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Goals of the course

e To know the main technical solutions
to solve problems in urban hydrology

e To be able to select solutions for
dedicated purposes
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Once a problem is
identified or
expected in future
scenarios, tfechnical
solution must be
considered...

... BUut which one ¢
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Introduction

Basic questions :

e Do we have criteria to select a technical
solutions ¢

e How to estimate the different solutions ¢
e Structural or non-structural solutions ¢
e Visible /invisible solutions ¢
e Mono- or multiple functions ¢

Urban Hydrology, 17.05.2025



Infroduction: catalogue of solution
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Introduction: selection of solution,

1.

~ W DN

o O

set-up of priorities

Opftimization of system performance in existing
stfructures

Solutions for reducing runoff volume
infiltration and retention

Technical solutions on the catchment
cleaning of streets, polluted water retention ...

Operational measures in the sewer network
regular mainfenance of manholes and CSOs, "flush-gates”

Maximal flow to the wastewater freatment plant

Stormwater treatment
Performance optimization of existing system

Technical operations in the receiving waters
shadow banks, renaturation...
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Introduction: selection of solution,
criteria

Criteria for the selection of technical solutions
« Substances involved, yield, costs, maintenance...

* Processes involved: need of specialized equipment or
personale

Need of a metric to evaluate different scenarios
« Units: kg, kg/an, m3 /an, % In-Out, % Effects...
« kg/ m?e

How o compare the costse

* Frs/kQmes - Frs/KQpior ¢
« Costs = Investments + Maintfenance + Renewal
« Extrapolation from other studies are difficult |
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At-source control

Definition: actions taken to limit or ban the entry of
substances in the sewer system

e Different possibilities:

 Ban

« Substitution

« Moderate usage
« Non-structural solution
Very efficient solution (up to 100%...) &
Political decision
Costs ¢
Substitution products 2 BEEEE



At-source control: phosphorous

Start of phosphorous Ban of phosphates in wash powders in

elimination in WWTP Switzerland and reduction of
100 concentrations in France
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Start of phosphorous
elimination in WWTP

Ban of phosphates
¢ in wash powders in
Maximaltiefe 014 | Switzerland
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Goal: fo avoid algea development in the upper layer of the lake

Source: VOKOS, Canton Bern  urban Hydrology, 17.05.2025
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Lead concentration in WWTP sludge [mg/kg TS]

Normal fuel

WWTP sludge mg/kg TS
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Tabelle1

				Super		Normal fuel		WWTP sludge

				mg/l				mg/kg TS

		1950		600		600

		1965		600		600

		1970		550		450

		1972		550		450

		1975		390		350		590

		1976		390		350		590

		1980		390		140		610

		1984		140		140		409

		1988		140		140		232

		1990		140		0		232

		1994		140		0		133

		1999						97

		Schläpfer D., Hugi C. und Zysset A. 1996. Gewässerschutzmassnahmen beim Strassenbau. Schriftenreihe Umwelt Nr. 263. Gewässerschutz. Bundesamt für Umwelt, Wald und Landschaft (BUWAL).
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Bleigehalt im Klärschlamm in mg/kg TS

Normal fuel

WWTP sludge mg/kg TS

Bleigehalt Normalbenzin in mg/Liter



Tabelle2

		





Tabelle3

		





Tabelle4

		





Tabelle5

		





Tabelle6

		






At-source control: selection of
pharmacevuticals

First step: fo avoid the most dangerous substances
iIn the environment

Classification of pharmaceuticals of function of
their risk for the environment, example in Sweden:
Wwww.janusinfo.se/environment

e At European level, Eco-label o

*

hitp://ec.europa.eu/environment/ecolabel/index_en.htm \‘ -

SANTE DE DEMAIN

Santé-environnement. Intégrer la question
environnementale dans les choix thérapeutiques

Tiphaine Charmillot @ , Marie Méan @ , Omar kKherad @ , Nathalie Chévre @@ , Nicolas Senn ) ,
Sylvain De Lucia @

DOl 10.53738/REVMED 202521908 460
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http://www.janusinfo.se/environment
http://ec.europa.eu/environment/ecolabel/index_en.htm

At-source control: pesticides in
stormwater

Goal of anti-root products:
to avoid perforation of bituminous sheets

To be active, the product should be in
the water phase

Elution tests of commercial products:
large differences in the results

Goals for the industry
to limit the use of this substance

Collaborative discussions, still on-going  |& & 120
TGS 100
ldentical approach with biocides in 2978 %
paints: encapsulation of active £9a
substance a—g5 o
5°0 40
88E
O += o
> O 0
| HSR Source: M. Burkhardt, Eawag
. . :D{;i:;:lllf FUR TECHHIK

FHO Fachhachichaila Otechvsinz
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At-source control: The NoMix /,
concept ¢

100 % I I
80 % -

60 % -

)

. Wastewater
(500 I/capita/day)

40 % - Urine
(1.5 |/capita/day)

20 7 -

Pharmaceuticals
residues:

