n Surface water resources modelling and planning

Part 1 — FLOOD ANALYSIS. UNIT HYDROGRAPH MODEL

~ 1. Background reviewing . Fundamental concepts
MOdelagaO e 2. Components of the observed flood hydrograph at a given river section
plane amento j I\E/Iodels to separ{ate between' direct runoff and baseflow
. Excess or net rainfall and rainfall losses
de recursos 5. Summary of the components of the flood hydrographs and the precipitation hyetographs
h P d . 6. Determination of the unit hydrograph
I rl?qs_ PART 2 - FLOOD ANALYSIS. HEC-HMS PROGRAM
(superficiais) PART 3 -STEADY FLOW IN NATURAL CHANNELS. HEC-RAS PROGRAM

PART 5 —-ECONOMICAL ANALYSIS CRITERIA
PART 6 — EVALUATION OF THE SURFACE RUNOFF. DESIGN OF ARTIFICIAL RESERVOIRS

PARTE 1 — ANALISE DE CHEIAS. MODELO DO HIDROGRAMA UNITARIO

Surface Water 1. Revisdo da matéria. Conceitos fundamentais
resources 2. Componentes do hidrograma de cheia observado numa secgdo de um curso de dgua
. 3. Modelos de separagdo do escoamento direto e do escoamento de base
mOde”lng and 4. Precipitagéo efetiva e modelos de perdas de precipitagao
i 5. Resumo das componentes do hidrograma a cheia e do hietograma da precipitacéo
plann’ng 6. Determinagédo do hidrograma unitario

PARTE 2 — ANALISE DE CHEIAS. PROGRAMA HEC-HMS

PARTE 3 —- ESCOAMENTOS EM CANAIS NAO PRISMATICOS EM REGIME PERMANENTE.
PROGRAMA HEC-RAS

PARTE 5 — CRITERIOS DE ANALISE ECONOMICA
PARTE 6 — ESTIMACAO DE ESCOAMENTOS E DIMESIONAMENTO DE ALBUFEIRAS
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EVALUATION

v’ Practical task + final exam Timetable
v’ Final grade = (0,5 x average of the grades of the practical tasks) +
(0.5xgrade of the final exam) Horas/Dias Segunda Terca Quarta Quinta Sexta
(minimum grade in the average of the practical tasks and in the exam of 8.00) 12:30-13:00
13:00-13:30
_ MPRH3TO{ T === === —— === = — = — = — — — ]
AVALIACAO DE CONHECIMENTOS 13:30-14:00 wis -]
V' Trabalhos praticos + exame final 14:00-14:30
v Nota Final = (0,5 x média das notas dos trabalhos praticos) + (0,5 x nota do exame 1430.15:001 | T T T T T T T T T T T
final) 001530 | | | | T
(nota minima no exame e na média dos trabalhos praticos: 8,00 valores) | ——————— e e e e e e e e e e ]
15:30-16:00
rrree I D R
A te:3017:00 | | | | "
BIBLIOGRAFIA NA PAGINA g’ T e it ittt ettty MPRH3TO1 T
DA DISCIPLINA ' ey ] Vi 20.1
17:30-18:00
(Apontamentos, livros, artigos e slides) MODELAGAO HIDROLOGICA Tl R R MP\F/:H:JT S o [ p———
18:30-19:00 | | Tt T
19:00-19:30
(most of the references are provided in the [ ————
webpage of the course)
DECHa, R 52057 ammim
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Provisional schedule of the classes - Programacéo tentativa das aulas

Surface water resources modelling and planning
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Fevereiro Marco Abril Maio
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Sab. 22 29 7 14 21 28 4 11 18 | 25 2 9 16 23 1 Sab.
Dom. | 23 1 8 15 22 29 5 12 19 | 26 3 10 17 24 2 Dom.
n.? Scope of the practical tasks - 4mbito dos trabalhos praticos

Revisao de conceitos. Analise estatistica e modelos de regionalizagio de caudais de ponta de cheia (Concepts revision.

Statistical analysis and peak flood discharge regionalization models)

2 Separagao dos escoamentos de base e direct. Calculo da precipitacéo efectiva. Modelo do hidrograma unitario. Modelo
HEC-HMS (Direct runoff and baseflow separation. Excess rainfall computation. Unit hydrograph model. HEC-HMS model)
3 Andlise econdmica aplicada a comparagéo de projectos alternativos (economical analysis applied to the comparison of
alternative projects)
4 Geragéao de escoamentos e dimensionamento de albufeiras (generation of river discharges and design of artificial

reservoirs)

Exercicio de aplicagdo do Modelo HEC-RAS (Example of application of the HEC-RAS program)
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Surface water resources modelling and planning

Objective — additional knowledge regarding modelling, flood routing,

water resources management, with emphasis on flood modelling and

routing, economical analysis criteria, and design of artificial reservoirs.

The initial part aims at establishing flood hydrographs in river

sections under natural conditions based on the unit hydrograph
model.

Objetivo — formagdo complementar nos ambitos da modelacéo e propagagao de cheias
e do planeamento de recursos hidricos, com énfase para critérios de analise econdémica,
para a estimagao de escoamentos e para o dimensionamento de albufeiras .

12 parte focada no na obtencdo de hidrogramas de cheia em secgdes de cursos de
agua em condicdes naturais mediante aplicacdo do modelo do hidrograma unitario.

Review of concepts | Revisao de conceitos

o Flood (cheia)
e Flood hydrograpgh (hidrograma de cheia)

e Flood hydrograph under natural conditions
(hidrograma de cheia em condigGes naturais lood hydrograph
under natural conditions)

M.M.Portela (2019/2020)
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

At the scale of the Earth, floods are the natural hazard that disturb more

people. They affect the areas located near the rivers, downstream dams or along

lateral dikes and along the shoreline. According to the World Meteorological

Organization, the disasters caused by floods have been increasing, due to

urban expansion into floodplains ... climate change

A escala da Terra, as cheias sdo o perigo natural que maior fraccdo da populagdo afecta.

Atingem as areas localizadas nas proximidades da rede hidrogréfica, da linha de costa, ou de

diques e de barragens. Segundo a Organizacdo Meteorolégica Mundial, os desastres

provocados por cheias tém vindo a aumentar, como consequéncia da expansdo urbana em

planicies aluviais ... mudanga climatica
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
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a flood can be defined as "a general and temporary condition of partial or
complete submersion of an area of about ... (8000 m?) of land usually dry ... as
a result of the river overtopping or of the tidal raising, or by the rapid and unusual
accumulation of water from any source, mud or land collapse along the shoreline"

.. uma cheia pode ser definida como "uma condicdo geral e temporaria de submersdo completa ou
parcial de uma area superior a cerca de ... (8000 m2) de terreno habitualmente seco .... como
resultado do transbordar de &guas interiores ou de maré, ou ainda pela acumulacédo rapida e
invulgar de agua superficial de qualquer origem, lama ou colapso de terras ao longo da costa, de
uma superficie de agua, como consequéncia de erosdo ou destruico pelas ondas ou pela corrente
cuja intensidade seja superior aos niveis ciclicos”
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2015 disasters’in numbers Ny

346 reported disasters

22713 people dead

98.6 million people affected
us$66.9 billion economic damage

The United Nations Office for Disaster Risk
Reduction

http://www.unisdr.org/files/47804_2015disastertrendsinf

Number of reported disasters by country ographic.pdf
on pp— : ,
>
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(1): Natural disasters: Epidemic and insect infestations not included
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Human impact by disaster types (2015 versus average 2005-2014)
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Mumber of disasters by
continent and top 10 countrnes
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Occurrence by disaster type:
2017 compared to 2007-2016
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Mumber of deaths by disaster type: 68,2?“- ) 9!69?
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n .__ CONCEITOS GERAIS /| GENERAL CONCEPTS (cont.)
Podem identificar-se diferentes circunsténcias de formagédo e ocorréncia de
cheias: as cheias fluviais progressivas, as cheias repentinas (flash floods),

incluindo torrentes de lama, as junto da costa associadas a tempestades (storm
surges), o colapso de diques ou barragens, ....

There are different types of circumstances that may result in
floods ... in terms of river floods, there are the (1) progressive
floods, like those along some of the large European rivers, like
Danube or Seine, and the (2) flash floods, inducing mudslide;
the floods along the shoreline due to (3) storm surges; the floods
caused by the (4) collapse of dams and dikes, ...
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Infrastructure collapse - OROVILLE (Northern California, 235 m high - the tallest dam in the U.S; start of
" ———— operation 1968) —

R

Feb/2017

Heavy rainfall events
... heavy rainfall over a period of
several days, killing ... Laos, 2018

.... Kenyan dam bursts following weeks
of heavy rainfall, killing ..., May/2018

WEATHER

Hundreds of People Missing after Dam Collapses in Laos M.M.Portela (2019/2020) - 21

n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Concept of natural flood ... although widely used does no have

a pri ecise definition (perhaps because the floods are mostly recognized by its anthropogenic
consequences)

Gradual and progressive raising of the water surface along a river resulting in
exceptional maximum heights that propagate downstream. The flood concept
is always connected with the occurrence of exceptional water heights in the
river and, accordingly, with exceptional river discharges.

Conceito de cheia natural ... embora de utilizagao generalizada, nao tem definicdo
precisa...(talvez porque no essencial seja reconhecido pelas sua interferéncia com a
sociedade)

Intumescéncia gradual e progressiva da superficie livre do curso de agua a que
correspondem alturas maximas de escoamento excecionais e que se propagam para jusante.
A nocdo de cheia estd associada a ocorréncia de elevados niveis de agua em rios e,
portanto, de elevados caudais.

n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
i From a hydrological point of view,
onmelS a flood is considered to occur when the

i ’ watershed is fed by intensive and
prolonged rainfall that results in river
discharges that exceeds the normal
conveyance capacity of the river,
; 1 causing the overtopping of the margins
vy I and the submersion of the lateral fields.

size

Tidal/storm = =
{ = Natural causes (intensive rainfall events)

Artificial causes (dam break; internal and
external emergency plans)

Do ponto de vista hidrolégico, verifica-se a ocorréncia de uma cheia quando a bacia
hidrogréafica é sujeita a uma alimentacdo de precipitagdo de tal forma intensa e prolongada
que o caudal que dai advém e que aflui a rede hidrografica excede a capacidade normal de
transporte ao longo desta rede, extravasando-a e alagando os campos marginais.

Causas naturais (acontecimentos pluviosos excepcionais)

Causas artificiais  (seguranga hidraulica e operacional; planos de emergéncia
internos e externos)
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™| EXCEDEU AS PREVISOES MAIS PESSIMISTAS
A EXTENSAO E GRAVIDADE DO DESASTRE |

- | 0LUTO E A DOR ATINGIRA CENTENAS DE LARES

Portugal is
particularly = I
prone to flash : b
floods -

Lisboa,
1967

(> 750
mortos)

Odivelas,
1983
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Contour lines of the rainfall
om 25 9 amand 26", 9 am
(24 h)

cano ok noca
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NOTAS
~VALORES EM MILIMETROS
~ORIGINAL DO SERVICO ME TEOROLOG 20
NACIONAL

Novembro de 1967. Isolinhas da precipitacdo (mm) no periodo entre as 9:00h do dia 25 de novembro e as 9:00 h
do dia 26 de novembro.

(HP - Hidrotécnica Portuguesa, Consultores para Estudos e Projectos, 1969).

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
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Novembro de 1967. Isolinhas do periodo de retorno (anos) para duragdes da precipitagdo de a) 2 h;
b) 3h; c) 5h; 3 d) 24 h (contour lines of the return period for different rainfall duration)

(HP - Hidrotécnica Portuguesa, Consultores para Estudos e Projectos, 1969).
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

A

Novembro de 1967. Isolinhas do periodo de retorno (anos) para duragdes da
precipitacdo de a) 2 h; b) 3h; c) 5h; 3d) 24 h

(HP - Hidrotécnica Portuguesa, Consultores para Estudos e Projectos, 1969).

