood hazard index at urban channels



FINEP/MAPLU: Parceria UFAL-EESC/USP

Prevenc¢ao e Monitoramento do Risco de Inunda¢des em Bacias Urbanas
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Figure 8: Temporal behavior of flood hazard index at urban channels



Monitoramento dos dados das bacias experimentais
M4/A2

Sources: Rotava et al (2013); Horita et al (2014);
Degrossi et al (2014) ; Fava et al (2014)
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Figure 2. Geosensor Dashboard of AGORA-GeoDash
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Figure 5. Indicator (a) for the height of the river and Hazard Index (b) shown by Geosensor Dashboard during the
period of the flood recorded in Sdo Carlos/SP on October 22-23, 2013.



C Adaptation Mechanisms through the National

Strategy for Disaster Risk Management

- N
INMET, INPE, DECEA/MD . CPRM T S
/—\\ & STATE CENTRES MI, MCid e IBGE Geological

Disaster Risk & Hydrological | | Local feedback

Hydrometeorology e Vulnerability i ;
CEMADEN Vulnerability Analyses information

L information Mapping y

4 )

4 UNIVERSITIES & RESEARCH INSTITUTES
Knowledge transfer, methods and hypothesis-testing, applied research databases on natural

disasters (vulnerability, exposure, hazards, risks)

Multidisciplinary Team:
. Geologists

. Geographers
MS, GSI, MT, Army Force .« Engineers

. Hydrologists

. Meteorologists
. Biologists

. Social scientists
IT professionals

CENAD

CIVIL
DEFENSE

. Started in Dece

. 24-h, 365-day a year mo

. Early warning reports
landslides, mudslides, floods, i .
floodings, flashfloods and severe — e
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. 753 municipalities monitored

CEMADEN- Centro Nacional de Monitoramento e Alertas de Desastres Naturais



CEMADEN HISTORICAL OVERVIEW and 24-h MONITORING

e Fully operational : 753 municipalities monitored
Aug. 2014 y
S
‘ e Fully operational : 593 municipalities monitored
Mar. 2014
<
\
e Fully operational : 286 municipalities monitored
Feb. 2013 y

e Fully operational : 153 municipalities monitored

e Fully operational : 56 municipalities monitored

Legal framework: Presidential Decreet N2 7.513, 1st July
2011 - Established CEMADEN and defines its role and mission

CEMADEN- Centro Nacional de Monitoramento e Alertas de Desastres Naturais



CA

Research lines in CEMADEN

Hydrology

Meteorology

Flood risks mapping

Determination of rainfall thresholds for the occurrence of the
flashfloods

Hydrologic forecasts using distributed hydrological models

Probabilistic forecasts using hydrological models

Improved estimation of rainfall (QPE) based on radar informati

Improvements in the parameterization of mesoscale atmosp
models

Application of agro-meteorological models to dete
the brazilian semiarid

CEMADEN- Centro Nacional de Monitoramento e Alertas de Desastres Naturais
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Tijuco Urban Creek Pilot Project, Sao Carlos, SP, Brazil
Costs of Restoration Project based in PES, Ecohydrology and Water Footprint
is ca. 10% of total environmental services provided from the catchment

e

Potential for environmental recovery o - Springs areas With™  —
_ = complex biodiversity =~
\ -~
funcnon and structure -~
_— N
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S Detentionbasin | __ Crossway
0 en g q rehabilitation Environmental \
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Figure 2. A perceptual approach of local environmental projects to restore biodiversity loss at urban micro-catchment of
Tijuco Preto Creek, Sao Carlos, Brazil. Total specific cost of biodiversity restoration project was calculated 1n 2.5 million

USSkm? of drainage area of river basin. Total environmental services of urban catchment are estimated in ca. 28 to 33 mul-
lion US$km?. Source FIPAI-PMSC (2005).



Proactive Scenario based on PES, Ecohydrology and Water Footprint

* Citizenship participation to empower urban
river restoration in Tijuco Preto Creek
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Oportunidades para o futuro — como planejar estrategicamente?

