Modelacao e
planeamento
de recursos
hidricos
(superficiais)

Surface water
resources
modelling and
planning

(Part 2)
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n .._EITOS GERAIS - HUD /| GENERAL CONCEPTS — unit hydrograph model,
t=D

F— Unit hydrograph with duration D, UHD

ELEMENTARY CONCEPTS
RELATED TO THE HUD
HUD (cont.)

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 m one inch) of |effective rainfall |
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

component of a hydrograph (ie., surface runoff), a separate

determination of the baseflow component is required.

Hidrograma do escoamento direto provocado numa seccdo de um curso de agua
por uma precipitagdo Util ou efetiva, considerada unitaria, com intensidade
constante no tempo e aproximadamente uniforme sobre toda a bacia hidrogréfica e
com duragao D.
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Baseflow separgztion methods

- Four separation procedures

Discharge Q (cumec)

c Rece_ssion
L -7 Ground water contribution
to stream (base flow)

Time t (h or days)
N =A"2
1 — constant discharge method M L
2 — concave method Eﬁ o
3 — constant slope method 2 e T
4 — mix method s/ T
Time, t
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n .._EITOS GERAIS - HUD / GENERAL CONCEPTS - unit hydrograph model,
t=D

}j——l Unite hydrograph with duration D, UHD

% ELEMENTARY CONCEPTS

RELATED TO THE HUD
HUD (Cont.)

\ |

A unit hydrograph (UH) is the hypothetical unit response of a

watershed (in terms of peak discharge, runoff volume and timing) to aflinit

input of rainfall. It can be defined as the hydr aph

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

period of time, D. As a UH is applicable only to the direct runoff

component of a hydrograph (ie., surface runoff), a separate

determination of the baseflow component is required.

Hidrograma do escoamento direto provocado numa seccdo de um curso de agua
por uma precipitagdo Util ou efetiva, considerada unitaria, com intensidade
constante no tempo e aproximadamente uniforme sobre toda a bacia hidrografica e
com duragao D.
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. .._tiva IModelos de perdas de precipitagao/Excess rainfall. Models for rainfall losses

EXCESS or EFFECTIVE or NET RAINFALL: part of the rainfall that
contributes to the increase in the observed flow -
... which is NOT lost in terms of the observed flow

PRECIPITACAO EFETIVA parcela da precipitagdo que contribui de facto para o
escoamento .. que NAO se perde para o
escoamento

Precipitacdo com intensidade, i,
superior a taxa de infiltrag&o, f

Escoamento a superficie do
terreno (precipitagdo efectiva)
<«

% % % %

LS
»
LN
»
LN
»
LN
»

. .._tiva.Modelos de perdas de precipitagao/E: infall. Models for rainfall losses

Effective, excess or net rainfall: rainfall that is neither retained on the
land surface nor infiltrated into the soil = (observed rainfall -
abstractions or rainfall losses).

VOLUME OF THE EXCESS RAINFALL = VOLUME DIRECT RUNOFF

Precipitation abstractions or losses — difference between total rainfall or
simply rainfall (most of the time the attribute total is omitted) and excess rainfall.

Perda de precipitacdo (para o escoamento): diferenga entre a precipitagdo (total)
associada a um dado acontecimento pluvioso e a correspondente precipitagao.

Intensity [mm]

Effective rainfall Effective rainfall

Intensity [mm]

—

Infiltration losses — b

_______ 0]

1] [ e

Time [hours]
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Loss models

e A loss model represents all of the processes
that abstract or remove water from the gross
rainfall volume.

Precipitation

Losses ﬁ Loss Model |

Excess Precipitation

Response (Transform) H Runoff
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@ desprezaveis.

n .._tiva.Modelos de perdas de precipitagéo/E: infall. Models for rainfall losses

Processes responsible for the rainfall losses, i.e., for the
transformation of the total rainfall into excess rainfall

» Interception — during exceptional heavy precipitations, such as those
that originate floods, these losses are minor and unimportant

« infiltration — the foremost relevant process in terms precipitation
losses

» Water storage — in the surface depressions

« Evaporation and evapotranspiration — under the climatic constraints
of Portugal unimportant as for the flood events

Processos envolvidos na transformacao da precipitacao em precipitacao efetiva

+ Interce¢do — as perdas por intercecdo durante precipitagdes intensas excecionais,
como as que determinam a ocorréncia de cheias, sao praticamente desprezaveis.

» Infiltragao - de longe, o mais significativo processo de perda da precipitagao.
* Armazenamento em depressdes do solo.
+ Evaporacao e a evapotranspiragdo — no contexto do clima em Portugal, praticamente
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. ._ Modelos de perdas de precipitagdo/Models for rainfall losses
Precipitation Terrestrial phase

of the water cycle
Vvapotranspiration Speed of response

of flow companent  Fage terrestre do ciclo

hidrolégico
Channel pptn.

Rainfall-runoff transformation
processes (processos de
Depression\ transformagéo da precipitacao em
ipitacdo efectiva)
szorage/ precipi

Surface
runoff
Ground surface Infiltration 3 Fast
Soil moisture i -

7 Response delay between
Percolation the rainfall event and the
increase of the river

Ground dischar
Slow to ‘ge (Rapidez da resposta em
Groundwater F:M waler termos de componente para o

storage flow escoamento)

@ Streamflow O

Underground flow into
or out of the area

Interception

Capillary
rise
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n ._ Modelos de perdas de precipitagio/Models for rainfall losses
Based on a given a hyetograph,
there are several models to identify
the rainfall losses and the resulting
excess rainfall hyetograph.

Effective rainfall

Intensity [mm]

Most of those models consider two
type of losses:

. Proportional losses
Initial

Infiltration capaci
at saturation

v the initial ones or initial
abstractions and

v the continuous ones or
continuous abstractions.

Time [hours]

S&o varios os modelos para identificar num hietograma observado as perdas por
precipitacao e o consequente hietograma da precipitacéo efetiva

Frequentemente, tais modelos consideram dois tipos de perdas: uma perda
inicial e uma perda continua.
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n ._ Modelos de perdas de precipitagio/Models for rainfall losses
The initial abstractions may be relevant in the initial moments of
the rainfall event, because the watershed may still have some
capacity to intercept the water, to store the water in the
depressions and to promote the infiltration.

After a while, such initial capacity is satisfied and the more
relevant losses are the continuous ones which will decrease
along time due to the decrease of the infiltration rate.

A perda inicial pode assumir algum relevo nos primeiros instantes de ocorréncia da
precipitacdo em consequéncia da maior capacidade inicial da bacia hidrografica para
interceptar, para armazenar em depressoes e para infiltrar a 4gua da chuva.

Uma vez satisfeita tal capacidade inicial, os modelos passam a considerar a perda
continua que, em rigor, deveria decrescer ao longo da duracdo da precipitagdo, por
decréscimo da taxa de infiltragao.

DECIVIL
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Initial abstraction (1A) =
accumulated loss up to time of ponding

Constant intensity rainfall

v

Schematic
representation of
the of rainfall

Ramfall excess
losses and of the
, ) effective rainfall
Infiltration / for an uniform
Constant loss rate ('c) ii

SEAN

rainfall (constant

intensity)

Total rainfall
loss rate

Rate, depth per unit time

\ Inflllratlon
t— Depression storage Evaporahon .
@ / + interception | / Representagao
i esquematica das
perdas de precipitagao
Time e da precipitagdo
efectiva

Period 1 Period 2 Period 3
V

Time
Tp = time to ponding Ty

Time to ponding — when the land surface becomes saturated (from rain) and ponding of
water occurs in the form of surface runoff moving towards the river network (tempo de
encharcamento: instante de formacéo, a superficie do terreno, de uma pelicula de agua que se
encaminha para a rede de drenagem)




Modelos de perdas de precipitagdo/Models for rainfall losses

|

2 b) Models for the
_ — _ - rainfall losses
E — £
E E —
g - % Modelos de
= B perdas de
s % % % 5 s | precipitacao
I i,
% G444 _ ZH% 4
Time Time
d) -
Time Time
¥774 Rainfallloss
:l Excess rainfall M.M.Portela (2019/2020) - 166

Modelos de perdas de precipitagdo/Models for rainfall losses

" .._
¢ index model (Método do indice ¢)

Excess rainfall Excess rainfall

Initial loss Initial loss

01

pnstant loss

Rainfall intensity (mm/h)
Rainfall intensity (mm/h)
I
1

onstant loss

Time Time
The index @ is defined as a constant rate of abstraction such that above it the
surplus of the rainfall is considered as excess/effective rainfall. The index
integrates all the losses that occur in the process of the runoff formation
(interception, retention, evaporation and infiltration) and can be combined or not with
initial abstractions . For very exceptional rainfall values with significant depths,
interception and retention in depressions might be neglected

U
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Modelos de perdas de precipitagcdo/Models for rainfall losses

Method of W index (proportional distribution)

The proportional distribution consists in allocating the losses during the rainfall

event proportionally to the quantities of rainfall fallen in each time interval. The

increments of the effective rainfall are obtained by reducing the increments of
the global rainfall by the W%.

Excess rainfall

Rainfall intensity (mm/h)

Rainfall Lgss

Time
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Modelos de perdas de precipitagdo/Models for rainfall losses

-.__

Método do SCS (Soil Conservation Service)

Admite que, na sequéncia de um acontecimento pluvioso intenso, a razao
entre a altura de precipitacao retida na bacia hidrografica ap6s o inicio do
escoamento superficial (ou seja, as perdas continuas) e a capacidade
maxima de retencdo de aqua na bacia ¢ igual a razao entre a
precipitacao efectiva e o escoamento superficial potencial.

Perdas continuas 6 P Precipitacao efectiva
(continuous abstractions) Fa - Pe (excess rainfall)

Capacidade maxima

Escoamento superficial
de retencao de agua

potencial

(potential maximum
retention after runoff
begins)

(potencial surface runoff)
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Modelos de perdas de precipitagdo/Models for rainfall losses

Método do SCS (Soil Conservation Service)

Altura de precipitacdo retida na bacia hidrografica apés o inicio do
escoamento superficial: Fa = perdas continuas.

Capacidade maxima de retencao de aqua na bacia: S = grandeza
convencional, entendida como a capacidade maxima de armazenamento de agua
na bacia hidrografica quando no solo, nas depressdes do terreno e nos obstaculos
que interceptam a chuva fosse atingido um estado de intensa saturagdo que se
pudesse admitir corresponder a uma taxa de infiltragdo a tender para zero; nestas
circunstancias as intensidades da precipitacéo total e efectiva seriam iguais.

Precipitacao efectiva: Pe
Escoamento superficial potencial: P-la = precipitagéo deduzida das perdas

iniciais que ocorrem até ao encharcamento da superficie.

Perdas continuas Precipitacdo efectiva
(continuous abstractions) ‘ 2 (excess rainfall
Fa Pe

Capacidade maxima
de retencao de agua

el Escoamento superficial
potencial

(potential maximum retention
after runoff begins)

(potencial surface runoff)

. IS
Soil Conservation Service Model for rainfall losses

Assumption: the ratio between the rainfall depth retained in the
watershed after the beginning of the surface runoff (that is, the
continuous losses) and a conceptual entity identified as the potential
maximum retention is equal to the ratio between the excess rainfall

and the potential surface runofft.
P Excess rainfall

Potential surface
runoff

Actual retention after

runoff begins or e
continuous abstractions S -y,

Potential maximum -
Rainfall, P

Pe (runoff)

retention after runoff
begins

Rate

Initial losses, la
@ DE(F\{I‘IT —— Time Infiltration

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

Modelos de perdas de precipitagdo/Models for rainfall losses

Modelos de perdas de precipitagcdo/Models for rainfall losses

Soil Conservation Service Model for rainfall losses

rainfall _depth retained in _the watershed after the beginning of the
surface runoff : Fa = continuous losses.

potential maximum retention: S = conventional entity that aims at representing
the maximum water storage capacity in the watershed when the soil, the
depressions of the terrain and the obstacles that intercept the rain were totally
“saturated” resulting in an infiltration rate tending to zero; under these
circumstances the intensities of the total and effective precipitation would be equal

Excess rainfall: Pe
Potencial surface runoff: P-la = rainfall minus the initial losses.

Excess rainfall
-

Actual retention after
runoff begins or
continuous
abstractions

Potential maximum
retention after runoff
begins

Part 630 Hydrology
National Engineering Handbook

Estimation of Direct Runoff
from Storm Rainfall

Chapter 10

National
engineering
handbook, 2004
section 4 capitulo
10

(210-VI-NEH, July 2004)

- 173




..-_ The runoff curve number (also called a curve number or simply CN) is an empirical parameter
used in hydrology for predicting direct runoff or infiltration from rainfall excess.[!] The curve number
method was developed by the USDA Natural Resources Conservation Service, which was formerly
called the Soil Conservation Service or SCS — the number is still popularly known as a "SCS runoff
curve number" in the literature. The runoff curve number was developed from an empirical analysis
of runoff from small catchments and hillslope plots monitored by the USDA. It is widely used and is
an efficient method for determining the approximate amount of direct runoff from a rainfall eventin a
particular area.

The runoff curve number is based on the area's hydrologic soil group, land use, treatment and
hydrologic condition. References, such as from USDAI" indicate the runoff curve numbers for
characteristic land cover descriptions and a hydrologic soil group.

The runoff equation is
2
0- (P—1,)
P - -I a 'l' S
where
(2 is runoff (ILI; in)
P s rainfall ([L]; in)
S is the potential maximum soil moisture retention after runoff begins ([L]; in)
Ia is the initial abstraction ([L]; in), or the amount of water before runoff, such as infiltration, or
rainfall interception by vegetation; and it is generally assumed that Ia = ()25'

The runoff curve number, (' ]\, is then related

1000
S = C_N_ 10

(' N has arange from 30 to 100; lower numbers indicate low runoff potential while larger numbers
w are for increasing runoff potential. The lower the curve number, the more permeable the soil is. 174

Modelos de perdas de precipitagdo/Models for rainfall losses

I:a . Pe SCS model for rainfall
TP losses (cont.)
P=P,+l,+F, =F,=P-P, -1, (mass equation)
P-P,-I, P,
S P-I,

P2—PP,-Pl,-Pl,+P, 1, +1,>=SP,
(P=1,)* =P[(P~1,)+$]

Q-p -_P- 1,)° Runoff equation, Q
° (P-1,)+S | (excess rainfall, Pe)

P<0.2S ouP< vy S (under design flood conditions y =0 for Portugal)
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Modelos de perdas de precipitagcdo/Models for rainfall losses

-._

Soil Conservation Service Model for rainfall losses

| Water depth Accumulated
Precipitation precipitation
Accumulated runoff
. P=P+1,+F
1 -
\
.
\ (Fa+1a)

P, accumulated -
potential maximum
retention, S, when

t oo
1, F
Time Time

Variables and relationship of the SCS model for precipitation losses

DECIVIL
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Modelos de perdas de precipitagdo/Models for rainfall losses

25400
S, potential maximum retention: S=—— 2%
depends on the type of soil, its use and
coverage by means of the curve S- 1000 10
number, CN. " CN

(S in mm, top, or in inches, bottom)

CN depends on the type of soil, its use, coverage and antecedent
moisture conditions.

From an hydrologic point of view, the types of soils are A (low
runoff potential and high infiltration rate — sand, ...), B. C e D (high runoff
potential and very low infiltration rate — clay, ...).

Sandy soils / solos arenosos

- A+

Surface B Infiltration
runoff C rate
+ D -
p— Clay soils | solos argilosos
- y M.M.Portela (2019/2020) ---— 177




. .._ Modelos de perdas de precipitacao/Models for rainfall losses . .._ Modelos de perdas de precipitagido/Models for rainfall losses

Group A: sand, loamy sand or sandy loam. Low runoff

Hydrologic Soil Grou, potential and high infiltration rates even when thoroughly . . . . .
y gHSG P wetted. They consist chiefly of deep, well to excessively Hydrologic soil properties classified by soil texture
drained sands or gravels and have a high rate of water
A Sand, loamy sand, or | transmission (> 0.30 in/hr) (adapted from Wanielista, M., Kersten, R., Eaglin, R., 1997,
sandy loam Hydrology: Water quantity and quality control, 2 edition, John Wiley
i Group B: silt loam or loam. Moderate infiltration rate and Sons, Inc., USA, p. 149)
B silt loam or loam when thoroughly wetted and consists chiefly or
C Sandy clay loam moderately deep to deep, moderately well to well drained
soils with moderately fine to moderately coarse textures Effective water Minimum .
. ‘o . Texture class SCS hydrologic
D Clay loam, silty clay | (rate of water transmission 0.15 — 0.30 in/hr) capacity | infirationrate | 5°° V1009
loam, sandy clay, o English Portuguese* (inin) (in/hn) group,
silty clay, or clay Group C: sandy clay loam. Low infiltration rates when Sand Solo arenoso 0.35 807 A
thoroughly wetted and consist chiefly of soils with a layer Loamy sand Solo arenoso franco 0.31 2.41 A
that impedes downward movement of water and soils with Sandy loam Solo franco arenoso 0.25 1.02 B
modere_ltel_y fine to fipe structure (rate of water Loam Solo franco 0419 0.52 B
s . transmission 0.05 — 0.15 in/hr) . .
andy soils / solos arenosos Silt loam Solo franco siltoso 0.17 0.27 C
LA G D: ) . Sandy clay loam | Solo franco argiloso arenoso 0.14 0.17 Cc
Surface B roup D: clay loam, sﬂty clay loam, sandy c]ay, silty clay Clay loam Solo franco argiloso 014 0.09 D
runoff c Infiltration or clay. They have the highest runoff potential. Very low Silty clay loam | Solo franco argiloso siltoso 0.1 0.06 D
rate infiltration rates when thoroughly wetted and consist .
+ D - . . . ) : . : Sandy clay Solo argiloso arenoso 0.09 0.05 D
chiefly of clay soils with a high swelling potential, soils Silty ol Sol i it 0.09 0.04 D
with a permanent high water table, soils with a claypan or Iy ciay oio argl' 0s0 siltoso : ’
Clay soils / solos argilosos clay layer at or near the surface and shallow soils over ley ____|Solo argiloso __ , 0.08 002 D
nearly impervious material (rate of water transmission A designacao de silte pode ser substituida por limo e, consequentemente, a de siltoso, por limoso
0.00-0.15 m/hr) @ M.M.Portela (2019/2020) - 179

n .._ Modelos de perdas de precipitagio/Models for rainfall losses n .._ Modelos de perdas de precipitagio/Models for rainfall losses

. i 0
Areia / sand (%) Areia / sand (%)
0o 10 20 30 40 50 60 70 80 90 100 0 0 - 0 20 0 - 40 50 50 70 :
| I | L | I | I //'I | I | I\\ | C |5 I I,’/, | I I /,'I | I | |
/// . L \\ B 4 S ALt = \\\
10| Ssilte Silte arenoso’-|- ---1Areia siltosa 10 -"“s/ilte lite SLENo® :Arela o ;
20 . : 20 - —
, - Silte argiloso”
= Silte argilos/o/ ___________ '_g___? _______ 5 ALSlalardiiosa
—————————————— CEEERPrSS B 30 T .
30 T i
B E : E Argil dlt: Argil i' """""" C
: a sa arénosa
40 Argila siltpsa ArginLarenosa 40 —._..'E ..... ? _________ '_g_j
_______________________ 3

Argila / clay (%)

Argila / clay (%)

-
o

Soil texture classes and
hydrological groups (grupos
hidrolégicos correspondentes as classes

Portuguese soil classification 80

according the texture (classificagéo
dos solos quanto a textura em conformidade
com LNEC, 1968 ) 100

DECIVIL
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S0 . B
de solo representadas na figura anterior)

100
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Modelos de perdas de precipitagdo/Models for rainfall losses

-.__

Modelos de perdas de precipitagdo/Models for rainfall losses

TIPO DE SOLO TIPO DE SOLO
UTILIZAGAO OU COBERTURA DO SOLO Values Of CN fOI‘ UTILIZAGAO OU COBERTURA DO SOLO values Of CN for
A B Cc D A B Cc D
antecedent antecedent

Zonas Cultivadas: Sem medidas de conservagdo do solo 72 81 88 91 . . Zonas Cultivadas: Sem medidas de conservagao do solo 72 81 88 91 . .

