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Date Cours n° Description Exercices

20.02.2025 1 Introduction Exercice 1
27.02.2025 2 Legislative aspects Exercice 2
06.03.2025 3 Planning tools : PGEE -

13.03.2025 4 Planning tools : PREE Exercice 3
20.03.2025 5 Field trip (Lausanne wastewater system) -

27.03.2025 6 Modeling tools Exercice 4
03.04.2025 7 Deterministic modeling (Routing system 3) Exercice 5
10.04.2025 8 Stochastic modeling (REBEKA) Exercice 6

24.04.2025

08.05.2025 11 AG VSA Fribourg -
15.05.2025 12 Field investigation (immission) Exercice 8
22.05.2025 13 Knowledge control (mandatory)

29.05.2025 Ascension Day
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Goals of the course

e To know how to model urban

hydrological processes using o
stochastic model

« Example of application: The REBEKA I
Model
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Immission strategy:
the goalis to limit
the impacts on the
environment.

An intfegrated

approach is
therefore needed |
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Do we have a problem?
Projet Date de I'examen / base Matrice
Cours d'eau Section / site d’évaluation

Hydrologie Estimation (E) Calcul (C)
Longueur de la Largeur du cours Profondeur d'eau moy. | Débit estime
Surface BV (km’) section (km) d'eau (m) (m) (Us)

Altitude Altitude

Q347 (étiage) (I/s) e M

Pente moyenne (%)

Remarques

Classification moyenne meilleure pire Variabilit€ en largeur (moy ) | Végétation riveraine DEficit principal
Section considérée
Section en amont
Remarques

Indications pour les déversements des eaux usées (installations)
Désignation WVolume déverse (m°/an) [ Fréguence (nombre/an) | [ Durée {h/an) |
Remargues

Aspect général ’ Hygiéne [ Physique ] Chimie | Matiéres en suspension
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Chimie:
sédiments contaminés 2

Situation par -
temps sec m maoyen ‘ faible | aucun
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. Paramétre ) . Situation en 0
Légende ‘ P ‘ oui ‘ non ‘ ‘ Problémes avec — femps de pluie moyen faible aucun




Do we have a problem?

Emission of TSS River flow
(CSOs and stormwater) information Ecological goals:

. a) Siltation
Processes of erosion, b) Oxygen depletion

accumulation, c) Ecotoxicology
transport for the TSS

Accumulated amount
of TSS

Risk estimated?

Risk validation:
“in situ investigations”
0 measures

Risk confirmation ? needed to limit the
input of TS

Measures
needed to limit the
input of TS
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Do we have a problem?

mission o iver flow MOdelin WiTh REBEKA ”
:
software:

Processes of erosion, — Urban stormwater discharge

accumulation,

transport for the TSS _ FlOW in .I.he river

— Input of ammonium and TSS in
of 155 receiving waters

— Deposition and erosion of
sediments in the river

— pH and temperature
fluctuation (ammonia toxicity)

Legislation course
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Do we have a problem?

Emission of TSS River flow
(CSOs and stormwater) information Ecological goals:

. a) Siltation
Processes of erosion, b) Oxygen depletion

accumulation, c) Ecotoxicology
transport for the TSS

Accumulated amount
of TSS

Risk estimated?

Risk validation:
“in situ investigations”
0 measures

Risk confirmation ? needed to limit the
input of TS

Measures
needed to limit the
input of TSS
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Do we have a problem?
Effect assessment for sediment

Ecotoxicological risk

Siltation risk f
T Anaerobic risk

max 10% pcjr’nclesﬁ;éi

Im/ <2mm
625 g/m2TSS & -5
max. Annual time: 20% &5 - Downstream

71 5¢cm

1m Criteria: f(mass of 1SS, exposure fime)

EIFAC: European Inland Fisheries Advisory Commission (1964)

Canadian Council of Ministers of the Environment, CCME (1995)
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Do we have a problem?
Effect assessment for sediment

200 I [ | 0
180 I |” | ‘ -5
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B Rain intensity —— TSS Accumulation
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Do we have a problem?