“ASPECTO DA TRAGEDIA
QUE ATINGIU CASCAIS
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A catastrofe abate-se sobre
s concelhos de Cascais e Oeiras

A vila de Cascais (sobretudo a parte baixa) IR TN mcmu\
ficou irreconhecivel ;

Mortes a lamentar
Milhares de contos de prejuizos

prerrr g

A entradn da Av. Valbom No Largo Luis de Camdes

rov. Atonss. Sanches. foram.incalculbvels
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Ao fim de cinco meses da catastréfica cheia,
a ribeira das Vinhas, em Cascais,
apresenta ao longo do seu percurso estes aspectos,
prova evidente duma lamentivel incuria

Cheia de
1983

Jornal da Costa do
Sol, 12/4/1984
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Novembro de 1983. Isolinhas da precipitagdo (mm) no periodo entre as 9:00h do dia 20 de
Novembro e as 9:00 h do dia 21 de Novembro

oe (GODINHO, S. F., 1984, Aspectos meteorolégicos das inundacdes de Novembro de 1983, INMG Instituto Nacional de
c Meteorologia e Geofisica. Lisboa).
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Madeira, Outubro de 1993 — maxima precipitacao
horaria na bacia hidrografica da ribeira de S. Jodo: 70 mm

w DECIVIL
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Madeira, 20 Fevereiro de 2010

Funchal
6h00-11h00: 111 mm
9h00-10h00: 52 mm
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Directive 2007/60/EC on the assessment and management of
flood risks (FLOOD DIRECTIVE) - in force since 26 November
2007. It requires Member States to assess if all water courses
and coast lines are at risk from flooding, to map the flood extent
and assets and humans at risk in these areas and to take
adequate and coordinated measures to reduce this flood risk. It
also reinforces the rights of the public to access this
information and to have a say in the planning process -
introduced in each country legal framework by specific

decree-laws.

DECRETO-LEI 115/2010, DE 22 DE OUTUBRRO, que transpés

para a ordem juridica nacional a Diretiva n® 2007/60/EC, de 23 de Outubro de
2007, do Parlamento Europeu e que estabelece um quadro para a avaliagéao e
gestao dos riscos de inundagoes.

M.M.Portela (2019/2020) —- 34

Decreto-Lei 115/2010, DE 22 DE OUTUBRO, que transpés
para a ordem juridica nacional a Diretiva n2 2007/60/EC, de 23 de
Outubro de 2007, do Parlamento Europeu e que estabelece um
quadro para a avaliacao e gestao dos riscos de inundacoes.

De acordo com o anterior DL, os instrumentos de avaliacdo e de gestao dos
riscos de inundacées estao divididos nas seguintes fases (... stages of the
evaluation and management of the flood risks):

v AVALIACAO PRELIMINAR DOS RISCOS DE INUNDACOES (preliminar
evaluation of the flood risk)

v ELABORAGAO DE CARTAS DE ZONAS INUNDAVEIS E CARTAS DE
RISCOS DE INUNDACOES (mapping of the flooded areas and of the flood
risk areas).

v ELABORACAO DOS PLANOS DE GESTAO DOS RISCOS DE INUNDACOES
(preparation of flood risk management plans).
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DECRETO-LEI 115/2010, DE 22 DE OUTUBRO

v Avaliacao preliminar dos riscos de inundacodes (preliminary evaluation of the flood risk),

4 Elaboracdo das cartas de zonas inundaveis e das cartas de riscos de inundacées
(mapping of the flooded areas and of the flood risk areas)

v Elaboracdo dos planos de gestao dos riscos de inundacdes (preparation of flood risk
management plans)

-.__

Zonas sujeitas a inundacoes (anterior ao DL 115/2010) — flooded area mapping ( done before the

flood directive)
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Zonas sujeitas a inundacoes (anterior ao DL 115/2010) — flooded area mapping ( done before the
flood directive)
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Plano Nacional da Agua

N Espagos Urbanos
B Espagos Indiistrais
Espagos Turisticos

... in close
connection ... the
floods are
recognized
because of their
effects on the

society ...

7
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Areas urbanas e urbanizaveis, areas industriais
e turisticas (urban, industrial and touristic
areas)
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Zonas de “ocorréncia” de cheia (areas
prone to floods)
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Hydrological
—] data

- Dishcarges records

- Maxima water depths

- Historical floods
maps

Establishmentof
national maps with
flood hazard
- Definition of the probabilities or

of the return periods to be
adopted (i.e., 1% or 100-year
return period)

Evaluation ofthe flood
consequences

- Economical losses in
infrastructure

- Endangered population

- Minimum life standards
affected

:

Production ofmaps with the flood risk
Risk = Probability of occurence of the hazard x its consequences

Mitigation measures - risk
reductionbasedon:
- Land planning
- Structural measures for flood
protection (e.g., dikes)
- Non- structural measure (e.g., flood
warning system, legislation)

'

IS THE RISK
ACCEPTABLE

|—> Periodic revision (changes in the land

use and occupation, effect of the climate

changes, new infrastructures, etc.)

FLOWCHART
FOR FLOOD
RISK
ASSESSMENT
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Organigrama para avaliacao de risco de cheia (Orientacao sobre avaliacdo nacional de risco de cheias,

HR Wallingford Limited, s/d) (Approach to flood risk evaluation)

'

¥

(Produce maps with
the flood risk)

(Mitigation measures)

Observagées hidrologicas Produzir mapas naci.onais Avaliar consec_]uéncias das
. de perigo de cheias cheias

- Registos de caudais - Estabelecer as probabilidades ou - Danos economicos na infra-

- Maxima altura de agua periodos de retorno a ser usados eslrutura

- Mapas de cheias historicas (por exemplo, 1% ou - Populagéo em perigo

1em 100 anos) - Subsisténcias afectadas
(Hydrological data) (Production of (Evaluate the flood

national maps with quences)
the flood hazard) l

Risk = Probabilit

Producgao de mapas de risco de cheias
Risco = Probabilidade de ocorréncia do perigo x consequéncias

Medidas para mitigar

Reduzir o risco através de:
- Planeamento do teritorio

contra as cheias
- Medidas ndo-estruturais, por exemplo
previs&o de cheias e sistemas de alerta

- Medidas estruturais, por exemplo defesa

(Unacceptable flood risk)
O risco é
inaceitavel

O risco é aceitavel
ou inaceitavel

(Assessment of the
acceptance or
unacceptance of the

risk)

(Acceptable flood risk)
O risco é aceitavel

Revisao periddica

(Periodic revision:
changes in the land use
and occupation, effect of
the climate changes, etc.)
e 86

According to the flood directive, but also to the present risk

concept, the flood risk combines the probability of a flood

and its consequences/damages ... vulnerability

Wifigalion mensrss
rediction pasedons

-|=.vﬂ.._._....—..=...,._....-......-...‘...

FLOWCHART
FOR FLOOD
RISK
ASSESSMENT

M.M.Portela (2019/2020) --—- 47

...—
Risk = 0

Risk > 0

W DECIVIL

Floods are always at the interface
between the natural and the built

environments

(if there are not assets of any kind affected, there
would be no problem with the floods!).

It is necessary to be prepared before the

events occur in order to be

efficiently later, aiming at minimizing

future damages.

KEY
Waterways (e.g., Rivers)

/

Flooding

Population and Infrastructur,

able to act
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Risk and the context of hazard, exposure and vulnerability

There is no such thing as a
natural disaster, only natural
hazards

We make choices as to where
we inhabit, how we build and
what research we do
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Two D representation of the flood risk DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994
assessment

Fisk 1st quadrant: relationship between
the flood discharge and the non-
exceedance probability — often of
statistical nature.

Quadrante superior direito: dependéncia entre caudal
de cheia (yy) e probabilidade de excedéncia da cheia
(xx) — modelo matematico frequentemente de indole
estatistica.

2nd quadrant: relationship between
the flood discharge and the flow depth,
a flood routing mathematical model,
of hydraulic nature.

Quadrante superior esquerdo: caudal de cheia
(YY) e altura do escoamento (xx) — modelo
matematico de propagagdo do escoamento, de
indole hidraulica.

Two D representation of the flood risk DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994
assessment

relationship between the
damages due to the flood and the flow
depth - coupling between a
mathematical hydraulic model GIS-
based and a economical model
(cumulative net present value of all the
damages).

: prejuizos devidos
a cheia (YY) e altura do escoamento (xx) —
combinagao de um modelo matematico hidraulico
de base SIG com um eventual modelo econémico
(valor acumulado atualizado dos prejuizos).




Two D representation of the flood risk D ,S. L., Physical hydrology, Prentice-Hall, Inc., 1994
assessment

... obtained by coupling the previous
results and relationships

4th quadrant: assignment between the

______ ) damages due to the flood and their
21 probability of occurrence, expressed by the
----- 2 flood probability
S |
_____ - I_
o E | I_I RISK EVALUATION Risk=probability of
— - _r__l - occurence of the hazard x its consequences
e | =] -
TN s e i o e
~—+ Flood depth ! = 3 ===t Exceedence probabilit
I ! | l'"___'_‘_‘_T_l |—|_|"1
bty r

- . em consequéncia da combinacdo dos
0 resultados  fornecidos pelas relacoes

g precedentes
S Quadrante inferior direito: prejuizos devidos a
_______ '§ cheia (yy) e probabilidade de excedéncia da
/ = 4 cheia (xx) .... QUANTIFICACAO DOS RISCOS

(Risco=probabilidade de ocorréncia do perigo  x
consequéncias)

DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994

... probability |::> flood discharge |:> flood
depth flood damages probability
Nt/ =
~

<—¥Flooddcplh'
TN e
TR
|'l _____

But to assess the risk it is
necessary to characterize
the floods

e — — — — — —

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Catchment

v Geographic unit adopted in the characterization: catchment all the processes
occur at the watershedy/catchment level
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Caudal/
/Discharge|

Catchment

Tempo/Time

v’ Geographic unit adopted in the characterization: catchment all the processes
occur at the watershedy/catchment level

v Flood characterization

Exceptionality/probability
Chronological diagram — flood hydrograph (Q versus time)

Peak flood discharge Depending on the
Flood volume ‘ target

v Unidade de caracterizagdo: bacia hidrogréfica ....

v' Caracterizagé@o da cheia
Excepcionalidade

Diagrama cronolégico ) Consoante o objectivo em
Caudal de ponta de cheia vista
DECIVIL .
W ) Volume da cheia
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
Bridge design

-a?ﬂﬂngnmﬁg;

<

cantilever

cable-stayed

© 2006 Encyclopadia Britannica,
Legend
e Traditional dike (current situation)
Q - - Traditional reinforcement
-+ Delta dike

Robust multifunctional flood defence zon

Time

o Coroamento da mota (26,14)
Cheia previsivel 2574) [

Dikes for lateral protection

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

ONLY PEAK FLOOD
DISCHARGES, Qp,

ARE REQUIRED
Q D

(apenas séo necessarios caudais de
ponta de cheia)

Time

DAMS IN PORTUGAL

http://cnpgb.apambiente.pt/gr_barragens/gbportugal/index.htm
http://cnpgb.apambiente.pt/gr_barragens/gbingles/index.htm

w DECIVIL
o NGENHARIA
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n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.) n .._ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
Flood control in artificial reservoirs aiming at reducing the
peak flood discharges downstream

Volume da cheia Volume da cheia

(flood volume) (flood volume)
- 1 - 1
3 S
3 1
o (8]

BOTH FLOOD VOLUME
AND PEAK FLOOD
DISCHARGE
ARE REQUIRED

W DECIVIL
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Castelo do Bode (1951)
4750 m3/s mmmp 4000 m3/s

Cabril (1954)
4000 m*/smmmp (2200 + 200) m3/s *

Aguieira (1981)

3500 m3/s mmmp (2080 + 180) m3/s * Baixo Sabor (2005)

6400 m3/s mmm)(5000 + 220) m3/s *

* Spillway + bottom discharge M.M.Portela (2019/2020) -— 61 * Spillway + bottom discharge

M.M.Portela (2019/2020) - 62

Reservoir

Artificial reservoir (“albufeira”, “embalse”):

ol ' __ 1) Without flood control

2) With flood control based on uncontrolled
| \ free surface spillway, without gates

3) With flood control based on controlled

DI = \"— surface spillways, with gates

GAQ. | GAQ-16.685

M.M.Portela (2019/2020) ---—- 63
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Reservoir:

1) Without flood control

If there is not flood control the design of the spillway is done for

the highest peak flood discharge with a given return period -

design peak flood discharge. Either under design flood

conditions or for any other flood, necessarily characterized by.a

smaller peak flood discharge,

hydrographs:coincide

Q

the inflow and outflow

-.__

Reservoir:

2) With flood control based on uncontrolled

free surface spillway (but without gates)

Caudal (mJs)
35
30

25 albufeira ao fim de 1 h.