Com medidas de conservagdo do solo 62 7 78 81 mo’sto’re Com medidas de conservagdo do solo 62 7 78 81 mo,sto,re

Pastagens ou Baldios: Em mas condigdes 68 79 86 89 it Pastagens ou Baldios: Em mas condigdes 68 79 86 89 H'H

o e %l »|%|n  conditions of type e sl o|%|%  conditions of type

Prado em boas condigdes 30 s8| 7| 78 ”, AMC ” (average) Prado em boas condigdes 30| s8 | 7| 78" ”’ AMC ” (average)

Bosques ou Zonas Florestais: Cobertura mi, sem ''Mulch'| 45 66 77 83 Bosques ou Zonas Florestais: Cobertura ma, sem 'Mulch''| 45 66 77 83

Boa cobertura 25 55 70 bid Boa cobertura 25 55 70 77

E: b » 1vados, » d 1f, E b » lvados, , d 1P,

C::aiizi;::r:::. relvados, parques, campos de go Tabelas de valores de CN :::‘?gil;erz: relvados, parques, campos de go Tabelas de valores de CN
Boas condigdes: Relva cobrindo mais de 75% wl & | 7 s para Condig(jes Boas condigdes: Relya cobrindo mais de 75% wl e | 2! s para Condigées
CondigBes razodveis: felva cobrindo de 50 3 w | e | 7 | s ant(.acedentes de humidade CondigBes razodveis: felva cobrindo ds 50 3 w !l e | 7| s antecedentes de humidade

Zonas comerciais e de escritérios (85% de area do tlpo ” (AMC ”) (normals) Zonas comerciais e de escritdrios (85% de area dO t|p0 ” (AMC ”) (normals)

impermeave | 89 92 94 95 impermeavel 89 92 94 95

Zonas industriais (72% de area impermedvel) 81 88 91 93 Zonas industriais (72% de area impermeavel) 81 88 91 93

Zonas Residuais: Zonas Residuais:

Areas médias dos lotes Percentagem média impermedvel Areas médias dos lotes Percentagem média impermedvel AMC lll - wet conditions

< 500 m? 65 % 77 | 85 | 90 | 92 < 500 m? 65 % 77 | 85 | 90 | 92
1000 m? 38 % 61 | 75 | 83 | 87 1000 m? 38 % 61 | 75 | 83 | 87 as those under flood
1300 m? 30 % s7| 72| 8 | 86 1300 m? 30 % s7| 72| 81 | 8 occurrences (condicdes
2000 m? 25 % si| 70 | 80 | 85 2000 n? 25 % sk | 70 | 80 | 85 humidas)
4000 mz 20 % 51 68 79 84 4000 mz 20 % 51 68 79 84
Parques de Estacionamento, telhados, viadutos, etc. 98 98 98 98 Parques de Estacionamento, telhados, viadutos, etc. 98 98 98 98
Arruamentos e Estradas: Arruamentos e Estradas: CN(III) _ 23 CN(II)
Asfaltadas e com drenagem de aguas pluviais 98 98 98 98 Asfaltadas e com drenagem de aguas pluviais 98 98 98 98 - 10+ 0]3 CN II
Gravilha 76 85 89 91 Gravilha 76 85 89 91 - ( )
w Terra 72 | 82 | 87 | 8 Terra 72| 82 | 87 | 8
- 182 - 183
n .-_ Modelos de perdas de precipitagio/Models for rainfall losses n .._ Modelos de perdas de precipitagio/Models for rainfall losses
Rainfall P {cm)
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 25.0 22.5 300
8 T : T T T T T T T
1,=0.28
2L ~17.5
6 Runoff curve number 150
$
Lo
2/ & -
~ sl S £ 125 ¢
g & 8
S S, S}
S 2 e &
5 st £ 4100 ¢
g 5
s S 3
2 b
- ) g
8 al I3 415 &
o %Q
2+
1 Maps of CN for average
antecedent moisture
0 Z e
0 1 2 3 4

Rainfall P (in.)
Relationship among the curve number, the total precipitation and
the excess precipitation or direct runoff

Curvas relacionando o numero de escoamento, a precipitacao total e a
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precipitacao efectiva
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Maps of CN for average
antecedent moisture
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n .._ Modelos de perdas de precipitacdo/Models for rainfall losses
Under flood conditions, the SCS model over estimates the
precipitation losses and, consequently, under estimates the excess
rainfall, which is dangerous, in terms of safety criteria. However, this

is an intrinsic characteristics of the continuous losses model and
therefore little can be done. Despite its questionable application to a
given watershed, it provides useful information when comparing the
flood behavior of different watersheds

oep. (P _y 8)2 Originally — ¥= 0.2
€ P+(1-y)S For Portugal — ¥= 0.0

(O modelo de perdas do SCS aparenta sobrestimar as perdas de precipitacédo e,
consequentemente, subestimar as correspondentes precipitagdes efectivas. Tal facto nao
decorre tanto das perdas iniciais de precipitacdo, que podem até ser eliminadas adoptando
y=0 na equagao que define o modelo, mas fundamentalmente das perdas continuas que o
modelo introduz ao longo da chuvada.

. admite-se que, em termos relativos, permita analisar comparativamente as perdas
decorrentes de diferentes utilizagbes/ocupacdes do solo, como sejam as perdas decorrentes
da intensificacéo da ocupacgéo urbana da bacia)

up DECIVIL
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Effect of the
increase in the
urbanized areas

on the floods

impervious area infiltration rainfall losses excess rainfall
surface roughness flow velocity time of concentration intensity of the

design rainfall peak flood discharges

-.__

Effect of the % R \
increase in the

— |
urbanized areas w ‘

on the floods imw

impervious area infiltration rainfall losses excess rainfall
surface roughness flow velocity time of concentration intensity of the

ign rainfall peak flood discharges

rainfall

urbanized watershed

response
FASTER CONCENTRATION :
unurbanized
OF THE RIVER DISCHARGES \ ,,——"“\/ watershed
. ~ response
WITH HIGHER PEAK I Tl ®
DISCHARGES S~

new .
lag [~— time
time

w old lag time —]

rainfall

urbanized watershed

response
FASTER CONCENTRATION
OF THE RIVER DISCHARGES ek
WITH HIGHER PEAK > . S, PoEEs
DISCHARGES ] oy AT N SR

new .
lag ~— time
time

@ old lag time —f
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n .-_ Modelos de perdas de precipitagido/Models for rainfall losses n .._ Modelos de perdas de precipitagio/Models for rainfall losses

Effect of the increase of the urban areas

Effect of the increase of the urban areas in the peak flood discharge — a in the peak flood discharge (efeito do

case stud . - .
4 aumento das areas urbanizadas nos caudais
de ponta de cheia)
Situagdo | Cenario | Cendrio 0 7
actual 1 2 1 0 0 O .
Ocupacéo | Area (km?) 25 69 138 |_ X — = 9
urbana [ Percentagem da area (% 7 20 40 1 00 CN
Numero de escoamento (=) 86 89 92 t —_ X
Tempo de concentragéo (h) 1.84 164 145 c 0 8 0 5

Precipitagéo de projecto (mm) 315 36.0 344 03048 ' 1900 X Sm '
Periodo de | Perdas de precipitacéo (mm) 19.7 16.8 134
retorno de | Precipitacéo efectiva (mm) 179 4197~ 209
T=100 anos | Intensidade da precipitacdo efectiva  (mm/h) X7 4 1.7 V144

Caudal de ponta de cheia (m3s) - 110 ) ) )

— : tc time of concentration, min,

Precipitacéo de projecto (mm) 44.9 43.1 41.2
Periodo de | Perdas de precipitagéo (mm) 215 18.2 14.4 P
retorno de | Precipitacéo efectiva (mm) 234 4 24T N, 268 L Ienght of the main river, m,
T=500 anos | Intensidade da precipitacéo efectiva (mm/h) 12.780 152 ¥ 185

Caudal de ponta de cheia (mils) 142 [z Sm average slope of the surface of the watershed, %,

CN  curve number - in Portuguese NUMERO DE ESCOAMENTO.

DECIVIL
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. .-_ Modelos de perdas de precipitagdo/Models for rainfall losses

The present regulatory and legal Portuguese framework provides the
“‘ways” in terms of flood protection and land management and planning.
Accordingly, they should be enough to prevent the occupation of the flood

essential to have the mechanisms required to implement the legal

documents. Such mechanisms must be coordinate and their hierarchy 5 YD Qg R A
R ™A r  FA™ | B W |

plains. S
However, in order to pursue a sustainable development strategy, it is also u I '

and spatial scope well identified (a policy issue and a governmental g0
willingness which often faill).

Admite-se que as disposi¢oes regulamentares e as orientagdes delineadas pelos diferentes
instrumentos legais permitem travar a ocupagado frequentemente  desmesurada e
desorganizada do dominio hidrico, proporcionam os meios legais para a defesa eficaz t
contra cheias em rios e enquadram, tal defesa, no ordenamento do territério.

Contudo, para a prossecucdo de uma estratégia de desenvolvimento sustentavel é
essencial a existéncia de mecanismos de efetivacdo do conteldo daqueles instrumentos.
Destaca-se, também, a necessidade de coordenacéo mutua desses mecanismos, devendo
estar bem clarificados os seus ambitos territoriais e a sua hierarquizagao.

DECIVIL
M.M.Portela (2019/2020) - 192




n .-_ n Modelo do hidrograma unitario/unit hydrograph model
The unit hydrograph model — rainfall-runoff assessment based on
the HUD

" The unit hydrograph is nothing but a mathematical
Flood analysis in model (kernel) that transforms the net rainfall into

Unit hydrographs, each single basin
LHG / direct runoff Modelo de transformagéo da precipitacio efectiva de

projecto em hidrograma de cheia: modelo do hidrograma unitario)

: |
|
|
I -
|
|
|
: |
| | Hidrogamado
I I scoarrento direcio
: |
| I i=pt
I I Precipitacio
1 tddl
I I =
|
: |
I Tempo Terrpo . Tenpo
1 1 Total rainfall Rainfall losses and Directflow Total flow
L | excessrainfall hydrograph hydrograph
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. .-_ Modelo do hidrograma unitario/unit hydrograph model . .._ Modelo do hidrograma unitario/unit hydrograph model

Unit hydrograph with duration D: the direct Unit rainfall “stimulus”, P, with
- runoff hydrograph resulting from an unit duration D (“estimulo” com valor unitario P
] e depth of excess rainfall produced by a storm ocorrendo durante D)

=P » of uniform intensity and specified duration, D gﬁ;@

(hidrograma unitario com a duragdo D, HUD: .
hidrograma do escoamento direto provocado numa HUD = Transfer function I
HuD = . e (fungéo de transferéncia) !
secgdo de um curso de agua por uma precipitagdo Util !
i L ou efetiva, considerada unitaria, com intensidade HUD | 1
Tempo constante no tempo e aproximadamente uniforme sobre | - ! ! i
a bacia hidrografica e com duragéo D) | : | g | !

1
Time
HUD
a H \dm?rr;magn a Discha rge
[ p— e = iregrama Watershed “answer” =
. Y ' s direct runoff flood
Precipiagio pitacé — hydrograpgh (resposta” da bacia
:> :> hidrografica - hidrograma de cheia
correspondente ao escoamento directo)

Tempo Tempo Tempo Tempo Time
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Modelo do hidrograma unitario/unit hydrograph model

The application of the unit hydrograph theory uses two
principles (a aplicacdo da teoria do hidrograma unitdrio processa-se
mediante a aplicacdo de dois principios ):

Principio da proporcionalidade: o hidrograma do escoamento direto provocado
numa dada seccdo de um curso de agua por uma precipitacdo efetiva de n unidades, de
intensidade constante no tempo e uniforme sobre a bacia hidrografica e com duracdo D,
obtém-se multiplicando por n as ordenadas do respetivo HUD.

v Principle of proportionality: the direct

runoff volumes produced by two different firme;

excess rainfall distributions are in the same
proportion as the excess rainfall volume. This
means that the ordinates of the UH are
directly proportional to the storm intensity. If
storm A produces a given hydrograph and
Storm B is equal to storm A multiplied by a
facto, then the hydrograph produced by
storm B will be equal to the hydrograph
proauced by storm A multiplied by the same
factor.

1 mm-Rainfall

time

-Rainfall

2mm
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v Principle of superposition: the

Modelo do hidrograma unitario/unit hydrograph model

Principio da sobreposicdo: o hidrograma do escoamento direto provocado
numa seccdo de um curso de agua pela sucessdo de varios acontecimentos de
precipitacdo efetiva, cada um com a mesma duracao D e com intensidade constante e
uniforme sobre a bacia hidrogréfica, obtém-se pela sobreposicdo, com o devido
desfasamento no tempo, dos hidrogramas que resultam, pelo principio da
proporcionalidade do HUD, daqueles sucessivos acontecimentos.

Sirs)

time distribution of the direct m
runoff is independent of the e
concurrent runoff from antecedent 5
storm events. This implies that the
direct runoff responses can be
superposed. If storm C is the
result of adding storms A and
B, the hydrograph produced by
storm c will be equal to the
sum of the hydrographs
produced by storm A and B.

fime
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INTENSIDADE DE
PRECIPITAGAO
®

i % Precipitacao efectiva P=it=h , A aplicagﬁo da teoria do
— hidrograma unitario
HIDROGRAMA PARA 8 hy DURANTEt pro-cess‘.'a-se medlante -a
HIDROGRAMA PARA h, DURANTE t aplicagao de dois
sl principios:
: qL— T=TEMPO BASE, IGUAL EM
g AMBOS 08 CASOS
g rincipio da ropor-
o Z P_ P _ P_ P
PRINCIPIO DA PROPORCIONALIDADE cionalidade (principle of
proportionality);
a8 ° Precipitagio efectiva L.
g;, principio da sobre-
[~} -~ . .
% § HIDROGRAMA RESULTANTE, OBTIDO PELA pOSIgao (prInCIpIe Of
g E SOMA DAS ORDENADAS DOS 3 HIDROGRAMAS

PARCIAIS: (1) + (2) * (3) superposition).

... bacia hidrografica como um
sistema linear
(watershed as a linear system)

-4
<
a
2
(3]

PRINCIPIO DA SOBREPOSICAO

Modelo do hidrograma unitario/unit hydrograph model . .._

v The unit hydrograph theory has two fundamental assumptions that

W DECIVIL
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Modelo do hidrograma unitario/unit hydrograph model

support the principles of proportionality and superposition: the
watershed is a linear and a time invariant system.

In a linear system a change in the input origins a change in the
output in the same proportion.

A time-invariant system is a system whose output does not depend
on time; accordingly, the same stimulus will originate the same
response regardless its time of occurrence

v A teoria do hidrograma unitario admite como pressupostos fundamentais que a bacia

hidrografica se comporta como um sistema linear e invariante no tempo em termos do
processo de formagéao de cheias.

Um sistema diz-se linear quando um acréscimo no estimulo a que a sujeito produz um
acréscimo na resposta do sistema na mesma proporcao do acréscimo do estimulo,
podendo, assim, serem sobrepostas as respostas do sistema a sucessivos estimulos. A
invariancia temporal pressupde que o mesmo estimulo causa sempre a mesma resposta.
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u .__
Likelihood of the assumptions of linearity and time invariance:
it is unlikely that the response of the watershed to an excess rainfall
can be described as a linear function because the flow rate and
thereby the flow velocity are nonlinear functions of the depth of the
flow.

Also, the same excess rainfall occurring in different seasons of the
year would cause different responses due, for instant, to different
surfaces roughness.

Modelo do hidrograma unitario/unit hydrograph model

Modelo do hidrograma unitario/unit hydrograph model

Q> Despite the fact that the hydrologic systems vary along
time and are usually deeply nonlinear, the unit hydrograph
concept is commonly used because, although it assumes
linearity and time invariance, it is a convenient tool to

calculate hydrographs and it gives results within
acceptable levels of accuracy.

Aproximagdes inerentes aos pressupostos de linearidade e de invariancia temporal...) I,=Jemm| | 1em izl
nao é provavel que a resposta da bacia hidrografica a uma precipitacao efetiva se apresente
como uma funcgéo linear pois o caudal e, consequentemente, a velocidade do escoamento séo
fungdes nao lineares da altura do escoamento.
. uma mesma precipitagio efetiva ocorrendo em épocas do ano distintas pode ocasionar S fz'hsuor‘: hgd"’tg:fph l
. . . . . . jor -Km* catchmen
diagramas do escoamento direto distintos, devido, por exemplo, a diferentes desenvolvimentos E
do coberto vegetal da bacia hidrogréfica ... resisténcias ao escoamento diferentes. « | fem i
0 2 4 6 8
Time (h)
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Modelo do hidrograma unitario/unit hydrograph model Modelo do hidrograma unitario/unit hydrograph model
Time Excess Excess rainfall Time Excess Excess rainfall
interval [rainfall (mm) interval [rainfall (mm)
0-D P1 0-D P1
D-2D P2 HUD for P=1 mm D-2D P2 HUD for P=1 mm
2D- 3D P3=0 2D-3D P3=0
3D-4D P4 3D- 4D P4
0 D 2D 3D 4D Time D 2D 3D 4D Time
Principle of proportionality Principle of Principle of proportionality Principle of
‘ superposition ‘ ‘ ‘ superposition
Unit hydrograph Direct runoff flom*ydrograph Unit hydrograph Direct runoff floctlydrograph
Time | for 1 mm excess ) Time | for 1 mm excess )
. . . Flood hydrograph for each rainfall block At the watershed . . . Flood hydrograph for each rainfall block At the watershed
inD rainfall with tlet inD rainfall with tlet
units duration D P1 [ P3=0 P4 outle units duration D P1 P2 P3=0 P4 outle
(m*/s/mm) (mm) (mm) (mm) (mm) (m®/s) (m*/s/mm) (mm) (mm) (mm) (mm) (m®/s)
0 0 0 0 0 -- -- - 0
1 ul 1 ul P1 ul 0 -- - P1 ul
2 u2 2 u2 P1 u2 P2 ul 0 -- P1 u2+P2 ul
3 u3 3 u3 P1 u3 P2 u2 0 0 P1 u3+P2 u2
4 ud 4 ud P1 ud P2 u3 0 P4 ul | P1 ud4+P2 u3+P4 ul
5 us 5 u5 P1 u5 P2 u4 0 P4 u2 | P1 u5+P2 u4+P4 u2
6 0 6 0 0 P2 u5 0 P4 u3 P2 u5+P4 u3
7 0 7 0 0 0 0 P4 u4d P4 u4d
8 0 8 0 0 0 0 P4 u5 P4 u5
9 0 204 9 0 0 0 0 0 0 205
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Precipitagio

Modelo do hidrograma unitario/unit hydrograph model

| |

[
2
I

Modelo do hidrograma unitario/unit hydrograph model

Caudal

Tempo
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n Modelo do hidrograma unitario/unit hydrograph model

> The model considers that the excess rainfall is uniform in space and time

- small watersheds. However, there is no precise definition on the upper

limit of the watershed area compatible with such assumption and,
accordingly, with the application of the theory of UH.