Emission of TSS River flow
(CSOs and stormwater) information Ecological goals:

. a) Siltation
Processes of erosion, b) Oxygen depletion

accumulation, c) Ecotoxicology
transport for the TSS

Accumulated amount
of TSS

Risk estimated?

Risk validation:
“in situ investigations”
0 measures

Risk confirmation ? needed to limit the
input of TS

Measures
needed to limit the
input of TS
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Do we have a problem?

Risk assessment and management

Risk validation:
“in situ investigations”

O measures
Risk confirmation ? needed to limit the
input of TSS

Measures
needed to limit the
input of TS

Sampling of sediments

— Chemical analysis
— Exotoxicological analysis

Biological survey
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R A a Ro O
File  Simulati ings Loads Results Language Help
Sytm Stachastic Simulation | Rain Data | Information | Critical Events | TSS Loads | TSS Immission
Catchment of Separate Catchment of Combined
Sewer Systerm Sewer System
@ MNatural Catchment
Confluen CSO Pra j ect File: Ex_reb Fain File: zuer8695. kmd

Pl
Inﬂl’rrchon " '
system \l/

nd
Ly

Exutoire
Key for urban system modelling =
discretization of the system in single units
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Conceptualization of the model

Catchment of Separate Catchment of Combined
Sewer Systerm Sewer Systerm

www.rebeka.ch

Matural Catchment (MC)

L - __

Feceiing Wwater (B

/

Goal: to estimate a probability of
impacts in the receiving waters
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http://www.rebeka.ch/

Data needed for the model

— ~
/fombined Sewer System (CSS) \
Contributing Area [ha]

Ca. 40 parameters, 15 « standard values » il Loss [mm]

Reservoir Time Constant [min]

Inhabitants [PE]
Catchment of Separate  Catchment of Combined Dry Weather Flow [I/(PE*d)]
Sewear System Sewear System Outflow to WWTP [l/s]
CSO Tank Volume [m* ]
NH4-N in Rainwater [mg/I]
pH in Wastewater [-]
NH4-N Load [g/(PE*d)]
Alkalinity in Wastew. [mmol/I]
TSS Conc. in Wastewater [mg/l]
First Flush Coefficient b [-]
Sediment Fraction [-]
\QSO Efficiency Factor [-] /
-_—
=
/ Receiving Water (RW)
Baseflow Q347 [m 3 /5]
Channel Slope [-]
Channel Width [m]
Side Slope x:1 (H:V) [-]
Fieceiving Water (R Strickler Coefficient [m ™/ /s]
Average Grain Size [m]
90% Grain Size [m]

e——  [nflowy

/ '\

Matural Catchment (NC)

\ NH4-N Concentration [mg/I]

Natural Catchment (NC) Separate Sewer System (SSS) pH Value [.]

Contributing Area [ha] Contributing Area [ha] Alkalinity [mmol/I]

Initial Loss [mm] Initial LO.SS {mm] ] Min. Temp. (February) [°C]
Reservoir Time Constant [min] Reservoir Time Constant [min] Max. Temp. (August) [°C]

Stormwater Tank Volume [m 3 ] TSS Settling Velocity [cm/s]

Outflow [l/s] Erosion Coefficient [g/m° /s]
First Flush Coefficient b [-] Degradation Rate of org. Matter [1/d]
Critical Shear Stress [N/m? ]

Effici Factor [-
TZCICZZ?/ i: ; ;i;ﬂ/] [mg/l] g02/gTSS from combined system [-]
\ - - j 02/gTSS from separate system [-] 0/04/2025