Nifrogen Potassium
Phosphorus

65% (+/- 27%)
excreted in urine

eawag 000
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At-source conirol: The NoMix concept

e Research program from 2000

e 8 different wokpackages, covering nutrients cycle
e Pilot projects and researches on-going

www.novaquatis.eawag.ch/index EN

Direction of the project: T. Larsen, J. Lienert Noval
Acceptation sociale

hﬂ'pSZ//VUhCI.Ch/ @ Eg:(?uﬁure %%ﬁ?wglogie B g rEd\.?aTSa?['ion
du sanitaire

Nova 8

= Nova 5 Nova 3 Nova PP
Micro- Entreposage Projets
E—3 polluants et transport pilotes

eawag e

aquatic research

Génie des procedés


http://www.novaquatis.eawag.ch/index_EN
https://vuna.ch/

Geneva: Pitribon


https://an-eco.ch/activites-et-services/recherche-et-developpement/

At-source conirol: The NoMix concept
Acceptation of the technology

e Enquiry (1750 answers):

72%:. a good idea

80%: NoMix equal to conventional
toilets

86%:. would agree to move in an
apartment equipped with NoMix
toilets

e |dentified problems:
Sitting position
Children utilization

Cleaning
Maintenance (blockage)

Sociological context is very
important for such kind of solutions !

e awag New design: Laufen Save!
000

aquatic research



https://www.laufen.ch/produkte/trenn-wc-rimless-wandhangend-hygienischer-abwasserseparation-H820662...0001?sku=H8206620000001

At-source control: some

conclusions
 Detfinition: actions taken to limit or ban the entry q
substances in the sewer system
e Could be a very efficient solution N

e Stakeholders: different levels of action
— Producers: 1o optimize the product and its usage
— Consumers: selection of products
— Authorities: to influence the selection of products

e Knowledge on products composition

e Technical solutions: multiplication of individual

systems!
— Controls ¢ Maintenance ¢

All substances consumed will end up
in the receiving waters !




At-source control: runoff contirol

O

Limitation of
imperviousness

Runoff
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At-source control: runoff contirol

* On-site detention / infiltration of rainwater
e Pay attention to the contamination of water (cf legislation course)
e For infiltfration, see PGEE and groundwater conditions

« Global goal: to not exceed ca. 30% imperviousness

KBOB
publication in
VSA guidelines!

T
\-\ 4 /
Swies S
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At-source control: runoff contirol

KBOB

=
! 54 -
;gg '§§_§ a'ég ....
-= g Qo
Koordinationskenferenz der Bau- und Liegenschaftsorgane 3:i% & i g EE % § B§ o
der affentlichen Bauhemen BEZ g€ =& 25 E 'E 2 g £3
k- (01 b o »
Conférence de coordination des services de la construction a _g § z 2 ] 3 2 B=2 § g Vs A
#2328 2388 2833 A%

K B O B et des immeubles des maitres d'ouvrage publics KBOE

EMPFEHLUNG  RECOMMANDATION « EMPFEHLUNG » RECOMMANDATION « EMPFEHLUNG - RECOMMANDATION + EMPFEHLUNG
publication in

VSA guidelineg Lngiggﬁtei:rgéetti rétention des eaux pluviales 201 9/1

Saviez-vous que...

Nachhaltiges Bauen » Construction Durable - Nachhaltiges Bauen - Construction Durable - Nachhaltiges Bawen - Construction Durable « Nachhaltiges Bauen

. wous pouvez contribuer & une utilisation durable des eaux souter- La mise en ceuvre des dispositions est réglementée par la directive
raines par l'aménagement des surfaces et 'infiltration des eaux  wGestion des eaux urbaines par temps de pluien (VSA, 2019).
pluviales? Cette directive fournit des outils pour déterminer si des eaux peuvent

L]
A | S O O V O I | O b | e ... linfiltration des eaux pluviales & travers une couche d'humus &tre considérées comme non polluées et, ainsi, &tre infiltrées. La pré-

protége les eaux souterraines et les cours d'eau des polluants sente recomimandation illustre, & I'aide d'exemples de bonnes pra-

tout en bouclant le cycle hydrologique naturel? tiques, les consignes de la directive VSA en matiére d'évacuation des
l l e re ... vous pouvez ainsi désengorger les canalisations et limiter, voire eaux de biens-fonds.
— empécher les inondations dans les zones résidentielles?

. wvious pouvez influencer positivement le microclimat grace a I'in-
filtration des eaux pluviales et, ainsi, contribuer & la réduction des
flots de chaleur et de la sécheresse en milieu bati?

Contexte

En Suisse, la législation impose que les eaux non polluées soient
évacuées par infiltration. Au niveau des communes, la nécessité
et les modalités d'une infiltration sont définies pour chague bien-
fonds dans le plan général d'évacuation des eaux (PGEE). Lorsgu’une
infiltration n'est pas possible ou ne I"est que de facon restreinte, il
convient d'aménager une solution de rejet dans les eaux de surface.

Mustration 1 Exemple d'un bassin d*infiltration bien intégré dans |'aménagement du
quartier

Urban Hydrology, 17.05.2025


https://www.kbob.admin.ch/dam/kbob/fr/dokumente/Publikationen/Nachhaltiges%20Bauen/empfehlung_versickerung_2019.pdf.download.pdf/empfehlung_versickerung_2019.pdf

At-source control: runofft control

Recommandation
KBOB:

Infilfration et rétention
des eaux pluviales en
milieu bafti

Directive VSA

Urban Hydrology, 17.05.2025



At-source control: runoff conirol

« Sponge cities » concept

oy o -
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http://www.vegetalcity.net/

Luc Schuiten
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http://www.vegetalcity.net/

www.bloomberqg.com/news/articles/2017-08-18/berlin-is-
becoming-a-sponqge-cit

R e e
TR WE\

WivaRe

(B VTAT S Y

Berlin is Becoming a Sponge City
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http://www.bloomberg.com/news/articles/2017-08-18/berlin-is-becoming-a-sponge-city
http://www.bloomberg.com/news/articles/2017-08-18/berlin-is-becoming-a-sponge-city