>In fact, the theory was originally developed based on watersheds with areas
ranging from 1300 e 8 000 km?2.

» Some authors mention that the UH model should not be applied to basins
with areas greater than 5 000 km? in order to ensure that the spatial
variability of rainfall is not so pronounced that it may compromise the
results of the HUD.

> Precipitagao uniforme no tempo e no espago... ndo existe uma indicagéo precisa sobre o
limite superior da area de uma bacia hidrografica compativel com a aplicagéo da teoria do
HUD.

> De facto, esta teoria foi originalmente desenvolvida com base em bacias hidrograficas com
areas variando entre 1300 e 8000 km?

> Autores referem que o hidrograma unitario ndo deve ser aplicado a bacias com areas
superiores a 5 000 kmz2 por forma a assegurar que a variabilidade espacial da precipitacéao

w nao é tao acentuada que comprometa os resultados da analise de cheias baseada no HUD

> A tendéncia actual é aplicar a teoria do hidrograma unitario a
bacias hidrograficas com menores areas, compreendidas entre 2.5 e
250 km?, tendo ainda tal teoria demonstrado a sua aplicabilidade a

bacias com reduzidas areas, compreendidas entre 0.5 ha e 25 km2.

Modelo do hidrograma unitario/unit hydrograph model

» The current trend is to apply the unit hydrograph
model to watersheds with small areas, ranging from

2.5 to 250 kn¥, although the model also proved its
applicability to smaller watersheds (0.5 ha to 25 kn¥)

M.M.Portela (2019/2020)
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. .._ Modelo do hidrograma unitario/unit hydrograph model
» There isn’t also a precise indication regarding the duration, D,
of the excess rainfall that should considered when defining the

unit hydrograph.

>However, as the ordinates of the unit hydrograph, of the rainfall
hyetograph and the resulting flood hydrograph must be defined
based exactly on the same time step, D must be small enough
to allow a detailed description of the temporal variability of the
rainfall and of the river flood discharges.

» Também ndo existe uma indicagdo precisa quanto a duragédo, D, da
precipitacédo efetiva associada a definicdo do hidrograma unitario.

»Na medida em que as ordenadas do hidrograma unitario sao discretizadas
de D em D, tal duragéo deve ser suficientemente pequena de forma a
permitir descrever com algum pormenor aquele hidrograma.

@ DECIVIL

M.M.Portela (2019/2020) --—--- 210

. .._ Modelo do hidrograma unitario/unit hydrograph model
v Although a small value of D enables a more accurate
description of the rainfall hyetographs to which the unit

hydrograph is going to be applied, as well as of the flood
hydrographs thus obtained:

1. D should not exceed a quarter of the duration of the
rising limb.

v' Uma duragdo D suficientemente pequena, possibilita também mais rigor na
descricdo temporal dos hietogramas a que o hidrograma unitario vai ser aplicada
tendo em vista a obtencao de hidrogramas de cheia ().

1. D nédo deve exceder um gquarto do tempo de subida do hidrograma unitério
(PILGRIN e CORDERY, 1992)

W DECIVIL
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RESUMO DAS COMPONENTES DO HIDROGRAMA

Initial abstractions / perdas iniciais DA CHEIA OBSERVADO E DO HIETOGRAMA DA
PRECIPITACAO

Rainfall
intensity/intensidade
da precipitagdo

Excess rainfall/precipitacdo efetiva

Mass center of the excess rainfall hyetograph/centro de gravidade do
hietograma da precipitagdo efetiva

Continuous abstractions/perdas continuas

Lag time/tempo de Peak flood discharge/caudal de ponta de cheia Tempo

11
Discharge/caudal | | ﬁwﬂ/

Direct runoff hydrograph / hidrograma do escoamento direto

| ]
I 1
| 1
Ri !
1
1

Falling or decreasing limb/ramo descendente
Baseflow hydrograph/hidrograma do

I

|

I
ink limb/ramo
ascendente

escoamento de base

Direct runoff
Escoamehto direto

Baseﬂow/escoame*to de base

|
1
I
T "
| Time / tempo

Rising limb | Falling limb
tempo de subida Tempo de descida

I
I
1
I
1
1
1
I
I
|
I
1
| Base time / tempo de base
I
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Modelo do hidrograma unitario/unit hydrograph model

2. D should not exceed .... a fifth to a quarter of the lag time of the
watershed or a quarter to a third of the time of concentration of the
watershed

3. ... afifth to a third of the time of concentration.
4. ... a fifth of the duration of the rising limb.

5. D should be between 10 and 30% of the lag time given by the
Snyder equation.

2. D nado deve exceder um guinto a um gquarto do tempo de atraso ou de lag da bacia
hidrogréfica, ou um gquarto a um terco do tempo de concentracdo de tal bacia
(QUINTELA, 1996).

D n&o deve exceder um gquinto a um terco do tempo de concentracao (RIBEIRO, 1987).

D deve ser aproximadamente um guinto do tempo de subida do correspondente
hidrograma do escoamento directo (HIPOLITO, 1987).

5. D deve situar-se entre 10 a 30% do tempo de atraso ou de lag da bacia hidrogréfica,
avaliado com base na equagao desenvolvida por Snyder (VIESSMAN e LEWIS, 1996).
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Modelo do hidrograma unitario/unit hydrograph model

Modelo do hidrograma unitario/unit hydrograph model

-.__

For a given watershed the unit hydrograph can be

obtained by: 3:5%;2 (ms) rair?lajﬁ?rrv\wl;d)
t¥>Direci‘ approaches, based on observed flood ® | | | 1
hydrographs and rainfall hyetographs. 281 20

Only applicable if the river section where the 2
unit hydrograph is required coincides with a |
stream gauging station, which seldom happens!

%lndirect approaches, based on synthetic unit oF ‘ ‘ ‘
hydrographs, without requiring discharge data, but, 0 o2 % Tf:ge(h)
instead, physiographic characteristics of the
watersheds where flood analysis will be carried out.

O hidrograma unitario para uma dada bacia hidrogréafica pode ser estabelecido por métodos:
Q> Directos, a partir de hidrogramas observados e dos hietogramas da precipitacédo que os originaram.
Tais métodos sé sdo, contudo, aplicaveis se existirem estagées hidrométricas nas seccdes de referéncia
das bacias hidrogréficas para as quais se pretendem estabelecer os hidrogramas unitarios.
t1{> Indirectos, a partir de hidrogramas unitérios sintéticos, que néo utilizam registos hidrométricos, apoiando-
se, antes, em caracteristicas fisograficas das bacias hidrograficas em que se pretende efectuar a andlise

de cheias.
D
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Q (m¥s) P (mm) Q (m¥/s) P (mm)

35 T 25 35 r r 25

Objetivo ol ]\ _1oObserved |, ol 4] \__2Raintai | |20

. . . flood and; ' 3 \ losses and :

Determinar as ordenadas ui do hidrograma al L rainfall events | , ; 21 I\ ekcessol |,

unitario para a duragao D, HUD pelo
método direto, ou seja, com base em

observacdes de hidrogramas de cheias dos &l . rainton oy
hietogramas que originaram tais ® ‘ 28

hidrogramas 2

Objective 7

To compute the ordinates of the e w ow w

unit hydrograph for the duration D, e
HUD, by applying the direct
approach, i.e., based on observed
flood hydrograph and hyetograph.
U =5 it porls ooz, — 21

rainfall |

RSN Y |17 A W —— 10 ta -l o N 1.0
74 Y- g W (|| —— NS L 05
0 L oo L oo
0 10 20 30 40 Time 0 10 20 30 40 Time
Q (m%s) P (mm)
35 25
3 P
G ‘ s 3 1
Establishment of | =
20 the HUD model
based on the ! 1
i e 15
15 excess rainfall
and direct runoff
1.0 ; 1
77777777777777777777777777777777777 1.0
tos
777777777777777777777777777777 + 05
0 ] ] ) koo
0 10 20 30 40 Time
| 100
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. .-_ Modelo do hidrograma unitario/unit hydrograph model
Objective: to compute HUD based on the direct
approach (objetivo: calcular o HUD pelo método direto)

v qi nonzero discharges of the direct runoff hydrograph, for a time step of

D — excluding the initial and final null discharges (caudais nzo nulos do hidrograma
correspondente ao escoamento direto, discretizados de D em D e excluindo os caudais nulos inicial e
final);

v m number of the previous qi discharges (nimero dos anteriores caudais gi);

v m+1 base time of the direct runoff hydrograph expressed in D units (tempo
de base do hidrograma correspondente ao escoamento direto em unidades de D);
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RESUMO DAS COMPONENTES DO HIDROGRAMA

Initial abstractions / perdas iniciais DA CHEIA OBSERVADO E DO HIETOGRAMA DA
PRECIPITAGAO

Rainfall
intensity/intensidade
da precipitagdo

Excess rainfall/precipitagdo efetiva

Mass center of the excess rainfall hyetograph/centro de gravidade do
hietograma da precipitagdo efetiva

Continuous abstractions/perdas continuas

Lag time/tempo de Peak flood discharge/caudal de ponta de cheia Tempo

. resposta ou tempo de
Discharge/caudal L /

Direct runoff hydrograph / hidrograma do escoamento direto

€11 Falling or decreasing limb/ramo descendente
Rlei limb/ramo
| adcendente

Baseflow hydrograph/hidrograma do
e —_—

escoamento de base

Direct runoff
Escoamehto direto
1 I

Baseflow/ esuoamenﬁto de base

T
1 Time / tempo

Rising limb . Falling limb I

|

|

I

1 1
1 1
1 1
T T
1 |
I =

| tempo de subida Tempo de descida
I

I

Base time / tempo de base

|
|
1
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. .-_ Modelo do hidrograma unitario/unit hydrograph model
Objective: to compute HUD based on the direct
approach (objetivo: calcular o HUD pelo método direto)

\/qi nonzero discharges of the direct runoff hydrograph, for a time
step of D (in D units) — excluding the initial and final null

discharges (caudais nao nulos do hidrograma correspondente ao escoamento direto,
discretizados de D em D e excluindo os caudais nulos inicial e final);

\/ m number of the previous qi discharges (ntmero dos anteriores caudais qi);

v m+1base time of the direct runoff hydrograph expressed in D units
(tempo de base do hidrograma correspondente ao escoamento direto em unidades de D);

v Pi rainfalls blocks of the excess rainfall hyetograph, each block

with duration D — some of those blocks can have null rainfall
(precipitagcdes referentes aos blocos do hietograma da precipitacao efetiva (alguns eventualmente com
precipitagéo nula);

v'h total duration of the excess rainfall hyetograph expressed in

units of D. i.e., number of blocks of the excess rainfall hyetograph
(duragéo total do hietograma da precipitacdo efetiva em unidades de D, ou seja, nimero de blocos do
hietograma da precipitagédo efetiva).

DECIVIL
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Modelo do hidrograma unitario/unit hydrograph model

v qi nonzero direct runoff discharges;
m number of qi;
v’ m+1  base time of the direct runoff hydrograph;
Pi rainfalls of the excess rainfall hyetograph;
n number of blocks of the excess rainfall hyetograph

If x denotes the number of nonzero ordinates of the HUD,
the base time of the HUD will be x+1. This number plus the
number of blocks of the excess rainfall minus 1, that is,
(x+1) + (n-1), should be equal to the base time of the direct
runoff hydrograph, (m+1). Accordingly, the number of
ordinates of the HUD to compute will be x = m — n +1.

Designando por x o numero de ordenadas ndo nulas (discretizadas de D em D e
excluindo os caudais nulos inicial e final) do hidrograma unitario a obter e atendendo
a que o tempo de base de tal hidrograma, x+1, adicionado no nimero de blocos do
hietograma da precipitagao efectiva deduzido de um, n-1, iguala o tempo de base
do hidrograma do escoamento directo, m + 1, obtém-se (x + 1) + (n—1) =m +1, ou
seja, 0 HUD tera x =m —n + 1 ordenadas a estimar.
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Pe .| Inexcess rainfall blocks

{X nonzero unit hydrograph ordinates

u (m%s/mm)

1 2 3 4 t(inDunits)

1 2 3 4 t(inD units)
x+1 x+1
q (m¥s)

m nonzero direct flow discharges

m+1 =(n-1)+(x+1)

X =m—n + 1 number
ordinates to be computed

/

1 2 3 4 5 6 ‘7 8 t(in D units)

m+1

n Modelo do hidrograma unitario/unit hydrograph model

Time Excess Excess rainfall
interval |rainfall (mm)

0-D P1
D-2D P2 HUD for P=1 mm

2D-3D P3=0
3D- 4D P4
0 D 2D 3D 4D Time
Principle of proportionality Principle of
‘ superposition
Unit hydrograph Direct runoff floctlydrograph
Time | for 1 mm excess
. . . Flood hydrograph for each rainfall block At the watershed
inD rainfall with
units | duration D P1 P2 P3=0 P4 outlet
(m*/s/mm) (mm) (mm) (mm) (mm) (m®/s)
0 0 0 - -- - 0
1 ul P1 ul 0 -- -- P1 ul
2 u2 P1 u2 P2 ul 0 -- P1 u2+P2 ul
3 u3 P1 u3 P2 u2 0 0 P1 u3+P2 u2
4 ud P1 u4 P2 u3 0 P4 ul | Pl u4d+P2u3+P4ul
5 u5 P1 u5 P2 u4 0 P4 u2 | P1 u5+P2 u4d+P4 u2
6 0 0 P2 u5 0 P4 u3 P2 u5+P4 u3
7 0 0 0 0 P4 ud P4 uad
8 0 0 0 0 P4 u5 P4 u5
WL o 0 0 0 0 0 0 s

-.__

Objective: to compute Q (m¥s) P (mm)
HUD based on the 35 ; ; 25
direct approach (objetivo: | §
calcular o HUD pelo método 28 11l g5t —\  Eswmblishment or | 20
direto) the HUD model
oy Lol 4 N basedonthe, | 45
excess rainfall ’
direct runoff |
14 | Pot10
’q1:p1 ul 71 A, N + 05
g2=p2ul+plu2 o AT 00
3=p3ul+p2u2+plud i ‘ : : o
eor P P 0 10 20 30 40 Time

g4 =p4ul+p3u2+p2ud+plud

gn=pnul+pn—1)u2+pn—2)ud+...+plun
gn+1)=pnu2+pn-Tud+pn-2)ud+...+plun+1)
gn+2)=pnud3+pn-2)ud3+pn-3)ud+...+plu(n+2)

lam=_..+pium-n—-i+2)+...+pdum-n—-2)+p3ulm-n—-1) +p2u(m-n)+plum-n+1)

DECIVIL
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. .._ Modelo do hidrograma unitario/unit hydrograph model
[gi=plul

g2=p2ul+plu2

q3=p3ul+p2u2+plud

g4 =p4 ul+p3u2+p2uld+plud

gn=pnul+p(n—-1)u2+pn-2)ud+...+plun
gn+1)=pnu2+pn-1)ud+ph-2)ud+...+pluin+1)
gn+2)=pnu3d+pn-2)ud+p(n-3)ud+...+plu(n+2)

l[gm=...+pium-n-i+2)+...+pdulm-n-2)+p3u(m-n—1)+p2uim-n)+plum-n+1)

System with m equations (as much as the nonzero direct flow
discharges for a time step of D) and m-n+1 unknowns (the nonzero
ordinates of the unit hydrograph also for a time step of D) =) system
with more equations than unknowns which, most of the time, has no
analytical solution, but only a numerical one =) overdetermined
system.

Sistema de m equagdes (tantas quantos os caudais nao nulos do hidrograma
correspondente ao escoamento direto discretizado de D em D) a m — n +1 incognitas
(ordenadas do HUD, também discretizadas de D em D) ... sistema com mais
@ equagdes do que incodgnitas ... sistema sobre determinado ....
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Modelo do hidrograma unitario/unit hydrograph model

i<n Sistema na forma de convolucao
qj= Zpi u(j—i+1) discreta: obtencéo das ordenadas do
= HUD por eliminagao de Gauss,
mediante o isolamento sucessivo de
cada uma das incognitas das primeiras
lul= q— m-n+1 equacgdes, seguido da
| p A " determinacéo do valor dessa incégnita e
| u? = Je—P< ul da introducao de tal valor na equagao
{ p] subsequente, o que resultaria na
| C|3 — p_'_J, ul— pj u2 utilizacdo de apenas parte das
| ui= pl equagdes disponiveis sendo que a

| solucdo identificada poderia ndo
verificar as equagdes nao utilizadas

E NECESSARIO RECORRER A UMA SOLUCAO NUMERICA

M.M.Portela (2019/2020) --—--- 226

Modelo do hidrograma unitario/unit hydrograph model

-.__

System (linear) to be solved

. isn . L The computation of the ordinates of
4= Zpl u(j—i+l the HUD could be based on the
i=l Gauss elimination by progressively
q] solving each one of the first m-n+1
[ul=— equations of the system and by
: Ii] 2 D 2 ul replac.ing the result acl.wieved in each
n2=------ step in the next equation. However,
4— Pl because this approach only uses
lu3 = q3—p3ul-p2u2 part of the available equations, most

pl probably its solution will not verify
the unused equations

A NUMERICAL SOLUTION IS REQUIRED
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U

[gql=ptul

g2=p2ul+plu2
g3=p3ul+p2u2+plud

g4 =pd ul+p3u2+p2ul+plud

an:pn ul+p(n—Tu2+p(n-2)u3+...+plun

gin+1)=pnu2+p(n—1)ud3+p(n—2)ud +...+plun+1)
lgin+2)=pnud+p(n—2)ud+pn—-3)ud+...+plu(n+2)

lgm=...+pium-n—-i+2)+...+p4u(m-n—2)+p3u(m—-n-1)+p2u(m-n)+plum-n+1)

lal=1p] [u]

mx(m-n+1) (m-n+1)x1

lal=1[p] [u]

Minimizar i(qi—qi)z = Minimizarz q; —Zpi u(j—i+1)

=1 = i=1

Solution by the least

square method
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n Modelo do hidrograma unitario/unit hydrograph model

lal=[p] [u] lal=p] [ul

m m isn 2
Minimizar Z(qi -qi)z = Minimizar Z (qi —Zpi u(j-i+ 1)}
=

= i=1

[p]" lal=[p]" [p][u]

T square matrix that can be inverted (matriz quadrada,
[p] [p] suscetivel de ser invertida)

fu]= (o] )] " [q]

solution by the least square method ; T accounts for the transposed
matrix and -1 for the inverse one (solugdo do método dos minimos
quadrados, representando T e —1 matrizes, respetivamente, transpostas e
W inversas)
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mx1 mx(m-n+1) @M-n+1)x1

pt 0 0 0 .. O

qt ul
p2 pt 0 0 ... O

q2 uz2
p3 p2 pt 0 ... O

g3 = u3
p4 p3 p2 pl ... ..

m um-n+
0 0 !

