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Naturally occurring pollutants
* Organic Matter (NOM)

* Dissolved salts

* Microorganisms

Urban/ Industrial impacts
« Organic matter, NH,*, NOy

* Pharmaceuticals

» Faecal-related microorganisms
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Drinking water treatment plant (DWTP)
N

/05\ (2] (3) Drinking Water

Waterborn pathogens

o 9\ e Distribution . _
L, - — network Disinfection by-
products (DBPs)
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Formation of disinfection by-products (DBPs)

Disinfection By-Products

Disinfectant

N
Cl, NaOCl,

ClO, NH,CI
03

DBPs Precursors

Trihalomethanes (THMs)

pH (CHCI,, CHBrCl,, CHBr,Cl, CHBr>)
Temperature

Time

Natural Organic Matter | 4~

+ Inorganic ions Haloacetic acids (HAADG)

(Br, I, NO,)

\ /L

\ N-DBPs )

& EU - EC 98/1998
Spain - RD 140/2003

THMs < 100 pg-L?
HAAS < 60 pg-L1? (New)
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[ Costs J _
DBPs egulations
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Environmental Decision Support
Systems (EDSS)
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Decision support systems

Industry 4.0
Artificial Intelligence

Digitalization
Big Data

Digital twins




Introduction

l ECO-INNOVATIVE

lequiasiioi™ B

UdG

Environmental decision support systems

How are they designed?

D

o # o
o '@ -0

kA

Problem Analysis

Data & Knowledge

Gathering

°

Cognitive analysis

- D

Integration &
Implementation

\\ Model selection /

Highly iterative and cyclical process

Cortés et al. (2000)
Poch et al. (2004)
Hamouda et al. (2009)
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Environmental decision support systems

Model selection

dX_ um'S

« Mechanistic models —=——-X

« Data-driven models 3@3

« Knowledge-based models

 Hybrid models /“L
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Environmental decision support systems

How are they implemented?

3 Y]
Supervisor level

J_ Expert rules

Models
Control level _ _
Actions that modify the control
variable

__Db Data cleaning and

Data acquisition level VA preparation
\/_

> —

Online data acquisition

t K

t ot t
DWTP Process

Cortes et al. (2000)
Poch et al. (2004)
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Environmental decision support systems

Citations per year (Web of Science)

Keywords:

“Environmental decision support system”
and

“Water”

2002
2003
2004
2005
2006
2007

2008

2
2018

2010
2011
2012
2013
2014
2015
2016
2017
2019
2020
2021
2022
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Implementation of EDSS at full-scale DWTPs: Challenges

Lack of generic Reflect Incorporation

EDSS practical needs of uncertainty
(Hamouda et al., 2009;

(Hamouda et al., 2009) Mcintosh et al., 2011; (Raseman et al., 2017,

Raseman et al. 2017) Humphrey et al., 2017)
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Motivation

» Challenges in operation of DWTPs
 Digitalisation of industry
« High amount of literature in wastewater treatment, fewer on drinking water.

Hypothesis

New models should be developed upon available knowledge and
data from full-scale plants to address operational challenges;‘ "0
Y

9
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Objectives

Main Objective

« To develop an EDSS to help DWTP managers in setting (/’

the most adequate operational set-points in real-time

Secondary objectives

« Preoxidation process
« DBPs formation through predictive models
« Supervision of the microbiological safety
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Ens d’Abastament .
d’Aigua Ter-Llobregat Llobregat river

« Mediterranean river

 lIrregular flow

« Anthropogenic impact
Llebregat river L [~
s 225 Terriver

« Organic matter 1
T C
‘&‘g” SWTP Blan Ter river

« Bromides?
i grereannsnnannan, « Taken from reservoirs

N y
(" N
0 : :

" #" L2 LS systems

. SWTP Prat ° « Low turbidity

R - DWTP Llobregat: bl \ )
~ L= DWTP Cardener §
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Coagulant
KMnO, CO, _Flocculant = CIO;
LIobrggat DWTP 7 aN oV o &
Capacity: 3.2 m3.s ) - LI —‘
(8)
Preoxidation o \
pH adjustment > WILTHILLL —>
Coagulation/focculation SV N |
y NaOC
Settling ®1/1|1]11]]

Filtration
GAC filtration

Ens d’Abastament
d’Aigua Ter-Llobregat

1.