Data needed for the model

Systeme séparatif (55) ® Systéme unitaire (SU) )
SyiiEme ]| NH3 | MES |
Surface effective [ha] I 69 oK mentof Separate Catchmento| | Suiface effective [ha] I 67 oK
Swstem Sewer Syste o
Peite initiale [mm] | 1 —_— — — | Perte iniale [mm] | 1 Annuler
. Constante de stockage [min] I 20
Constante de stockage [min] I 10 dide
Habitants [EGW] | 350
Volume du bassin [m3] | 0
Débit de temps sec [I(EGW™d]] I 250
" Bassin inline " Systéme de stockage Y -1 Yolume du bassin [m3] Iifm
(¢ Bassin off-ine & Systéme de traitement
™ Stockage in-line ™ Systéme de stockage .
Débit de sortie du bassin [I/s] I 0 (* Stockage off-line (+ Systéme de traitement
Débit vers STEP [I/5] I 26
Affluent O [17g] I 0
- & Affluent continu
Receiving Wate " Affluent seulement pendant la pluie
Bassin versant naturel (BVN) *

Surface effective [ha) I 1252 -
X
Peite initial [mim] | 5
Annuler | MES |
Constante de stockage [min] 196
Débit de base [m3/s] | 0mz 0K

Annuler

104/2025
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 Why a probabilistic approach ?
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Why a probabilistic risk assessment ?

« “Natural” variability in rain intensity and volume

« Uncertainties and variability in the data
« Uncertainties in describing processes

00—
10

20

| 800 — 1400 mm rain/year
30 80 — 160 rain events/ year

Rain intensity (mm/hour)

40

1980 1981 (1982 11983 '1984 1985 1986 11987 11988 |1989

N
o

3]
S 15
>
CU (0] C )
HAPs Pb 5 S =
=10 -8 ct
o
P n 3 =0
tot 9 2 >
BOD g 5 E =
Z 5 O
O Q
- m! O%K}
0 10 100 1000 < ©

TSSconcentration [mg 1-1]



Probabilistic risk assessment

Representation of frequency or probability distributions

« WWTP example: representation of average daily flows

Probability of no-exceedance Histogram
: 3 ‘ 8 - ‘_

5000 10000 15000 20000 25000 30000 5000 10000 15000 20000 25000 30000

Débit STEP [m3/d] \ [m3/d] Débit STEP [m3/d]
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Probabilistic risk assessment
Probability distribution

e |ntegration on probability density

e Probability that a data is below a certain value — probability
of no-exceedance —resp. probability

Exemple de loi normale Exemple de loi normale

Densité de probabilité Distribution des probabilités

0.03 0.04
I I

0
I

Densité
0.02
|

Surface ‘

Probabilité de non-dépassement

°© Valeur
0.17 °
g | T T T T I 8 | T T T T I
60 80 100 120 140 60 80 100 120 140
e ,Variable aléatoire , e 'Variable aléatoire
probabilité de non dépassement = Probabilité de respecter

un Crner&g&%ﬁéﬂ; ggcourse 10/04/2025



Probabilistic risk assessment

Example 1: Ideal "perfect” model

Stress factor (i.e. precipitations)

M ] W\
- 0.7

Fig. S7

Regen [mm/h]

Systéme réel

. Reéponse
— du systéme_
0 (p.ex. Q,.., par événement)

Distribution de fréquence
empirique F{Q,...)

Evénement critique

Frequency of critical events =1-0.7=0.3

Urban hydrology course 10/04/2025



Probabilistic risk assessment

Example 2: deterministic modelling

Stress factor (i.e. precipitations)

Fig. S7
E_M \ \ ‘ ‘
3’53 W il 0-8
£ [} e e
g ] B
(TR
2 £10.7
w g
= o
S
=
St
Modéle déterministe * Variabilité _a E‘
5O :
0 Reponse
o du systéme
0 (p.ex. Q... par evénement)

Fréquence des événements critiues =1-0.8 =0.2
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Probabilistic risk assessment

Example 3: Stochastic-probabilistic model
(with variability and uncertainties)

Stress factor (i.e. precipitations)