— Inflow o
Attenuation of peak
1

Outflow
Qi)

flow equation. The hydrograph is

Peak discharge Outflow hydrograph A Outflow
! 15 B - === Caudal afluente |
0 10 l—Caudal efluente | C
1 -
! Inflow and outflow 5 Lag of ime
: hydrographs 3 | A A 10 peak
i Flood 0 1 2 3 4 5
' volume Tempo (h)
. t
M.M.Portela (2019/2020) ---- 65 M.M.Portela (2019/2020) ---— 66
n .__
Stored 4
waler p A flood pool with an uncontrolled
T o — spillway stores water as it is
. Inflow - i i
Reservoir: | o PSP s cleased according to the weir
i

3) With flood control based on controlled

surface spillways (with gates)

Upstream
hydrograph

Storage
accumulation

Downstream
hydrograph

Discharge

Time

Discharge

Upstream
hydrograph

Attenuation

Downstream
hydrograph
Storage release

Time

M.M.Portela (2019/2020) -—-- 67

Discharge, m*/s

(@)

Time, hour

K, reservoir volume, 1000m’

2. Opened sluice

Stored
water
volume

A

Discharge, m/s

% ‘tun
’ 1

K(Qi)

00
Lowered flood wave ’\ K(Q) = f}" N(ejt:le}

delayed and attenuated. The
outflow hydrograph depends on
the area of the reservoir and the
length of the spillway.

Voot

A gated structure can more

efficiently control the release.
Less storage space is needed for
the same outflow peak Q.
However, the gates add
significant cost to the project.

\
Time, hour KQy)

K, reservoir volume, 10000m*

1. Regulated sluice

>
T

Vot




n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.) n .._ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

What is a Unit fdearaph (U402 1
A yogragh, which patts in Livch of M& Factors that affect the natural river floods
e voliams. of & UH s Linch . t e

What & the puwpose of a UHT

2

i & T > Factors related to the to the time of concentration -
E,,E‘j * —; ) watershed area and relief, river networks characteristics (time
) wi ° =T A J needed for water to flow from the most remote point in a watershed from a

kinematic point of view to the watershed outlet)

Caudal

Pz (in)

»

The unit hydrograph model only allows to study floods under natural
conditions i.e., floods due to rainfall events in river sections without dams > Factors related to the rainfall losses or
upstream promoting the flood control and without water transfers and water

abstractions that may modify the natural behaviour of the watershed under abstractions - previous water storage and moister
natural conditions regarding the floods. conditions in the watershed, vegetal cover, land use.

0O modelo do hidrograma unitario apenas permitir obter hidrogramas de cheias em condigdes naturais, . .

entendendo-se por tal hidrogramas de cheias resultantes de acontecimentos pluviosos, em secgdes da > FaCtOI'S dlrec“y affec“ng the Shape Of the fIOOd
rede hidrogréafica a que correspondam bacias hidrogréficas em que ndo existam intervengdes tendo em . . . .

vista a modelagdo de cheias, designadamente, aproveitamentos hidrdulicos que procedam ao controlo hydrograph - temporal and spatlal distribution of the
(amortecimento) de ondas de cheia, nem tdo pouco transvases significativos que resultem em alteragdes rainfall

do comportamento hidroldgico das bacias em condigdes de cheia.

M.M.Portela (2019/2020) -~ 69 W pe— 1}

Factors related to the time of concentration .. with aii other conditions remaining unchanged Factors related to the time of concentration .. with ai other conditions remaining unchanged
- oy Surface slope 5, o »>Surface slope: as the slope - oy Surface slope 4, o »>Surface slope: as the slope
Run Lo . Run Do .
M ~ /\ T the peak flood discharges M N T the peak flood discharges
Gentier() &eepsr(+) E the flood hydreraph dura- Gentler(-) /\‘> Sleeper(+) the flood hydrograph dura-
! " ion decreases gl ! " jon decreases gl
Surface roughness Surface roughness > Surface rOUghneSS: as the
Py e > Ay 2 — AU < = Au e h k flood
Bnog oo Aoy oo roughness T the pea 00
N Q a3, N /\ discharge Il decreases and the
Loss rough(=) - woean(+) =T tessroun(s) X orerougn(+) » flood hydrograph duration TT

Water storage capacity Water storage capacity

Q Re 0 R Q
~ nof ~ Unofy
% C % S /\ %
Litte storage (=) . More storage (+) Litte storage (-) — More storage (+) /—‘\,

o River network density

/

o River network density

~ ~
Ru Au
oty . %

High density (+) - Low density ()

]
R

S

High density (+) e Low density (=)
g

)
/,

Length of the main river 2 Length of the main river o

¢ 0
shorter length (=) Longer length (+) W snorerlengin(-) =L W= Longer length (+)
¢ 72

w Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001 Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001

/




Factors related to the time of concentration ..

Surface slope N
~ 0 S, [
M@ N /\
£~ 5

Gentier() . stoeper (+)
T

Surface roughness
~ Au
noyy ot
ﬂna B
@Q
Less rough(=) More rough (+)
Water storage capacit,
ge capacity

Q Ry Q
- un
s
Little storage (=) - More storage (+)

1

N River network density
A A
& Uy
% %
High density (+) Low density ()
T

2 Length of the main river

~a S~
Ay, Ry
w shorter length (=) Longer length (+)

Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001

with all other conditions remaining unchanged

»>Surface slope: as the slope
T the peak flood discharges
T the flood hydrograph dura-
ion decreases [

>Surface roughness: as the
roughness T the peak flood
discharge lel- decreases and the
flood hydrograph duration T

> Water storage capacity in the
watershed: as the storage
capacity T the peak flood dis-
chargelel and the flood hydro-
graph duration T

73

Factors related to the time of concentration .. with ai other conditions remaining unchanged

Surface slope
Q P ,c;%
Runogy Ur/

»>Surface slope: as the slope
T the peak flood discharges

j’/

Genter(~) s(seps,(+) ™I the flood hydrograph dura-
* ion decreases g
Surface roughness > Surface rOUghneSS: as the
~ Q

/

Runggs nuno,, o roughness T~ the peak flood
/\ dischargeld- decreases and the

tess ougn(*) More rough (+) flood hydrograph duration T

> Water storage capacity in the

Water storage capaciry\
2 watershed: as the storage

S Rungy o

Huno,,\ % i i
\ capacity T the peak flood dis-
Lite storage () /\_H More storage(+) == >,’ chargeldland the flood hydro-
graph duration T
oy Fiiver network density ° »>River network density: as the

/

R

S
e

density ™ the peak flood dis-
charge-lgl- and the flood hydro-
" graph duration T~

f o

High density (+) Low densty (-)

2 Length of the main river
> ~
R Rungys

Unogs /-\ \
Shorter Iength( )

Longer length (+)
Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001

/

S
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Factors related to the time of concentration ..

Surface slope

Q S &L Q.
;@W M\
~ B3 /\
Genﬂer(') Steeper (+) . ~
G

G

Surface roughness
~ Q Q.

Runog - q ) uhoff

QQQQ
Less rough(=) - More rough (+)
Water storage capacity

luno,

’?unof, 4

- 0 Pungy @
\ %
Little storage (=) - More storage (+)

g

River network denslty

Q
.
High density (+) Low density ( )

g

Length of the main river

’?uno,, Hu,,o,,
A Longer length (+)

shorter length (=)
W Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001

with all other conditions remaining unchanged

»>Surface slope: as the slope
T the peak flood discharges
T the flood hydrograph dura-
ion decreases [

>Surface roughness: as the
roughness 0 the peak flood
discharge lel- decreases and the
flood hydrograph duration T

> Water storage capacity in the
watershed: as the storage
capacity T the peak flood dis-
chargeldand the flood hydro-
graph duration T

>River network density: as the
density ™ the peak flood dis-
charge lgl- and the flood hydro-
graph duration T

> Lenght of the main river : as the
lenght TT the peak flood dis-
charge l&l- and the flood hydro-
graph duration T~

75

Factors related to the time of concentration .. with ai other conditions remaining unchanged

The physical characteristics of the watershed and
of the river network that “delay” the water
movement or that “promote” the natural water
storage in the watershed (e.g., lateral flood plains)
result in a decrease of the peak flood discharges
and an increase of the duration of the flood

hydrograph (the opposite also applies)




Factors directly affecting the shape of the flood hydrograph

Discharge, Q (cfs)

» Temporal distribution of
the rainfall in the shape
of the flood hydrograph

Time, T (hrs)
(a)

27 storm A A Storm B
Cor

Discharge, 0 (cfs)

»Effect of the  spatial
distribution of the rainfall ...
StmA  generally the models are
lumped (... agregados ...),

Storm B

()

Storm Storm
movement movement

Discharge, Q (cfs)

Time, T (hrs)

allowing to consider in each
moment a kind of a average
temporal distribution of the
rainfall over the entire
E=a watershed and not different
temporal rainfall patterns
among regions

Time, T (hrs)

Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001

-.__

floods due to the “E:#HLEH

increase in the wl
urbanized areas %

Effect of the

Runoff (3R)

It acts by decreasing the
precipitation losses (due to
the infiltration decrease) and
by increasing the flow
velocity (due to the surface
roughness decrease) thus
reducing the time of

concentration, increasing

rainfall

r\ urbanized watershed
response

. unurbanized
o ‘\\/ watershed
- response

the design rainfalls N TNl
" ities and I ~ ~~~ ..
intensities and, consequently, ™~~~ _ .-
increasing the peak flood 1 S
. ey = -
dlscharge.s and anticipating e - time
the its occurrence time
old lag time —

- 78

40% evapotranspiration

" 10%
runoff

25% shallow
infiltration

Natural Ground Cover

25% deep
infiltration

35% evapotranspiration

0%
. ‘ runoff ..
ER R Il IEI
5
20% shallow :
infiltration “
159% deep
infiltration
35%-50% Impervious Surface

38% evapotranspiration

| 20%
runoff

2159 shallow .
infiltration
o 21% deep
infiltration
10%-20% Impervious Surface

30% evapotranspiration

.i.llllli
aopooom*

10%% shallow
infiltration

5% deep
infiltration

75%-100% Impervious Surface

40% evapotranspiration

25% shallow
infiltration
& 25%deep
-‘ infiltration
Matural Ground Cover

35% evapotranspiration

38% evapotranspiration

21% shallow .
infilration
o 21% deep
infiltration
10%-20% Impervious Surface

30% evapotranspiration

B " "
EF R Il lﬁl
]
2086 shallow ; 10%6 shallow
infiltration 14 infiltration
15% deep 5% deep
infiltration infiltration

35%-50% Impervious Surface

75%-100% Impervious Surlace




n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Conceptual model of the hydrological processes at the watershed level
Rainfall- surface runoff modelling

il Y~ ‘

to na >
seccao de referéncia
—>
Intercepgao

Armazenamento Agua a superficie

em depressées do terreno - = o
|r. em il |

Armazenamento

na zona das raizes

i proveni =
das reservas subterraneas
| Ag:zu‘:::;i:':i:;e - Gontribuicacldo Escoamento Subte rraneo |y,
hidrogréficas subterraneo subterraneo efluente da bacia
Entradas de agua Saidas de agua Armazenamento de - Agua em movimento
- Mo sistema - do sistema » 4gua no sistema re} sistema
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-.__

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Transpiragao (transpiration)

Evaporagao
(Evaporation)

Evaporagao
(evaporation)

Evaporagcao
(evaporatio

Massas de agua’
(water.bodlies)

Rede de drenagem
(river network)

&, Percolagio [ Capilaridade

Sy, Coq, (percolation) (capillarity)
(0,7 6te,”’@,,t

o, g, O

>, e, - _ i
007%;H s Aqui'fer'o (aquirer)

Bacia hidrografica

...processos presentes ...