Mudanca Climética + Urbanizagdo (aumentam a drenagem
urbana, o consumo de dgua virtual e o esgoto sanitario)

O raio do circulo é proporcional ao
valor relativo do termo de neutralidade
hidrica (DX) e as fragoes de agua verde,
agua cinza e agua azul da pegada
hidrolégica na escala de lote

Sem mudangas do clima nem de
urbanizacdo (hipotese de
estacionariedade)

Diferencga entre pegada hidrica
do ano 2000 e do ano 2100- %

-40 -

-100 -

500 2000 2500 3000
Mudanga Climética +
Urbanizag¢do (aumenta a
drenagem urbana, porém diminui

0 consumo de dgua virtual e
diminui o esgoto sanitario)

Pegada Hidrica p/ ano 2100
(m3/cap.ano)

Mudanga Climética +
Urbanizagdo + Ecotecnologias

( diminuem & drenagem urbana,
o consumo de dgua virtual e o
esgoto sanitdrio, e incorporam-se
ecotecnologias de reuso)




Oportunidades para o futuro — como planejar estrategicamente?

Urban Drainage Taxes = Function (PES, Ecohydrology, Water Footprint)

water Incentives, Security & Entitlements for User’s Permits

1200
1000

, _ 800
Reactive policy:
“Polluter pays” _. 600
172
£ 400
Proactive policy: = 200
“Water producer” &
= 0

(related to PES,
Ecohydrology and -200

Water Footprint) 400

-600
-800

Sources: adapted from Souza (2008),
Kawatoko & Mendiondo (2014)

Reactive policy, without incentives

A

Time (years)

T T T

X

I 1

—e—House without environmental services .

——With environmental services

virtual water permits with “trading” (cap-and-trade)



Oportunidades para o futuro — como planejar estrategicamente?
Incentives for PES, Ecohydrology and Water Footprint
in urban taxes planning for the period 2000-2100

Case Studv from Urban Lot in Sao Carlos Citv. SP Brazil*
IPTU/area de lote/habitante

2,0
15 Scenario based upon PES, Water
/ Footprint and Ecohydrology
1.0 / Y Y
3 \
S 05
~
=
& 00 :
o 2025 20
-0,5
-1,0
water Incentive, Security & Entitlements for User’s Permits
-1,5

Ano
Source: Kawatoko & Mendiondo (2014)

BEGOOOS BAMETG

* for a urban residence, nominal values, without amortization costs, adapted from Souza & Mendiondo (2008)




Oportunidades para o futuro — como planejar estrategicamente?
Example of Long-Term Urban Drainage Planning
(Year 2000 until Year 2100)

Long-Term Urban Flood Peaks Bacia Gregorio - 17 km

(10%)

o

Source: Souza (2008)
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Resilient Infrastructure under Long-Term

Changes depending upon policy scenarios "t
for sustainable development:
Example of “WaterResilientAdaptometers”

3081 %)

: flood hazard of T*>500 years 5 .@.
% : Z—— ‘, - =
L ¢

8 10 + flood hazard of T*>25 years l R :)d

x—A c 4 d7d djd -
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i |
T €
o = 1 -
©
g £ —reactive

9} siclorelolaieloloreldl
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< ---©- - - proactive: early warning, zoning and insurance
0 01 t I T T 1
)

2000 2010 2020 2030 2040 2050

Year
Figure 3- Simulation of accumulated nominal costs from two policy scenarios of risk Q @ @
management to cope with flood hazards and with growing urbanization at a subtropical basin.

Proactive policies have early warning systems, land zoning of flood prone areas and insurance
for risk-transfer. Adapted from Mendiondo et al (2005).

Assessed-and-Managed-Risk Indicators step (AMRI) - Meraantecpado
gathers composite indicators of assessing and managing Earywaring

-flood and scarcity -
risks in order to perform scenario runs under policy

options (Mendiondo, 2010).