:j x x ‘ |
e W Fig. S7

Modéle stochastique- » \ariabilité
probabiliste * Incertitudes = S o
= e =
o okt F
T9a8d
2 = g = Réponse
© du systéeme_
0 (p.ex. Qmax par événement)
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Definition of uncertainties in the

parameters

« Average value = value
considered in the deterministic

simulation

« Uncertainty: defined by
minimal, maximal, average

L Distribution de paramétre sélectionné: Uniforme |:”E‘g|

=== Limite inférieure: 1.8 mm
=== Limite supérieure: 2.2 mm
=== Moyenne dist. unif.- 2 mm
=== Moyenne: 2 mm

=== Moyenne dist. triang.: 2 mm

Uniforme
Mormale
Log normale
Triangulaire

+/-Sigma:(Max-Min)/4=0.1 mm

value and distribution (uniform, d
normal, log-normal, triangle...) :

17 18 19 2 21 22 23
Perte initiale [mm]

FParametres Moyenne |Limite inférieure | Limite supérieure |relative |Distribution
surace effective [ha] 2l 18 2e [ Mormale
Ferte initiale [mm] ¢ 1.8 2.2 [ Uniforme
Constante de stockage [min] all 15 2h B Constant
Hahitants [EGYW] 1.1E4 3300 12100 [ Uniforme
Dehbit de temps sec [INEGWd)] 250 22h 275 B Uniforme
Deéhitwvers STEF [I/s] 100 40 110 B Uniforme
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Definition of unceriainties in the
parameters: stochastic approach

Results in
terms of
cumulative
probabilities

Definition of
the number of
iferation

Urban hydrology course 10/04/2025



Stochastic approach: example of results for
hydraulic siress and for different scenarios

— D|fferen’r soluhons (scenarios)

fual situation

0,2

Probabilité de non-dépassement du
nombre d’événements critiques

0,0
20 30

Nombre annuelle d’événements critiques
25
)



Stochastic approach: example of results for TSS 4:#::
accumulation in sediments on the riverbed

500 itérations, each on a 10 years rain information

90% -

80%

70% 1

60%

1 50%

40% - . == Colmation criterion

Ecotoxicological criterion
30%

=== Dissolved oxygen criterion

20%

10%

Probability of non- exceedence

O% : ; : T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
% of annual time

Who will define an acceptable probability ?
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Sensitivity analysis
Model with « only » 40 parameters — the most

Important one must be identified !

Local sensitivity analysis around the average value of
the parameters

1 parameter will vary, all the others will stay constant

From 3 to 11 calculation points within the variation
domain are determined

Number of iterations = Number of parameters *number
of calculation points

Analysis needed for ALL numerical
models |

www.pesthomepage.org/ Eslln

Urbar  mode Indep
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 Matrix of graphs XY

* In each graph:

— AXIs X: one parameter of the
model (= 40 parameters)

— AXIs Y. one result for one value (22
values)

— 40 x 22 graphs !
 Navigator:
— Abstract of the graph’s matrix

— Navigation tools to simplify the
identification of the most
important parameters

Right click on the mouse to
switch between the illustrations

: Navigation

L'axe x (Farametres)
Ecoulement & STEF I/s s
pH des eaux unitaires [] =
Charge de NH4 [giEGW*d]] B
Alcalinite des eaux unitaires [mmol/1]
Efficacité de sép. des MES dans 5L [] v

L'axe v (Resultats)

Masse des MES rejetée par 55 [kofa] ~

Masse des MES dans le bassin du 55 [kg/fa]
Yolume des rejets par S [m3fa] —
Mamhbre de rejets par SU [fa

Duree des rejets par 51 [hfa

Iy
VT RAT ] ||yu|u|u3y N UT OO I\J/V_T/L\JL\)




Sensitivity analysis in
REBEKA software

45
40
35
30
25 .
20
5 .