«Eau de pluie dans
I’equce Urbqin» Eau de pluie dans l'espace urbain

Fortes précipitations et gestion des eaux pluviales dans le contexte d'un développement
urbain adapté aux changements climatiques

Swiss federal office of the environment

Fig- 85 : A Roskilde, le canal alimentant ls bassin de rétention sert Fig. B6 : Bassin de rétention aménagé comme un lac proche de

aussi de skatepark l'état naturel

Schwelzerische Eldgenessenschaft
Confédération sulsse

Dffice fédéral de l'environnement OFEV

Dffice fi

Urban Hydrology, 17.05.2025


https://www.bafu.admin.ch/dam/bafu/fr/dokumente/klima/uw-umwelt-wissen/regenwasser-im-siedlungsraum.pdf.download.pdf/uw-2201-f_eaudepluiedanslespaceurbain.pdf
https://www.bafu.admin.ch/dam/bafu/fr/dokumente/klima/uw-umwelt-wissen/regenwasser-im-siedlungsraum.pdf.download.pdf/uw-2201-f_eaudepluiedanslespaceurbain.pdf

At-source control: runoff control
Sion Example

Le réle vertueux des enveloppes végétales

of T I.H- alf - A
'56jours  “v* 63 jours #v* 76 jours .-'/\/\\-‘ @,
Moyenne annuelle Mayenne annuelle Moyenane annuelle \ gl
1960-1980 1980-2000 2000-2010 S e 3 e o

Source - MétdoSuisse

Guide des

aménagements extérieurs

Ville de Sion

16 fiches de recommandations

X pour des acons s fonds privés en faveur de lo biodversié
et do fameliration du dim en vile

Précipitations: -10 mm

www.sion.ch/acclimatasion
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http://www.sion.ch/acclimatasion
https://www.bafu.admin.ch/bafu/fr/home/themes/climat/le-jardin-climatique.html
https://www.bafu.admin.ch/bafu/fr/home/themes/climat/le-jardin-climatique.html

Office cantonal de I'eau

Service de la planification de I'eau

Eau en Ville

Gestion des eaux pluviales :
vers un changement de
pratiques ?

Version 1.0 — Avril 2020

REPUBLIQUE
ET CANTON
DE GENEVE

POST TENEBRAS LUX

https://www.ge.ch/eau-ville-changement-pratiques-applications
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https://www.ge.ch/eau-ville-changement-pratiques-applications

URBAN PLANT BEDS

Some good

above
the plant bed, it is important
to ensure the layers,
including the aerated
bearing layer, remain intact
and unbroken.

Existing tree

Aerated bearing layer, 150
mm macadam 32/63mm

The lower edge of the concrete ground slab
should be set lower than the top of the pothole
foundation to avoid settling and to prevent
roots from entering the sand. Alternatively, the
concrete floor tiles are set in concrete.

" Leveling bearing layer under geotextile
SDmlrl?rrm':gngfllmm

Always place the aeration well at
a low point so that it receives. Geotextile
water. If needed, set a gutter or

other natural drainage surface,

adjust the pavement around the
well according to the envelope
principle.

Plant beds in Stoi:kfl
- a handbook 2017

Facade

stockholm.se/trad

For measures on existing trees, the
superstructure must be separated from the
plant bed with geotextile and the nearest b
row of stone / concrete slabs set as concrete |
50 that the roots do not find their way into
the sand.

+4 600 mm deep macadam
90/150 mm with plant
50il type B or nutrient-
enriched biochar.

If the aerated bearing
layer collapses into the
tree pit foundation,
90/150 mm stone @an

Aerated bearing layer should cover the entire perforated part ob:e“r:er::“ r the
of the aeration well. If the superstructure is built more than

Execution of the respective plant beds is reported the covering, extension rings can be used. Alternatively, the

in detail in Appendix: Execution descriptions.

unbound bearing layer thickness is reduced locally around
the well to provide space for the aerated bearing layer. The
sustainability of the structure is not impaired by this measure

http://www.biochar.info/docs/urban/Planting beds in Stockholm

2017.pdf
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http://www.biochar.info/docs/urban/Planting_beds_in_Stockholm_2017.pdf

« Asphalt jungle »

www.wagon-landscaping.fr/
Ly ) e

=

Urban Hydrology, 17.05.2025


http://www.wagon-landscaping.fr/

At-source control: runoff conirol

Solutions also developped in Switzerland |
Fribourg example

[ =

5

bluefaco)
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https://www.youtube.com/watch?v=s00uSCevJms

Ecoquatrtier de Bottiere-Chénaie, Nantes, Frances, 2008-2018

ZAC des Cents Arpents, Bussy-Saint-
Georges, France, 2013

Urban Hydrology, 17.05.2025
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Espace public du Zénith, Strasbourg, France, 2008, 30 ha

Urban Hydrology, 17.05.2025
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mpere, Massy, France,

L

2013
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Faubourg des Prés-Devant, Chélon-sur-Sabne, France, 2013 Urban Hydrology, 17.05.2025






— The space can hold
up to 3 cm before
overflowing

— About 80% of rainfall
events are less than
30 mm — they can be
managed in a
decentralised manner
and not dumped into
the sewers.

Miederschlag (Tagessumme) [mm] Summe: 950.4, Norm: 1021.8

8 i i | 1 1
AR TR e i U 1.