Limites de risco de inundagdo e estiagem



Water Resilience Opportunity-WRO

* Water Resilience Opportunity: adaptation capacity of comparing PWRI,,
values over time between reactive and proactive scenarios.

 WRO lets monetary values be included, demonstrative pilot experiments
like signboards or web-mapping collaborative scores can be further
developed from this PWRI, ,.

Scenario development for period 2010-2100 (horizontal axis)
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Figure 3- Simulation of accumulated nominal costs from two policy scenarios of risk
management to cope with flood hazards and with growing urbanization at a subtropical basin.
Proactive policies have early warning systems, land zoning of flood prone areas and insurance
for risk-transfer. Adapted from Mendiondo et al (2005).



PWRI-F : preliminary results of spatial variability transect of water
hazard across areas under change, according to Q1% + Q5%

PWRI-F hazard factor (zscore) Series: 1960-1990
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Vulnerability, Impacts and Adaptation Strategies at Areas Under Land Use Change, In: Global Water System Project Conference “Water in the Anthropocene”,
Bonn, Germany, 21-24 May, 2013, Session: Working with uncertainties: Models & Data I, GWSP Press/BMBF/DFG



PWRI-F: uncertainties from GCM’s hazard factors
Change rate between 2010-2040 & 1960-1990 periods
fraction of Q1% / Q5% (permanency curves)

S3ao Paulo Campinas
0.6 -
0.6~

0.4 - low low
R o mid R047 . midi

0.2- — ~— high L — high

- 0.2~ =
-~ _’f/i—”’\
=

0.0~ 0.0-
I I | T I
2010-2040  2040-2070  2070-2099 2010-2040  2040-2070  2070-2099
Comparing PWRI-F hazard factor (zscore)

from period 1960-1990 to period 2010-2040
—6— Eta-#1-run (1960-1990) 1.2 Courtesy work:

- Gustavo Romero (USP)
. —5 Eta-#2-run(1960-1990) L E Maria Clara Fava (USP)
v Eta-#3-run(1960-1990) S
Eta-#1-run(2010-2040) “‘:
0.8 S
Eta-#2-run(2010-2040) N Sao0 Carlos
Santos ¥ Eta-#3-run(2010-2040) 06
0.6 ~
m 0.4
— o~ - / LA
~— - / 0.2
] ——M
i 0.0~
0.0- 0 50 100 150 200 250 300 350 o | !
: : ' 2010-2040 2040-2070 2070-20
2010-2040  2040-2070  2070-2099

Ocean-to-Continent Distance (km)

Mendiondo, E.M., ] A Marengo, W Leyh, ] Rotava, ] Porto, ] Ueyama, V Caramori Souza (2013) Towards Participatory-based Water Resilience Index for Coupling
Vulnerability, Impacts and Adaptation Strategies at Areas Under Land Use Change, In: Global Water System Project Conference “Water in the Anthropocene”,
Bonn, Germany, 21-24 May, 2013, Session: Working with uncertainties: Models & Data I, GWSP Press/BMBF/DFG



PWRI-F : 1960 — 2100; reactive & proactive scenarios

PWRI-F: Sdo Carlos;#1-run; LUC: reactive PWRI-F: Sdo Carlos; #1-run; LUC: proactive
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Mensagem e Tese —

Novos Termos de Referéncia deverao explicitamente aceitar a
participacao de agentes comunitarios para otimizar critérios
economicos e socio-ambientais para subsidiar o Plano Nacional
de Recursos Hidricos (ANA), em conformidade com legislacao
vigente (leis 9.433/97: Politica Nacional de Recursos Hidricos-
PNRH, lei 11.445/07: Politica Nacional de Saneamento Basico-
PNSB, Lei 12.187: Politica Nacional de Mudanca do Clima-
PNMC, e Lei 12.608: Politica Nacional de Protecao e Defesa Civil
- PNPDEC)
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