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model EAU: son logo ...

= Localisation
Québec, le long d’une riviere

= Liens avec nos objectifs a long terme

Récolte de données
Eaux urbaines

En continu (automatisé)
Qualité des données

= Son nom : Modélisation des systémes des eaux
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model EAU : Histoire

= Février 2005: Chaire de Recherche du Canada
en modélisation de la qualité de I'’eau attribuée

= Février 2006: Début de model EAU
= Avril 2006: Premier collaborateur (Leiv Rieger)

= Septembre 2010:
World Water Congress a Montréal !
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Gestion intégrée par bassins versants

ﬂiﬁ Immission
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Eau de surface: Problématiques

= Eutrophisation
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Eau de surface: Problématiques

= Pesticides
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Politique nationale de I'eau (2001)

= Schéma du cycle de gestion intégrée de 'eau
par bassin versant

évaluation du
plan d'action

N2

Mise en oeuvre
du plan d’action
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Elabaratien
d'un plan d’actien
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Les 33
bassins versants prioritaires

Bassins étudiés
par les chercheurs
du département =
QuébecEa

UE Directive Cadre de I'Eau (2000)

= Une politique de référence:
Le r6le des modéles @)

dans le cycle de
gestion intégrée
de I'eau par
bassin versant

modelling

Designing
modelling
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model EAU : Objectifs

= Amélioration de la qualité de I'eau en
bassin versants
rivieres urbaines
réseaux d’égouts
usines de traitement d’eaux usées

= En utilisant les méthodologies suivantes:
modélisation
instrumentation, contréle et automatisation

logiciels de traitement des données,
de modélisation et de simulation
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Application
focus
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Focus on
Materials & Method's
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Model development

Calibration methodology

Good Modelling Practice

Buispo

Risk, sensitivity & uncertainty anal.

Data quality evaluation

Sensors & monitoring stations
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Control and automation

Numerical methods

Hos

Distributed computing (Grid)




model EAU Software: WEST

* Modelling & Simulation (WEST, Biomath - Hemmis)

— nitrate [-1]
— hitrate [0
I %

" nitrate
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model EAU Software: WEST

= Modelling & Simulation (WEST, Biomath - Hemmis)

&%  Catchment
el Condutt/ pipe

n=y Storage tank /

" anhole
Controlr
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Integrated Urban Water Management

Case study Brussels... Evaluation

16 km River Stretch z ?
-ﬂ 7|2|3|4|5|6|7|8|9|10|77|72|73|14|75|76|77|78»

1
R

S4
2 2 2 Wastewater
Pa Dr Mo Be Ma Treatment Plant
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Sewer with(out)
Storage Basin

CcSO B
Structures -

Catchments

Integrated Urban Water Management

= Effect of 2 design options on river water quality

River Flow (m¥s)

20.00 : k
10.00
0.00 - ,L..J,J.,LLJN , ,

One large and different small rain events
in summer
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Integrated Urban Water Management

= River water quality (dissolved oxygen)

Downstream of CSO, upstream of WWTP
10.00

8.00
6.00
4.00 I
2.00

Upstream DO (mg Oy/l)

0.00

Clear positive effect
, of storage basins
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Integrated Urban Water Management

= River water quality (dissolved oxygen)

Downstream of WWTP

Positive effect of basins is reduced

aue to lower WWTP-efficiency
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under the increased loading
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Ecological Risk Assessment
Exposure Analysis Effects Analysis

Atmospheric
Deposition

m Vs

Erosion —

& Runoff—
\>

Laboratory- and fieldstudies
(toxicity tests)

Untreated discharges

Predicted Envwonment Predicted No Effect
Concentration (PEC) oncentration (PNEC)
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GREAT-ER: Model + Monte Carlo

EMISSION Behaviour

Treated
Discharge

Untreated
Discharge Treatment
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Uncertainty analysis: Monte Carlo

F
a
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Uncertainty analysis: Monte Carlo

NN

NN

Inputs Monte Carlo WHESRLN Vo) @™ Deterministic
Distributions Simulation
200
Result gﬂs :|
Distributions _g 0 90 %ile
. . h
Probabilisy £
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GREAT-ER: Data analysis
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= direct GREAT-ER simulation results
Geo-referenced concentration distributions
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GREAT-ER: Validation

Concentrations in
river stretches

e Discharges

giAAL - River basin in Yorkshire (UK) --@M

GREAT-ER: Validation

Concentration

Concentrations in main tributary

250
— prediction

200 @ measurement
150

100

50 ]
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Distance (km)
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model EAU Software: SWAT

Nil case study for dynamic pesticide fate

Systems Analysis
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Intensive measurement campaign

= 8h composite samples for pesticide analysis
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Intensive measurement campaign