10 -

Number of critical hydraulic
events / year [/d]

0.01 0.015 0.02 0.025 0.03
Average grain size of the riverbed (ds,)[m]
Urban hydrology course 10/04/2025




Number of critical hydraulic

events / year [/d]

Sensitivity analysis in

45
40
35
30
25
20
5
10

0.01

REBEKA software

o

Variation linked with the other parameters

o

0015

0.02

0.025

0.03

Average grain size of the riverbed (ds,) [m]

Urban hydrology course 10/04/2025



Number of critical hydraulic

events / year [/d]

Sensitivity analysis in

REBEKA software

e
45 -
1 e
40
35 - o Total variation in results
i . due to this parameter
30
25
20 P
15 o
10 ’
—_— ’
0.01 0.015 0.02 0.025 0.03

Average grain size of the riverbed (ds,)[m]

Urban hydrology course 10/04/2025



Frequency of critical hydraulic

stress events [y1]

Sensitivity analysis in

REBEKA software

(b) number of erosion events vs. d90

451
40
35
30
25
20
15
104

F~)
®
8.0 565 SOMIEINID & &
o
®
®
o
®
®

0.03 0.04 0.05 0.06 0.07 0.08

90% grain size d90 [m]

(c) number of erosion evens vs. slope J

45
40-
35
30
25t
20
15
10

Q
[
Q
Q
q
q

a
q

0.016 0.018 0.02 0.022 0.024

Slope J []

(d) number of erosion events vs. baseflow Q347

45-
40

354a e e e e e e e
30
25
20
15
10

P>y .- 0808

Q

3.00E-3 4.00E-3 500E-3 6.00E-3
Baseflow Q347 [m3/s]

o [denftification of the most sensitive parameters for a

given situation

« Important help in the data acquisition process

Urban hydrology course 10/04/2025



Sensitivity analysis in
REBEKA software

[Margot, 2008]

11-12

=10-11
m9-10
8-9
m7-8
m6-7
m5-6

m4-5
m3-4
m2-3
m1-2

Nombre d'événements critiques NH3

m0-1

Delta pH :0.3
Deltat®: 2°C

Example ammonia toxicity:
— very high influence of river temperature and pH !

Urban hydrology course 10/04/2025
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Technical solutions (in REBEKA)

STORM

= e e Te

Results of the STORM conceptual
approach

Example:

To reach the TSS immission objectives
with a probability of 50%, (p=0.5), the
emissions of TSS should be reduced by
65 % (equivalent to a TSS mass
reduction of 1000 to 1500 kg y')

Transposition in a technical
solution

For example:

Detention pond with settling of TSS
Size of the settling zone:

=20m /B=6ém/H=25m

Source: Cécile ZUst,
Bachelorarbeit GEP Vorderthal,
ZHAW ZUrich, 2013

Urban hydrology course 10/04/2025



Technical solutions (in REBEKA)

entrée

Catchrment of Separate Catchrment of Combined
Sewer System Sewer System

NN
A

))@
/ \

év. avec pompe
de vidange

organe de
limitation

trop-plein

bassin de
décantation (BdD)

MNatural Catchment (MNC)

retenue des
matiéres solides /

Receiving Water (R ﬂoﬂaﬂtes

Catalogue of solutions !

déversoir de sortie

INn the field of this exercice: I~
Detention pond

cours d'eau

—
—  ~__

Urban hydrology course 10/04/2025




Technical solutions (in REBEKA)

Vs:  Seftling velocity of particles (m-s)
Q: Max. flowrate to the pond (m3-s7)
A . Effective settling surface(m?)

n: Turbulence and short-circuit factor (-)

EFF=1.0-| 1.0+—
n-(Q/A

:|n EFF: Yield / efficiency

Goals:

To evaluate the performance of detention

basins in ferms of T3S eliminafion E—
Processes: . ¢
Efficiency based on 1 equation: GRS . —

Full mixing, dilution of contaminants.
Different types of detention basins

L AT
&
Resulis: 2
[ iy el e *-f.‘.“.‘h - ;
Average gmogn’r Of pO”UTGDTS (TSS .Gnd Study of sedimentation processes in detention
NH4) retained in the detention basin ponds [Torres A, INSA Lyon, 2007]

Urban hydrology course 10/04/2025



Technical solutions (in REBEKA)

Yield of detention ponds: very sensitive to small hydraulic changes |

Geschwindigkeit'
1.00

Range of 1SS removal:

0.80 - 20% to 80%

0.60
0.40
0.20

0.00
[m s”-1]

llustration des cheminements de |‘eau dans un bassin
Source: P. Staufer, Canton Soleure

Urban hydrology course 10/04/2025



IS 26 % o
o NG
IS 266 6
NS

@

Technical solutions (in REBEKA)

Sponge city solutions: increase initial loss values (up to 10-20 mm for
example...)