Juli Aug  Sept Okt Now Dezx Jan Feb Marz Apr Mai Juni




WestView Condominium, Nashville
http://www.dreiseitl.net

http://www.dreiseitl.com/en/portfolio

URBANISME
Lausanne veut favoriser le retour de la
nature en ville

Par Alain Detraz . Mis a jour le 15.03.2012 14 Cormmentaires & | = | ke | B Recommander < 3

La Municipalité lausannoise veut une ville plus verte. A commencer par les
toitures plates, dont elle encouragera la végétalisation.

Florence Germond entend inciter les proprietaires a verdir les nouvelles toitures plates, comme |3

ville I'a fait sur |a hibliothegue d'Entre-Bais.

02 )heures %

Urban Hydrology, 17.05.2025
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At-source control: roof runoff contro

Punggol Roof Garden, Singapore
www.greenroofs.com/projects/punggol-roof-garden/

o L e S R e
|| 1

LN

AR ha B

Faacem

f

S
Fou F AU Ead -

CLLCPLLLEELE
L R B R B R R R J
f AL LLLELE L

R
ER B9
==



https://www.greenroofs.com/projects/punggol-roof-garden/

Positive points
Reduction of stormwater
Positive impact on CO,
Insulation of buildings
Cooling effects in cities
Biodiversity
Landscape

' egaﬁVe poinfs

e Risk of water
infiltration

e Costs, especially on
existing buildings

e Structural constraints

Urban Hydrology, 17.05.2025



At-source control: runoff
control

SIA SN 564 312
Begriinnung von Déachern

www.qreeninfrastructureconsultancy.ch

Chemin des roches, Lausanne

VEGETATION INTENSIVE VEGETATION
EXTENSIVE

Végétation

Substrat (a0 . Tolture végétalisée
Couche filtrante ool iyt
Couche de drainage M e e e e X : : .l -
Couche de protection — [Z7a 7777777777 | feiheieh e fetel- ek 1
mécanique; EXanchéité » s 2 L T Halles sud de Baulieu, Lausanne
Isolation thermigue ——
Pare-vapeur ===s=====ssssss ey B Byl Ber B iy http://webapps.lausanne.ch/ressources/diapos/nature/nature-et-
Support et pente - _ vous-diapo/toitures-vegetalisees/slides/P1030017-2.html
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http://www.greeninfrastructureconsultancy.ch/

Atelier Descombes Rampini , Genéve

008
Tirbinenplatz
Zurich, Suisse, 2003

Amén 1t d’'une plac
site ind

, Zurich
, Lyon

nieur Civi er + Bosshard, Zunich
nieur civil - Passera & M. Pedretti, Zurich
nieur Suiselectra Ing, Bale

Nomination au "Au
Stadt Zurich 2002-2(
Distinction "Die Bes
(prix Hochparterre)







quklng wﬂh |mportant
- mouvem nts durmg the dq



Porous pavement:
e with / without infiltfration, detention

e Reduction of noise
e Cleaning effect for pollutants

e Security .15

e Costs )
e Special maintenance oo M
rban Hydrology, 17.05.




At-source control: runofft control

In situ controls: a priori the ideas are good, in practice they don’'t
follow the Cantonal / Federal guidelines !

Source: « Expériences avec les installations d‘infiltration », M. Stampfli / J.-P. Clément, OPED, BE
Urban Hydrology, 17.05.2025
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Frngy.

nfiltration: pay
atfeéntion o wdter
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New regulation on 8
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At-source water quality control for infiliration

The VSA guidelines defines requirements for treatment of stormwater:
* In case of infiltration
 With or without floor passage (= adsorption systems)

- Accumulation de polluants ,

. Secteur de protection : Passage a i Type de surface a drainer :
" deseaux Ay, S1-53, Sy, " traverslesol Toitures et facades ! Places et surfaces de circulation
;sm'naselnn“rtede '{SlruElUrE e me e e e - B . v N
protection des eaux selon module | Classe de pollution des eaux de ruissellement
: " DA, chap. 1.3) selon tableau B6 selon tableaux B7+B8 _
: H faible ' moyenne ' élevée faible ' moyenne ' élevée
Sol filtrant L) av B R N R I
Installations sans L+ 0+ i Baew : Bumdad® | Bumdaa | Baew
d'adsorption = av B T S T +2
sans l * | Bgandard' | Baewt Bs:and_arﬂ‘ Butandara Balevs
Legende

+ | Déversement admissible

Beanaara - Déversement admissible avec traitement dans une installation du niveau d’exigences «standard» ou
- wélevén

Baews  Déversement admissible avec traitement dans une installation du niveau d’exigences «élevé

Urban Hydrology, 17.05.2025



At-source water quality control for infiliration

How to reach the defined level of treatment for infiltration of
contaminated stormwater runoff ?

Exigence Degrés d’efficacité exigés

Charge MES Métaux Pesticides
hydraulique : : (cuivre, zinc) : (Mecoprop, Diuron)
Standard 290% : 280% 270% ; 270%
Elevé 290% 290% 290% 290%
Réduit* : : 270% - : =

290%

* Ce niveau d’exigences n'est admissible que pour des eaux de chaussée non mélangée et uniquement dans certains cas (voir T|
C'est pourquoi seules les exigences de la norme SN 640 361 ont été reprises.