Solution br¥1 ;?ﬁols:ast square [u] - ([p]T [p]T1 [p]T [q]

v [q] vector with the nonzero discharges of the direct runoff
hydrograph, for a time step of D — excluding the initial and final null

discharges (vetor contendo os caudais ndo nulos do hidrograma correspondente ao
escoamento direto, discretizados de D em D e excluindo os caudais nulos inicial e final);

v [p] matrix with the excess rainfalls, according to the blocks of the
rainfall hyetograph, each block with duration D — some of those

blocks can have null rainfall (matriz contendo as precipitagdes referentes aos blocos
do hietograma da precipitacao efetiva (alguns eventualmente com precipitacao nula);

U

Modelo do hidrograma unitario/unit hydrograph model

t¥{> The least square method gives an analytical solution that ensures the
minimum errors between observed discharges and estimated discharges of
the direct flow hydrograph.

t%{> However, the unit hydrograph thus achieved can present little or even none
physical sense ... even with negative ordinates and a fuzzy shape.

Y The linear programming, which is a technique for the optimization of a
linear objective function, subject to linear equality and linear inequality
constraints, provides an alternative approach that, via the additional
relationships expressing constraints, allows to preserve the physical
concept of the unit hydrograph.

Q> O método dos minimos quadrados conduz a uma solu¢éo que, do ponto de vista analitico,
assegura a minimizacéo de erros entre caudais utilizados na estimagao do HUD e obtidos
por aplicagdo do modelo assim estimado.

t%{> Contudo, o hidrograma unitario a que conduz pode apresentar variagbes erraticas e
mesmo ordenadas negativas.

Q{) A programagéo linear constitui um procedimento alternativo para estimagéo do HUD que
assegura a minimizagao do valor absoluto dos anteriores erros e, mediante a introducdo

de restri¢bes, valores nao negativos de ui (ui>0).
- 231

n Modelo do hidrograma unitario/unit hydrograph model

& Bi and 6i: in each instant i, differences between the observed
discharge, qi, and discharge given by the HUD, qi , respectively, if
qi is smaller or greater than qi

Bi=qi—qi if qi < qi €= Q-0 0,
Bi=qgi-qi if qi > qi N
qi= qi - Bi +0i E Owar::Cd o B 4 \\ Estimated DRH
Objective function é Nl b e, X B
. i £ / oo \

FO = Minimize le(ﬂl + BI) 2 // T By = \\

// B, =-¢, \
Constraints / 0,=0 \
[a]+ [6]- [B] = [al =

pyul+p_qu2+p, ,ul3+p,_sud+.. . +0i—-Bi=q
yui- AP
—~~ D

The variables ui, fi and 6i are always greater than zero.
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Tempo Q v Volume of the direct runoff hydrograph
(h) (m%s) (m®)
0.0 0.0 Q (m3/s)
05 0.1 90
1.0 0.3 360 70.0
1.5 11 1260
2.0 2.1 2880
25 8.0 9090 60.0 |
3.0 16.8 22320
3.5 28.5 40770 !
4.0 42.8 64170 50.0 AN —————————————————
45 59.5 92070 ‘
5.0 63.3 110520
55 56.0 107370 40.0 -
6.0 45.5 91350
6.5 347 72180
7.0 28.2 56610 300 4o PN
75 223 45450
8.0 16.8 35190
8.5 12.8 26640 20.0
9.0 9.7 20250
9.5 7.7 15660 '
10.0 6.3 12600 |
105 46 9810 100 3
11.0 2.9 6750
11.5 1.0 3510 0.0 - ;
12.0 0.0 900
0.0 5.0 10.0 15.0
Volume total 847800

R . R . i Tempo (h)
; (... Direct application of the trapezium rule / regra dos trapézios ...)
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Tempo Q \
(h) (m®s) (m?)
0.0 0.0
0.5 0.1 90
1.0 0.3 360
1.5 1.1 1260
2.0 21 2880
25 8.0 9090
3.0 16.8 22320
3.5 28.5 40770
4.0 42.8 64170
45 59.5 92070
5.0 63.3 110520
55 56.0 107370
6.0 45.5 91350
6.5 34.7 72180
7.0 28.2 56610
7.5 223 45450
8.0 6.8 35190
8.5 . 26640
9.0 20250
9.5 7. 15660

10.0 6. 12600
10.5 X 9810
11.0 2.9 6750
115 1.0 3510
12.0 0.0 900
Volume total 47800

(471 m3/s x 0.5 h x 3600 s = 847 800 m?)

Volume of the direct runoff hydrograph
Q (m3/s)

70.0

60.0 -

50.0

40.0 -

30.0 -

20.0 -

10.0

T

0.0 5.0 10.0 15.0
Tempo (h)
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“time, t
[Effective rainfall hyetograph (ERH)

it ,E D| Tirre
¥ £ Effective rairfall 1 mm
o
Q) 4 2
Direct runoff hydrograph (DRH) fg
t Unif hydrograph
“ime

T, " time, t

The volume of the excess rainfall, Vpg, is always equal to the volume
of the direct runoff, Vpg, regardless of whether the paired
(rainfall; runoff) relates to the unit hydrograph or to any specific

flood event!!!
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Modelo do hidrograma unitario/unit hydrograph model

2D 3D 4D 5D 6D

0 D
Tempo
VED=L1D+ ul+u2 D+ u2+u3 D+ u3+u4 D+ u4+ub D+u—5D=DZui
2 2 2 2 2 2 i
VPE:AP

W DECIVIL

_AP
Zw— 5
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Because we are dealing with lumped model (the opposite of distributed
models), the excess rainfall is considered to be uniformly distributed
over the whole watershed. As a result the direct runoff begins
exactly at the beginning of the excess rainfall

Watershed Watershed Q
outlet

Flow [m3/s]

Hydrograph
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Modelo do hidrograma unitario/unit hydrograph model

-.__

For a given watershed the unit hydrograph can be

obtained by: Gocharge (ms) rrtal )
Y Direct approaches, based on observed flood | | |
hydrographs and rainfall hyetographs. 8

Only applicable if the river section where the 2
unit hydrograph is required coincides with a .,
stream gauging station, which seldom happens!

t%I>Indirect approaches, based on synthetic unit o

hydrographs, without requiring discharge data, ° * ® % =
but, instead, physiographic characteristics of
the watersheds where flood analysis will be

carried out.

O hidrograma unitario para uma dada bacia hidrogréfica pode ser estabelecido por métodos:
Q{> Directos, a partir de hidrogramas observados e dos hietogramas da precipitacdo que os originaram.

Tais métodos s6 sédo, contudo, aplicaveis se existirem estagdes hidrométricas nas secgdes de referéncia
das bacias hidrograficas para as quais se pretendem estabelecer os hidrogramas unitarios.

té{> Indirectos, a partir de hidrogramas unitarios sintéticos, que néao utilizam registos hidrométricos, apoiando-
se, antes, em caracteristicas fisograficas das bacias hidrograficas em que se pretende efectuar a andlise
de cheias.
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Modelo do hidrograma unitario/unit hydrograph model

-.__

Different types of synthetic unit hydrographs

N Empirical relationships, relating physiographic characteristics of the
watershed (usually, measurable based on topographic maps) with
geometric properties of the unit hydrographs like the base time, the
peak flood discharge or even the shape (Snyder Unit Hydrograph)

%, Dimensionless unit hydrographs (Soil Conservation Service Unit
Hydrograph)

N Storage models aiming at representing the water storage in the
watershed (Clark Instantaneous Synthetic Unit Hydrograph)

Tipos de hidrogramas unitarios sintéticos, HUS

% Formulas empiricas que relacionam caracteristicas fisiograficas da bacia hidrografica,
normalmente mensuraveis a partir de cartas topograficas, com propriedades geométricas
dos hidrogramas unitarios, como os respetivos tempos de base, os caudais de ponta de
cheia ou as formas dos hidrogramas (HUS Snyder).

N Hidrogramas unitarios adimensionais.
% Modelos de armazenamento de 4gua nas bacias hidrograficas (HUS de Clark).

i

Modelo do hidrograma unitario/unit hydrograph model

Soil Conservation Service |
Synthetic Unit Dl
1.0 {1 tag ==
Hydrograph 0s |
08 {::]
0.7 / \
t/tp [ a/ap | t/tp | a/ap bt I \
0.0 | 0.000| 1.7 | 0.460 o]/ \
0.1 |0.030| 1.8 |o0.39 0 /
0.2 |o0.100| 1.9 | 0.330 217
0.3 | 019 | 2.0 |o0.280 00 ‘
0.4 |0.310| 22 |o0.207 0 1 2 e 3 4 5
05 | 0.470| 2.4 | o0.147 [l nrl— -

06 |0.660| 2.6 |o0.107
07 | 0.820| 27 | 0.097
08 |0.930| 28 |o0.077 D
09 |0.990| 3.0 |o0.055 _ _

1.0 | 1.000| 3.2 | 0.040 tlag=06tc tp 2 +tlag
1.1 |[0990] 3.4 | 0.020

1.2 |0930] 3.6 |o0.021 0.2083 A
1.3 |0.860| 3.8 | 0.015 _ ,

1.4 |0780] 4.0 |o0.011 For P=1 mm =
1.5 | 0.680| 4.5 | 0.005 tp

1.6 | 0.560| 5.0 | 0.000
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n Modelo do hidrograma unitario/unit hydrograph model
e Preciptacio efectva SCS SUH (HUS in Portuguese)
7]
i — tlag —p|
e aAN tlag = 0,6 tc
- I/ \\
/ \ D
/ \ tp=—+tlag
/ AN 0
/
"o 1 2 Bé 3 4 5
Dl apri— itp

v’ tlag: difference between the instant of the mass center of the
excess rainfall hyetograph and the instant of the peak flow

discharge (tempo de lag ou tempo de resposta: diferenca entre o centro de gravidade
do hietograma da precipitacdo efetiva e o instante de ocorréncia do caudal de ponta do
hidrograma de cheia)

v’ tc: time of concentration: time needed for the water to flow
from the most remote point (from a kinematic point of view) in

a watershed to its outlet) (tempo de concentracdo: tempo que a gota de agua
precipitada no ponto cinematicamente mais afastado da bacia hidrogréfica demora a
atingir a seccao terminal)
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-.__

SCS SUH (HUS in Portuguese)

glap Precipitacéo efectiva

D:; ‘4— tlag —p>|

§§ B /AR - tlag = 0,6 tc

R SR

ol 1 \ D

/A tp=—+tlag
02 [ 1/

0.1 // - 2

0.0

I

0 1 2 g3 3 4 5
[t —fe—— 1 ——»
I tb

tp

Data to obtain the SCS Synthetic Unit Hydrograph:
watershed area, A; time of concentration, tc; duration of
the unit hydrograph

tlag=0,6 tc tp= % +tlag

2
Pal‘a P=1 mm (based on the triangular HUD): qp (m3 /S) = M(ﬁ‘)(n’])
tp
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Based on the previous knowledge of the watershed area, A, and of its time

of concentration, tc, and after making a decision about the duration of the

foreseen SCS HUD, D (for instance, taking into account the time step of the available
rainfall records)

D ~ 02083 A
tlag = 0,6 tc tp=—5-+tag Para P=1 mm =0
D=0.20tp PN D = 0.122 tlag PN D=0.133tc
D <0.25 tp D < 0.286 tlag D<0.171 tc

When applying the SCS unit hydrograph is based on HEC-HMS program, the
duration D is fixed internally and automatically by the program, regardless the
time step adopted by the user to define the design hyetographs. In fact, the
program always assumes that D is equal to the time step of the results ...
attention should be paid when defining this time step

Quando a aplicacdo do modelo do hidrograma unitario do SCS é efetuada com base no
programa HEC-HMS, a duragdo da precipitacdo efetiva associada ao HUS é fixada interna e
automaticamente pelo programa, independentemente da discretizacdo temporal adotada pelo
utilizador na definicdo dos hietogramas de projeto. Para o efeito, o programa atribui a duragao
em causa o intervalo de tempo indicado pelo utilizador para a apresentacao das sucessivas
ordenadas dos hidrogramas de cheia a calcular
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. .._ Modelo do hidrograma unitario/unit hydrograph model
Clark Instantaneous Unit Hydrograph (1945): it explicitly
accounts for the following two components of the movement of

the excess rainfall until the watershed outlet

1. Translation component or translation hydrograph that
represents the water movement over the watershed surface from

every point to the outlet section and that is described by the time-

area diagram.

2. Routing component which describes the capability of the
watershed to store the excess rainfall water (surface runoff) along its
movement towards the outlet section. This component is modelled
based on a linear reservoir: a reservoir is said to be linear when, in
any instant, the outflow, O(t) is proportional to the storage,

S(t) ) S(t) = k O(t)

i i

Modelo do hidrograma unitario/unit hydrograph model

-.__
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. .._ Modelo do hidrograma unitario/unit hydrograph model
O hidrograma unitario instantaneo de Clark (1945) tem em
conta, de modo explicito, as seguintes duas componentes do

movimento da agua precipitada na hidrografica até a respectiva

seccao de referéncia

1. Componente de translacao, respeitante ao movimento da agua
precipitada sobre a bacia hidrografica desde cada ponto de origem até
a secgao de referéncia, ndo entrando em consideragédo com qualquer
atenuagéao (diagrama tempo-area para o tempo de concentracao).

2. Componente de amortecimento, referente ao armazenamento que a
agua precipitada sofre, em maior ou menor grau, ao escoa-se até a
seccao terminal da bacia hidrografica (modelo de reservatério linear -
um reservatoério diz-se linear quando, em cada instante t, o caudal
efluente do reservatério, O(t) é proporcional ao volume armazenado no
mesmo, S(t) =) S(t) = k O(t)

@ - 246

Translation component or translation hydrograph: It accounts
for the time needed by the surface runoff to reach the watershed
outlet. To model the fact that, as a result of the translational motion,
the water does not reach simultaneously the outlet section, a time
area-diagram for the concentration time is computed. For that
purpose, the basin is subdivided into time-area increments by
estimating the travel time of the runoff to the outlet from different
locations of the watershed and by constructing isochrones, that is,
the lines of equal travel time to the outlet

Componente de translagéo (atende ao tempo necessario para que o escoamento atinja a secgao
de referéncia)

Para traduzir o facto de, no movimento de translacdo, a agua precipitada ndo atingir
simultaneamente aquela secgéo, apresentando antes algum diferimento no tempo, que é tanto
mais significativo quanto mais distante da seccdo de referéncia se localiza a area que vira a
contribuir para o escoamento na mesma, Clark recorre a um diagrama tempo-area para o tempo
de concentragéo.

Para obter tal diagrama tragam-se as linhas de igual tempo de percurso ou is6cronas, cada uma
destas linhas representando o lugar geométrico dos pontos da bacia hidrografica a que
corresponde igual tempo de percurso até a secg¢ao terminal.

. .._ Modelo do hidrograma unitario/unit hydrograph model

Translation component /| componente de translagéo (cont.)

Area
As

Ay

A, A

A1

t=0
Secgdo de referéncia

I=3A[ t, Tempo

The time-area diagram is obtained based on the outlining of the
isochrones: each isochrone represent the set of the points of the
watershed with a same travel time of the runoff to outlet section.

Obtencdo do diagrama tempo-area baseada no tracado das linhas de igual
tempo de percurso ou isocronas: linhas representativas do lugar geométrico
dos pontos da bacia hidrogréfica a que corresponde igual tempo de percurso até
a seccdo terminal (... procedimento de tracado ... tempos de concentracdo em
sub bacias ... tempos de percurso em trechos ...).

-.._

Isochrones.

Surface [km?]

5

>
Concentration time per swface element

Figure 2.10. Representation of isochrones from a watershed [Musy, 2001]

These curves allow, for different hypotheses, the determination of the hydrograph resulting from rainfall
over the watershed.
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u .__ Modelo do hidrograma unitério/unit hydrograph model u .__

Translation component /| componente de translagéo (cont.)

N Vez River at Pontilhdo Celeiros (170 km?)
A, P
A, A e -"’:(_{.\\' » ,.\/// WA
A an F y b”'\x:* [ L
t=0 ‘, e '/ - .;?)

~ A ! £ . p, 1‘,

Sec¢do de referéncia =0 =4 At e _ S WOHU 2 g y
N . . . .// \ -{“ - “rx,w:v\ h‘\lw‘ e~ 7’ 1

The time-area diagram intends to represent the direct hydrograph / 7=, AaYse t 3
resulting from an instantaneous unit effective rainfall in the absence ARSI ' A ¥ /|
of any kind of storage capacity in the watershed (under this Vv Q‘Q NS TR % / N
assumption, the increase of the river discharge at the outlet section would L .\nf‘ g A ; AN A A
follow exactly the increase of the areas of the watershed which Qv AN 77 ‘}, -\L\ e S
progressively contributes to the river discharge, according to the different S W ; 3 v
travel times). /) \ ‘;;2 17 ]

. . . . AT 7 S 1% Isochrones: lines of equal
O diagrama tempo-area representa, de modo aproximado, o hidrograma do P '\;,5; 7 Sy c travel time to the outlet
escoamento directo a uma precipitagdo efectiva unitaria instantanea na auséncia LA ,‘wm> 12

o7y by SV h

de qualquer armazenamento na bacia N/’ St

Paco, N. M. S., 2008, Estabeleci > de hidrog unitarios,
Dissertacao para obtencao do Grau de Mestre em Engenharia Civil
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/:Vez River at Pontilhdo Celeiros (170 km?)

Area (km?) . A/At (km?2) HEC-HMS time-

* HEC-HMS time- | fozs / area diagram

w0 area diagram -
30 0.15 L
L 1~

20 L 0.10
10 :lz‘ 0.05

[E: 0.00 + |

0 1 2 3 4 5 [ 7 B 0.0 0.1 02 03 04 0.5 0e 0.7 08 0.9 10

Tempo (h} tilte(-)

—DTA proposto —DTA HEC ‘

Figura 3.5-Rio Vez em Pontilhdo de Celeiros. Diagramas tempo-area com escala absoluta (a esquerda) e escala adi ional (a direita).

Vez River at
Pontilhdo Celeiros
(170 km?) ANE t
time-area diagram implemented in the 1.41 4{} t<-2
HEC-HMS A t 2
Isochrones: lines of equal ; _area i t t o t
travel time to the outlet (Diagrama tempo-area implementado no programa 1-1.414|1- = t>c
HEC-HMS) 2
(3
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Alenquer River at Ponte
de Barnabé (113 km?)

Isochrones: Imes of equal

travel time to the outlet\’ﬂ

Alenquer River at Ponte de
Barnabé (113 km?)