B e “|| 1l ||| T | I 0
__ 104 t5 5
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6/03/2004 %/04/2004 /05/2004 13/06/2004 5/03/2004 #/04/2004 #/05/2004 1/06/2004
date date
m rainfall upstream —— dow nstream . rainfall upstream —— dow nstream

— highly dynamic system with hourly variations

— due to runoff but also to direct losses
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Intensive measurement campaign

= Direct losses ...
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model EAU Software: SWAT

* Modelling & Simulation of river basins £
USDA (Texas, US)

Channel/Flood Plain
Processes

) LAVAL
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model EAU Software: SWAT

AL Data collation (GIS) / \
mtlel /2
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model EAU Software: SWAT

0.08

004 HF-—-------—-——-——-

atrazine (mg/l)

002+ ----------—=|flt--—---------4--—--
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r 0.0

r 10.0

r 20.0

r 30.0

0.00 ‘
N_/

1/03/98 1/04/98  1/05/98 1/06/98  1/07/98 1/08/98 1/09/98

= adjustments to SWAT code necessary
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model EAU Software: SWAT
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M rainfall = pest application — measured — swat2000 + adaptations
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Complex virtual experimentation

= Virtual experimentation
= model-based studies
For environmental systems:

Simulation time determines overall time of a study

= The studies we undertake:

Always take maximum a weekend to calculate...
Become more complex obeying Moore’s law (x 1.8/yr)
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Complex virtual experimentation

= Gujer’s law of modelling progress (2005)
1010
108 Moore's law
Slope 0.35 yr! A
108 -
104 M /O
100 o ASM Simulation —
O/ Slope 0.35 yr-

1960 1970 1980 1990 2000 2010

1
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CD4WC project

o LAVAL = 30.000 simulations : Ir "\i
HYoueh

Cost-effective development of urban water
systems for Water Framework Directive compliance

EU-project

Integrated study of sewer-WWTP-river system

Methodology to evaluate design/upgrade scenarios
Simulations of WWTP options

5 climatic conditions

3 plant sizes (3.000, 30.000, 300.000 PE)

20 options
100 Monte Carlo shots for uncertainty propagation

Distributed Virtual Experimentation

» Independent simulation can be distributed
= Different approaches to reach this:

Grid technology

Clustering
WEST Distributed Virtual Experimentation
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Grid technology

= World-wide network of computational nodes
= Virtual organizations

o esktops] L 5
L = 3 el - ]
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SuperMUSE Cluster (us EPa)
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model EAU ICA: Instrumentation

= Data collection and treatment (LabView
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model EAU ICA: Instrumentation

= New sensors: robust hardware + interpretation
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Settlometer
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model EAU ICA: Monitoring station

Traditional set-up :

| Telemonitoring | SM

hydraulic loop

Turbidity | TRANSMITTER
pH
- - MONITOR

Ammonia

Nitrate TRANSMITTER

MONITOR

TRANSMITTER \
[orra
‘ LOGGER

MONITOR

—

Redox
Oxygen

Conductivit _|
T ature

STATION

Precipitation
Solar radiation
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model EAU ICA: Monitoring station

mon EAU concept

’ﬂ Back-up Server

P

monEAU Base Station 1 - monEAU Base Station 2...n
monEAU
Central Server g T
Maintenance requirement/ el
Warning/Alarm EthomeyDSL_GSWUMTS _Radio
notification

Industrial computer
<)

Industrial computer
(o)

Moble _Handheld ___Emal
Programmable Logic Controllers (PLC) | |ngrammable Logic Controllers (PLC) |
1/0 modules 1/0 modules
Interfaces for diff. protocols Interfaces for diff. protocols
In-fine sensors Onvine sensors In-fine sensors On-line sensors

Sensors Sensors
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model EAU ICA: Monitoring station

IMW Endbericht (2005)
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IMW Endbericht (2005)
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model EAU ICA: Monitoring station
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model EAU ICA: Monitoring station

~/—NH4-N_ISE [mg/l] tagl. um 06:00  ——NH4-N_ISE [mg/I] tagl. um 18:00
— NH4-N_ISE [mg/l] XX:XX:10

27.04.04
04.05.04
11.05.04 o----4>
18.05.04
25.05.04
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model EAU . Messages

= Amélioration de la qualité de I'eau en
bassin versants
rivieres urbaines
réseau d’égouts
usines de traitement d’eaux usées

= En utilisant les méthodologies suivantes:
modélisation
instrumentation, contréle et automatique

logiciels de traitement des données,
de modélisation et de simulation
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Gestion intégrée par bassins versants
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Materials & Methods o >
Model development
=<
% Calibration methodology
5 | Good Modelling Practice
«
Risk, sensitivity & uncertainty anal.
Data quality evaluation
O | Sensors & monitoring stations
Control and automation
o | Numerical methods
o)
~ | Distributed computing (Grid)

Entente ULaval-UGand-Hemmis

= Je ne serai pas ici cet aprés-midi ...
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