CONTROLE DE PERFORMANCE VSA POUR LES
INSTALLATIONS DE TRAITEMENT

Technical guidelines : test and validation
of manufactured solutions

https://vsa.ch/fr/fachbereiche-cc/assainissement-urbain/temps-de-pluie/adsorption/



https://vsa.ch/fr/fachbereiche-cc/assainissement-urbain/temps-de-pluie/adsorption/

At-source water quality control for infiliration

umweltsysteme



https://youtu.be/k73K9YKNXEo

At-source water quality control for infiliration

D-Rainclean-Substrat

D-Rainclean Bassin d'infiltration
(Installation d'essai dans le cadre
du controle VSA)

D-Rainclean Box

Funke Kunststoffe
D-Rainclean Cuvette de filtre




" Rapport (en Allemand
B sur les technigue de
dépollution pour les
eaux de ruissellement
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https://www.dibt.de/de/bauprodukte/informationsportal-bauprodukte-und-bauarten/produktgruppen/bauprodukte-detail/bauprodukt/anlagen-zur-behandlung-mineraloelhaltiger-niederschlagsabfluesse-fuer-die-versickerung/
https://www.dibt.de/de/bauprodukte/informationsportal-bauprodukte-und-bauarten/produktgruppen/bauprodukte-detail/bauprodukt/anlagen-zur-behandlung-mineraloelhaltiger-niederschlagsabfluesse-fuer-die-versickerung/
https://www.dibt.de/de/bauprodukte/informationsportal-bauprodukte-und-bauarten/produktgruppen/bauprodukte-detail/bauprodukt/anlagen-zur-behandlung-mineraloelhaltiger-niederschlagsabfluesse-fuer-die-versickerung/
https://www.dibt.de/de/bauprodukte/informationsportal-bauprodukte-und-bauarten/produktgruppen/bauprodukte-detail/bauprodukt/anlagen-zur-behandlung-mineraloelhaltiger-niederschlagsabfluesse-fuer-die-versickerung/

Hyaroiogy, 1/.U9.2U.



DE FR

g= plate-forme d’information ville éponge spongeryino
pour une gestion de l'eau adaptée au climat en milieu urbain GLOSSAIRE CONTACT

BONS EXEMPLES OUTILS EVENEMENTS & FORMATIONS NOTRE RESEAU Q

Biotope.avec fonction
dans le Parco Casarico

AVEC LE CONCEPT VILLE EPONGE VERS UN

ESPACE URBAIN DE QUALITE ET ADAPTE AU
CLIMAT https://sponge-city.info/
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https://sponge-city.info/

Solutions at watershed level
(1)

@ Solutions at
watershed level

Effective mass

Examples:
e Separated sewer system
e Street cleaning

an Hydrology, 17.05.2025




Solutions at watershed level:
Separated or combined sewer systems “

e Module E VSA guidelines

*This answer is linked with the characteristics of the
receiving waters, the watershed, the existing sewer
system...

e Use the criteria and the evaluation matrix to
evaluate the situation

e « Turbo combined system » (systeme modifie): |
optimization of existing network (real time control, =77 s-
storage capacities of the sewer network...) g

Urban Hydrology, 17.05.2025



Solutions at watershed level:
Separated or combined sewer systems

Critére

Topographie

Situation des eaux
. réceptrices

Densité des constructions

Place dans le coffre de route

Infrastructures existantes
: » Systéme d'évacuation des
© eaux

: » Gestion des eaux unitaires

Propriétés
1 point

Plat, faible pente ou contre-
pente (évacuation vers la STEP a

: Pente suffisante (évacuation
: vers la STEP par écoulement

I'aide d’une station de pompage) : gravitaire possible)

Proches du bassin versant

: Faible densité des construc-
! tions (p.ex. zone de maisons
¢ individuelles)

Amplement suffisante

: Systéme séparatif

 Inexistant ou ne satisfait pas

: aux exigences selon I'examen de
: I'admissibilité pour le déver-

: sement d’eaux unitaires (voir
: : module de base)

* STEP Faible capacité de tampon

: : hydraulique

1
: Assez ¢éloignées du bassin
! versant

: Grande densité des construc-

tions (p. ex. centre ville)

: Peu de place

: Systéme unitaire

Existe et satisfait aux exigences :
: selon I'examen de 'admissibilité
pour le déversement d'eaux uni-
: taires (voir module de base)

Grande capacité de tampon

: hydraulique, réserves, éventuel
: traitement des eaux unitaires a
: la STEP possible

summedes pmntsiiz tendanceauwstemeséparahf e et et et et e e
: Somme des points 240: tendance au systéme unitaire

Urban Hydrology, 17.05.2025



Solutions at watershed level:
Separated or combined sewer systems “

gvsn

Kriterium Punkte | Gewichtung | Produkt Bemerkung
Topographie 1 1 1 plat
Lage des Gewadssers 1 3 3 Proche de la riviére
Dic hte der Bebauung 3 2 6 Conditions urbaines
Platz im Sfrassenkdrper 3 1 3 Trés peu de place disponible sous la royte
Bestehendes
Entw asserungssystem 3 3 9 Unitaire, certains rejets sont traités
Bestehende Traitement des eaux mixtes a la STEP
Mischabw asserbehandlung 2 3 6 Acheminement long, lieux de baignade
ARA 2 1 2 capacitée-tampon movenne de la STEP
Fremdw asser 3 2 6 <10% d’ECP.
Behandlungsbedirftiges
Regenabwasser 3 2 6 Industrie, beaucoup de trafic.