Isochrones: lines of equal
travel time to the outlet

w DECIVIL @ DECIVIL

u .__ u .__ Modelo do hidrograma unitério/unit hydrograph model

Routing component / componente de amortecimento

Alenquer River at Ponte de Barnabé (113 km2) ds
/[ \ —=1-0 o dS=Idt-0dt
5 Area (km?) A/At (km?) . dt : ;
os v' The routing component uses the mass equation expressed in
30 - 1 - - i - .
HEC-HMS time [ — o |HEC-HMS time- [ |_ volume, where | and O vary along time, | = I(t) e O = O(t).
=1 area diagram .| area diagram i g
» (- s (- | | v Even when the inflows are known, the equation dS = | dt — O dt can
: s . N not be solved directly because S and O are unknown and mutually
. s dependent.
0 o v' Because of that, a second relationship is required relating S, | and
0 1 2 3 4 5 5 7 00 o1 02 03 04 05 06 07 08 08 10 . . . L . .
Tempe (1) tifte 1) (o] ﬂ linear reservoir equation — a reservoir is said to be linear when,
— D74 proposta —DTanEc \ in any instant, the outflow, O(t) is proportional to the storage, S(i), i.e.,
Figura 3.6-Rio Alenquer em Ponte Barnabé. Diagramas tempo-area com escala absoluta (4 esquerda) e escala adimensional (a direita). s(t) =K O(t) "
15 Equacéao da continuidade expressa em termos de variacao do volume armazenado ou
. . . . 1414 t t< 19 equacdo de armazenamento
time-area diagram implemented in the : 2 . ~ . ) . .
HEC-HMS A c Na situagéo mais geral, os caudais variam ao longo do tempo, ou seja, | = I(t) e O = O(t).
A 15 Mesmo que ao longo do tempo sejam conhecidos os caudais afluentes, a anterior equagao
(Diagrama tempo-area implementado no programa ! 1-1.414]1 _t t> Lo ndo pode ser resolvida diretamente pois S e O sdo desconhecidos e reciprocamente
HEC-HMS) . 2 dependentes. Assim, a utilizagao de tal equagao tem de ser completada por uma relagéo

adicional, fungéo do volume armazenado, que relacione as grandezas S, | e O =% no
W caso do modelo de Clark, equagao que define o reservatério linear.
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Modelo do hidrograma unitario/unit hydrograph model

" .__
Routing component | componente de
amortecimento (cont)

Linear reservoir equation S =K O dO

dS Ehahaligun, S
Mass equation —=1-0 - K dt -0

dt

... By applying finite differences ...

Modelo do hidrograma unitario/unit hydrograph model

n ._
Routing component | componente de amortecimento (cont)

. 2 At T + 2 K—At

2 K+ At 2 K+ At

2

_ — c 2 At
= 0 =
At O At 2K+ At
With
O.=0= 0,+0, 2x-At
A =—0=—"—"7""—" Ci=

2 2Kk+At
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n Modelo do hidrograma unitario/unit hydrograph model Modelo do hidrograma unitario/unit hydrograph model

To obtain the Clark instantaneous unit hydrograph, the time-area
diagram (that intends to represent the outflow from an instantaneous excess
rainfall at the watershed outlet if no storage capacity would exist) is
“passed/routed” through a linear reservoir, thus simulating the
“dampening/decrease” of the discharges as they propagate towards the
outlet section. Such “operation” is described by the following equations
where k is the linear reservoir routing coefficient (if no other reference
is provided, approximately 0.75 times the time of concentration)

2 At

Cg=——
07 o ktAt

Op=cqo l+cy Oy  with
2 0 1M1 oAl
=2+ At

O hidrograma unitério instantaneo de Clark resulta da “passagem” do diagrama tempo-area
(que fornece os caudais efluentes ao sistema uma vez que se despreze o amortecimento)
através do reservatério linear (que conduz aos caudais efluentes amortecidos pelo
sistema). Tal “passagem” é expressa pela equacdes anteriores na qual k é a constante de
armazenamento ou constante do reservatério, expressa em unidades de tempo, que,
segundo alguns autores pode ser aproximada por 0.75 do tempo de concentracao

" ._
Translation (if no storage capacity
was available)/translagéo)

3 OzZCOT+C1 01

Ay Ag

Routing / (amortecimento)

Area

A

. Tempo

By applying the linear reservoir concept (which conceptually is
located in the outlet section) the Clark instantaneous unit
hydrograph intends to represent the effect of water storage in the
basin in a lumped or aggregated approach

No modelo do hidrograma unitario instantaneo de Clark a consideragédo de um reservatorio
linear pretende representar, de forma agregada, o efeito do armazenamento de agua na
bacia hidrografica pelo que, conceptualmente, se pode admitir que tal reservatério se

@ localiza na secc¢éo de referéncia da bacia hidrografica o




02 =Cp i+C-| 01

The model considers an instantaneous rainfall which allowed its
development without the need to specify the rainfall duration.

However to apply the model a duration D is required (generally define
taking into account the time step of the available records)

The Clark instantaneous unit hydrograph is solely a function of
the watershed physiographic characteristics

... Transformation of the Clark IUH into a UD for the
excesso rainfall duration of D

HUD,

@ DECIVIL
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Modelo do hidrograma unitario/unit hydrograph model

Although the time-area diagram is specific of each watershed, studies
of the Hydrologic Engineering Center showed that the following time-
area diagram was suitable for the establishment of Clark's
instantaneous hydrograph in most of the analyzed watersheds
(relationship implemented in the HEC-HMS program)

N&o obstante o diagrama tempo-area ser caracteristico de cada bacia hidrogréfica, estudos do
Hydrologic Engineering Center (HEC, 2002, p. 62) revelaram que o seguinte diagrama tempo-
area tipico se adequava ao estabelecimento do hidrograma unitario instantéaneo de Clark para a
maior parte das bacias hidrograficas entdo analisadas:

1.5
1.414) para t<-o
A tc 2
Ay 15
t t
1-1.414|1-— para >
DECIVIL tC 2
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n Modelo do hidrograma unitario/unit hydrograph model

Translation component / Componente de translaciao

=0
Secgdio de referéncia

L =

In the HEC- HHL
tc

-HMS program NS

Routing component /
/Componente de amortecimento

02 =Cp T+C1 O1

-.__

Modelo do hidrograma unitario/unit hydrograph model

Obtencao do HUD’ para uma duracao D’ conhecido o HUD para a duracdo D e para a

precipitacao efectiva de 1 mm — Computation of the HUD’ for the D’ duration and the
excess rainfall of 1 mm knowing the HUD for the D and for the same excess rainfall

1) Obtencao da curva em S correspondente ao HUD (... sucessivo somatorio de todas as
ordenadas) (based on the HUD, evaluation of the S curve (the S-curve method involves
continually lagging a unit hydrograph by its duration and adding the ordinates).

Intervalo de tempo WD Precipitagao efectiva em cada intervalo de tempo, D (mm) e Caudal do
de cheia parcelar (m3/s) directo
Em unidades]| Tempo N N

deD s) (m¥/s/mm) LI T T AT R T R B B B A} (m¥s)

0 0 0 O[olo|o]o|o] o] o]0 0

D t ul ut|o|o|oflo|ofofo]fo ul

2D 2 u2 w|lut|o|oflo|ofofo]fo ut+u2

3D 3 u3 w|u|uw|o|lo|ofofo]fo ut+u2eu3

4 1 u4 wa|ud|u|uw|o|ofofo]fo ut+u2sulsud

5D 15 us ws | us|uw3|u|uw|ofofo]fo ut+u2+ulsudsus

D t 0 S AL Bl B R B B B [t

iC) 7 0 = T T T

8D 8 2 | : H

9D 19 E H E v
100 10 P R AU |,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,E ,,,,,,,, !‘,l,l,,,,
11D 1 = =
12D t12 E | i
13D 113 8 : :
14D wae A A S S
15D 115

. patamar ¢om injcio em tc|...




Obtencao do HUD’ para uma duracéo D’ conhecido o HUD para a duracdo D e para a precipitacéo

efectiva de 1 mm
1) Obtencéo da curva em S correspondente ao HUD (... sucessivo somatério de todas as ordenadas)
2) Obtencao de uma segunda curva em S, igual a precedente mas “translacionada” (no tempo), da nova
duragao D’
3) Para cada instante, calculo das diferencas entras as ordenadas das duas curvas em S
4) O hidrograma assim obtido representa o hidrograma do escoamento directo para a precipitacao
efectiva com o valor de D’/D e com a duracéo D’ (precipitacdo, portanto, valor ndo unitario)

5) Para referir o anterior hidrograma a precipitacio de 1 mm, transformando-o no HUD’, basta
multiplicar as correspondentes ordenadas por D/D’ e reter apenas as ordenadas que se referem aos
sucessivos instantes de D’ em D’ (ou seja, o HUD’ tem de ser discretizado de D’ em D’)

Computation of the HUD’ for the D’ duration and the excess rainfall of 1 mm knowing the
HUD for the D and for the same excess rainfall

1) Based on the HUD, evaluation of the S curve - the S-curve method involves continually lagging
a unit hydrograph by its duration and adding the ordinates.

2) The S-curve is next lagged by the duration D.
3) For each instant, the difference between the two lagged S-curves is next computed.

4) Because the S-curve was formulated from unit hydrographs having a D duration of uniformly
distributed precipitation, the hydrograph obtained by subtracting the two S-curves will be the
result of D7D mm of precipitation with duration D’ - excess rainfall different from one.

5) Thus the ordinates of the newly created D’ duration unit hydrograph must be multiplied by the
ratio D/D’ in order to be a true unit hydrograph. Only the ordinates for a time step of D’ are
adopted to describe the new hydrograph for the excess rainfall of 1 mm with duration of D’

. .._ Modelo do hidrograma unitario/unit hydrograph model
Obtencéo do HUD’ para uma duracéo D’ conhecido o HUD para a duracéo D e para a
precipitacao efectiva de 1 mm - Computation of the HUD’ for the D’ duration and the
excess rainfall of 1 mm knowing the HUD for the D and for the same excess rainfall)

2000

100  S(e)
—  S(e-p")

Qieto)
8
T

2)

-.__ HUS Clark — plo de aplicacéo/Clark HUS application

Exercicio de exemplificacio Modelo do hidrograma unitéirio instantineo de Clark
Considere o seguinte diagrama tempo-drea relativo a uma bacia hidrogréfica com a drea de 10 km®:

Intervalo de tempo Area
(min) ()
0-15 1.0
15-30 3.0
30-45 5.0
45 - 60 1.0

A constante do reservatorio ou de armazenamento na bacia hidrogréfica tem o valor de k=30 min.

Por aplica¢do do hidrograma unitario de Clak, obtenha o hidrograma unitério para a precipitagio efectiva
unitdria de 10 mm com a durac@o de 15 min. Compare tal hidrograma com o que resultaria do valor 10 min
para a constante de armazenamento. Comente o resultado.

Na resoluc@o do problema atenda a que a ordenada no instante t do hidrograma unitario para a duragdo D da
precipitagdo efectiva unitdria, HU,, pode ser obtida a partir das ordenadas nos instantes t e t-D do hidrograma
unitdrio instantineo referente aquela mesma precipitagdo efectiva, HUIL, e HUI, , por aplicacdo da seguinte
equacio:

HU, E%( HUL, +HUI, ) 6.55)

IN THE TEXT THAT SUPPORTS THE COURSE THERE

IS AN APPLICATION EXAMPLE OF THE CLARK
INSTANTANEOUS NIT HYDROGRAPH
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DESIGN RAINFALLS - values and
hyetographs

PRECIPITACOES DE PROJECTO

e
[=2]
i

ACess precip.
e o
.o

0.3
0.2+
= 0.1+

of

]

6 12 18 24 hours
Time (hr)
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Precipitacoes de projeto/design rainfalls

DESIGN RAINFALL MODELS (PRECIPITACOES DE PROJETO. MODELOS)

v’ Rainfall event O(_:currence of a cgnsiderable amount of
rainfall after a period and followed by a

acontecimento pluvioso . . .
( P ) period without rainfall (ocorréncia de uma

. - quantidade significativa de precipitagdo sobre a bacia
hidrogréfica, antecedida e seguida por intervalos de
tempo sem precipitagdo mensuravel).

— 270

PrecipitacGes de projeto/design rainfalls

DESIGN RAINFALL MODELS (PRECIPITAGOES DE PROJETO. MODELOS)

v’ Rainfall event (acontecimento pluvioso)

v/ Rainfall duration (duragéo da precipitagéo)

M.M.Portela (2019/2020) - 27

Precipitacdes de projeto/design rainfalls

DESIGN RAINFALL MODELS (PRECIPITACOES DE PROJETO. MODELOS)

v’ Rainfall event (acontecimento pluvioso)
v’ Rainfall duration (duragéo da precipitacéo)

v/ Design values of the extreme rainfall and of its duration:
intensive or extreme rainfall event (precipitacéo intensa e duragéo da
precipitagdo intensa a considerar na andlise de cheias: precipitagdo e duragao de

projeto ou criticas) >

Relevance of the time of concentration to
ensure that the all watershed is contributing
to the runoff in the outlet section with the

highest rainfall intensity compatible with

such scenario (Importancia da consideragao de tc —
tempo de concentragéo )
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PrecipitacGes de projeto/design rainfalls

DESIGN RAINFALL MODELS (PRECIPITAGOES DE PROJETO. MODELOS)

v’ Rainfall event (acontecimento pluvioso)
v’ Rainfall duration (duragéo da precipitacéo)

\/Design values of the extreme rainfall and of its duration:

intensive or extreme rainfall event (precipitacéo intensa e duragdo da
precipitacéo intensa a considerar na andlise de cheias: precipitagdo e duragao de
projeto ou criticas)

v Databases ... SNIRH ... generally without or only a few values
for durations smaller than the day (bases de dados ... ndo
contemplam, de modo geral, precipitagdes com duragdes inferiores ao dia)
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LPU: P=at™ IDF: i=bt"
P - rainfall with a given return period, T; t — duration of the rainfall event; | —

average intensity of the rainfall. The coefficients a e b and the exponent m and n
are function of T (for the same T, n=m-1).

The exponent m is smaller than 1 and often comprehended between 0.3 and 0.6
when P is expressed in millimetres and t, in hours or days. The equations
express the increase of the rainfall with the increase of time, though the rainfall

intensity decreases with the duration.

P - precipitagdo com dado periodo de retorno, T; t — duragdo da preciptagdo; i - intensidade média da
precipitagao). Os coeficientes a e b e os expoentes m e n sdo fungéo do periodo de retorno, T (para um mesmo
posto e o mesmo periodo de retorno - n=m-1).

O expoente m apresenta valores inferiores a unidade, frequentemente compreendidos entre 0.3 e 0.6 quando P
se exprime em milimetros e t, em horas ou dias (QUINTELA, 1996, p. 5.23). As anteriores expressdes
traduzem o acréscimo da precipitagdo com o aumento da correspondente duracéo, ndo obstante a intensidade
média dessa precipitagdo diminuir com o aumento da duragao
v LPU relationship — P = a t ™ — and intensity-duration-frequency
curve, IDF — i = b t" (linha de possibilidade udométrica e curva intensidade-

duragao-frequéncia, IDF)

DECIVIL
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» HEEEETT
DESIGN RAINFALL MODELS (PRECIPITAGOES DE PROJETO. MODELOS)

PrecipitacGes de projeto/design rainfalls

v Rainfall event (acontecimento pluvioso)
v’ Rainfall duration (duragéo da precipitag&o)

v'Design design values of the extreme rainfall and of its

duration: intensive or extreme rainfall event (precipitacio intensa e
duragao da precipitacdo intensa a considerar na analise de cheias: precipitagao e
duragao de projeto ou criticas)

v Databases ... SNIRH ... generally without or only a few values

for durations smaller than the day (bases de dados ... ndo
contemplam, de modo geral, precipitagdes com duracoes inferiores ao dia)

v LPU relationship — P = a t ™ — and intensity-duration-frequency

curve, IDF — i = b t " (linha de possibilidade udométrica e curva intensidade-
duragao-frequéncia, IDF)

v Previous results for mainland Portugal (resultados antecedentes para
Portugal Continental)

DECIVIL
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PrecipitacGes de projeto/design rainfalls

TARGET: ESTABLISHMENT OF THE DESIGN RAINFALLS
AND OF THE DESIGN HYETOGRAPHS

OBJECTIVO: DETERMINAGAO DAS PRECIPITAGOES DE PROJETO.
ATRIBUICAO A TAIS PRECIPITAGOES DE HIETOGRAMAS DE PROJECTO

» HEEEETT Precipitagdes de projeto/design rainfalls

Design hyetographs

In Portugal, the more common durations of the rainfall events adopted
as design criteria are comprehended between 1 and 24 h or even less
for the smaller watersheds as those around Lisbon — watersheds prone
to flash floods. In fact, only the largest watersheds, namely those of
the international rivers, may have times of concentration higher than 1
day.

HIETOGRAMAS DAS PRECIPITACOES DE PROJECTO

Duragbes criticas da ordem de 1 a 24 h sdo comuns no dimensionamento hidrolégico em
bacias hidrograficas portuguesas. Se tais bacias tiverem areas reduzidas poderdo ser mais
importantes duracdes de escassos minutos e as suas areas forem aprecidveis, poderao ser
requeridas duragoes de dias.
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DESIGN HYETOGRAPHS (hietogramas das precipitagdes de projeto)

Normally, the very short rainfall events (duration of 1 h or less) may
be described by their average intensity (the ratio between the rainfall
and the duration, i=P/t). As the rainfall duration increases to adopt the
average rainfall intensity becomes inappropriate, namely for flood
analysis purpose, and hyetographs expressing the variation of the
rainfall intensity along the time are required

Diagram describing the temporal pattern of
the rainfall event: hyetographs

Normalmente os acontecimentos pluviosos de curta duracdo (1 h ou menos) podem ser
descritos pela respectiva intensidade média da precipitagao, i, ou seja, pelo quociente entre a
precipitagdo P e a respectiva duragdo, t (i = P/t). A medida que aumenta a duragdo do
acontecimento pluvioso, torna-se mais importante conhecer as intensidades da precipitagcao
em sucessivos sub intervalos de tempo, especialmente quando se esta perante um problema
de determinacéo de caudais de ponta de cheias.

Discretizacao temporal do acontecimento
@ pluvioso: hietograma e

n .._ Precipitaces e hietogramas de projeto/design rainfalls and hyetographs

The analysis of the rainfall intensities for durations smaller than the
day is crucial for flood analysis in Portugal. However the short
duration records are generally available only for 24 h — annual
maximum daily rainfall, Pdma (one value per year, the maximum “daily”
rainfall). Most of the public databases do not include rainfall records
for duration smaller than the day even when those records exist . The
measuring network of the sub daily extreme rainfall is quite sparse
and most of the time unsuitable to compute the design rainfalls

O estudo de precipitagdes intensas com duragdo inferior ao dia é, normalmente,
determinante para a andlise de cheias em bacias hidrograficas de Portugal Continental.
Contudo, os postos udograficos que dispdem de registos de precipitagbes maximas anuais
com curtas duragbes e que possibilitam tal estudo, sdo em numero significativamente
inferior ao dos postos com registos de precipitacdes didrias maximas anuais, Pdma. Acresce
que as bases de dados (SNIRH) diretamente acessiveis ao publico, em geral, e a
comunidade técnica e cientifica, em particular, ndo incluem registos de precipitacbes com
duragdes inferiores ao dia, mesmo quando tais registos existem.

yes e hiet

)

g de projeto/design rainfalls and hyetographs

OBJECTIVE

In the previous context, presentation of procedures aiming at
overcoming the scarcity (in terms of the number of rain gauges and of the
length of the corresponding time series) of sub daily rainfall data and at
evaluating the annual maximum short duration rainfall based on
the annual maximum daily rainfall (developed for Portugal but also
applicable in other regions).

I,mm/At
I,mm/At

At t, min st t, min

(@) (b)

I,mm/Dt
I,mm/Dt

At t, min —at—- t, min

oL © (@
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OBJECTIVE: procedures aiming at overcoming the scarcity of sub daily rainfall data
and at evaluating the annual maximum short duration rainfall based on the annual
maximum daily rainfall.