- 82

-.__

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

The unit hydrograph model is particularly relevant to obtain

flood hydrographs; in fact when only peak floods discharges
are required there are other approaches, widely known, easier to
apply and with tested results all around the world - only
applicable to rainfall-runoff modelling under extreme hydrological
conditions wmml floods

0O modelo do hidrograma unitario tem particular interesse quando é determinante a
obtengdo de hidrogramas de cheia, pois a estimacao somente de caudais de ponta
de cheia pode utilizar outros métodos, amplamente divulgados, de aplicacdo mais
expedita e com resultados de algum modo testados.

U
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CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
Approaches to estimate peak flood discharges or/and

floods hydrographs (métodos de avaliacéo de caudais de cheia e
de hidrogramas de cheia)

> Statistical methods (métodos estatisticos) ~———_, Peak flood
/ discharges (caudais
» Empirical formulas (7srmulas empiricas) / de ponta de cheia’)
» Regionalization models (/modelos de regionalizacéo)
> Unit hydrograph model (modelo do hidrograma Peak flood
unitdrio) \ discharges and
/ flood
» Flood routing models (modelos de propagacéo) hydrographs
(caudais de ponta
de cheia e
. _ hidrogramas de
. HEC-HMS - cheias)
PROGRAM (tool)
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Aspects that should be accounted for when choosing the model to apply to the flood analysis

Clear understanding of the conditions/constraints of each particular flood characterization ... sometimes the
younger engineers begin to do the computations before thinking about the framing of the problem

Objective: peak flood discharge and/or flood depth and/or flood volume.

Watershed under natural conditions or not .. are there artificial reservoirs for flow/flood
regulation/control?

Watershed area — larger watersheds require more assumptions and simplifications namely
when, rather then statistical tools, rainfall-runoff models are applied.

Available data, obviously of hydrological nature, but also topographic data, namely when
flood depths or flood elevations are wanted.

<~
Option for the more suitable model

>
>
>
>

Aspetos de que deve resultar a opcao pelo modelo a aplicar a analise de cheias

Percecao clara das condigoes/restricdes inerentes ao calculo de uma cheia

»  Objetivo em vista: caudal de cheia e/ou nivel de cheia e/ou volume da cheia.

»  Bacia hidrografica em condicdes naturais ou nao (... existéncia de uma albufeira de regularizagéo).

»  Area da bacia hidrografica objeto de analise de cheias (grandes bacias impli i aproxi oes, por plo, caso
se preveja aplicar um modelo de transformacéo da precipitacdo em em condicdes de cheia).

» Informagdo de base disponivel, necessariamente hidrolégica, mas pr 1do-se niveis/al de agua, muito

pertinentemente topografica.

Opcéo por um modelo de célculo adequado

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

... the more complex a model is, the more coarse
its results may be if the available data is not
enough to compute the parameters of the model

and to validate the model (... quanto mais complexo ¢ o

modelo, mais imprecisos poderao ser os seus resultados se forem

insuficientes os dados disponiveis para estimar os parametros nele
intervenientes e para o validar )

Principles that should guide the development of a model

A model should not be more complex than the necessary and should include the
PARSIMONY |. smallest possible number of parameters with values to compute from the data

MODESTY A model should not intend to do “too much”; there is not such thing as “the model”

The model should not intend to describe a phenomenon with a precision higher than
PRECISION = the capacity to measure it

TESTABILITY |, Amodel mustbe verifiable and it is necessary to know if it is valid or not and what are

controllability, manageability,
steerability, controlability, L . .

maneuverability, Principios que devem orientar o desenvolvimento de um modelo

what are other directional contral Um modelo nio deve ser mais complexo do que o necessario e deve incluir

words_for ) PARCIMONIA |, 5 imenor nimero de parametros possivel com valores a obter dos dados.

testability? J
\ ‘F MODESTIA . Ummodelo nao deve pretender fazer demais; nao existe tal coisa como "O Modelo".

Um modelo néao deve descrever o fenémeno com uma precis@o superior a

¢ “ PRECISAO = capacidade de o medir.

“VERIFICABILIDADE" Um_m?delo tem de s_er verificavel e é necessario saber se é valido ou néo e quais sao
= os limites da sua validade.

CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
Approaches to estimate peak flood discharges or/and

floods hydrographs (métodos de avaliacéo de caudais de cheia e
de hidrogramas de cheia)

> Statistical methods (etocos ESLALSHICOS) —y. Peak flood

discharges (caudais
> de ponta de cheia)

>
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A peak flood discharge, Q, or a flood volume are design conditions
and not replicas of the reality - regardiess if the project relates only to flooded area
mapping or instead to the construction of a big hydraulic infrastructure. Such conditions
are given by a design criteria, normally expressed in terms of the
non-exceedance probability of Q:

P X < F F non-exceedance probability = probability of occurrence of
( = Q) = (Q) — values less or equal than a reference one, the design value

Non-exceedance probability <@ RETURN PERIOD (*)

(*) For a given event, average number of years between occurrences above a given threshold. It has
nothing to do with periodicity!!! The probability of occurrence in any year of an event with a return period of
T years is 1/T, in two consecutive years ((1/T)?) ....

Um caudal de ponta de cheia, Q, ou um volume de cheia representam “condigdes” de projeto (quer esse
projeto diga respeito a delimitagdo de uma zona inundavel, quer tenha em vista o dimensionamento de
uma obra hidraulica de grande envergadura) sendo definidos para um dado critério de projeto expresso
pela probabilidade de ndo-excedéncia, F, que corresponde a esse caudal

_ _ Probabilidade de nao-excedéncia = probabilidade de ocorrerem valores
P(X = Q) — F(Q) =F da varidvel aleatéria inferiores ou iguais a um dado valor de projeto

W probabilidade de néo-excedéncia (@il PERIODO DE RETORNO




AIS — Modelos estatisticos/ GENERAL CONCEPTS - statistical models (cont.)

The return period, T, and the non-exceedance probability, F, provide

the same design criteria that will be “translated” into design values
(water depth, water velocity, discharge, ...)

The return period, T, as a function of
the non-exceedance probability, F

ez

£ 10 Year Flood
. B Sl

EXCEEDANCE PROBABILITY
RETURN PERIOD NON-EXCEEDANCE OR PROBABILITY OF
(RECURRENCE PROBABILITY, F  |OCCURRENCE IN ANY GIVEN
INTERVAL), T
YEAR
2 0.500 0.500
5 0.800 0.200
10 0.900 0.100
ili 25 0.960 0.040
The non-e_xceedance probabII!ty, F, - Pt Pt
as a function of the return period, T 100 0.9% 0.010
250 0.996 0.004
DECIVIL 500 0.998 0.002
@ ECuRs 1000 0.999 0.001 89
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HH : 2 Sample (amostra)

< suanion

Population .

(infinite and =t < ). o
unknown built upon . . =S
all the possible
samples) -
(i 144 AA u A A

... Sample
(only one or a few samples
are drawn from the infinite,
yet unknown, samples of the

v TN population)

Gkl s Objective
Based on a sample of a given hydrological variable ... to estimate the design
values with return periods much larger than those of the sample ..... Identify and

set up the mathematical model able of representing the variable...

(sample: annual maximum instantaneous discharges, one value per year ... random variable;
data base snirh.apamabinte.pt, SNIRH — Sistema Nacional de Informacédo de Recursos
Hidricos)

Objetivo
Com base numa amostra de uma dada variavel de hidrolégica ... estabelecer valores de projeto, com periodos
de retorno muito para além dos periodos de retorno abarcados pela amostra .....identificar e “estabelecer” um
modelo matematico estatistico capaz de representar uma aquela variavel ...
(amostra: caudais instantaneos maximos anuais, um valor por ano .... Variavel intrinsecamente aleatéria,
embora reflectindo as caracteristicas fisiograficas e climaticas ocorrente na bacia; base de dados: SNIRH -
W — snirh.apambinete.pt SNIRH — Sistema Nacional de Informagdo de Recursos Hidricos)
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CHARACTERISTICS OF THE SELECTION OF THE TYPE OF PREVIOUS EXPERIENCE AND
GLOBAL SYSTEM TO ANALYZE MODEL AND IDENTIFICATION OF KNOWLEDGE; CONSTRAINTS
Caracteristicas do sistema B ITS GENERAL FORM < Experiéncia e conhecimento
geral a analisar antecedentes; limitagées
Selegéo do tipo de modelo e
E identificagdo da sua forma P
> . 1
J L SPECIFIC CHARACTERISTICS
OF THE HYDROLOGICAL
AVAILABLE _ IDENTIFICATION OF THE PROCESS UNDER ANALYSIS
HYDROLOGICAL » MODEL STRUCTURE L Caracteristicas especificas do
DATA Identificagao da forma do modelo processo hidrologico a analisar
Séries hidrolégicas

S

disponiveis IL

ESTIMATION OF THE MODEL PARAMETERS P
Estimagéo dos parametros do modelo

I

ANALYSIS OF THE MODEL ADJUSTMENT
Andlise do ajustemento do modelo
Il
ESTABLISHMENT OF THE DESIGN VALUES
Estimativa dos valores de projeto
I

UNCERTAINTY ANALYSIS
» Andlise de incertezas

v

vl

S

ADJUSTMENT OS STATISTICAL LAWS AND QUANTIL ESTIMATES: STEPWISE

APPROACH

1 — GETTING THE SAMPLE (... one should always keep in mind that the sample is
nothing but one sample out of the infinite number of samples that can be extracted
from population/universe)

20) - 92




ADJUSTMENT OS STATISTICAL LAWS AND QUANTIL ESTIMATES: STEPWISE
APPROACH

2 — COMPUTATION OF THE SAMPLE STATISTICS aiming at to get from the sample
as much information as possible
Average (msdia) o Xyt Xp oA XXy

X = i — =1
n n

Variance with bias |, 32,0, 524 -2+ rp %2
correction (ariancia - n—1 T n—t

com corre¢ao do viés)

il .

