
Hydrologic design is the 
process of assessing the 
impact of hydrologic
events on a water resource
system and choosing
values for the key variables
of the system so that it will
perform adequately. 

Hydrologic design may be
used to develop plans for a 
new structure, or to
develop management 
programs for better control
of an existing system.



The purposes of water resources planning 
and management may be grouped
roughly into two categories. 

1. water control, (drainage, flood control, 
pollution abatement, insect control, 
sediment control, and salinity control)

2. water use and management, (domestic
and industrial water supply, irrigation, 
hydropower generation, recreation, fish
and wildlife improvement, low-flow
augmentation for water quality
management, and watershed
management). 



In either case, the task of the hydrologist is the same, 
namely,
to determine a design inflow, to route the flow through the 
system, and to check whether the output values are 
satisfactory. 

The difference between the two cases is that

design for water control is usually concerned with extreme
events of short duration, such as the instantaneous peak
discharge during a flood, or the minimum flow over a period of
a few days during a dry period, while

design for water use is concerned with the complete flow 
hydrograph over a period of years.



The optimal magnitude for design is one that
balances the conflicting considerations of cost and 
safety



The hydrologic design scale is the range in magnitude of the 
design variable (such as the design discharge) within which a 
value must be selected to determine the inflow to the system 

Its probabilities of occurrence can be estimated adequately
when hydrologic records of sufficient length are available for
frequency analysis. 

The probabilistic approach is less subjective and more 
theoretically manageable than the deterministic approach. 

Probabilistic methods also lead to logical ways of determining
optimum design levels, such as by hydroeconomic and risk
analyses



The estimated limiting
value (ELV) is defined
as the largest magnitude
possible for a hydrologic
event at a given location, 
based on the best 
available hydrologic
information. 



A hydrologic
design level on 
the design scale 
is the magnitude
of the hydrologic
event to be
considered for
the design of a 
structure or 
project. 



Probability of exceedence P

Return period T

Risk of failure Ṝ

Life of the structure n



Esempio: rischio idraulico di 
fallanza di  un tombino nella sua 
vita utile



Design rainfall (x)

Rainfall runoff model x Q(x)

Q(x)

Installation of culvert

(realizzazione di un tombino)





Flow model
Flow Q(x) water depth y(x)
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Flow Q(x) 
water depth y(x)

Design rainfall (x)

Rainfall runoff model x Q(x)

Q(x)

Culvert





Elementi rilevanti nell’analisi di 
rischio che sono stati trascurati







Safety Factor SF
(fattore di sicurezza, franco idraulico)
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Rational method

if a rainfall of intensity i begins
instantaneously and continues
indefinitely, the rate of runoff will
increase until the time of
concentration Tc, when all of the 
watershed is contributing to flow at 
the outlet.

The product of rainfall intensity i and 
watershed area A is the inflow rate
for the system, iA, and the ratio of
this rate to the rate of peak
discharge Q (which occurs at time
tc) is termed the runoff coefficient ϕ

Q=ϕhA/Tc





Esempio: calcolo della portata 
di piena in un bacino, 
assumendo

1) Che solo la precipitazione 
sia aleatoria

2) Che sia la precipitazione 
che il coefficiente di 
deflusso siano aleatori

Incertezza sui parametri del modello

Q=ϕ h A/Tc

Incertezza sulle forzanti idrologiche
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Distribuzione di Gumbel (Q)
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Analisi del primo ordine sQ



Analisi del primo ordine sQ



Analisi del primo ordine sQ
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Analisi del primo ordine sQ

1) Solo la precipitazione sia 
aleatoria

2) Sia la precipitazione che il 
coefficiente di deflusso 
siano aleatori
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Analisi di rischio in caso di carico e 
resistenza  aleatori

Ridotta capacità di portata del tombino
ridotta capacità di far fronte al carico Q(x)











20 ggMTTR
365/4=91,25 ggMTTF

riabilitati in 20 gg
ostruiti 4 volte/anno

2 elementi in parallelo 
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riabilitati in 20 gg
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2 elementi in parallelo 
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Affidabilità del sistema

37,54a(Q)
15,82b(Q)

Solo la precipitazione sia aleatoria
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5MTTR
126,7MTBF

riabilitato in 5 gg
ostruito 3 volte/anno
1 elemento

Affidabilità del sistema

37,54a(Q)
15,82b(Q)

Solo la precipitazione sia aleatoria