Summe: 42 Tendance a l'unitaire

Urban Hydrology, 17.05.2025



Solutions at watershed level:
Separated or combined sewer systems

| (R RRTEn i H = .
i I_ - | ] I. ._. — n = e
b | (e 1T .-‘ ' ‘;\/ ! I e

il Systeme modifié avec -

""il-i—'

e pluie
— -“ 3
ﬂ —ay l‘ \:\

e S e
= e
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Solutions at watershed level:
Street cleaning

Cleaning with =
aspersion/vaccum :
Main goal: littering

Lifespan in the environment: 12 years

e . Tk FIEX 4
N > .4'.. L -

CityCat 5000

Urban Hydrology, 17.05.2025


https://vsa.ch/fr/M%C3%A9diath%C3%A8que/vsa-ecobox/

Solutions at watershed level:

Street cleaning

0

Rain events
c ) | Street cleaning in Lausanne:
5SS o o o 66 Frs/m/year (90% salaries)
5 =
1A |
Sl Opftimal frequency: 3 -7 /week
< © Time
Influence de la fréquence d entretien sur 1" accumilation de cuivre sur la chaussée
12 8
— Sanz entretien
% 10 F |—1 fois par zemaine 17
v = — 3 fois par semaine 16 -
z B g T fois par semaine g
330,%: —Pluviométrie 1° L
& g6 14 &
e | ,M MM /L/I/L 12
= 11
i WMWHMNH .. 1 0
50 150

200

T mpe | jour)

Source: Juliana Ledn et Qingxia Zhong, Design Project 2009
Urban Hydrology, 17.05.2025



Solutions at watershed level:

Public information

www.vonroll-hydro.ch

«S0US

CHAQUE

GRILLE = 7 . M
SE GACHE 7' (. )

s = AW '

www.aquava.ch/
Association Suisse
des Garde-Péche (ASGP)

Urban Hydrology, 17.05.2025


http://www.aquava.ch/

Solutions at watershed level:
Other solutions

e Wastewater detention

— studies in Lausanne /Baden /Geneva...:
Intersesting solution for micropollutants in hospitals

e Pre-treatment of industrial wastewater
— Mandatory or not
— Auto-control

e RTC (Real Time Control)

— Coordination (WWTP, industries, city managers...)
— Take into account ,,Worst-Case" scenario

— Example: CUM Montreal, NoMix fechnology,
RTC for sewer systems in Lausanne...

Urban Hydrology, 17.05.2025



Station t épuration
des eax uséesde ln CUM
R N

LTle-Bizard

" Example of the
interceptors system for
, the CUM
(Communauté
urbaine de Monftréal)

mesille

} - 4 Plecredonds Dolbird-
de-Bellevie o= es-Ormealix
Kirkland

Anjou

Bate-d'Urfé ,
Pointe-Claire

Beaconsipld
= INTERCEPTEUR SUD-OUEST / Saintlauren;  VERSANTRORD

Mont-Royal

“Tote Sty ampstead

Laihinie

A Westmo:
Manivéal-Oues| NESiRRH

REGARD

St-Pierre
= D'INSPECTION

VERSANT SUD

I Lasall
. Ouvrages de raccordement aux intercepteurs (68)
@ Structures de régulation (36)

Limite de versant

—— Conduites de raccordement
-------- figout collecteur de la ville de LaSalle

STRUCTURE
DE DERIVATION

y EGOUT
COLLECTEUR
) ExISTANT

EDICULE

-

CONDUITE DE
_DERIVATION

VERS LE COURS D'EAU

STRUCTURE DE
REGULATION

STRUCTURE DE
CHUTE ET D'ACCES

INTERCEPTEUR VERS LA
STATION D'EPURATION
DES EAUX USEES DE LA CUM

Sl < =S



Solutions at watershed level:
Real time control

m Dynamic simulation results ~ Opfimization resuits ~ Simulation of Optimal case results  Contact

BlueWatt Engineering Sarl

ASM Dynamic simulation demo

Nitrate recirculation @

o o
—D

|

@ Biomass recirculation

Sewer

Network
»—

Natural Receptor

1 1
Reactor 4 Reactor 5

1 1
Reactor 1 Reactor 2 Reactor 3
Wastage

Start Dynamic Simulation Start Optimisation Start Simulation Optimal Case

© BlueWatt Engineering Sarl 2014 - EPFL Innovation Park C - CH1015 - Lausanne
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° Solutions in the
network

Pollutants in the sewer

an Hydrology, 17.05.2025



Solutions in the network

Different solutions, as for example:
e Manhole

e Flush Gates”

e Sediment frap

e On-line detention

Verkehrsflache

= < srosselter
= ae Abfluss



Solutions in the network:

— ) ERZ &y ]
%' - . : : - Entsorgung + ¢ @/\v
e : ' e Recycling Ziirich N\ y/

Volume: 37.5 m3

See also Capelard in Lausanne!



