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Goals of the course

To know how to model urban

hydrological processes using different
type of models

Examples of application:

1.
2.
3.

Rational Method
Routing System (RS) MINERVE

<

Probabilistic Modelling (REBEKA 1)

Urban Hydrology Course, LR 27.03.2025



Urban Hydrology Course, LR 27.03.2025



Table of content

Introduction to modelling

Model conceptualization

Choice of a software

Data collection

Model validation

Scenarios

Some crifical points with modelling...
Rational method: sizing of a sewer network

Urban Hydrology Course, LR 27.03.2025



Introduction

Why a model ¢
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Infroduction
In{limu(Xle _ (xlﬂn IT] +sin’(p) + cos*(p) = 3 SO \éln_ tanh (q)

Z—>0 Z

—_

1=In

¢) 1 =cosh(q)*+/1-tanh*(q)
I=sin*(p)+cos’(P) L |n(e)+ sinz(p)+cosz(p):i[1j 2
) . o\2 e= Iim(1+lj
222(;} Z—>m Z

In(lim[l +lj ]+ sin’(p)+cos’(p) = i cosh(@)” \/m

(%)) } ()}
1 —I— 1 — 2 ...but not always!!!

Simplicity is the ultimate sophistication

(Leonardo da Vinci)
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1. Initial evaluation .
» Review of existing data I n'l'rod U C'l'lo n
« Conceptualization of the model
* Definition of the problem
» Choice of the software

2. Collect of data

» Characterization of the network

 Measurements and data for the
validation (rain, flow, concentrations...)

3. Selection of model parameters
» Analysis of measured data
» Values obtained from the literature

4. Validation of the model
« Comparison between measurements
and results
« Sensitivity analysis

5. Evaluation of future scenarios
* Selection of design conditions
« Comparison of different scenarios
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1. Initial evaluation

» Review of existing data M0d9|

« Conceptualization of the model

« Definition of the problem Concepfuqlizqﬁon

* Choice of the soffware
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1. Conceptualization of the model

Rain distribution

Processes to be

modelled ? < T

Contaminant

—\_/ ——
tfransport
| 7 e

Flow in sewers and
discharges

All processes

All processes in rivers:
in WWTP

Flooding Dilution, erosion, fransport,

}\/\Iphysico—chemical reactions...
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Receiving waters
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1. Conceptualization of the model

process
* pre-treatment Q optlmlsatlon Bomumpum_’ DO »~— flocculation |
temperature [AP— V J, rlembrane
i filtration
\ ! R TR ED solids separationg,, , ,

in sec. clarifiers

/n

\

‘ - (sludge) = =4 BNR
| x '
v [ elimination .
hydrolysis . O X |
|

f

_—

mass transfer

— — — —

influence

b

© state variable

process

¢ Iinfluencing factor

o T T
[

_
disinfect measure's influence
s S .- A measure
5 ~
| [
solids separation Effluent X B
in prim. clarifiers _— Effluent § > blockage of inferstifial == e — -—’.'—"""'— pH
: e —
\Y—\——b Effluent Q 7
LA L=
- O G B WS NN B S O S N N — E E E N § BN . - J f hydrnlys's consumpﬂun pmduﬂhon
E ..;__:' é-: respiration
T T T T T lemperaure . L L T T T T Ty
[ industry/ DO —
- ! ) | "
B housenholds l g \ ! consumption \
waste stream . o
: management l : rhydrﬂlySIS\ degradation I I consumption Gomumpunn rd } ‘
sesmttem, . re-aeraton I consumption j
street _— F Cso
I cleansing — s — "‘"'T | } treatment _L — '-tE::::::I::t/
—
sedlmentatlon! | + et 'l - J- — - - _"'1\
: —*  erosion : 1 v . N | 4 Wt 4
I / * | sedimentation/ i i ZEE, v i \
! ad./disp./mix. of solids “l‘ phys. re-aeration f
| T | erosion Overflow X ' 4
. runoff . r P\ Overflow § l sedimentation/ l' I temperature
- g N / 4 erosiondrift 4 ad.fdisp.mix. |
cbnditions * | | ; 7 T —— { Overflow Q \ r , \ ~
l’ f \ runoff ' i Sewerl \ \ : / { l
S— . .. h A ’
, | build-up | / \ P r 1= N - -—J—-l,____ s/ \{
I —_— I sewer infiltration |- 1 - 2 -__» 5 solar
I i e /! \ i = st;ver . . ) o control Q:;-J- m— | *radiation
TS aracteristic . orage L ) L
l | p* / \ . R e e e s T . rxtension strategies river : "'[’:‘1'"31""‘3‘:?'%3’ '
| : infiltration : ‘ sewer o 1/ | :
I | v rehabilitaton 1 1
.\. i ‘ catRmont | . N Ltech nlizal L x inlet =
> . e-aeration i
\_ characterlstlcs\. | A Sedime l baseflow destgn l shading
\— . "‘ —————— el management N o soil increase Restructure
. o1 of riparian
~ \ climate x decentral ~ charact zone
~'s stormwater __ _ — =~ eristics