2

3

4

5. Primary disinfection N—
: % B7d ATL
8. Electrodialysis Reversal S

9

Remineralisation
10. Secondary disinfection

11. Storage
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Ter DWTP
Capacity: 8 m3.s1

N oo A 0D P

NaOCI Coagulant

6& &CIO2 &Iocculant @ @& a
pH adjustment ;fﬁ)_, c>L> olo \/ ] ‘ | ‘ | ‘ -,

Primary disinfection

Y

Y

Coagulation/focculation
Settling

GAC filtration
Secondary disinfection

Storage

- Ens d’Abastament
d’Aigua Ter-Llobregat
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Data sources
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Software

@\ MATLAB

Routine laboratory analysis
Sensor data
Operational data

Data acquisition

Data cleaning

Model development
Graphical user interfaces

19



|
ECO-INNOVATIVE

"lequia s ATL

UdG Ens d'Abastament
o’Aigua Ter-Llobrega

OUTLINE

1. Introduction
2. Objectives
3. Materials and methods

4. Results
1. Results |
2. Results Il
3. Results Il
4. Results IV
5. Discussion
6. General conclusions




[ | ECO-INNOVATIVE
lequiaiiisaiuenmae ATL

UdG Ens d'Abastament
o’Aigua Ter-Llobregat]

Results |

Predicting the oxidant demand Iin a surface water
treatment plant: Model development and integration
Into an environmental decision support system.

Godo-Pla, L., Emiliano, P., Valero, F., Poch, M., Sin, G., Monclus, H., 2019. Predicting the oxidant demand in full-scale
drinking water treatment using an artificial neural network: Uncertainty and sensitivity analysis. Process Saf. Environ.
Prot. 125, 317-327. https://doi.org/10.1016/].psep.2019.03.017

Godo-Pla, L., Emiliano, P., Gonzalez, S., Poch, M., Valero, F., Monclus, H., 2020. Implementation of an environmental
decision support system for controlling the pre-oxidation step at a full-scale drinking water treatment plant. Water Sci.
Technol. 81 (8), 1778-1785. https://doi.org/10.2166/wst.2020.142
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Results |. Preoxidation lequialifific el ATL

o’Aigua Ter-Liobregat]

Llobregat DWTP o
7/ o> 4% o Do 1
g oo obo '|
Vi
a
©_ L [ L
;Vl.i\
eI/}

Potassium permanganate (KMnO,)

» Iron and manganese
* Odour and tase compounds

» Disinfection by-products (DBP) precursors

(@/> To develop a model for predicting the oxidant dose
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Data-driven model development

[ Model architecture selection ] \

UdG

/ Multi-layer perceptrons (MLPS)

Input Layer Hidden Layer Output Layer

Output 1

Multiple linear regression (MLR)

\ Y=By+ B, X+ B, X, + ... + B, X,

\

/
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Data-driven model development [Features selection Input features: \
Best subset selection * UV,
James et al. (2013) « Turbidity
« Temperature
« HRT

[ Data handling

Outliers detection
Empirical cumulative Distribution function (ECDF)
Frutiger et al. (2015)

2

{ Experimental Data
=) Model output /
E 15 X Outliers / / /{ >
e b
© ﬁ‘ «’ | ,\h:
1 l
: o 2“ ﬁ”“ A
) w&‘ R X o
st
c
=
"4 oL
Oct 2014 Aug 2015 Jun 2016

Data division
Self-organising map algorithm
May et al. (2010) ) 24
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Data-driven model development

[ Parameter estimation

o’Aigua Ter-Llobregat]

0,145

P °
0,140" C . ® Calibration
0,135: i o Validation
5 01308 o

?0,125§
= 0,120}
< 0,115:
0,110:
0,105
0,100:

Bootstrap method (N=50)

0~D (n(8),cov(p))

Sin and Gernaey (2017)
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[ Uncertainty analysis
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MonteCarlo propagation (N=100) Sin and Gernaey (2017)

8~D (u(8), cov(s))