Solutions at the end of the
network ®

O

O

@ End-of-pipe
solution
Discharge to
the environment

an Hydrology, 17.05.2025




Solutions at the end of the network
e Detention and seffling systems

e Special solutions (lamellar, vortex,
adjunction of chemicals...)

e Screening

Urban Hydrology, 17.05.2025



&

Solutions at the end of the networku.luii.l

e Detention and seffling systems

Figure 7.5: Représentation schématique d’un bassin de décantation en

paralléle avec év. un trop-plein de sécurité en amont. ) organe de limitation
entree " des debits

— STEP

entrée

o LYY L T
P 7 P e ‘ ‘ PER AT | PR ) ‘
7 T T
cloison siphoide / \ \
organe de retenue des matigres év. avec pompe év. avec pompe
limitation grossiéres de vidange de vidange

trop-plem trop-plein
év. avec pompe
de vidange bassin de bassin de
‘ décantation (BdD) stockage(BdS)
bassin de )
décantation (BdD) retenue des matiéres
grossiéres flottantes
retenue des \
matiéres solides/ T T
flottantes +~ '
déversoir de sortie
:f , exutoire
*
cours d'eau
déversoir de sortie —/V—
=
exutoire *

cours d'eau

__—/——\/_—
_/——“‘\f— Directive pluviale, module DB
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Solutions at the end of the network

 Different solutions, mainly underground

e Old principle (Swiss German: one
detention pond after each CSO...)

e Detention volume: the volume in the
network itself is usually not considered

e Real efficiency of detention pond for TSS
removal ¢




Solutions at the end of the network:
Efficiency of detention ponds

4 -n EFF:. Yield / efficiency
EFF=10-|1.0+ S Vs:  Settling velocity of particles (m-s7)
n- (Q/A) Q: Max. flowrate to the pond (m3-s7)
A . Effective settling surface(m?)
n: Turbulence and short-circuit factor (-)
g—
Real efficiency of detention () N o

pond for TSS removal ¢
From -20% to 100%...

New tool: REBEKA-DIM

Study of sedimentation processesin
detention ponds [Torres A, INSA Lyon, 2007]

Urban Hydrology, 17.05.2025



Solutions at the end of the network
Multi-fu. soluh

Detention ponds
with different
structures



Solutions at the end of the network: F
Lamellar separator

Example in
Canton Geneva
(Frontenex),
Study made at
EPFL

Mainly for
treatment of
stormwafter.
Compact
solutions.

!
1554




Solutions at the end of the network:
Constructed wetlands

e Technology adapted for CSOs
and stormwater

* Interesting landscape
management possibilities
in urban areas




Solutions at the end of the network:
Constructed wetlands

| Installation
| »Krebsbachknie" for a
Highway:

Yield: 60 % bis > 90%
Costs after 4 years:
T 1500 Frs/hQ,oqq
TRST s | 2 M3 Sludge/NaL 4ty

4 Kiesgrube
Riet

Kiesfilter

1. Sedimentationsteich 2. Sedimentationsteich
Olriickhaltebecken Vorfluter

Urban Hydrology, 17.05.2025



Solutions at the end of the network:
Consfrucfed wetlands

ST T ey -

Multi usage treatment systems: stormwater treatment coupled with
recreational areas

Urban Hydrology, 17.05.2025



Solutions at the end of the network:
Screening of debris

»~  =indicator of wastewater discharge

Urban Hydrology, 17.05.2025



Integrated solutions

Location: Boblingen/ Sindelfingen — Germany

Project. Former Airfield Boblingen/ Sindelfingen

Architects: AP Plan Mory, Osterwalder, Vielmo, H. Kienle - Stuttgart

Commercial Development Project (90 ha)

Zero runoff settlement

- Decentralised storm water management

- Rainwater harvesting, treatment and reuse

- Harvesting of street runoff, freatment and
reuse in a lake, 4,2 ha -

erband Fltigfej_gl B_y:é'bﬁﬁ_ger:'n/s[_ndelf :


https://www.bjoernsen.de/en/projects/project-detail/stormwater-management-at-langer-see




Integrated solutions

Location: Potsdamer Plaza Berlln

‘ i:lrbcm

W!erbﬂdy




Integrated solutions

Location: Tanner Springs-Park, Portland, USA

£ Urban Hydrology, 17.05.2025



Atelier Descombes Rampini , Genéve

082
Y-Parc
Yverdon, Suisse, 2009-12

Principes de gestion des eaux, aménagement
paysager et des espaces publics d'une zone
d'activité

Maitre d'ouvrage - Copropnété du PST (Ville
d’Yverdon-les-Bains, ECA, Etat de Vaud)

Projet - 2008-2010
Reéalisation : 2009-2012

En collaboration avec :
Fischer Montavon + associés, urbaniste,
Yverdon

Ingénieur civil - Perret-Gentil & Rey, Yverdon
Ingénieur envir_, 18 étape - RWB, Yverdon
Ingénieur envir , 2¢+3¢ étapes - Biol Conseil,
Lausanne

Distinction du Flaneur d'or 2014 (prix Mobilité
piétonne Suisse)
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Solutions at the WWTP
‘ At-source control

Initial pollutant mass

Solution at watershed

level

Rain
Diminution ‘
impermeéabilite
Runoff

Effective mass

‘ Solution in the
network

Pollutants in
the sewer

WWTP

‘ End-of-pipe
solution

Solutions at the WWTP ‘

Discharge to
the environment

‘ Solution in the
receiving waters

Receiving waters
(immissions)
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Solutions at the WWTP

Lack of integrated approach: www.gire.ch
sewer system + WWITP + receiving waters

Mainly three different treatment steps in WWTP:
pre-treatment, settling, biological freatment

During rain events, the biological treatment is the
imitation step (overflow needed to protect the biology)

"“Dogma” for WWTP: max. 2 Qs (dry-weather flow)

Depending on the tfechnology, higher flowrate could be

considered, but generates higher costs of ’rreo’rme&’r
Source: C(;“‘A“G

Biofiltre

Urban Hydrology, 17.05.2025



Solutions at the WWTP: compact
solutions

Compact solutions, can be
used during dry-weather to
enhance the freatment of
wastewater