Coefficient of variation Cy =

(coeficiente de variagao)

n Y (-%)°
_ i=1
Ca_(n—1) (h-2)s3

Skewness coefficient with bias
correction (coeficiente de assimetria com correcao do viés
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Skewness coefficient without and with bias correction — dimensionless
coefficient (coeficiente de assimetria sem e com correcédo do viés - adimensional))

\ Ca 0 Ca<0
" [ VW\
0,2 T+ \ Most of the

hydrological
variables have

)

0.1 -1,14 1 +1,14  positive skewness
0 1 I 1 I I T
-5 -3 -1 1 3 5
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ADJUSTMENT OS STATISTICAL LAWS AND QUANTIL ESTIMATES: STEPWISE
APPROACH

3 — ASSUMPTION (... “postular’ ... ) OF THEORETICAL STATISTICAL DISTRI-
BUTION that expectable will be able to represent the distribution of the sampling
values ... ... in the extreme events domain .. laws for the extremes

4 — SELECTION OF THE LAW WITH BEST ADJUSTMENT based on the a diagram
with representation, over a probability paper, of the sampling points and of
different theoretical laws ... eventually complemented by the application of
statistical tests like the Chi-squared test or the Kolmogorov-Smirnov test. The
theoretical laws are obtained by applying the probability factors’ approach

@ DECIVIL
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4 — SELECTION OF THE LAW

Nimerode. [Gaudl sanéneo mésine Prbabidade nptca de |y gl ez WITH BEST ADJUSTAMENT
i Qima = z
(m3)s)
1 25 0.0278 -1.9145
2 60.6 0.0556 -1.5932 .
: Fo5s ot Bpe SELEGAO DA LEI COM MELHOR
: 1250 G1oar preH AJUSTAMENTO
i 1240 0.1944 -0.8616
8 165.0 02222 -0.7647
9 182.0 0.2500 -0.6745
10 196.0 02778 -0.5895
o 2130 03056 05085
1
5 F T Probability factor Peak flood discharge estimates
z KG kP L. Normal | L. Gumbel| L. Pearson | L. Goodrich
(anos) @) O] ] (m%s) (m%s) (m%s) (m’%s)
0.030 1.0 -1.88079 | -1.42828 | -1.68138 24.2 129.1 70.4 81.6
0.050 11 -1.64485 | -1.30552 | -1.50644 78.9 157.5 111.0 113.3
0.070 11 | -1.47579 | -1.21262 | -1.37659 | 118.1 179.0 1411 138.7
0.090 11 | -1.34076 | -1.13522 | -1.27014 | 1494 197.0 165.7 160.6
0.110 1.1 -1.22653 | -1.06737 | -1.17817 175.8 212.7 187.0 180.2
0.130 11 | -1.12639 | -1.00601 | -1.09609 | 199.0 226.9 206.0 198.2
0.150 12 -1.03643 | -0.94931 | -1.02117 219.9 240.0 223.4 214.9
0.170 12 | -0.95417 | -0.89609 | -0.95168 | 238.9 252.4 239.5 230.7
0.190 1.2 -0.87790 | -0.84555 | -0.88641 256.6 264 .1 254.6 245.7
0.210 13 | -0.80642 | -0.79708 | -0.82451 | 2731 275.3 269.0 260.1
0.230 13 | -0.73885 | -0.75026 | -0.76532 | 288.8 286.2 282.7 274.0
0.250 13 | -0.67449 | -0.70472 | -0.70835 | 303.7 296.7 295.9 287.5
14 | -0.61281 | -0.66018 | -0.65319 | 318.0 307.0 308.6 300.6
1.4 | -0.55338 | -0.61642 | -0.59953 | 331.8 317.2 321.1 313.5
14 -0.49585 | -0.57324 | -0.54710 345.1 327.2 333.2 326.1
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Schematic representation of the different theoretical statistical laws by computing, for
different non-exceedance probabilities, the theoretical values of the random variable based
on the probability factor approach

Representagéo grafica das leis tedricas: para sucessivas probabilidades de nao-excedéncia, calculo do valor teérico
mediante recurso ao fator de probabilidade correspondente a essa lei e a essa probabilidade

X=X+Ks =

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EETY EE

175.0 1

77777777777777777777777777777777 EEYIYY I . g

100.0 -

Lei Normal

Lei de Gumbel

Lei de Pearson Il

m Pi
T L | BRI fooned ‘

n .._RAIS ZModelos estatisticos | GENERAL CONCEPTS - statistical models (cont.)

Probability factor, K, and estimates according to the method of the

moments

Normal law

Excel function - NORMSINV()

V6

L

KG=

Gumbel law

-1 R

{0.577216 +m [In ()]} = ve {0.577216 +In [In (1)]}

F

ke =21[(2

Pearson lll law

—%)%+1]3—1}

g — skewness coefficient
z — standard normal variable
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® Representation of the sample by assighing to each point its empirical non-
exceedance probability or plotting-position (... probabilidade empirica de néo-
excedéncia ...)

77777777777777777777777777777777 Y Y
77777777777777777777777777777777 N N

———————————————————————————————— S PLY 1 .

Lei Normal

Lei de Gumbel

———————————————————————————————————————————————————————————————— Lei de Pearson lll
m Pi
e DB Qe ;
L} L} c-c L) i L}

RAIS — Modelos estatisticos /| GENERAL CONCEPTS - statistical models (cont.)

Visual adjustment by representing, over a probability paper (more often, normal
probability paper), the sample and the theoretical laws aiming at identifying the

law with best adjustment.

Caudal de ponta de cheia (m3/s)

—L

—1L

—lIL

-——-L

—L.
. Pearson Il

. Log-Pearson lll
—L.
. Galton
. Normal
= Qima

Gumbel

Goodrich

12000 -

-3 -2

T (anos)

Valor da normal reduzida

Normal probability paper: the horizontal axis is graduated in terms of the standard normal
deviate or standard normal variable or standard normal random variable ( papel de
probabilidade da lei normal: eixo dos xx graduado em valores da normal reduzida).
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n .-_AIS ZModelos estatisticos | GENERAL CONCEPTS - statistical models (cont.)

0|.10 | °|'30| 0.50I 0|'70| 0;90 0199

Correspondence between
non-exceedance
probability and the
standard normal deviate

0.999 F
pa

<+ (Amostra da variavel aleatoria)
——Lei Normal

——Lei de Gumbel

——Leide Pearsonlil

D

3 -2 -1 0 1 2 3
Normal reduzida, Z

Normal probability paper: the horizontal axis is graduated in terms of the standard normal
deviate or standard normal variable or standard normal random variable ( papel de
probabilidade da lei normal: eixo dos xx graduado em valores da normal reduzida).

U
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Probability paper for a given statistical law — the scale of the horizontal is

such that it linearizes the representation of the distribution probability
function to which the probability paper refers

1.1 1.4 2.0 33 10.0 100.0 1000.0 T (anos)
Varidvel
aleatéria, X
L~ —
/
L
0.10 0.30 0.50 0.70 0.90 0.99 0.999 F=P(X< x)
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Probability paper for a given statistical law — the scale of the horizontal is

such that it linearizes the representation of the distribution probability
function to which the probability paper refers

Representation of the sample

o Rank Instantaneous maximum Empirical non-exceedance standard
discharge (ranked sample) probability or plotting normal variable
i position
Qima z
(m3/s) F
1 22.5 0.0278 -1.9145
2 60.6 0.0556 -1.5932
3 74.3 0.0833 -1.3830
4 82.9 0.1111 -1.2206
5 112.0 0.1389 -1.0853
6 120.0 0.1667 -0.9674
7 124.0 0.1944 -0.8616
8 165.0 0.2222 -0.7647
9 182.0 0.2500 -0.6745
10 196.0 2778 -0.5895
11 213.0 /82056 -0.5085
12 221.0 0.3333 -0.4307
13 233.0 0.3611 -0.3555
14 265.0 0.3889 -0.2822

1.1 1.4 2.0 33 10.0 100.0 1000.0 T (anos)
Varidvel
aleatéria, X
— —
/
/
0.10 0.30 050  0.70 0.90 0.99 0.999 F=P(X< x)
2.0 -1.0 0.0 1.0 2.0 3.0 z

Probability paper for the normal law - the horizontal axis
is a linear scale of the values of the standard normal, z, for
the different non-exceedance probabilities

S
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Empirical non-exceedance probability — i
in the example, given by Weibull formula F=P(X<x)= m
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Rank discharge (ranked sample) pmelIIlyI :Iu plotting ...,,.."";,Tf,'.'ﬂ.,.,
. ik
Qima z
m3/s] F
. . 1 %) 0.0278 -1.9145
Plotting position formula for 2 %S S s
the empirical non- 5 (120 01388 e
P 6 120.0 0.1667 -0.9674
exceedance probability 4 1240 0100 osete
9 182.0 0.2500 -0.6745
10 196.0 0.2778 -0.5895
1 213.0 0.3056 -0.5085
12 221.0 0.3333 -0.4307
13 233.0 0.3611 -0.3555
14 265.0 0.3889 -0.2822
i-6
Fix)=P(X<x)=—— 0<6<1
n+1-26
09 095 F(x)
b
0 equal t0 0.00,0.44e 0.50inthe | T T YT
Wiebull, Gringorten and Hazen, S I
respectively ... example for a sample P
with 50 values ... the differences can = Weibell
only be perceived for the extreme 4 Gringorten
values « Hazen
W DECIVIL e 20 -15 -10 -05 00 05 10 15 20 25 z
ML ARQUITETURA £ CEORRECURSOS M.MLFOMela (ZU19/2U2U) - 1U5
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Probability paper for the Normal law
linear scale for z

0.99 0.999 F|
|

\

010 030 050 0.70 0.90
L L
T

i
L LI T

+ (Amostra da variavel

aleatéria)
--4  ——LeiNormal
— Lei de Gumbel
-3 -2 -1 0 1 2 3

Normal reduzida, Z

(

Linear scale for the non-exceedance
probability, F
VA)

\

L R e S S S S

L6 T R e o N e TR
50 fmmmmmmm b AN
4
o5 Y /A — Xa da variavel
i —Lei Nor
|

— Lei de Gumb

0 T t t T t t t t
A) 01 02 03 04 05 06 07 08 0.9\.0

Probabilidade de ndo-excedéncia, F

Naghettini. M.; Andrade Pinto, E.J., 2007, Hidrologia estatistica. Belo Horizonte:
CPRM, 2007 (disponivel na internet)

I.—isﬁcos | GENERAL CONCEPTS - statistical models (cont.)

Mauro Naghettini

Maria Manuela Portela

PROBABILIDADE E ESTATISTICA APLICADAS A
HIDROLOGIA

DECiviL IST, 2011
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|
sample Representation of the sample Representation of the theoretical Iwas
« | Emeiicalnen- | - Retum Normal | Gumbel | P i
R aQ Rank | Q exceedance | porod T [stancard normal F T jormal law umbel law carson Il law
‘ probability or ‘
(starting October 1st) N variable, z @
(ms) i i ||FEEEEE || ey (anos) z Qo Ko Qou Ke Qe
F (ms) (ms) (ms)
1 1 0.0100
2 2 0.0200
3 3 0.0300
4 4 0.0400
5 5 0.0500
6 6 0.0600
7 7 0.0700
8 8 0.0800
9 9 0.0900
10 10 0.1000
" " 0.1100
12 12 0.1200
13 13 0.1300
14 14 0.1400
15 15 0.1500
16 16 0.1600
17 17 0.1700
18 18 0.1800
19 19 0.1900
20 20 0.2000
21 21 0.2100
2 2 0.2200
23 23 0.2300
2 2 0.2400
25 25 0.2500
% % 0.2600
27 27 0.2700
28 28 0.2800
29 29 0.2900
30 30 0.3000
‘Average (m3/s)
. deviation (m3/s) 0.9700
V. coeficient (1) - Ranked sample from the smallest value to the highest one 0.9800
Skewness c. (2) - Excel function NORMSINV/() 0.9900
0.9950
0.9990
0.9995
0.9999
(') M.M.Portela (2019/2020) - 109

] CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Approaches to estimate peak flood discharges or/and
floods hydrographs (métodos de avaliacéo de caudais de cheia e
de hidrogramas de cheia)

»

G Peak flood

. ; . \.—%| discharges (caudais
> Empi rical formulas (formu/as emp/r/cas) / de ponta de cheia )
>
>
>

4

w DECIVIL

M.M.Portela (2019/2020) -~ 110

n .-—AIS ZFérmulas empiricas /| GENERAL CONCEPTS — empirical formulas (cont.)

Q=CiA .... homogenous formula

The rational method is one of the most widely used methods to compute peak
flood discharges in small to medium size watersheds, for all the return periods
adopted as design criteria
Q: estimate of the peak discharge for a given return period (m?/s)
C: coefficient related to the precipitation losses and depending on the type of
soil, the soil use, and the return period
i: average intensity of the rainfall with duration equal to tc and with the same
recurrence interval (m/s)
A: watershed area (m?)