Revétement de
sol perméable

Terre végétale

Couche de
fondation

Géotextile -

Couche
d'aération

Puits pour I"échange
gazeux et
I'approvisionnement

en eau de pluie Mélange

terre-pierre

n Végétation
Substrat extensif Optigreen, type E
Natte filtrante Optigreen, type 105
FKD type Méandres 60 (ou 30)

Géotextile non tissé de protection hydrophile
Optigreen, type RMS

Ossature porteuse avec membrane étanche de toit

résistante a la pénétration des racines hydrology course 10/04/2025
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Validation of a probabilistic-stochastic &
software ?

Plausibility of results ¢

Comparison with discharged flowrate from other models
already validated

Field investigations !l

Urban hydrology course 10/04/2025



Validation of a probabilistic-stochastic
software

e Allaine river in Jura

\llﬁtot_hn‘étions?d’éﬁmrwsfr‘dSi‘rpuﬂndhe / X\ e Sedt | \, Lo=s ! ‘\ )
VoSt kras AWM/ /% o\ edgsl? /) | SEcsdEmes N\ hr”
O RO /" e N el =

e

N

~

s R

_a\ A\ Fontaire /

' o "‘%ﬁ:ﬁrx)lﬂlﬁ m_
— )y Seer &
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Validation of a probabilistic-stochastic
software

i

http://maps.google.com/



Validation of a probabilistic-stochastic
software

e Urtenenriver in Bern

e E_f;Lzl‘bn ( e b

> e

I

Hevitmadt
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Validation of a probabilistic-stochastic
software : field investigations

oekotoxzentrum
centre ecotox

Stratégie d'évaluation de la qualité des
sédiments en Suisse

Etude élaboré sur mandat de
I'Office fédéral de I'environnement

Aot 2021

+ Infos Module G |

Nouveau document pour
I'analyse des sédiments !

Lien download Centre Ecotox

www.centreecotox.ch/news-publications/actualites/rapport-d-expert-strategie-d-evaluation-de-la-qualite-des-sediments-en-suisse/
Urban hydrology course 10/04/2025



https://www.centreecotox.ch/news-publications/actualites/rapport-d-expert-strategie-d-evaluation-de-la-qualite-des-sediments-en-suisse/
https://vsa.ch/fr/M%C3%A9diath%C3%A8que/gestion-des-eaux-urbaines-par-temps-de-pluie/
http://www.centreecotox.ch/news-publications/actualites/rapport-d-expert-strategie-d-evaluation-de-la-qualite-des-sediments-en-suisse/

Validation of probabilistic-stochastic

software

Microtox - Pore water

Effect (%)

-10%
-20%
-30%

Upstream

Downsfream B Microtox - Elutriate

80%

70%

B Microtox - Solvent extract

60%

50%

B Microtox - Solid phase test

40%

30%

M Rotifer - Pore water

20%

10%
0% -

Daphnia - Pore water

M Daphnia - Solvent extract

[Margot J. 2008]

Effect (%)

30%
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Some conclusions on the use of
stochastic approaches

Simplified approach, realistic results, limit of complexity for engineers

Processes: numerous simplifications, be aware of limitations (for example:
hydrological urban model OK, natural watershed: ¢)

Uncertainties and variability : Better illustration of the reality ¢

Nuances in the interpretation of results:

o [s It better to select a cheaper solution, but with less probability
of success?

* Oris it better to select a more expensive solution, with a
higher probability of success?

* Should we invest money in the data acquisition process, to
reduce the uncertainties?

* Oris it better to invest money in technical realizations 2

Who will define the probability of success / problem 2
Urban hydrology course 10/04/2025
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