= ==mfMmraon

Urban Hydrology Course, LR 27.03.2025



Infiltfration
system

Exutoire

j1> ~ Key for deterministic modelling =
discretization of the system in single units
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1. Conceptualization of the model
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Benefits , costs

1.2. Choice of the model

Optimal model for scientfists

Optimal model /
for an

administration

P

« Benefits"

"Costs"

i
|
\

|
/ Complexity of the model

Optimal model for users
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Identiflability
problems

Model unable

.,»mm._ma (Wews)
SOUBLLIONS Y SANIDaLd

From Grayson R and BlGschl G, «Spatial Patterns in Catchment Hydrology, Observations

and Modelling », Cambridge University Press, 2000
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1.2. Choice of the model

Small € Sewer system complexity —> Big
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Actual problems with urban water
management

Small €— —> Big
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1.2. Choice of the model: some
criteria

« Availability of frained personnel
nonconventional and usual software, numerous « tricks »
* Long-term commitment to the model
the model will be used for different future projects
* In-house model experience
no need of fraining and “warm-up” period
« Support of the model
update from developers (user assistance, correction of errors...)

« Acceptance of the model
fairly obbscure models may meet your needs, but less credibility

« Commitment to modeling as a tool
Modeling as an integral part of problem-solving

 Suitable hardware
Not a real problem anymore, except for special cases
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1.2. Choice of the model: some
criteria

Type of models:
Statistical / empirical

Deterministic Expected goals:

Stochastic E'OPHI?Q

Event-based Pe en _'Ond |

Multiple event-based Si;?ri;wlze pipes

onfinuous Water quality
Others:

Link with WWTP / River models
Dedicated processes studies
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Numerous model on the market!

Storm Water Management Model (SWMM)

hitps://www.epa.gov/water-research/storm-water-management-model-swmm
Models based on SWMM: PC-SWMM, XP-SWMM, infoSWMM
hitp.//www.chiwater.com/Software/PCSWMM/index.asp
hitp://xpsolutions.com/Software/ XPSWMM/
hitp://www.mwhsoft.com/products/infoswmm/

OTTHYMO

hitp://www.clarifica.com/Products/EST/V02/home.htm

MOUSE / Mike Urban (DHI)

http://www.dhigroup.com/

CANOE (France)

http://www.canoe-hydro.com/

InfoWorks (Wallingford Software)
http://www.mwhsoft.com/products/infoworks cs/

Suite Routing System (RS MINERVE, RS URBAN...)
http://infoscience.epfl.ch/record/116157/files/Comm_LCH 9.pdf
http://www.creadlp.ch/fr/accueil/ressources/logiciels-general/rs-minerve.html
REBEKA

http://www.rebeka.ch/

HYSTEM EXTRAN

hittp://www.itwh.de/software/softwareprodukte.htmil
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1. Initial evaluation
» Review of existing data
« Conceptuadlization of the model
* Definition of the problem
» Choice of the software

2. Collect of data
» Characterization of the network
 Measurements and data for the
validation (rain, flow, concentrations...)

3. Selection of model parameters
* Analysis of measured data
* Values obtained from the literature

4. Validation of the model
« Comparison between measurements
and results
 Sensitivity analysis

5. Evaluation of future scenarios
 Selection of design conditions
« Comparison of different scenarios
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1. Initial evaluation

» Review of existing data

« Conceptuadlization of the model
* Definition of the problem

» Choice of the software

2. Collect of data
« Characterization of the network
« Measurements and data for the
validation (rain, flow, concentrations...)

3. Selection of model parameters
» Analysis of measured data
» Values obtained from the literature

4. Validation of the model
« Comparison between measurements
and results
 Sensitivity analysis

5. Evaluation of future scenarios
» Selection of design conditions
« Comparison of different scenarios
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3. Analysis of data / parameters
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1. Initial evaluation
» Review of existing data
« Conceptuadlization of the model
* Definition of the problem
» Choice of the software

2. Collect of data
« Characterization of the network
« Measurements and data for the
validation (rain, flow, concentrations...)