A FORMULA RACIONAL é uma das férmulas mais amplamente divulgadas e utilizadas para
determinar caudais de ponta de cheia em pequenas e médias bacias hidrograficas para os periodos
de retorno adotados como critério de projeto [ Q: estimativa do caudal de ponta de cheia com dado
periodo de retorno, m%/s; C: coeficiente que depende do tipo e uso de solo e do periodo de retorno; i:
intensidade média da precipitagdo com duragéo igual ao tempo de concentragéo e aquele mesmo periodo

de retorno (m/s); A: area da bacia hidrografica (m?) ]
-1m

T Q=CiA
... from an hydrologic point of view, a small to medium size watershed is such
that:

G the design rainfalls can be considered approx. constant over time and
space, so they can be characterized by their average intensities;

Y the surface runoff occurs mainly as overland flow;

Y the water storage capacity of the river network is neglectable ... to prevent
the diffusion effects.

The formula is valid ONLY FOR RAINFALL DURATIONS EQUAL TO THE TIME
OF CONCENTRATION, tc.

... do ponto de vista hidrolégico, bacia com pequena a média aquele em que é aproximadamente valido
admitir que:
% as precipitagbes determinantes em termos de génese de cheias sao uniformes no tempo e no
espago e consequentemente suscetiveis de serem caracterizadas pela sua intensidade média;
% 0 escoamento ocorre essencialmente sob a forma de escoamento a superficie do terreno,
% o armazenamento de 4gua na rede de drenagem é negligenciavel;

% as duragdes da precipitacdo sdo necessariamente iguais a tc.
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' Q=CiA
Most of the time is quite difficult to decide about the value of C.

It accounts for the rainfall losses (due to infiltration, interception and
retention) and for the diffusion of the surface flow (which is progressively
more important as the slope of the surface decreases). C is also a
function of the return period because most probably as the return period
increases the watershed becomes progressively saturated (wet
antecedent moisture conditions) and, therefore, the rainfall losses,
namely by infiltration, will decrease.

De um modo geral, é grande a indeterminacéo associada a fixagcdo do valor do coeficiente
C. O mesmo tem essencialmente em conta as perdas de precipitagao (fundamentalmente
por intercecéo, infiltragéo e retencéo superficial) e a difusdo do escoamento (que é tanto
mais importante quanto menor é o declive do terreno). O coeficiente C é também fungéo do
periodo de retorno (aumenta com o aumento daquele periodo, de modo a traduzir a
diminuigao das perdas de precipitagao)

M.M.Portela (2019/2020) --—--- 13
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Q=CiA
Several authors presented values for C as a functions of the most
important factors that affect the rainfall losses (like the land use and
occupation), the surface flow diffusion (slope of the surface) and of
the return period.

However those values were never validated for the Portuguese
hydrological conditions.

Diversos autores propdem valores para o coeficiente C em funcéo de fatores
determinantes das perdas de precipitacdo (uso e ocupagéo do solo), da difusao do
escoamento (declive da superficie do terreno) e do periodo de retorno.

Tais valores ndo foram objeto de validacdo para as condigbes ocorrentes em
Portugal.
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C=01751 /3 ... t, rainfall duration (duraczo da
chuvada)
T n
C= Cmax ... T, Return period (periodo de

100 retorno)

... I, % of impervious area (%

de area impermeével)

C=0,3641log t+
+0,0042r -0,145

VAt any ay 2l

C=72 (1 0_7) CN3 T 0,05 [(0’01 CN) 0,6]—8 0,2
(0,001 CN'48) 0.15-01 1 [(g ; 1) /2] 07

...i, average rainfall intensity; S, average slope of the ground surface;
R, percentage of impervious area; CN, curve number, CN

... I, intensidade média da precipitacédo; S, declive médio da superficie; R, percentagem de
area impermeavel; CN, nimero de escoamento
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Table 1 Runoff Coefficients for the Rational Method

FLAT ROLLING HILLY

Pavement & Roofs 0.90 0.90 0.90 (Fonte: ODOT Hydraulics Manual,
Earth Shoulders 0.50 0.50 0.50
Drives & Walks 0.75 0.80 0.85 201
Gravel Pavement 0.85 0.85 0.85 ftp://ftp.odot.state.or.us/techserv/geo
it 1 - 3 -
g:z.::ﬁie[;tﬁl Areas 328 g:g 836 (:nvironmental/Hydraulics/HydrauIics
h X o . %20Manual/Table_of_Contents_rev_
Light Residential: 1 to 3 units/acre 0.35 0.40 0.45 Nav.pdf)
Normal Residential: 3 to 6 units/acre 0.50 0.55 0.60
Dense Residential: 6 to 15 units/acre 0.70 0.75 0.80
Lawns 0.17 022 0.35
Grass Shoulders 0.25 025 0.25
Side Slopes. Earth 0.60 0.60 0.60
Side Slopes. Turf 0.30 0.30 0.30
Median Areas. Turf 0.25 0.30 0.30
Cultivated Land. Clay & Loam 0.50 0.55 0.60
Cultivated Land. Sand & Gravel 0.25 0.30 0.35
Industrial Areas, Light 0.50 0.70 0.80
Industrial Areas. Heavy 0.60 0.80 0.90
Parks & Cemeteries 0.10 0.15 0.25
Playgrounds 0.20 025 0.30
Woodland & Forests 0.10 Q.15 0.20
Meadows & Pasture Land 0.25 0.30 0.35
Unimproved Areas 0.10 0.20 0.30
Table 2 Runoff Coefficient Adjustment Factors
Note: RECURRENCE INTERVAL RUNOFF COEFFICIENT ADJUSTMENT FACTOR
o Impervious surfaces in bold
* Rolling = ground slope between 2 percent to 10 percent ;f ;:: orless i ?
12
1

® Hilly = ground slope greater than 10 percent 50 years

100 years 25




Table 1: Runoff coefficients for the Rational method
(Fonte: lowa

Stormwater
Hydrologic Soil Group A B C D Management Manual
Recurrence Interval 5 10 100 5 10 100 5 10 100 | 5 10 100
Land Use Or Surface http://www.iowadnr.gov
ghaﬁmm‘iﬁs /Environmental-
USINESS. .
A Commercial Area a5 80 95 80 85 95 | BO 8 95 85 90 95 Protection/Water-
B. Neighborhood Area 50 55 65|55 60 70|60 65 75|65 70 80 Quality/NPDES-Storm-
Residential Water/Storm-Water-
A Single Famly 25 25 30|30 35 40| 40 45 50| 45 50 55 Manual)
B. Multi-Unit (Detached) 35 40 45| 40 45 50 | 45 50 55 50 55 65
C. Multi-Unit (Attached) 45 50 55 50 55 65 | 55 60 70 60 65 75
D. 1/2 Lot Or Larger 20 20 25|25 25 30| .35 40 45| 40 45 50
E. Apartments 50 55 60| .55 60 70 | .60 65 75| .65 70 .80
Industrial
A Light Areas 55 60 70|60 65 75| .65 70 80| .70 75 90
B_Heavy Areas J5 80 95|80 8 95 | 80 8 95| 80 85 95
Parks, Cemeteries
Playgrounds A0 10 15 )20 20 25 |30 35 40 ] 35 40 45
Schools 30 35 40 [ 40 45 50 | 45 50 55 50 55 65
Railroad Yard Areas 20 20 25 ) .30 35 40 | 40 45 45| 45 50 55
Streets
A Paved 85 90 95 85 90 95| 8 9% 95 85 90 95
B. Gravel 25 25 30| .35 40 45 | 40 45 50| 40 45 50
Drives. Walks, &
Roofs 85 9 95|18 90 9 |8 90 9 |8 90 95
Lawns
A 50%-75% Grass
(Fair Condition) 10 10 15 20 20 25 | 30 35 40 30 35 40
B. 75% Or More Grass
(Good Condition) 05 05 10 )15 15 20 | .25 25 30 | 30 35 40
Undeveloped Surface” (By Slope)’
A Flat (0-1%) 0.04-0.09 0.07-0.12 0.11-0.16 0.15-0.20
B. Average (2-6%) 0.09-0.14 0.12-0.17 0.16-0.21 0.20-0.25
C. Steep 0.13-0.18 0.18-0.24 0.23-0.31 0.28-0.38
: Undeveloped Surface Definition: Forest and agricultural land. open space.
“ Source: Storm Drainage Design Manual, Erie and Niagara Counties Regional Planning Board. M.M.Portela (2019/2020) - "7

n .._IS ZFérmulas empiricas /| GENERAL CONCEPTS — empirical formulae (cont.)

For Portugal ... a study based on the comparison of
the estimates of the peak flood discharges given by ¥

(1) the statistical analysis of the flood records and ﬁ’ %
(2) the rational formula at 19 river gauges stations
aiming at establishing the values of the C coefficient

applicable to Portugal mainland. (PORTELA, M. M.; HORA,
G. R., 2002, “Aplicagdo da férmula racional a analise de cheias em Portugal  ponte de Vale Maig
Continental: valores do coeficiente C”, Tecnologia da Agua, n.2 2, Edicao |,
pp. 47-60, Ed.: Elsevier Informacién Professional, S.A., ISSN 0211 8173,

Portugal)

w~5 Gimonde

tr Ponte Pinelo

Popte Casevel ¢ Manteigas

- - TOETE
Estagéohidurétta Rio avgdesy | .| iserenesnoinsanss
By Ly ATed NUTHD i)
Cadgp Nave picipal | cao | cabhuy M P Deaws Periodo Couto de Andreiros
() () () () (km) | (m (m (m ) () Monforte
T T LI o i3 v ) T TN ia
03001 Gimonde Sabor 455 | 319433 | 537564 | 510 20 197071-1989% [ Limite do Pais
1 Vale Giestosn i 253065 | 526! %5 B 1957/58:198990 H rol s

P01 | Vibsis-GtRena e | & |Biem| 3| @ D | o061 Estago hidrométrica
O4RI01 Ponte dePinglo Magis 585 | 30742| 50521| 40 bz} 1967/681989%0 [JBacia hidrografica
O05K/01 | Sarta MartacdoAW&D |y | Loredo 2 | 23145 503127 | &5 B 1955/56198990

050/01 Azibo Azibo 310964 | 493 2l 18 19787919959

06K/01 EmidachCagp Corgp 21 | 2167 | 47338| 40 B 1956/57-198380

o7voa Cabrz S. Paio 7 201684 455672 250 3 1966/67-1989%0

0§01 Castro Daire Pava 01 | 216905| 4357 | 450 a5 1945/46198990

0eL/01 Quirta doRape: Tawra 170 | 252257 | 435500 | 560 20 1976/77-19959%
080/01 ValeTren Massveime| 30 | 284046 | 4829| X6 2 1957/58198990 20 N
TX0T N T el L =

[~ TI0T | Zeze B Y EY T T0IT |

1801 | Couo deAndreis Teo Sech 24 | 24559 | 25562 | A1 3 1964/65:198980

1aM01 Ais 136 | 259064 [ 231411 20 5 1961/62-198380

20000 Pavia Tera 610 | 211538 | 214181 14 0 195960198990

g TSm0 o”

7ot BT | Ty {20900 es 0100 19— 107y TR
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w‘; Gimonde

" Ponte Pinelo

[ Limite do Pais
= Estagao hidrométrica
[ Bacia hidrografica

- 119

n .._ls = Férmulas empiricas /| GENERAL CONCEPTS — empirical formulae (cont.)
neral guideline for Portugal

C values of about 0.80 should result in reliable estimates of the
100-year peak flood discharges (T ~ 100 years) in watersheds
with areas up to than 500 km 2 (QUINTELA, 1984, p. 686 e 687)

A = 500 km? C~ 0.80

QUINTELA, 1984, p. 686 e 687, .... coeficientes C da ordem de 0,80 devam
conduzir a estimativas suficientemente seguras dos caudais de ponta de cheia
com T~100 anos e bacias hidrograficas com area inferior a 500 km 2.