0 B . MonteCarlo simulations O  10th and 20th percentile )( Mean value * Observations
- i
‘7_1 : i
& 0.75F P y
g } .
2 ! * ’
g 07 I : 1
3 . g
= . Cors L"‘*-...
oﬂ' : = -
£ 06sf i '
N =4 650 20 40
Probability density
D.B L 1 1 'l
May 14 May 15 May 16 May 17

Date

4 )

J
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Data-driven model development /

Connection weight

Profile method

Humphrey et al. (2017)
Olden and Jackson (2002)

1,2

1,0 -

S

[ Sensitivity analysis ] 0.8 -

0,6 4

Model Output (mgi)

04 -

0.2

0 5 10 15 20 25 30

\ Temperatureg,, (°C) /
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\ N\

- l
Data-driven model development MLR | MLP-1 1 Other MLPs :
|
Predictive I
Model architecture selection |
Validation |
Data handling ]

!

Parameter estimation

Structural
Uncertainty analysis
Validation
Sensitivity analysis
\ /
Predictive model o * Bestbalance
O°° °° « MAE =0.13 mg-L1

* pZSpearmanz 0.80
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Implementation for decision support

/ Predictive Model Uncertainty Analysis \
Y '

>‘25
@ 20}
-§15 B
MLP-1 % 10 b H
o " | | | |
Input Data 0 0.5 1 1.5_1 2
Model Output (mg KMnO4-L )
* Raw water [ EDSS ]
e (Operation .
P Case Retrieval Previous solutions
2 2’ P
2018 §2 s ]
2019 2 LI
S 1 e P
_ 5 OB—/\-/ \\.

N : :
Similar cases (mg KMnO4-L'1)

o
o
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-
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N
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Implementation for decision support

1.5 v ' T T " , -
- % Applied Dose ©  Model Output
- *
E’ b i - Validation period
E 1 (January-September 2019)
°  Baseline values were modified based on
()]
% experience, visual inspection and laboratory
S 0.5 d analyses.
=t
Qo
c
=
'
u il ] 'l 'l L L AL
Feb Mar Apr May Jun Jul Aug
Date 2019
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Keypoints

/ New model for preoxidation process with MLP

Predicted error <0.15 mg/L

,_@\ Uncertainty and sensitivity analysis

J\(\‘:, Integration of MLP and CBR models in an EDSS
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Benchmarking empirical models for THMs formation in
drinking water systems and integration into an EDSS

Godo-Pla, L., Emiliano, P.,, Poch, M., Valero, F., Monclus, H., 2020. Benchmarking empirical models for THM
formation in drinking water systems: An application for decision support in Barcelona, Spain. (Under review in
Science of the Total Environment).
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UdG

Llobregat DWTP

T B
— Time
: (Xepr)
treatment effluent '
NOM 1, Br 1 Electrodialysis DBPs
reversal
(1-Xepr)
/
1. To develop a predictive model for THMs formation - s
2. To link EDR performance with THMs formation P -
3. Integration of models for real-time support in managing the DWTP
N s
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Predictive model for THMs formation
Data-driven

model development

Model architecture selection

Historical Data 2019-2020
(N=573)
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Predictive model for THMs formation

[ Model architecture selection !

4 N

« Log-scaled multiple linear regressions (MLR)
Chowdhurry et al. (2009)

[THM] = a - ([UV254]+1) ® - [TOC] © - [Dg] @ - ((Brl+1) ¢ - Tf-pH 9. HRTh

\_ /

/ « Multi-layer perceptrons (MLPs) with different architectures \
Kulkarni et al. (2010)

Output 1
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EEE NN -y

/ | 1-Hidden layer 2-Hidden layers
o . | MLR I MLPs MLPs
Predictive model for THMs formation
Predictive
Model architecture selection
Validation
Dat ling
Parame iImation
Structural
Uncert: nalysis
Validation
Senst alysis
+ Complexity
Predictive model oo 9 ° MLR
2 R2=0.88
MAE= 4 pg-L-!
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Predictive model for THMs formation