PREVIOUS STUDIES DESCRIBING THE EXPECTED
BEHAVIOR OF THE SHORT DURATION INTENSIVE
RAINFALLS
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(LNEC, 1976)

Maps with the contour lines of the ratio between two precipitations with different
durations but with the same return period (regardiess the value of this period)

Isolinhas do quociente entre precipitacdes com o0 mesmo periodo de retorno e duragdes de a)
12,0e24,0h,b)3,0e6,0hec)0,5e1,0h

(LNEC, 1976, Laboratério Nacional e Engenharia Civil, Drenagem de estradas, caminhos de ferro e aerédromos. Estudo hidrolégico, Determinagao de
caudais de ponta de cheia em pequenas bacias hidrogréaficas. Relatério. Estudo realizado para o plano de estradas, caminhos de ferro e aerédromos.

Servigo de Hidraulica. Divisdo de Hidraulica Fluvial. Proc. 62/12/5309, Lisboa).

. Precipitagdes  hiet

de projeto/design rainfalls and hyetographs

Contour lines of the ratio between two
precipitations with durations of 12 and 24 h
and “a” same return period

(LNEC, 1976)
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(GODINHO, INMG, 1984 e Precipitagdes e hietog de projeto/design rainfalls and hyetographs
a r
19871984, 1987 e 1991)
; e

T =100 years

Maps with the contour
lines of the precipitation
with duration of 60 min

(left) and 6 h (right)
expressed as percentage
of the annual maximum
daily rainfall for the
return period of 100
years

Mapa de isolinhas dos valores
maximas da precipitacdo em 60
min e em 6 h expressos em
percentagem dos valores em 24
h. Periodo de retorno de 100
anos

i 1981

(adaptada de GODINHO, INMG, 1984 e 1987, actualizada em, GODINHO, S. F., 1991, Valores méximos anuais da quantidade da

precipitagdo. Estimativa dos valores relativos a duragées inferiores a 24 horas Aditamento. Nota Técnica de Meteorologia e
) Geofisica. Instituto Nacional de Meteorologia e Geofisica. Divisdo de Hidrometeorologia. MOPTC.)

n .._ Precipitacdes e hietogramas de projeto/design rainfalls and hyetographs

(GODINHO, INMG, 1984 e
19871984, 1987 e 1991)

T =100 years

Contour lines of the precipitation with
duration of 60 min expressed as percentage
of the annual maximum daily rainfall for the
return period of 100 years
Q> Differently from the previous study of

LNEC, 1976, these authors consider that
the ratio between two precipitations

may not be independent of the return
period. However the spatial variability of
such ratio is also very smoothed

Mapa de isolinhas dos valores maximos da precipitacédo
em 60 min expressos em percentagem dos valores em
24 h. Periodo de retorno de 100 anos

v' O quociente entre duas precipitagdes intensas com
0 mesmo periodo de retorno ndo é considerado
independente desse periodo. A variabilidade
espacial desse quociente é bastante pequena
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- _ = n
MATOS e SILVA, 1986: three regions with i(mm/h )= a t(min)
different IDF curves parameters (rainfall
duration until 120 min and retrun period from 2 U, This study considers that the parameters of the IDF have a
to 100 years) 2 very smoothed spatial pattern, even uniform within each
MATOS e SILVA, 1986: trés regides pluviométricas e parametros das region. The same applies to the design rainfalls, which is not

curvas intensidade-duragao-frequéncia, IDF (duragdo da precipitagcéo e
periodo de retorno inferiores a 120 min e 100 anos, respetivamente)

be very accurate, although its widespread utilization in

Regido pluviométrica Portugal! However, the study stresses once more the
oo de A _ _ spatial uniformity expected regarding some
Curva IDF Lisboa Curva IDF Lisboa - | Curva IDF Lisboa + ) ) ) ) )
20% 20% characteristics of the very intensive short rainfalls
(anos) a' n' a' n' a' n'
2 202.72 -0.577 162.18 -0.577 243.26 -0.577
5 259.26 | -0.562 | 207.41 | -0.562 | 311.11 | -0.562 " . . . .
t¥> O estudo pressupde acentuada uniformidade espacial dos parametros das curvas

10 290.68 -0.549 232.21 -0.549 348.82 -0.549 .. o . _ ., )
20 317.74 | -os38 | 25410 | 0538 | 38120 | -0.538 i IDF (e mesmo para as proprias precipitagdes de projeto, o que ndo € muito
50 349.54 | -0.524 | 279.63 | -0.524 | 419.45 | -0.524 - ] correto!)
100 365.62 -0.508 292.5 -0.508 438.75 -0.508

(... Return period as a parameter of the IDF curves; spatial variation unifom within each
region/periodo de retorno como pardmetro das IDF; variagdo espacial muito pequena).
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)

-.__

. Ratios, Pt/P2, as a function of the return period ratio, between two
Several Portuguese authors established values for . . I . . .
th ¢ f the LPU/IDF P i intense rainfalls one with fixed duration (denominator) — in the case
e parameters of the curves for specific . . . . .
p_ . P . of the figure 2 h, - and other with variable duration between 10 min
locations of Portugal or even particular equations
. . . and 1.5 h (numerator)
applicable to the extreme design rainfalls; for that
. . . —— AZEVEDO, 1953
purpose, some of them consider that the ratio :0/ P2
; ; ; ; : —— TAVEIRA, 1959
between two rainfalls with different durations { ! ‘ !
; . , | 0.9 rs rs 3 -1{5h —— MELO, 1981
depends on the return period while others don’t. ; 1 —
| ) T T l —— MATOS e SILVA, 1986
e 0.8 | { . 1 i don ) .
T‘ T 7‘ —8— BRANDAO e HIPOLITO, 1997
0.7 - [ —1
T |
- . . 1 \
Varios autores apresentam, para dadas regides (Lisboa, 0.6 - { 1 1 1( osn
Porto, Evora, Barcelos, ...), valores para os parametros das | | | ) B
. s s . . 0.5 1 ‘ ‘ Quocientes, em fungéo do
linhas de possibilidade udométrica/curvas intensidade- T \ — .
~ L . ~ | periodo de retorno, T, entre
duragao-frequéncia (curvas IDF) ou, ainda, expressdes 0.4 T T T\ duas precipitacdes intensas,
aplicaveis ao célculo de precipitagbes intensas 0.3 - ‘ ‘ | Pt/P2, uma com duragéo t
= . | | | .
(pressupondo ou nd3o que o quociente entre duas o } 1 variavel, Pt (numerador), e
precipitacdes intensas com duracdes fixas é independente e 20 0 60 80 100 outra com a durag&o fixa de 2
do periodo de retorno). Periodo de retorno (anos) h, P2 (denominador)
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The ratios between the two rainfalls are independent or
almost independent of the return period, T, even for those
others who adopted T as a parameter of the relationships.

This is particularly visible for the higher T usually adopted as
design criteria (80 === 100 years)

Pi/P2 ~ —— AZEVEDO, 1953
1.0
{ \ \ \ \ —— TAVEIRA, 1959
o = = = 3 1lsh
o9 = E L 1 } —— MELO, 1981
1 \ ] \
0.8 { —— MATOS e SILVA, 1986
[ [ [ | 10h . )
074 . T ——+ I ] —e— BRANDAO e HIPOLITO, 1997
T T T T
} } } } ST
~ 1 | ‘ | olsh Apesar de alguns autores
o5{, — | fazerem depender o quociente
o | ! ! ! ! Pt/P2 do periodo de retorno, T,
’ ! ! [ T‘ . essa dependéncia é pouco
0.3 - w ‘ min percetivel, nomeadamente para
02 ‘ ! ‘ ‘ ‘ os periodos de retorno mais
o 20 40 60 80 100 elevados, com interesse no
Periodo de retomo (anos) dimensionamento hidroldgico.
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P:/P,
1.0 ; |
0.9 1

i \ \ 1 1
0.8 | T Ji I Ji . b

| | | \ \
07| ——— 1 \ \ ]

_

o6 Ratios independent or almost independent

0.5 | of T, particularly for the higher T (... design

criteria ...)
0.4 -

0.3 -

0.2 | | | | | |
o 20 40 60 80 100
Periodo de retorno (anos)
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= AZEVEDO, 1953

——TAVEIRA, 1959
P¢/P

—— MELO, 1981

1.0

15h
0.9 { | e B
\ \ 1.0h
0.8 -
| | |
0.7 1 } ; }O.Sh

——MATOS e SILVA, 1986

—8— BRANDAO ¢ HIPOLITO, 1997

T i

0.6 | {-— —
os | = BRANDAO e HIPOLITO, 1997 10 min

' — 0,367 —
0.4 | < i — i

. PD D Barndao e
0.3 - — Hipolito, 1997
0.2 ‘ —I‘
0 100

Periodo de retorno (anos)
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Conclusions

v' The ratio between two annual maximum rainfalls with given
durations can be considered independent or almost
independent of the return period, T, provided those rainfalls
have the same return period — valid worldwide.

v" The spatial variability of such ratio is very smoothed - also
valid worldwide.

P, P with P; and P; known rainfalls based on studies

pr = E ~ cte| or computed from the available records and P
t t

unknown design short duration rainfall

Conclusoes

v' O quociente entre duas precipitacoes maximas anuais com duracées previamente
fixadas é pouco, ou mesmo muito pouco, influenciado pelo periodo de retorno, T,
desde que essas duas precipitacées tenham um mesmo T.

v' A variagao espacial de tal quociente é muito pequena.
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Pe P

P, P with P; and P; known rainfalls based on studies
— — —. =~ cte| or computed from the available records and P
unknown design short duration rainfall

-~ 294
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Previous results on IDF curves from BRANDAO, C.; RODRIGUES, R;
COSTA, J. P, 2001, “Analise de fendmenos extremos. Precipitagdes intensas em
Portugal Continental”. DSRH-INAG, Instituto da Agua. Lisboa, Portugal (meanwhile
updated by “As cheias em Portugal Continental. Estar informado e preparado para
um Mundo mais seguro no século XXI”, 2004, Ministério do Planeamento e do
ordenamento do territ6rio).

Intensity-duration-frequency curves
(IDF curves) in 27 rain gages

In each rain gage the parameters of the IDF

curves depend on the return period, T, and

the rainfall duration, t (T from 2 to 1000 years

and intervals of the t up to 5 min to 0.5 h, from
0.51to 6 h, and from 6 to 48 h)

W DECIVIL
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Initial study (2001

Update(2004

ANALISE DE FENOMENOS EXTREMOS
PRECIPITACOES INTENSAS EM
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ELABORADO POR:
Claudia Brandio

Rui Redrigues

Jeaguim Pinto da Costa

Lishoa, Dezembre de 2001
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Sessio de Sensibilizacio
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n Precipitacdes e hietog de projeto/design rainfalls and hyetographs
IDF Curves for different T and duration of the
rainfall (from 5 min on),
i (mm/h) =at (min)®b
Pariodos 32 raoms [nee]
I Fosto vdogralion

[Casal Soeiro

-0.800

Miramda do Douro

-0.630

Chaves

Viana do Cestelo

-0.525

-0.585 | 21

285.54

|Aveins (Lniversidad )
Caramulo

-0.629

213.70

0457

170.08

Sanw Comba Do
Penhas Douwrades

Coimbra (IG)

-0.549

272.05

S04

24278

1061.50]

351.10

54272

~0.657 ) 216.00

526.26
ABD.
368 28

Lisboa (1GIDL)
Lisboa {Porkla)

A56.35

205.08

20.88 s

213.08

204 68

280,35

-0.511

22428

-0.638

27402 | -0550

Reliquias

-0483

240,08 | -0413

50131

Values of the

parameters of the IDF

Calraia

5. Bras da Al
Figueirais

Praia da Rocha

-0.518

-0.640

27403

|Vila Real de Santo Antdnic

~0.641

24818

-0.479

204.99 | -0.452 -0.440

-0.571

302.85) -0.575 ) 488.35) -0.582

378.41) -0415

ADO.ET) 0408 | 48232 ) 0387

529.28
£13.81

-0.585
-0.382

361.44) -0.431

362000 0420 ) 46400

25817 223,72 | -0.424

312.65] -0.418 | 579.75) -0410

~0.408 | 488.23] 0403
405.61

-0.408

(Adaptada dz BRANDAO & RODRIGUES, 1998, & de BRANDAO et al, 2001).