(g ACTIFLO

http://www.veoliawater.com/

*ﬂiclcand Sludge Draw-off
Schlammabfuhr

Schlamm & Feinsand

Polymer

DENSADEG (Degrémont)

http://www.enquip.com/CSO-SSO.htm

ZuLAue | LB |

. ?,.( ‘ONDEO

- Degrémaont

Mischbecken Zugabe von Reifung
Feinsand &
Polymer AFI .
ockung Rezirkulations-
pumpe

Urban Hydrology, 17.05.2025


http://www.coombshopkins.com/ondeo.gif
http://www.veoliawater.com/

Solutions in receiving 'wa’rers

Initial pollutant mass
Rain ‘ Solutions at
watershed level
Limitation of
imperviousness Effective mass
Solutions in
Runoff ‘ the network

Pollutants in the sewer
‘ End-of-pipe
WWTP solutions

Discharge to
Technical solution ‘
At the WWTP

Solution in the
receiving waters

Receiving waters
(immissions)

Jrban Hydrology, 17.05.2025



Genéve

-

W,

Thonon-les-B ains

| aus anne

Montreux

Evian-les-Bains

Eau d'excellente qualité
Eau de gualité moyenne
Eau pouvant étre momentanément pollude

Eau de mauvaise qualiié

Urban Hydrology, 17.05.2025



E.coli-Kolonien/100 ml

Solutions in receiving waters
Non-structural solution: public information

Example of ,,Real-Time-Conftrol* for E.Coli (Langenargen, Bodensee)

PRSN [ TTT T [T I T TTWTTTTTTTT T T N [ [[ > strandbad

15000 nacrhl nnnnn
fffffffffffffffffff Swimming activities T e ——— ——— S
14000 allowed

5000

4000

3000

I
1
i
I
I
1
1
I
1
1
I
I
b
1
I
I
1
I

2000 alter EU-Grenzwert [2000 E.coli/100-mH]

1000

26. 03. 10. 17. 24. 31. 07. 14. 21. 28. 04. 11. 18. 25.
Juni 1995 Juli 1995 August 1995 September 1995

No swimming activities:
'T

e During CSOs discharges

e Critical flowrate exceeded in a river
(Schussen) near the beach

Urban Hy«



Solutions in receiving waters
Structural solution: morphological changes

« Changes in the morphology of the
receiving waters

e Revitalization of rivers
e Set-up of flooding areas
e Shadow of riverbank




Solutions in receiving waters
Structural solution: morphological changes

)

-"’ N ¢

7Frijeb|ibach |

Furtbach Wallisellen Urban Hydrology, 17.05.2025



Solutions in receiving waters
Structural solution: morphological changes

Example of Urtenen River, Canton BE (source: VOKQOS)

Urban Hydrology, 17.05.2025



Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters:
Aire, Geneva




Solutions in receiving waters

City of Meyrin (Geneva area), Lac des Vernes

Dry weather:

volume of the lake: 20,500 m?3
Surface area : 1.9 ha
Maximum depth: 1.9 m

S. Blondet, A. Wyss, Séminaire VSA AQUAPRO, 2016

Wet-weather (protection of the river Nant d’ Avril :

Useful retention volume: 27,500 m3
Total lake volume: 48,000 m?

Surface area of the lake: 2.5 ha
Maximum depth: 3 m

Maximum water level variation: 1.10 m

Urban Hydrology, 17.05.2025



Solutions in receiving waters
City of Meyrin (Geneva area), Lac des Vernes

' (NB &(}

Construire un lac pour la ville et la nature

H Une oppor’rum’re pour sen5|b|l|ser la population oux emeux enwronnemen’roux

S. Blondet, A. Wyss, Séminaire VSA AQUAPRO, 2016

Urban Hydrology, 17.05.3875



Solutions in receiving waters
City of Meyrin (Geneva area), Lac des Vernes

Ovuvrage d’entrée a I'aval du systeme de prétraitement

= .'FL.ﬂ:"‘-"l L ':E'i‘i'i.-— g
e R EBEPEREEASE
/

-3

A}
N Cinlm de shourd
\e=12em

|
Protection sn |
anrochemants

200 188
J J !

S. Blondeft, A. Wyss, Séminaire VSA AQUAPRO, 2016 Urban Hydrology, 17.05.2025



Conclusion: catalogue of solution

@ Source control
B —

Initial pollutant mass

@ Solutions at
By = watershed level

Effective mass

@ Solutions in
o the network

Pollutants in the sewer

Rain
Limitation of
imperviousness
By
Runoff
WWTP
e N

Technical solution @
At the WWTP

‘ Barrier

@ End-of-pipe

; solutions
Discharge to

the environment

@ Solution in the
receiving waters

Receiving waters
(immissions)

Urban Hydrology, 17.05.2025



Conclusion: catalogue of solution

 The need of intervention, the goals, must be clearly identified
 Numerous technical solutions can be selected

e Solutions must be adapted to local conditions

e Try to find solutions near the source of the problem

e Security of the installation for the population !

e Social: public education, sensibilization, participation : very important
step!

e Controls and surveys of the solutions must be planed since the
beginning of the project ...
and also the money for these investigations!

e Document your realizations !
(Aqua & Gaz, ARPEA, internet...)

To combine architecture, urban hydrology,
landscape, social aspects, art, urban
design, environmental technology :

A typical challenge for ENAC engineers ! R
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