W DECIVIL
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n .-_IS =Formulas empiricas /| GENERAL CONCEPTS - empirical formulae (cont.)
Q=CiA
The rational method is valid only for uniform design rainfalls (uniform

hyetographs) with durations equal to the times of concentration of the
watersheds

. additional research work for Portugal presenting scaling factors that allow to
account for the temporal variability of the rainfall ...

... HIPOLITO, J. R.; SANTOS, E. G.; PORTELA, M. M., 2006, “Contribuicao para o estabelecimento de um factor de majoracao
para a férmula racional”. Recursos Hidricos, Vol 27(2), pp. 47-53. Nimero Tematico: Hidrologia e Modelagao Hidrolégica,
Lisboa) estabelecendo um factor de majoragao a aplicar a férmula racional de modo a ter em conta a ndo uniformidade
temporal da precipitagédo.

... there are problems such those related to flood routing in artificial reservoirs that
must considered rainfall with durations greater than tc and variable along time ... ?

A FORMULA RACIONAL s6 é aplicavel a precipitacdes de projecto com duracdo igual ao tempo de
concentragdo das bacias hidrogréficas e descritas por meio das respectivas intensidades médias
(hietogramas uniformes).

. Amortecimento de ondas de cheia em de albufeiras para precipitacdes, P, com duragdes multiplas do
tempo de concentracdo, tc . .. Hietogramas nao uniformes ... ?
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] CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)

Approaches to estimate peak flood discharges or/and
floods hydrographs (métodos de avaliacéo de caudais de cheia e
de hidrogramas de cheia)

>

T Peak flood
> ——— | discharges (caudais

de ponta de cheia’)

> Regionalization models (oceos

de reg/ona//'zag‘io)

yd
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n .-_os de'regionalizacdo / GENERAL CONCEPTS - regionalization models (cont.)

Often, the samples of instantaneous maximum discharges
at the river gage stations have very reduced lengths,
incompatible with the application of statistical methods aiming
at establishing design values, namely when very high return

periods are envisaged.

As amostras disponiveis de caudais instantaneos maximos anuais, Q inst, em estagoes
hidrométricas (EHs) de Portugal Continental tém frequentemente reduzida dimenséo,
comprometendo o recurso a métodos estatisticos tendo em vista obter estimativas fiaveis de

caudais de ponta de cheia, especialmente quando referentes a periodos de retorno, T,

elevados
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n .._os de'regionalizacdo / GENERAL CONCEPTS - regionalization models (cont.)
Ways to overcome the insufficient or non-existing flow data:

v' by applying correlation models among the instantaneous maximum
annual discharges and physiographic characteristics of the
watersheds

v' by applying regional models established based on watersheds with
similar hydrological behaviour

Formas de contornar a insuficiéncia ou auséncia de dados hidrométricos

v Utilizagdo de correlagdes entre caudais instantaneos maximos anuais e as caracteristicas
fisiograficas e hidrolégicas da bacia hidrografica

v' Utilizagdo de informagdo regional estabelecida para bacias hidrograficas com
comportamento hidrolégico semelhante

Regionalization of peak flood discharges/ regionalizacio

de caudais instantaneos maximos anuais
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n ..—elos de'regionalizagdo / GENERAL CONCEPTS - regionalization models (cont.)
Loureiro’s Formula Qp =

Zonas Vsj;)r Valor de C para diferentes periodos de retomo - anos
Z 5 10 25 50 100 500 1000

0.807 2.85 3.72 4.53 5.27 6.10 7.54 8.57
0.694 5.44 6.97 8.58 9.67 10.98 13.91 15.63
0510 | 2493 3050 3914 4349 4950 57.05 64.83
0.489 11.68  16.79 1919 2231 2620 3313 3852
0375 | 31.30 4007 5022 5807 6689  80.51 94.38
. 1917 2626 3469 4222 4827 6624 7229
0.761 3.66 4.49 5.58 6.02 8.45 9.60 11.03
0.816 1.66 2.09 258 2.98 3.37 4.27 4.75
0.738 3.39 4.28 5.54 6.44 7.40 9.50 10.68
0.745 238 3.06 3.68 4.12 4.94 6.23 7.72
0.784 3.45 4.40 5.40 6.24 7.09 8.97 9.88

TS0 NOO R WN =
=3

The Loureiro’s formula is supported by the well-known and
very old Myer formula

Q=BA°
LOUREIRO, J. M. 1984. where Q is the peak flood discharge (md3s), A, the
(E:xm;slsio gsra o Cglculo go watershed area (km?), o un exponent comprehended
audal e ela em ursos ae
Agua de Portugal, Recursos betwggn 0.4 and 0.8 (often set equal to 0.5), ar!d_B, a
Hidricos, 5(1), pp. 53-78. coefficient that depends on the watershed characteristics
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n ..—elos de regionalizagdo /| GENERAL CONCEPTS - regionalization models (cont.)
Q, =CA? Q=BA°

The Portuguese Loureiro’s formula, as well as the very old Myers’s
formula, which theoretically supports the former, although no longer
directly applied, are very useful to transpose the peak flood
discharges obtained for a given watershed based on reliable
hydrological data to another watershed were such information is not
available or even does not exist

A férmula proposta por Loureiro, 1984, tal como a férmula de Meyer, tém como principal
utilidade o facto de permitirem transpor para uma bacia hidrogréfica com caracteristicas
analogas a estimativa do caudal de ponta de cheia com dado periodo de retorno obtido
para outra bacia mediante um método de maior confianca, como seja a analise estatistica
de caudais instantaneos maximos anuais.
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n ..—elos deregionalizacéo /| GENERAL CONCEPTS - regionalization models (cont.)
Loureiro Qp =C AZ Q=8 A% Meyrs

Assuming that the exponent that relates the peak flood discharges with the
watershed areas is similar in the two watersheds (because they belong to the same
homogenous regions or because they are geographically close), the next equation is
obtained, where A and A, stand for the areas of the two watersheds (expressed in
the same units) and Q and Q, for the corresponding peak floods discharges (also
in the same units). By this way, if Q and A related to the gauged watershed, the
flood discharges at the ungauged watershed, Q,, can be estimated based solely
on the knowledge of the corresponding area, A, (for Portugal based on Z, for other
countries based on specific studies or in the average value of o of 0.5).

Nestas circunstancias, admitindo que o expoente que afeta a area A ¢ igual nas duas bacias hidrograficas
consideradas na transposicao, obtém-se a equagao anterior em que A e A, representam as areas das bacias
hidrogréficas entre as quais se processa a transposicao (expressas nas mesmas unidades) e Q e Q, os
correspondentes caudais de ponta de cheia (também nas mesmas unidades).

DECIVIL
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n .__ CONCEITOS GERAIS/GENERAL CONCEPTS (cont.)
Approaches to estimate peak flood discharges or/and

floods hydrographs (métodos de avaliacéo de caudais de cheia e
de hidrogramas de cheia)

> Unit hydrograph model (oo peak flood

do hidrograma un/tér/o) discharges and
/ flood
hydrographs
(caudais de ponta
de cheia e
HEC-HMS / hidrogramas de
cheias,
PROGRAM (tool) )
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ONCEITOS GERAIS - HUD / GENERAL CONCEPTS - unit hydrograph model,

Unite hydrograph with
duration D, UHD

Hidrograma unitario com
duracao D, (HUD)

A unit hydrograph (UH) is the hypothetical unit response of a
watershed (in terms of peak discharge, runoff volume and timing) to a unit
input of rainfall. It can be defined as the direct runoff hydrograph
resulting from one unit (e.g., one mm or one inch) of effective rainfall

n .._ONCEITOS GERAIS — HUD / GENERAL CONCEPTS — unit hydrograph model,
t=D

Unite hydrograph with
duration D, UHD

ELEMENTARY CONCEPTS

A unit hydrograph (UH) is the hypothetical unit response of a
watershed (in terms of peak discharge, runoff volume and timing) to a unit

input of rainfall. It can be defined as the hydrograph
resulting from one unit (e.g., one mm or one inch) of (effective rainfall |

occurring uniformly over that watershed at a uniform rate over a unit occurring uniformly over that watershed at a uniform rate over a unit
period of time, D. As a UH is applicable only to the direct runoff period of time, D. As a UH is applicable only to the direct runoff
component of a hydrograph (ie., surface runoff), a separate component of a hydrograph (ie., surface runoff), a separate
determination of the baseflow component is required. determination of the baseflow component is required.

Hidrograma do escoamento direto provocado numa seccdo de um curso de agua Hidrograma do escoamento direto provocado numa seccdo de um curso de agua
por uma precipitacdo Util ou efetiva, considerada unitaria, com intensidade por uma precipitagdo Util ou efetiva, considerada unitaria, com intensidade
constante no tempo e aproximadamente uniforme sobre toda a bacia hidrografica e constante no tempo e aproximadamente uniforme sobre toda a bacia hidrogréfica e
com duragéo D. com duragao D.
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Components of the observed flood hydrograph. Models to separate the direct '_-_
runoff from the baseflow

COMPONENTS OF THE OBSERVED FLOOD HYDROGRAPH
After a rainfall event, the discharge at a given river section is not totally

caused by that event. In fact, most of the time, before the rainfall event
there was already some discharges :> not all the river discharges are THE BASEFLOW
directly caused by the rainfall events that occurred in a given instant |:>
two components are identified in the flood hydrograph caused by a rainfall

ﬁ MODELS TO SEPARATE THE DIRECT RUNOFF FROM

event: the direct runoff which is a direct consequence of the rainfall Componentes do hidrograma de cheia observado numa secgo de um curso de agua
event that is taking place and the baseflow which is due to rainfall events 4 03ci0s de separagdo do escoamento direto e do escoamento de base
that occurred before, sometimes with a considerable delay

Componentes do hidrograma de cheia observado numa secgéo de um curso de dgua. Modelos de
separagao dos escoamentos direto e de base

Geralmente, o caudal que atravessa a secgdo transversal de um curso de agua na sequéncia de um dado /
acontecimento pluvioso intenso nao provém, na totalidade, da precipitagdo que atingiu a bacia hidrogréafica,
tanto mais que frequentemente existe escoamento no curso de agua antecedendo a ocorréncia da
precipitacdo e que tal escoamento se mantém apés o termo da precipitacdo. Distinguem-se, assim, duas
componentes fundamentais no hidrograma de cheia associado aquele acontecimento pluvioso: o escoamento
de base e 0 escoamento direto

Total recession curve !

(surface and interflow |

domimated) | 0,=0¢"
—————|

i
! Direct runoff

Base flow
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u ponentes do hidrograma de cheia / Components of the flood hydrograph
Let us consider a rainfall event after a long period without rainfall in
order to be possible to accept that the contribution, in terms of
surface runoff, from the previous rainfall events is null (there is no
longer water moving over the surface towards the river network).

At the beginning and except for the parcel that falls directly into the
river, the rainfall does not contribute to increase the river discharge

because =mmmp it is intercepted by obstacles, stored in the
depressions and other irregularities of the surface and infiltrated,
contributing to the increase in water content of the soil (initial
rainfall losses).

Considere-se a ocorréncia de uma precipitacéo significativa apdés um intervalo consideravel
de tempo sem chuva, por forma a que ja ndo exista agua em transito sobre o terreno e na
rede hidrografica decorrente de chuvadas anteriores (detencdo superficial nula).