» T
IDF Curves for different T and duration of the rainfall,

P

oes e hiet

Preciy

i (mm/h) = at (min) P

g de projeto/design rainfalls and hyetographs

Perioclos de retomo (ancs) —
2 5 | i | 20 I 50 | i3] | 500 | 1000
Parimetros das curv s intensidade- duragao-frequéncia para duragies da predpitagiio enfre & & 30 minutas
Posto udogrifico a b a b a b a b a b a b 8 b a b
I2G00 |Case] Sosing J8RT0 | -0.690 | 48777 [ -0.874 | 567.07 | -0.665 | F43.30 | -0.650 | 74213 | -0.652 | 816.26 | -0.640 | 087 73] -0.843 |1061.50] -0.641
ST/ |Mivanda do Douro 14870 ( -0.530 | 17044 | -0.483 | 20244 ) -0461 | 224.06 | -0.445 | 254.50 | -0.431 | 276.82 ] -0.423 | 32676 ] -0.400 | 35110 -0405
MO [Chaves 142,06 | -0.686 | 217.20 | -0.506 | 26248 | -0.800 | 20582 | -0.600 | 361.90 | -0.805 | 40201 | -0.607 | 50020 ] -0.200 | 4272 | -0E10
SE03 |Vianado Castel 20249 | 0526 128854 | 0512 | 242,30 ) -0508 | 30686 | 0604 | 466,21 | -0.502 ) 1719 ] -0.500 | 83736 ) -0.407 | 880,03 -0.498
1 0F01__ [Aveito {Universidads) 16874 | -0.520 | 211370 | -0530 | 243.44) -0.631 | 271.00 | -0531 | 30884 ] -0.531 | 336.63 ) -0.531 | 40043 ] -0.532 | 49780 -0532
1 0H01__[Caramulo 142.04 | 0457 | 170.08 | -0.445 | 203.10) -0.430 | 20618 | -0.436 | 266.06 ] -0.431 | 278.50 ) -0.420 | 33037 | -0.425 | 36267 | 0423
V0l |Sant Comba Do 77T ] 0540 | 27205 | 0575 | 333.08 ) -0.585 | 305,45 ) 052 | 470.50 | -0.500 | 52856 | 0600 | BA1A0] 0608 | 719221 0611
11L/05 _|Penhas Dowadas 16301 | -0.614 J 24078 | -0.618 | 205510 -0.510 | 346,00 | -0620 | 411,58 ) -0.501 | 46062 0622 | 67347 ) 0622 | 62071 -0.523
120703 |Covilhd 16010 -0.527 | 216.00 | -0.540 | 262.08 | -0.645 | 28763 | -0.560 | 33360 | -0.564 | 368.00 | -0.554 | 446,04 | -0.561 | 482 56| -0562
12G01  [Coimbra (1G]
13L02  |Gralhas 21965 ) -0.530 | 28271 ( -0.514 | 324.65 | -0.507 | 364.95 | -0503 | 417.19] -0.498 | 456.36 | -0.496 | 546.97 | -0.490 | 58594 | -0462
21Gi08  |Lisboa (IGIDL) 17846 | -0.520 | 214.32 | -0.498 | 230,60 | -0486 | 28416 | -0.477 | 20594 | -0.467 | 319.86 | -0.481 | 37521 ] -0451 | 300.04 | -0447
21C/02_ |Lisboa (Porkk) 18770 -0.516 | 294,15 | -0.566 | 365,58 | -0.571 | 434,48 | -0581 | 524,09 | -0.602 | 501,31 | 0808 | 747.18] 0808 | 81430 -0611
20Ci01 1S, Julido do Tojal 18480 | -0.645 1 23806 | -0.567 | 204,640 -0561 | 230.31) -0666 | 26037 | 0587 | 433,60 | 0580 | 63670) -0.572 | 670.56| 0573
1801 |Portaleare 166.34 | 0,406 | 18067 | -0.456 | 213.08) -0.437 | #3680 | -0.454 ] 26646 ] -0.411 | 28778} -0.404 | 33083 ] -0.302 | 361.00 | -0.367
20001 |Pavia 165.03 ) -0.532 | 23017 | -0.563 | 234,68 ) -0.575 | 34806 | 0584 | 41736 ] -0.502 } 460.35 ) -0.597 | 58064 | -0.605 | 641.40] -0.607
pan02  |Euom Cemitério 10778 | -0.634 | 27845 | -0.474 | 260,35 ) 0440 | 57106 | -0.430 | 300,48 | -0.412 ] 32273 ] -0.401 | 37270) -0.283 | 30460 0577
50z [Bsja 18346 | 0611 ] 19075 [ -0.478 | 224.06 ) 0484 | 24707 | -0454 | 27884 ) 0444 | 302,07 0438 | 36600 ) 0427 | 37012 -0.424
J260V01  |Sines 16086 | -0.536 | 233.04 | -0.546 | 274.02 | -0.650 | 315,12 | -0553 | 367.17 | -0.556 | 408.19 | -0.558 | 40638 | -0.561 | 53616 -0562
27G01  [Reliquias 162,02 | -0.483 | 208.66 | -0.432 | 240.08 | -0.413 | 270,50 | -0.390 | 31041 | -0.387 | 340.59 | -0.380 | 40997 | -0.360 | 43096 | -0.365
0N02  |Catraia
1401 1S, Brée de Alportel
OMO1_|Figusirais
1F01__ [Praia da Rocha 143.24 | -0.516 | 200,85 | -0.544 | 264.08 | -0.656 | 20656 | -0.583 | 351.50 | -0.571 | 302,85 ) -0.575 | 486.26 | -0.562 | 520,28 | -0585
OFi01_ [Monchique 23249 | -0.540 | 27483 | -0.4A0 | 306.20 | -0452 | 33736 | -0.433 | 37841 | -0.415 ] 40057 | -0.406 | @232 ] 0287 | 61381 -0.362
1402 |Faro 10045 | -0.641 | 248,18 | -0.483 | 278.58 | 0461 | 31044 | -0.445 | 35144 -0.431 | 362501 0420 | 45400 ) 0408 | 48623 | 0403
0 Vila Real da Santo Antbrio 16382 | -0.470 | 20490 | -0.452 | 23258 | -0.440 | 25017 | -0.432 | 205,72 | -0.424 | 319.68 | -0.410 | 57075 | -0.410 | 405.61| -0408
Y G ) ) M.M.Portela (2019/2020) - 299
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i (mm/h) = at (min) ®
Pariodos da retorme (anos)
2 | 5 | 10 | ] | 50 | 100 | 500 | 1000
Parfmetro: dascurvas\rtensidade—drﬁo—ﬁuénda ara diragies da recieiﬁoentresﬂ minutes &8 hor:
| Posto udgy dfico a ] = ] 5] 2] b ] = b ﬁ_bi a T ] & ] b b
02G09 _JCasal Sosro 20820 ) 0633 ) 347.61 ] -0.681 | 446.15) -0.602 ) 64143 ) -0.617 | 6RATE] -0.832 | T65.64 20285 ) -0.658
OET/01_ JMiranda do Dours 243,20 | -0.600 | 457.22] -0.726 | 830,94 -07%8 | 70334 -0.812 1011.?0| -0.830 11781 1574.50] -0.850
IDSM’D] Cheves 211.55 | -0.691 ] 300,39 ] -0.753 | 52077 | -0779 | 851,83 -0.708 827.78'-0.817 063.14] -0 1234.00) -0.847
JosEna_|viana do Gastdo 1.5 | -0.624 | 545.43] 0704 | 7ap80] -0738 | o480 | -0.782 [121e60] -0788 [1azsz0f -0.600 |1cas 00f 0624
10F/01_JAveiro iUniversidads) 253700654 | 38183) 0623 | 43606) -0.607 | 60a.78 ) -0.707 | B0dTe) -0718 | 67767 | -0.726 | 84856 ] -0.738
10H01_Caramulo 1817 ) 0416 ) 186,45 ) -0.486 | 236.34] -0.480 | 284.34 ) -0.5807 | 350,11 ] -0.626 | 400.79 ) -0.537 | 521.30 | -0.668
1101 JSanta Comba Déo 24172 | 0641 37846] -0.683 | 47050 -0.672 | 650,43 ) -0.672 | 675,14 -0.824 | 78216 -0.687 | 083.01 ] -0.603
11L05_ JPerhas Douradas. 1da.68 | 0400 2o7.38) 0670 ) 40076) 0813 | cad00) 0638 | 68188 -0.862 | 804.03 ) -0.676 | 1007.00) -0.700
12103 JCovilhd 13882 | 0.493 | 10475] -0.521 | 233.27) -0.535 | 270.74) -0.545 | 310,82 -0.586 | 356.00 | -0.562 | 44341 ] -0.673
12601 |Caimba (1G) 280060 | -0.653 | 37438 -0.647 | 436.65] -0.844 | 408.40 | -0.643 | 574.03 ] -0.641 | 83217 | -0.640 | T6E.AS | -0.630
130102 JGrahas 22022 ) 0.561) 361.34) -0.604 | 45573 ) -0.623 | 54485 | -0.637 | 6A5.47] -0.651 | 757.34 ) -0.660 | 97315 ) -0.675
21C/08_|Lisboa (IGIDLY 251821 0628 | 34632) 0634 | 407.38) -0.837 | 486,00 | -0.630 | 644,07 -0.841 | 60100 -0.647 ) 73585 | -0.844
210702 |Lishoa (Portels) 36015 ) 0711 ) 17.04| -0.685 | 46154 | -0.847 | 608.26 | -0.634 | 5RE.82] -0.823 | 81124 -0.616 | TIT.68 | -0.608
20G/01 |5, Julidio do Tojal 0550 | -0.506 | 238.70) -0.544 | 26547 ) -0.526 | 202.01 | -0.512 | 327.90| -0.500 | 355.32 | 0483 | 419.64 | -0.452 4
18M/01 | Portalegra 2015 0622 | 380.81 | -0.674 | 504.10) -0.897 | 817.67 | -0.713 | 766.83 ] -0.720 | 884.30 | -0.730 |1156.70] -0.758 | 1275.50] -0.781
Favia za7.2a | 0680 | 30677 ] 0647 | ss5.00] 0842 | so7a0 | 0.630 | sssoo] ness | amoas] ve3s | soods| 0630 ] kasss| oem0
[Evors 38851 | 0719 | 671.47] -0.726 [ 70083 ) -0.744 | 843,21 -0.751 [1017.00f -0.757 | 1147 20 -0.781 |1451.30] -0767 1582.10] -0.780
303,85 | -0.622 | 48863 -0.727 | 581.81 | -0.743 | 89232 | -0.754 | BI7.37| -0765 | 04718 | -0772 [1203.30] -0.783 [1314.20) -0.787
JEET | 0719 ] 416.03] 0713 | 48330 -0.711 | 54697 | -0.700 | 620.30| -0.707 | 681,15 | -0.706 | #3367 | -0.705 | 80523 | -0.704
Religuiss 29502 -0.658 | 48406 ) -0.623 | 619000 -0.801 | 748.90 | -0.607 | 017,30 -0.702 |1043.80] -0.705 |1236.80) -0.710 1482200 -0.712
G atraia 36873 ) -0.583 B00.18) -0.696 | 745.31 ) -0.600 |1526.00) -0.611 J1519.50) -0.618
2. Brés de Alporel 34270] -0.675 58056 | -0.576 | 700,60 | -0.577 |1174.00] -0.580 | 1450.40] -0.581
iuairs 373.03) -0.579 T4BT0) -0.502 |1006.60] -0.508 |1280.80) -0.610 |23323.50] -0.656
25401 | -0.684 | 36601 ] 0700 | 44175) -0.706 | Siaad) -0.7i1 | 607.48) -0715 | 677.76 ] 0718 | 84056 ] -0723 I
2 24574 | 0566 ) 312,01 | -0.500 | 361.22) -0.401 | 400.85 | -0.470 | 473.87] -0.460 | 622.31 ) -0.483 | 635.00 | -0.454 | 68380 ] -0.451
Faro 1250 ) 0679 ) 475,42 ) -0.686 | 583.37 ) -0.658 | 686.94 -0.690 | 821.02) -0.691 | 92151 ) -0.682 |1153.60] -0.693 1125360 -0.684
Vila Real de Santo Anbénio 24263 | -0.600 | 48384 | -0.604 | 577.01 | -0.806 | 886.52 | -0.697 | 782.20] -0.608 | 86017 | -0.620 1069?0' -0.700 115590' -0.700
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i (mm/h) =at (min) P
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Periodos de retormo (anos)
2 | 5 | 10 | 20 | 50 | 100 | 500 | 1000
Parémetros das curvas intensidade-duragéo-frequ éncia para duragies da precipitacio entre 6 & 48 horas
Pasto udog éfico a b a b a b a b a b a b a b a b
02609 [Cazd Soeiro 202.20 | -0.580 | 287.00] -0.545 | 203,03 | -0.527 | 302.25] -0.513 | 317.15 | -0.490 | 320.73| -0401 | 351.60 | -0.477 | 376.10] -0.472
Miranda do Douro 25540 | -0.701 )| 260.27 | -0.660 | 283,52 | -0.656 | 200.23] -0.646 | 321.19 | -0.636 | 33348 -0530 | 380.08 308441 -0617
[Chaves 17115 J 20314 | -0.627 | 216.72 23484 | -06141248.70] -0£10 | 281.34 206.54] -0601
Viana do Castelo 32676 | -0.652 ] 31736 -0.616 | 320,06 | -0.600 | 32596 - 336,65 | -0.574 | 34817 -0.566 | 371.20 383.00) -0.547
L A giro (Universidads ) 27852 | -0.660 | 380.93| -0.677 | 41645 | -0.681 ] 467.72 53637 | -0.687 | 58504 ] -0660 | 70313 763.46] -0.604
10H01_|Caramulo 20861 | -0504 | 236.18] -0.496 | 263.03 | -0.492 ] 270.27] -0.4688 | 20272 | -0.485 | 30052 -0.482 | 34384 365.76 ] -0.477
11101 |Santa Comba Déo 23096 | -0.630 | 34728 -0.651 | 419.30 | -0.656 | 438,83 ] -0.660 | 57872 | -0.663 | 64541 | -0866 | 80321 870.74] -0671
1105 |Perhas Douradas 22311 | -0.550 | 245.16| -0.542 | 26285 | -0.534 | 27048 -0.528 | 301.63 | -0.522 | 31854 -0.518 | 368.34 | -0 37566 -0.508
12003 |Covilhd 16230 | -0.505 | 16842 -0.488 | 179.26 | -0.480 | 19007 | -0.473 | 20445 | -0.467 | 21544 | -0463 | 241.90 | -0. 26357 -0453
12G01_Coimbra (IG) 271.67 | -0.653 | 48615 -0.605 | 639,06 | -0.712 | 79224 -0.725 | 208.20 | -0.738 | 1155.70] -0.745 [1527.60] -0. 1620.00 -0.762
13002 |Grahas 20111 -0620 1 21387] -0.502 | 2477 | -0490 | 23526 -0.481 | 26211 | -0472 | 26447 ] 0466 | 20410 | -0.456 | 307.14] -0.452 |
21C/06__|Lisboa (IGIDL) 35278 )| -0608 ) 545581 -0.721 | 670.81 | -0.732 | 79007 | -0.730 | 963.23 | -0.747 lDU.ﬁi -0.752 11367.30| -0.760
21C/02_ |Lisboa (Portela) 47464 ) -0.756 | 763.20] -0.764 | 96511 | -0.767 | 11309.40) -0.769 [1378.10] -0.771 | 1557.10} -0.772 1970.9ﬂ -0.773
381.00| -0705 ) 81246] -0.753 |1122.70] -0.770 | 1430.30) -0.781 [1837.50] -0.792 2147.2ﬂ -0.797 |2872.40| -0.807
25246 | -0.630 6 31255) -0617 133872 -0.612 | 388,60 | -0.606 | 3%0.58 603 | 44878 | -0.807
26290 | -0.680 48385 | -0.602 | 56351 | -0.695 | 678,44 | -0.697 | 76021 | -0£98 | 961.27 | -0,
f 36404 ) -0712 €64.02 )| -0741 ] 77217 -0.747 | 9670 | -0.753 | 1043.40] -0.757 [1314.90] -
f j 35882 | -0.725 60892 | -0.750 | 70336 ] -0.756 | 82697 | -0.762 | 92038 -0.766 (113810 -0,
IgG[\‘EH |§nes 20350 | -0.709 546,36 | -0.744 | 675.26] -0.762 | 818.37 | -0.750 | 92680 -0.764 |1180.00] -0.
7G01_|Reliquiss 48017 [ -0.7501 83099 -0.778 [1082.00( -0.790 | 1318.40 -0.707 [1828.20( -0.805 | 1852.50] -0.800 |24(8.2¢
W02 [Catraia 36074 | -0.583 809,66 | -0.507 | 745 65| -0.600 |1227.0C
1001 ]S Beés de Abartel 509,07 | -0.634 3.5 | -0.648 1zn;ﬂ -0858 [2210.20] -0,
30M01_|Fiqueirais 758.40 | -0.685 16866.50| -0.712 | 232480 -0.724 [5081.90 -0.752 G'?‘:'CJ.SOI -0.761
31F/01__|Praia da Rocha 42021 | -0773] 481901 -0.740 | 627.23 | -0.730 | 67227 -0.732 | 63204 | -0.726 | 677.55) -0.721 | 78416 | -0.714 | 830.42] -0.711
[30F/01__|Monchique 503.83 | -0.710 | 1567.20f -0.785 | 2342.80) -0.810 | 3107.90) -0.825 |4135.20] -0.840 | 402370] -0248 |6783.60] -0.880 | 7504.20] -0.864
31002 |Faro 40567 | -0.726 | 59424 | -0.724 | 72014 | -0.724 | 84034 ] -0.723 | 90595 | -0.723 | 1112.60] -0.723 [1382.10] -0.722 | 1497.90| -0.722
[30M02_|Vila Real de Santo Anténio 43264 | -0.736 | 53623 -0.718 | @563 [ -0.711] 674.11] -0.706 | 763.90 | -0.701 | 83145 -069 | 982.58 | -0.694 | 1056.30] -0.603
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Periodos de retormo (anos)
5 | 10 | 20 | 50 | 100 | 500 | 1000
Parémetros das curvas intensidade-duragéo-frequ éncia para duragies da precipitacéo entre 8 & 48 horas
Posto udog éfico a b a b a b a b a b a b a b a b

02609 [Casd Soeiro 20220 | -0.580 | 287,00 -0.545 [ 203.03 | -0.627 | 302.26] -0.513 | 317.15 | -0.490 | 32073 -0401 | 351.60 | -0.477 | 376.10] -0.472
05T/01__|Miranda do Douro 26540 | 0701 260.27] -0.660 | 283,658 | -0.656 | 200.23] -0.646 | 321.19 | -0.636 | 338481 -0.630 | 380.08 | -0.620 | 398.44] -0617
03M 01 _|Chaves 17115 | -0.654 | 180.58] -0.635 | 20314 | -0.627 | 216.72 -0.621 | 23484 | -0.614 | 248.70] -0610 | 281.34 | -0.603 | 206.54 ] -0.601
03E/03 _|Viana do Castelo 32676 | -0.662 | 31736 -0.616 | 320.05 | -0.600 | 32696 -0.586 | 33865 | -0.674 | 34517 -0.566 | 371.20 | -0.662 | 38300} -0.547
10F/01__JAveiro (Universidade) Z7852| -0.660 | 380.03] -0.677 | 416546 | -0.681 | 467.72] -0.684 | 636,57 | -0.687 | 585,04 -0.660 | 70313 | -0.693 | 763.46] -0.604
10H01_JCaramuo 20861 | 0504 1235.18] -0.406 | 263.03 | 0492 | 270.27| -0.488 | 20272 | -0.485 ] 30062] -0482 | 34384 | -04768 | 36676 -0.477
11101 |Santa Comba Déo 23096 | -0.639 | 347381 -0. 43383 -0.660 | 57872 | -0.663 | 64841 | -0.666 | 203.21 | -0.650 | 870.74 | -0.671
11L05  |Perhas Douradas 2311 | -0.650 | 248.18 1l o " 301.63 | -0.522 | 31854 -0.518 | 368.34 | -0.511 | 375,686 -0.508
12003 |Covilhd 16230 | -0.505 | 16842 e . -0480 R 19007 | -0.473Q 20445 | -0.467 | 21544 | -0.463 | 241.30 | -0.455 | 253.57 | -0.4583
12G/01  JCoimbra (IG) 271.67 | -0.653 | 486 us | 830,05 | -0.712 -0.7265 | 908.20 | -0.738 | 1155.70] -0.745 |1527.60) -0.758 | 1629.90] -0.762
13002 0,400 | 23526 ] -0.481 | 26211 | -0472 | 26447 | -0466 | 20410 | -0.456 | 307.14 ] -0.452
21C/06 -0732 | 79097 | -0.730 | 963.23 | -0.747 | 1074.50] -0.752 |1357.30| -0.760 | 1479.80] -0.762
21C/02 -0.767 | 1130404 -0.769 (137810 -0.771 |557.10| -0.772 [1970.90 -0.773 ZMB.HUI -0.774

0C/01 p - v 20770 | 1430.30) -0.781 [1837.50( -0.792 | 2147.20) -0.707 | 2872.40| -0.807 3185.90' 20810
18M01 -0.617 | 33572 -0.612 | 368,60 | -0.606 | 300.58] -0.603 | 44878 | -0.607 | 473.11 | -0.506

0101 |Pavia 26203 | -0.680 | 306,84 -0.660 [ 483,85 | -0.602 | 56881 | -0.605 | e7a.ad | -0.607 | 76021 | -0608 [ %61.27 | -0.700 |10aa.20] -0.701

2)/02_ |Evors- 36404 | -0712 ] 532.50) -0.732 | 664.02 | -0.741| 77217 | -0.747 | 92670 | -0.753 | 1043.40f -0.757 [1314.90| -0.764 | 1432.20] -0.768

6J/02_ |Beja 35882 | -0725 | 51180 -0.742 | £08.92 | -0.750 | 708.36 | -0.756 | 826.97 | -0.762 | 02038 -0.766 |1138.10) -0.773 |1232.00} -0.776
IZGD‘01 Sines 20350 | -0700 | 455061 -0733 [ ssase | -074a 675251 0752 [a1a37 [ -a7s0 oz 801 -0764 Tr180.00 -0772 T1280.80] -0.775

7G/01_|Reliquiss I'H H - 10f -0,
*i (mm/h) = 190.07 t (min) -0473 &

31J/01 |5, Brés de Apart:

o—

Com base nas anteriores curvas IDF, procedimentos para estimar
precipitacoes intensas em qualquer bacia hidrografica do Pais, considerando,

30M01_|Figueirais 758.40 | 0,685 1666.50] -0.712 | 2324.80] -0.724 [5081.90] -0.752 [800a 0] -0.761
31F/01_|Praia da Rocha 420210773 | asro0] 0740 [ 0723 | 0730 | s7207] 0732 | e3204 [ 0726 | 677.56] 0721 [ 7848 ] 0714 330‘42|~0.711 i P 3 Atri H
30F01_[Monchique 038 | 0710 | 1567.2] -0.785 [2342.80( -0.6810 [ 3107.90] -0.826 [4136.30] -0.840 | 492370] -0.848 |6783.50] -0.880 7594.20' -0864 cumulativamente, informacao udométrica em postos localizados naquela
31002 [Faro 405,67 | -0726 | 50484 | 0724 | 720014 | -0724 | 84034 | -0.723 | 0595 | -0723 [ 1112.60] 0728 [1382.10] -0.722 [ 1497.00] -0.722 i [Thery P
30M02_|Vila Real de Santo Anténio | 43264 | -0.795 | 636.23] 0718 | 60663 | -0.711] 674.11] -0.706 | 763,09 | -0.701] 83145 | 009 | 8a.ca | -0.604 [1066.30] 0.6 bacia ou nas proximidades da mesma, por norma apenas relativa a
precipitacoes diarias maximas anuais
DECIVIL
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Target:

integrated approach aiming at evaluating the maximum annual
rainfalls with any duration and return period based on
the application of a kind of partition coefficients (ratio) to the
estimates of the annual maximum daily rainfall, Pamd,

Coupling of the previous results and models into an

available in most of the rainfall monitoring networks.

ObjetIVO: Estimativa da precipitagdo intensa relevante em termos da analise

de cheias numa dada bacia hidrografica a partir da precipitacao diaria maxima
anual com o periodo de retorno T nessa mesma bacia, Pdma, mediante
aplicacdo de adequado “coeficiente de reparticdo” estabelecido a partir das

curvas IDF de BRANDAO et al., 2001, 2004.

W DECIVIL

M.M.Portela (2019/2020)

Rainfall measuring network/Rede
com registos de precipitagoes

Widespread monitoring network able
of providing, by means of statistical
models, accurate estimates of the
annual maximum daily rainfall - even

for very small watersheds.

“Extensa” rede udométrica (nimero de pontos de
medicao e dimensdo das amostras) estimativa de

precipitagbes didrias maximas anuais fiaveis e

Sz

representativas do regime local da precipitagdo (...mesmo

INACEDSRH para pequenas bh).

DECIVIL
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Precipitacdes e hietogl de projeto/design rainfalls and hyetographs n .._ Precipitaces e hietogramas de projeto/design rainfalls and hyetographs

al., 2001, and with IDF
curves

Rain gauges with known and
accurate IDF curves

Postos dispondo de IDF criteriosamente
estabelecidas

32D/01

“Coupling” of both information into an integrated model able of providing
570 30M/02 accurate estimates for the short duration rainfalls relevant for flood analysis

32p/01  31F/OT 270,

Estimativas mais fidveis da precipitacdo com curta duragdo interveniente na analise de cheias

M.M.Portela (2019/2020) --—--- 306

des e hietog| de projeto/design rainfalls and hyetographs n .._ Precipitacdes e hietogramas de projeto/design rainfalls and hyetographs

What do we want? — maximum annual
rainfall with the duration of t h and
the return period of T years.

7

N qoIn0 05T/01
5P

A

Based on the study on IDFs, definition
of the partition coefficient/ratio

What can we estimate based on the
available information? — maximum
daily rainfall with the same return

period of T years:

PBHT,,

(coeficiente de reparticdo) between the
rainfall with the foreseen duration and
the one with 24 h duration:

32D/01

Manistério do Ambiente
INAG -DSRH

M.M.Portela (2019/2020) - 308 M.M.Portela (2019/2020) - 309




n .-_ Precipitacdes e hietogramas de projeto/design rainfalls and hyetographs

Based on the statistical analysis of the local rainfall
records, establishment of the maximum daily rainfall
with the foreseen return period, T

Maximum annual rainfall with

duration t and return period T:

Py/P>gq J re

31J/02.
Partition coefficient

PBHT,=PBHT,, x P,/P,,

M.M.Portela (2019/2020) --—--- 310

n .._ Precipitaces e hietogramas de projeto/design rainfalls and hyetographs

o=

. A Selection of the IDF curve
| - <//~"‘u~ /rv‘/ Al : i
oemy M/ o pay Thiessen Polygon method to
\V‘)/\ / /) assign an influence area to each
e *\’ one of the 23 rain gages with
e /"."' 14 known IDF within which each
Watershed / /‘.\';‘}’i?;/@:g specific IDF curve can be applied
der study) ws .
fnder sty S } e 3 (approach valid because of the smooth
’\ —J pattern of the ration Pt/P24)

Na area de influéncia de cada um dos vinte sete
postos dispondo de IDF, o quociente P,/P,, é 0
que se obtém por aplicagdo das IDF estabelecidas

‘ para esse posto (para o periodo de retorno

2001 pretendido, ou em termos da média dos

quocientes relativos aos diferentes periodos de
retorno).