3. Selection of model parameters
* Analysis of measured data
* Values obtained from the literature

4. Validation of the model
« Comparison between measurements
and results
« Sensitivity analysis

5. Evaluation of future scenarios
» Selection of design conditions
« Comparison of different scenarios
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4. Validation of the model
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Exemple: Coupling model results for flooding during a rain
event with complaints from citizens (flooding in cellars)
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https://blogs.equ.eu/geolog/2016/03/11/geosciences-coloumn-mapping-floods-with-social-media/
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du ruissellement
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Figure 4.6 - Modélisation - Comparaison des résultats de modelisation avec la carte de ruissellement de la confédeération -
Chauderon Nord [6] : (a) Résultats de modélisation (b) Carte de ruissellement de la confédération

Antoine Passaquin (2025) Etude du ruissellement de surface Place Chauderon Lausanne — Master 2025
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4. Validation of the model

Carte de I'aléa ruissellement

La nouvelle carte montre ol se concentrent les risques potentiels liés au
ruissellement. Disponible gratuitement en ligne, elle couvre aussi bien les zones

?'L :.Léﬁb
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4.1. Sensitivity analysis

Numerous parameters :
s Which one are the most sensitive / important?

100 T Y 3
d = depression storage cap.
i = imperviousness ® 2 ]
p = pipe roughness o T
s = surface resistance E —
s50F ¥~ width of overland flow | g
a
[
§ 1
Percent o 08
Change T
i 0 ® o6
unoff |~
Peak 0.5
0.4
0.2 3 4 5 6 a
]
Changes in other parameters
resulted in changes in the . . .
output of less than 5%, Example for Manning equation:
Q=K:S:R?3. )12
-100 1 L
-100 -50 0 50 100 . .
Percent Change in Indicated Parameters If d lam Ete r d ou b | e:. Ca pa Clty X 6

If slope double: capacity x 1.4
If roughness double: capacity x 0.5
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1. Initial evaluation
» Review of existing data
« Conceptuadlization of the model
* Definition of the problem
» Choice of the software

2. Collect of data
« Characterization of the network
« Measurements and data for the
validation (rain, flow, concentrations...)

3. Selection of model parameters
* Analysis of measured data
* Values obtained from the literature

4. Validation of the model
« Comparison between measurements
and results
 Sensitivity analysis

5. Evaluation of future scenarios
» Selection of design conditions
« Comparison of different scenarios

Urban Hydrology Course, LR 27.03.2025




mmmmm

Example:
Change of sewer diameter to

avoid flooding problems

New urban development,
rehabilitfation of networks, urban
densification, flooding controls,
pollution conftrols, infiltration of
stormwater, etc.

uuuuuu
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5. Evaluation of future scenarios

« 2D modelling of bluefactory neighborhood —

+ Management of microtopography to avoid flood —
problems

Modelling of local infrastructures
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The seven sins of urban hydrological models
(From Lee, 1973, « Requiem for large scale models »)

Hypercomprehensivness (orgueilleux)
Too high degree of sophistication

Grossness (grossier)
Very large model, simplified, not applicable
for specific tasks

Hungriness (gourmand)
Need of large amount of data
Wrongheadness (pervers)
Many limitations and errors are undetected due to the size and complexity of the model
Complicatedness (tortueux)

Interactions between, variable, parameters, algorithms... too big even for developers
Mechanicalness (borné)

Errors are present in the resolution of algebraic, differentfial and integral equations
Expensiveness (cupide)

Not necessarily in buying it, but in terms of person-hours

Requiem for Large-Scale Models https://doi.org/10.1080/01944367308977851
Forty Years after Lee's Requiem: Are We beyond the Seven Sins? DOI:10.1068/b4103c Urban Hydrology Course, LR 27.03.2025



https://doi.org/10.1080/01944367308977851
http://dx.doi.org/10.1068/b4103c

Some experiences with
modelling...

* Try the simplest one

* Boundary conditions !

 Pollution model: impossible to validate a deterministic model ¢
* No modelling activities without data for validation |

* Be very strict in the validation / scenarios modelling steps: a lot
of files will be generated

« Always conduct a sensitivity analysis
« Long-term simulation, no single event
* Different scales, different models

e ... it'sjust a tool !
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