... Inicialmente a precipitacdo caida sobre a bacia hidrografica ndo contribui para o aumento
do caudal que se escoa mmp intercecdo por obstaculos (vegetagdo e outros); armazena-
mento em depressoes e irregularidades da superficie e infiltracdo no solo, aumentando o teor
de humidade deste ultimo.
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| .._enles do hidrograma de cheia /Components of the flood hydrograph (cont)

The time delay between the beginning of the rainfall event and the
increase of the river discharge depends on the intensity of the

rainfall and on the “water deficit” in the watershed — antecedent
moisture and water storage conditions.

In Portugal, such “deficit” decreases and the exceptionality of the
rainfall event increases because very exceptional rainfall events
normally occur after periods with very high rainfall

Under these conditions ....

Intervalo de tempo entre os inicios da precipitacdo e da elevagao do nivel da superficie da
agua no rio H do “défice de humidade” na bacia hidrogréafica em relagdo as condi¢des
de saturag@o da bacia hidrogréfica, anteriormente a ocorréncia da chuvada — condigcées
antecedentes de humidade e de armazenamento de agua na bacia, incluindo na zona nao
permanentemente saturada — e da prépria intensidade da precipitagéo.

Em Portugal, tal “défice” sera tanto menor quanto maior for a excecionalidade do
acontecimento pluvioso por, normalmente, acontecimentos pluviosos muito excecionais

serem antecedidos por periodos com elevada precipitagao.)

Nestas condigbes ...

u .._ P do hidrog de cheia /Components of the flood hydrograph

Hydrograph

v Baseflow (escoamento de base)

g

£ e

5 ol basefion, |
v' Direct runoff (escoamento direto) Time

QM)
A

irect runoff

Recession curve

Flow —»

L Baseflow

Time, t
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n .._nponentes do hidrograma de cheia /Components of the flood hydrograph

v'Baseflow: The longer-term discharge derived from natural water storages,
i.e., the portion of stream flow that results from the slowly seepage of water

i H Precipitatio
from the ground into a river ; .
.
12 Depression
S Infiltration Stotage ~
\ \ Percolation OV(T;":nd %

LY ™

s Direct runoff

Interflow

X 5 Stream flow
Groundwater N -

Flow (m¥/s)

Baseflow o

1234567 8910111213 1415161718 1920 21 22 23 24 25 26 27 28 29 30
Days

Escoamento de base (baseflow): escoamento que, antecedendo a ocorréncia de precipitagdo, se verifica
num curso de &gua. Resulta da contribuicdo para o hidrograma observado das reservas subterraneas
(provém do esgotamento gradual das reservas subterraneas). Depende do armazenamento disponivel
naquelas reservas que, por sua vez, depende das condicdes antecedentes de ocorréncia de precipitacéo e
das caracteristicas morfoldgicas, fisiograficas, geoldgicas e geotécnicas da bacia hidrogréafica que favorecem
ou determinam a alimentacéo subterranea e a propria existéncia de reservas subterraneas. A contribui¢cdo do
escoamento de base para o hidrograma de cheia observado como resultado de uma precipitagao excecional
é, em termos relativos e em geral, pouco significativa, embora passe a representar a totalidade do
escoamento observado apds longos periodos com auséncia de precipitagdo 1




u .._f‘ P do hidrog de cheia /Components of the flood hydrograph

v'Baseflow: The longer-term discharge derived from natural water storages,
i.e., the portion of stream flow that results from the slowly seepage of water
from the ground into a river

vIt depends on the water storage in the watershed which in turn depends on
the previous rainfall events and on the different characteristics of the
watershed (from physiographic to geological) regarding the natural water
storages.

v' Compared to the contribution of the rainfall to a flood hydrograph caused by
an exceptional rainfall event, the one from the baseflow is generally very
small or even neglectable; however the baseflow is the primary source of
running water in a stream during dry season.

Escoamento de base (baseflow): escoamento que, antecedendo a ocorréncia de precipitacdo, se verifica
num curso de agua. Resulta da contribuigdo para o hidrograma observado das reservas subterraneas
(provém do esgotamento gradual das reservas subterraneas). Depende do armazenamento disponivel
naquelas reservas que, por sua vez, depende das condigdes antecedentes de ocorréncia de precipitagdo e
das caracteristicas morfolégicas, fisiograficas, geoldgicas e geotécnicas da bacia hidrografica que favorecem
ou determinam a alimentagao subterranea e a prépria existéncia de reservas subterraneas. A contribuigdo do
escoamento de base para o hidrograma de cheia observado como resultado de uma precipitagdo excecional
é, em termos relativos e em geral, pouco significativa, embora passe a representar a totalidade do
escoamento observado apés longos periodos com auséncia de precipitacéo a7

Componentes do hidrograma de cheia /Components of the flood hydrograph

Escoamento direto: acréscimo de caudal que se verifica no curso de 4gua em resultado da ocorréncia
da precipitagdo. Representa a contribuicdo da precipitagdo caida sobre a bacia hidrografica para o
acréscimo, relativamente ao escoamento de base, do caudal que se escoa na secgao do curso de agua
que define a bacia hidrografica em consideracéo (escoamento superficial mp + escoamento hipodérmico

m) -+ precipitagio diretamente caida no curso de agua = ). F’\\
DIRECT r;:& i
SO ) »,ﬁ
AN p

Direct runoff (quickflow): the  damis
stream flow that represents the

direct response to a rainfall
event (the water that reaches the
river shortly after the rainfall
event beginning)

it includes the overland flow
(runoff) == | the lateral move-
ment of the water in the soil
profile (interflow or subsurface
flow) mp and direct rainfall onto
the stream surface —)

% OVERWAND,/ o
V3 -~
SEI

n Componentes do hidrograma de cheia /Components of the flood hydrograph

Fating Contribution of the baseflow
to the flood hydrograph

Quickflow
(Rainfall-
-runoff
model)

Recession
Curve

Time

Theoretically, the baseflow needs to be “added” to the design flood discharges given
by a rainfall — runoff model because the model only provides the discharges and the
volume of the direct runoff (... any design rainfall event can be combined with different
antecedent natural water storages in the watershed, i.e., with different baseflows, because the
baseflow are not directly connected to the rainfall event and so the models can not account for

it).

Contribuicio do escoamento de base para o hidrograma de cheia

... componente a adicionar as cheias de projeto fornecidas pela generalidade dos modelos de
transformagéo da precipitagdo em escoamento em condi¢des de cheia (... apenas conduzem a
caudais de ponta ou a hidrogramas do escoamento direto).

U
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Componentes do hidrograma de cheia /Components of the flood hydrograph

Objetivo: Tendo por base hidrogramas de cheia observados, modelos de separagao dos
escoamentos direto e de base, logo, de identificacdo das parcelas representativas
daquelas escoamentos

Objective: Based on observed hydrographs at a given
watershed, models that can be applied to separate the direct
runoff from the baseflow, i.e., models that allow to characterize
the baseflow

J,/UWMLJ delwdu\

STREAM HYDROGRAFH

streamflow

baseflow

time

constant slope
method

EASEFLOW HYDROGRAFH

Digcharge, Q

concave / €onstant discharge
‘method method




n ___
Model for the baseflow: recession curve for the baseflow
given by Horton — exponential decay:

Q, =Q, e (t-to)/k

Q, e Q; — baseflow discharges at the initial time t, and at the time t,
after t,; k recession constant (time units)

The equation assumes that the baseflow is the result from a series of
linear reservoirs; from a mathematical point of view, a reservoir is said to
be linear if in each instant the outflow from the reservoir is proportional to
the volume stored in the same, the constant of proportionality being the
recession constant V(t) =k O(t)

Modelacédo do escoamento de base: curva de recessdo do escoamento de base descrita por Horton
(exponencial negativa)

Qo e Q, - caudais do escoamento de base nos instante t, e t apos ter ocorrido Qq; k - constante de recesséo
ou de esgotamento (em unidades de tempo).

A anterior equacdo admite concetualmente que o caudal proveniente da contribuicdo das reservas
subterraneas pode ser aproximado pela descarga de um conjunto de sucessivos reservatérios lineares; um
reservatério diz-se linear quando, em cada instante o caudal efluente do reservatério é proporcional ao

w volume nele armazenado, sendo a constante de proporcionalidade a constante de armazenamento. o

n ___
Model for the baseflow: recession curve for the baseflow
given by Horton — exponential decay:

t—1t, Linear equation on a
k semilog plot In Q versus t

InQ;=InQ, —

After the end of the direct runoff — i.e., when only

baseflow occurs — the variation of In Q with time

should be approximately linear
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« I
_t=tg
Q=Qpe k

t—¢ Linear equation on a
InQ;=1InQ, — K semilog plot In Q versus t
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-.__ Separagéo do de base /separation of the baseflow (cont.)

Estimativa da constante de esgotamento numa dada secgdo de um curso de agua por representagdo do
hidrograma de cheia observado num grafico semi-logaritmico e andlise dos trechos representativos de
periodos com auséncia de precipitagdo e afastados da ocorréncia anterior de escoamento superficial ...
periodos de esgotamento dos aquiferos da bacia hidrogréafica

The recession constant can be computed by representing the flood
hydrograph in a semi log plot (In Q; t) and by analyzing the periods
without rainfall events with linear decay ... after a considerable interval
without precipitation in order to ensure that the observed flow is only
due to the baseflow.

LnQ

_| Point D

0 5 10 15 20 2 3

35 40
5 Time, t
Time (hr) . P . A
Linear variation in a

semi-log plot (InQ, t)
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-.__

Baseflow separation methods

Peak N days/hours

I
I
]
) l
£ ! i
3 ! I
=| Smallest | i
g discharge | 1
o| before the Direct ! i
f:; rising limb Sl}"’lr;%‘fzre | I~ Four separation procedures
72 h |
o 1 | I i End of the direct runoff —
3 : F L | , after this point the variation
,-"3" g \ of In Q with t is linear
-t B~ - Recession

"=«@-1-" Ground water contribution
D tostream (base flow)

Time t (h or days)
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-—

Peak ' N days/hours

Discharge Q (cumec)

Grou water contribution
to stream (base flow)

Baseflow separation methods

- Four separation procedures

~- Recession

Time t (h or days)

1 — constant discharge method
2 — concave method

3 — constant slope method

4 — mix method
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" .._ Separagéo do escoamento de base /separation of the baseflow (cont.)
InQ

L c Semi-log (In Q, t) plot
InQ

Escoamento
directo

Constant ~  [TTUTTTTURUTTTTTTTTY
discharge method

B the smallest discharge before
the rising limb of the hydrograph
(point of rise)
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-.__ Separagéo do de base /separation of the baseflow (cont.)
InQ

Escoamento
directo

Escoamento de base

Semi-log (In Q, t) plot
InQ

Escoamento
directo

Constant slope
method

B the smallest discharge before
the rising limb of the hydrograph
(point of rise)

D end of the direct runoff
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1to de base /separation of the b

Escoamento

InQ

Escoamento

(cont.)

Semi-log (In Q, t) plot
c

directo

Escoamento de base

InQ Time, t’

Escoamento

Escoamento de base

Tempo

B the smallest discharge

Time, t

before

the rising limb of the hydrograph

(point of rise)
D end of the direct runoff
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Escoamento de base

paracédo do de base /sep ion of the baseflow (cont.)
Semi-log (In Q, t) plot
Cc
Escoamento In o

Escoamento
directo

InQ Time, t’

Escoamento

Escoamento de base

Tempo

B the smallest discharge before
the rising limb of the hydrograph
(point of rise)

D end of the direct runoff

Escoamento

Escoamento de base

Time, t

Curvas de esgotamento
em cursos de agua de

Portugal Continental

Recession curves for

mainland Portugal

1to de base /separation of the basefl

(cont.)
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do de base /sep ion of the basefl

(cont.)

300. Hipélito, 1996
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Falling limb
K 0085

. Floods clearly spaced in time to ensure that the falling limbs of the
hydrographs represent periods under recession, i.e., only with baseflow and not
influenced by any kind of surface runoff. When only recession applies the slope of
the falling limbs of the different hydrograph should be approx. the same
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