(... pequena variacao espacial de Py/P,4; permite
sl considerar ou ndo dependéncia entre Py/P24 € T).

M.M.Portela (2019/2020) -~ 3

n .-_ Precipitagoes e hietog de projeto/design rainfalls and hyetographs

Q> Since the Portuguese rainfall monitoring network provides
records of annual maximum daily rainfall in abundance -
with regard to both the humber of measurement points and
the size of the samples — the approaches developed based
on a “partition coefficient” allow to account for the specific
features of the local intense rainfall in an watershed.

PBHT,=PBH",, x P,/P,,

DECIVIL
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3 g B
€ £ Descending
£ g blocks
Uniform
blocks
—at— t, min —aee t, min
() (b)
& = &
£ £ :
£ i £ Ascending
Alternating blocks
blocks
_ - v
—at— t, min —at—- t, min

(c) (d)

... approach also applicable to establish design
hyetographs ...

M.M.Portela (2019/2020) --— 313
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Precipitac6es e hietogramas de projeto/design rainfalls and hyetographs

Number of blocks
1 (uniform)
- 2
— 3
4

6

—A— 12
15
—@— 30

Uniform
hyetograph

... For different case studies

(watersheds) flood hydrographs for
9 different shapes of the rainfall
hyetographs and for each shape,
with different number of blocks

mmiAt
mmiAt

- t, min v £, min

(@ (b)

1 mmiDt
I mmiDt

e t,min e £ min
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..._ Precipitacdes e hietog de projeto/design rainfalls and hyetographs
QI> Assignment of design hyetographs to the design rainfalls (atribuigéo de
hietogramas de projecto as precipitagdes de projecto)
Uniform

@IS h
Py / yetograph RS
M=) BD
3EONiny
oyl .
S(KONIn
oEBNTy
—h— 20N
SESNI) —
— @ 3O@BNIn)
|
oy HHGE » ‘\
- o
- i
- I
2 an ”,”;;),’
o5 51 DB BDDHID ao /’;‘""!
; | /i
‘ Vala da R
TS Amieira (na
AN confluéncia o
Tt com o rio Tejo) © © o » 4’

Blocos decrescentes Blocos alternados

Alternating blocks
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Blocks in descending order

W DECIVIL

Caudal (m*/s)

25

20

PrecipitacGes e hietogramas de projeto/design rainfalls and hyetographs

Hyetograph with alternating blocks / Hietograma de blocos alternados

e e a8 R RTIRS AHY et a5 peptsgis Gy

=

—Te=ish
——3@0 min

—4@3min

——6 (15 min
——9 (10 min

—icisn
+ 2@ min)
—3 omin
——a@min
——s8(15min)

—s—30@3min)

Tempo (]
Hietograma de blocos
crescentes /

hyetograph with
increasing blocks

Cova do Viriato Dam s
(tc=1.5 h e P=57.7 mm)

—a—12 @ min
—15@ min
—8_30 (3 min

Caudal (m ¥s)

25

—1(tc=15h)

——4 (23 min) g
——6 (15 min)
——9 (10 min)
—4—12 (8 min)
——15(6 min)
—e—30(3 min)

o 1 2 3 4

Tempo (h)

:
I
y

5 i -\
/ \ Hietograma de blocos

decrescentes / hyetograph
s « ' with decreasing blocks
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Decreasing blocks Increasing blocks Alternating blocks
Blocos decrescentes Blocos crescentes Blocos alternados
Caudal (m’/s) Caudal (m’/s) Caudal (m'/s)
900 — 900 1 lioh 900 —
1 (3tc=30 h; - ggg::: 1 (3tc=30 h)
# - 3 (600 min) ---#-. 3 (600 min)
800 — (200 )
s : Sg: ::: —. 12 (150’“75:-\) 800 g ggg m;
—e—12 (150 min i Eégﬂm'“n')‘) —0—12 51;8 mmg
T o —oeomm ||| | WEIW | T
700 Aﬁu m’;:')‘ 0 700 m § ———30 (60 min)
600 600
500 500
400 1 — 400
N
300 y 300
2l
.'
200 200
/ &‘ \ ¥
100 N 100 23
] \ \ K
0 0 -
0 10 20 30 40 50 60 40 50 60 50 B
Tempo () Tempo (h Tempo ()

Ribeira de Lavre em Lavre. Hidrogramas de cheia para a precipitagdo com duragao, quer igual ao tempo de
concentragdo e intensidade uniforme (precipitacéo de 115.6 mm em 10 h), quer tripla do tempo de concentragdo
e diferente tipos de hietogramas de projecto (precipita¢gédo de 149.1 mm em 30 h).

... Ribeira do Lavre. Flood hydrographs for tc (10 h; 115.6 mm) and 3 tc
(30 h; 149.1 mm) with uniform and variable hyetographs ...
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n ._ Precipitagdes e hietog de projeto/design rainfalls and hyetographs

Decreasing blocks Increasing blocks Alternating blocks
Blocos decrescentes Blocos crescentes Blocos alternados
Caudal (m°/s) Caudal (m“/s) Caudal (m'/s)
900 900 1le=10n 900
w—1 (tc=10 h) 1(3tc=30 h) 1 e=10)
| —E ) =
800 = (300 min) 800 T isomin 800 L anﬁlii
9 (200 min) R 9 (200 min)
L R R o
700 14 w0 kiﬂmm) © 700 /\ T ——3060min)
600 +— 600

0 0 2 0 40 50 6 0 10 20 £ 50 60 0 &
Tempo (h) Tempo (h) Tempo ()

Comparatively to the uniform hyetograph, the consideration of the
temporal variability of the rainfall always results and higher peak
flood discharges. Additionally, different types of hyetographs
result in different peak flood discharges the highest for
the alternating blocks

- 318
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CacH V9 .
Alternating blocks
D ®_ /A\A . . .
A | \k — AHoo@s6h Toulica dam river section
[« [ 1 B Design rainfall with
. A TN ;“"“’c’:':s“ duration equal to the time
e | \ 4 SHem=ON®MT of concentration and
t=tc \\ | \ three times that time and
/| \ T \ with uniform and variable
= i . N hyetographs.
/] \l \
© /] ¢ 4 t=3tc
[
/] i A
[ 4 |
/P /e A Secgao da barragem de
D [ | / A .
‘ % "y Toulica
[ 4 \
| & A \i' a Precipitagdes de projecto
/ [ | h a com duragdes igual e
=7 /4 “A 3 ‘\ tripla do tempo de
o % \ concentragao e
/’;A Ry l‘& intensidade uniforme e
/| A, 3 i
ongd® ha P A beese n&o uniforme.
o 5 10 =3 p~ o] =<3
=o®
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2 .
150 150 150 [ 150
@ — “ “ r . i
. || . | o ke || g ]
Intenalo de tempo (min)f Intenalo de tempo (min)| Intenalo de tempo (min)| Intenalo de tempo (min)|
Caudal (m’/s)
[25 T T
—1(tc=1.5h)
o
—
/ ——6 (15min)
—9 (10 min)
o e Number of blocks of the rainfall
== hyetograph (numero de blocos do
" hietograma da precipitacéo )
10 -
Duration equal to tc === 3 a 4 blocos
Duration 3 timestc ™™ 6 a 9 blocos
5
0
] 1 2 3 4
Tempo (h)
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n ._ Precipitacdes e hietogramas de projeto/design rainfalls and hyetographs

Y Establishment of the
design rainfall

Estabelecimento da precipitagéo de
projecto

i(mm/h)=a t(min)®
2 | 5 | 10
Parametros das curvas intensidade-du
Posto udografico a b a b a b

02G/09 |Casal Soeiro 208.29 | -0.5330 | 347.51 | -0.5810 445.15 | -0.6020
05T/01 Miranda do Douro 243.20 | -0.6985 | 467.22 | -0.7656 | 630.14 | -0.7926
03M/01__ |Chaves 211.55 | -0.6906 | 390.39 | -0.7531 | 520.77 | -0.7794
03E/03 [Viana do Castelo 281.33 [-0.6243 [ 545.43 [ -0.7041 | 742.80 | -0.7376
10F/01 Aveiro (Universidade) 253.70 [ -0.6541 [ 361.63 [ -0.6829 | 435.95 | -0.6967
10H/01 |Caramulo 118.17 | -0.4160 | 186.42 | -0.4660 | 235.34 | -0.4890
11101 Santa Comba Déo 241.72 | -0.6410| 378.45 | -0.6630| 470.50 | -0.6720
11L/05 Penhas Douradas 148.88 | -0.4990 | 297.38 | -0.5790| 409.76 | -0.6130
12L/03 Covilha 138.92 | -0.4944| 196.47 | -0.5237 | 235.68 | -0.5374




n pitacoes e hietogramas de projeto/design rainfalls and hyetographs
Estabelecimento da precipitacdo de projecto

Calculo do tempo de concentragéo.

Identificacéo do(s) posto(s) udométrico(s) com influéncia na bacia.

Precipitacdo diaria maxima anual para o periodo de retorno pretendido.

Eal

Atribuicdo de hietogramas néo uniformes no tempo a precipitacdo de projecto ... nimero de
blocos, forma do hietograma, procedimento de célculo dos blocos de precipitagdo ... blocos
alternados ... mengéo a disposicao resultante do estudo a propésito da férmula racional com factor
de majoragéo.

Establishment of rainfall hyetographs
Computation of the time of concentration.

Identification of the rain gage(s) to be considered.

WN =

By applying statistical tools, establishment of the annual
maximum daily rainfall with a given return period/recurrence
interval.

4. Establishment of the designh hyetographs — number of blocks
and shape of the hyetograph ... selection of the most suitable
shape ... alternate blocks ... results provided by the rational
method with scaling factor.

n .._pitagées e hietogramas de projeto/design rainfalls and hyetographs

RATIONAL FORMULA WITH A SCALING
FACTOR

FORMULA RACIONAL COM FACTOR DE MAJORAGCAO

Q=fCiA

f=2-+n
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... rational formula with a scaling factor that accounts
for the increase in the peak flood discharges due to
the temporal variability of the rainfall intensity

Among all the possible permutations of the blocks of the
hyetograph the maximum maximorum direct peak flood
discharge is achieved based on a temporal distribution of
the blocks roughly symmetrical to the temporal
distribution of the ordinates of the unit hydrograph
around its highest ordinate.

Foérmula racional com fator de majoracao

.. 0 caudal méximo dos méximos caudais do escoamento directo resultantes das
possiveis permutacdes dos blocos de precipitacdo corresponde a uma distribuicao
temporal dos numeros de ordem dos blocos de precipitagdo que, grosso modo, &
simétrica da distribuicdo temporal dos numeros de ordem das ordenadas do
hidrograma unitéario em torno do numero de ordem 1 (ordenada maxima do
hidrograma unitario) ...

n .._pitagées e hietogramas de projeto/design rainfalls and hyetographs

Unit
hydrographs




n .._ipitagées e hietogramas de projeto/design rainfalls and hyetographs

u (m3/s)

Unit hydrograph

Hyetograph with
alternating
blocks
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u (m3/s)

Unit hydrograph

20

16

Hyetograph with
partially
alternating blocks ¢

4

0 -
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From a theoretical point of view, the blocks may not be
exactly alternating, depending on the shape of the HUD,
but there will always be some alternation ... However, in
most of the applications the HUD is not known and, so,
the most common decision is for hyetographs with
alternate blocks

Em rigor, os blocos podem né&o ser estritamente alternados, mas existira sempre
alguma alternéncia em parte do hietograma ... Na generalidade das aplicagdes
desconhece-se a forma do HUD que traduz o comportamento de uma dada bacia
hidrografica em situacdo de cheia .... hietogramas de blocos alternados ...

U
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«
COMPONENTS OF THE OBSERVED FLOOD

Initial ab: 5 HYDROGRAPH AND OF THE OBSERVED RAINFALL
nitial abstractions HYETOGRAPH

Rainfall

hyetograph Excess, effective or net rainfall

Mass center of the excess rainfall hyetograph

Continuous abstractions

| Lag time (of the Peak flood discharge Time
Discharge je—tdrograph)

1 1 Direct runoff hydrograph

1 |

| | kS

1 9 1 3

1 § 1 e

N 3 Base flow hydrograph
) 1 =
~

N )

Q.? Diregt runoff )
1 End of the direct runoff

I P

|

1

Base flow
I?e%'b” B

1 Time
Rising time . Falling time |

Base time
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« I
RESUMO DAS COMPONENTES DO HIDROGRAMA

Perdas Iniclal DA CHEIA OBSERVADO E DO HIETOGRAMA DA
erdas iniciais PRECIPITACAO

Precipitacdo
Precipitacgdo efectiva

Centro de gravidade do hietograma da precipitacdo efectiva

Perdas continuas

| irempo de resposta Caudal de ponta de cheia Tempo

Caudal | ou tempo de /ag /

Hidrograma do escoamento directo

|
Ral'noI ascendente

Ramo descendente

Hidrograma do escoamento de base

Esoqa mento
djrecto
1

I
1
|
|
1 1
! ! Escoamento de lese
1 1
T

: : 1 Tempo
| e—TE€MmpO de subida_ . _Tempo de descida 1
! 1
1 Tempo de base 1

DECIVIL ' )

w ' M.M.Portela (2019/2020) - 330

FLOOD HYDROGRAPHS ROUTING IN NATURAL RIVER REACHES -
fundamental concepts (propagacao de hidrogramas de cheias em trechos de
rio — conceitos basicos)

“Entrada” de caudal g

ou caudal afluente, I(t) Fmrgnntt::fe‘ d;(t) i -
) I R——
T
\ + Seccoes
!. transversais
T—
“Saida” de caudal ou T
caudal efeluente, O(t) L— Q(t), h(t) ou Q(h)

Caudal "entrado” a Caudal

Caudal "saido"a

Distancia

Distancia

Modelos agregados (hidrolégicos; lumped) e distribuidos (hidraulicos; distributed)
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FLOOD HYDROGRAPHS ROUTING IN NATURAL RIVER REACHES -
fundamental concepts (propagacao de hidrogramas de cheias em trechos de

rio — conceitos basicos)
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Os modelos agregados sao os mais simples, baseando-se na equacao da continuidade
expressa sob a forma de equacao de armazenamento complementada por uma relacao

adicional que depende do tipo de problema a que se aplicam tais modelos (HUI Clark ...
reservatorio linear)

%=I—O & dS=1dt-0dt

Método de Muskingum — Modelo agregado para propagacao de hidrogramas de cheia
(lumped model for flood hydrograph routing)

Armazenamento em

Armazenamento em cunha negativo
cunha positivo
— 1-O
— O
(o
— Armazenamento prismatico

... the storage in each river reach is modeled as a sum of two storages: a prismatic
storage and a wedge storage. The former is the volume defined by the steady flow and
the latter is an additional storage due to the flood wave propagation




Método de Muskingum — Modelo agregado para propagacao de hidrogramas de cheia
(lumped model for flood hydrograph routing)

Armazenamento em
Armazenamento em cunha negativo

cunha positivo

- -0

Ramo descendente

Ramo ascendente -

Negative Wedge
storage e

Prism Storag® |

NG 7

... falling stages
decreasing flow rate ...

‘ prism Storage I

... rising stages
increasing flow rate ...

.. during the rising stages of the flood (increasing flow rate) the wedge storage is positive

and added to the prismatic storage while during the falling stages (decreasing flow
rate) the wedge storage is negative and is subtracted to the prism storage.

Método de Muskingum

Armazenamento em
Armazenamento em cunha negativo

cunha positivo = — |-O
S - o

Armazenamento prismatico

Em cada trecho de canal a que é aplicado o método, o armazenamento
prismatico é dado pelo produto do caudal efluente do trecho pelo tempo de
percurso no trecho, K. O armazenamento em cunha é dado por uma diferenca
ponderada entre os caudais afluente na sec¢do de montante do trecho e
efluente na de jusante, diferenca também multiplicada pelo tempo de
percurso no trecho de modo a obter-se um volume (... the volume of the prismatic
storage is related to the outflow rate, O, multiplied by the travel time through the river reach, K.
The volume of the wedge storage is a weighted difference between inflow and outflow, also
multiplied by the travel time):

S=KO+K X (I-0)=K [XI+(1-X)O]

X factor de ponderacao (weighting factor);
K  tempo de percurso no trecho de rio (travel time)

i B

%=I—O & dS=Idt-0dt

S=KO+K X (I-0)=K [XI+(1-X)O]

4

I+12 01+02 _S2-S1
2 2 At

SI=K [XI1+(1-X)O01]

S2=K [X 12+(1-X) 02]

02=C0I2+Cl1I1+C2 01

At/K—-2X

CO=——"t+ "=
2(1-X)+At,

At/K +2X
2(1-X)+At/K

CO+C1+C2=1

2(1-X)-At/K
2(1-X)+At/K

C2=
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Método de Muskingum

02=C012+CII1+C201

Amazenamento em
Armazenamento em cunha negativo

cunha positivo g

A/K+2X
2(1-X)+At/K

Amazenamento prismético

O parametro K pode ser entendido como o tempo de percurso da onda de cheia ao longo
do trecho de canal, tendo em conta a translacao de tal onda.

O parametro X é um factor de ponderacgao que introduz o efeito do amortecimento da onda
durante a propagacao no trecho de canal. O amortecimento traduz-se na reducédo do
caudal de ponta do hidrograma efluente no extremo de jusante do trecho relativamente ao
caudal de ponta do hidrograma afluente ao extremo de montante, com consequente
aumento do tempo de base daquele hidrograma relativamente ao tempo de base deste
ultimo hidrograma

(0<X<0.5 eincremento de tempo geralmente entre K/3<At<K )

The parameter K can be considered as
representing the travel time of the flood
hydrograph along the river channel, as a pure
translation movement.

The parameter X is a weighting factor responsible
for the “dumping” of the flood hydrograph as it
propagates downstream. As a consequence the
Distancia peak flood discharge decreases and the base time

of the flood hydrograph increases.

Caudal "entrado” a

Caudal "saido" a




Caudal

Tempo

If K=4t e X=0.5 then Co=-C2 and C1=1 and the flood wave suffers a pure
translation when propagating downstream, that is, without any decrease of

the peak flood discharge (unless for the numerical errors of the method). If X=0 then
S=KO, which is the equation of a linear reservoir; under this conditions the

w ' peak flood discharge decrease is the highest.
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Caudal

Montante,

Tempo

Se K=At e X=0.5 obtém-se Co=-C2 e C1=1 e a onda de cheia sofre uma

translacdo pura ao propagar-se no trecho, portanto, sem qualquer

amortecimento (a menos de erros numéricos inerentes ao método). Se X=0

obtém-se S=KO, equacao que traduz o modelo do reservatério linear, sendo
@ o amortecimento maximo.
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