%0 —C— DWTP effluent —C— DWTP effluent-Model —2— Supply network —2— Supply network-Model
BD ¢ L . E EEEEEEEEEEEEEEEEEEEEEEEEEEENEEEENEEEEENEEENEENEEEEEENNMN
4
|
70
Supply network data
< 60
- L
on
50 -
E "lllll ' EEEEEEEEEER EEEEEEEEEEER EEEEEEER ll"
T .nle .
= 40 > DWTP efluent data
||
30
||
20
|
L 4
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Apr 2019 Jun 2019 Aug 2019 Oct 2019 Dec 2019 Feb 2020 Apr 2020
Dates
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Linking EDR operation and THMs formation

/ Historical data 2015-2020 \ / Predictive model MLR \
[THM] = a - ([UV254]+1)? - [TOC] ¢ - [D] - ([Br]+1) € -T/-pH9 - HRT"
EC (R?=0.88)
100 : . ;
100
3 80f e 1 g
g 60 | "’#1, -' § *ak o .'__‘_.t"‘"__‘,.‘- &
£ + T oAl o0
= T 0 p A rs
e 40r - * o 2'::-"_. ¢
14 %Removal = 51.28 + Temp - 1.20 - 60f *22 ad
a _| 5 2560
w 20 2 ;x _‘_..0 # - Xgpp=0%
0 . ' ' : . % 40 b "i-"‘ @ Xgpp=40%
0 5 10 15 20 25 30 = _;i A Xgpg=70%
& Xgpr=100%
20f
Removal characterization:
« EC, Bromide, TOC, UV, 0o : : : : : ;
« Temperature dependent 0 20 4@ 6 80 oo 120
k Hydraulic Retention Time (h) /
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Integration for real-time decision support

100
T oe0f---- ! -
/ Drinking Water Treatment Plant u]ﬂﬂﬂﬂﬂ 2 ?
> BNy > —> = 80
=
JULN IR
Point2=96 h 60
MLR predictive model '
\ [THM]=a-[TOC]*-[UV,g,["... O o

& PED
30
SN
& sade

100

o
o

Point1=48h

(o]
o

THM (ug-L-1)

Bl i

(<2}
o
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Keypoints

e . | .
@'IIH Benchmark of empirical models to predict THMs with full-

7
scale data

/y"'{ Operation of EDR was linked with THMs formation at
[__ distribution network

Integration in an EDSS for a real-time management of
EDR.

£

O Feasibility of empirical models for operational purposes was demonstrated.
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Results Il

Control of primary disinfection in a drinking water
treatment plant based on a fuzzy inference system

Godo-Pla, L., Rodriguez, J.J., Suquet, J., Emiliano, P.,, Valero, F., Poch, M., Monclus, H., 2020. Control of
primary disinfection in a drinking water treatment plant based on a fuzzy inference system. Process
Saf. Environ. Prot. 145, 63—70. https://doi.org/10.1016/j.psep.2020.07.037
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Results Ill. Primary disinfection

ECO-INNOVATIVE

u
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UdG

Ter DWTP

Primary disinfection

Disinfection along the
treatment process
Oxidation of odour-causing
compounds

EDSS

L

DBP Formation
THMs?
Clo,™?

\/

v" Accumulated experience

v Few availability of data

v' Highly correlated

Y

—

- Knowledge-based models
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Fuzzy Inference System (FIS)

« Consolidate process knowldge
« Data is difficult to obtain

 Imprecision related to human classification
using fuzzy sets

1) Fuzzification X1, X5
2) Inference System  IF x; IS ... AND X, is..., THEN Yy, Is ...
3) Defuzzification Y1

Experience, process knowledge
Scientific basis
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Design of the control system

e Py _
—l- free MC PLC
——— DWTP
Trw E— Controller
—_—
—— -
Feed-forward ACIO; pose
HRT;
Fuzzy control Allfree pic “
THM
_/>Q<\ ) ]
Feed-back

Fuzzy control
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Design of the control system

FIS,

——
Obijective: T, />0<\
Assess the THMs formation risk (THMFR)

C"’ OZ Dose
C"free Mc

Feed-forward
Fuzzy control

accordig to raw water quality and environmental
conditions

Input variables:
TOCryw Trw

Inference System:
(TOCRW' TRW 2 CIOZ Dose! c:IFree)

Controlled variables:
CIOZ Dose! CIFree

v

> e [ConT;ﬁller | ‘ DWTP ]
" " J
A -
AC‘,OZ Dose H RTST
Ac’free MC -
/>O<\ —

Feed-back
Fuzzy control
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Design of the control system

F I 82 C’,OZ Dose

—-PT C:’freeMC > > EDSS ————p PLC DWTP]
Objective: R />0<\ — Controller J

Adjust the operational set-points accordig to =
THMSs concentration and operational conditions.

Feed-forward ACIO; pose HRT
Fuzzy control Al oo pic <

/XX\ _—

Input variables: Feed-back
THM ST H RTST Fuzzy control

Inference System:
(THMST, HRTST) 9 (ACIOZ Dose? ACIFree)

Controlled variables:
ACIOZ Dose? ACIFree
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Design of the control system

Supervisor
clo ose
Fu I e —-»TOCRW C”freze iﬂc EDSS PLC ]
) ) T > > ——— DWTP
Objectlve: RW m . Controller J
To limit the total amount of chemicals to avoid . =
. _ _ Feed-forward 5> Dose HRT
high levels of CIO, and CIO;. Fuzzy control Al ) st
) THM;

Input variables:
ClO; poser Clrree Feed-back

Fuzzy control

Controlled variables:
CIOZ Dose? CIFree
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THMs (ug-L)

Concentration (mg-L)

Normal operation

[ [

Fuzzy control

2
Set_p oints x Clggeom ©  Cl0ypgee
1.5k
%z(& x xHx ) x X x RS » .
X % x X % X X X N
x x>><l< ;&x )"&Xx( ? X’%( ;((x X * XX)%< - %%xx XX)?* ’5;(0:;& >()< ”)5% . .
I A Pk B, & *&;;‘o}*&* SE Sy %xxg E Full-scale implementation of fuzzy
. x X o ® X X % X 9
: an o oo mm ;;xchm (:nma?((o ﬁ fo ;&% @960;;800%(%? OO o Ox%fo &£°
oo o ame ot o o owmmm ol ey p o2 & control system.
0.5 ocmm amo @ o@moe o o 9900 ¢ @ @% Ry o0 0630‘8%% d
L ® o :O o Qogwoé’ o ®
o o
o
0 — - — - — — - Positively Validated 85% of the time.
Mar Apr May Jun Jul Aug Sep I I Mar Apr May Jun Jul Aug Sep
2018 2019

300

More systematic dosing of chemicals

1 with the control system.
200 &
-
=
%0 ;; DBPs without exceeding threshold
1000 levels

2018
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Keypoints

Q A feedback and feedforward control system to
control primary disinfection.

Q e Process knowledge was modelled with a fuzzy
Inference system.

Implementation at full-scale was positively validated
85.5% of the time during 6 months.

O DBPs concentration at the effluent at a safe range.
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Results IV

Development of a key performance indicator based on
quantitative microbial risk assessment
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Results IV. QMRA Indicator

Pollutants
/Pathogens\

~ -

— -
-
-

s
k\ /

Cryptosporidium

@ © © o
E— c—) c—) cC—J
E—| — —) —)
E— E— C—J C—
E— E— E— —)

qu u la SOLUTIONS

Quantitative Microbiological Risk Analysis

(QMRA)
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Results IV. QMRA Indicator

UdG

QMRA Quantitative Microbiological Risk Assessment

+

Quantification of risk

Used in the design phase

Site-specific data
Variabilities and uncertainties

Not applicable for real-time
monitoring

10==
20=
3=

A
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QMRA methodology (Medema et al., 2006; WHO 2009)
1) Pathogen load
2) Treatment units performance
3) Dose-response
4) Risk characterisation

Real-time QMRA indicator
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4 Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance  3) Dose-response 4) Risk characterisation

Can we relate the pathogen load at DWTPs with online-available measures?

Cryptosporidium
N=112
Surrogate measure (Medema et al., 2006)
Clostridium perfringens
N=3401

[ Icryptosporidium detection * Clostridium Perfringens

100 - -

(=]

Clostridium Perfringens_, (ufc/100ml)
t
o
I

o4
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. Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance  3) Dose-response 4) Risk characterisation
_ 800 T T T T T T T T T T
2 5
‘!f' 600 [ =

Reservoirs
'S
o
o

HRT

|
200 ’\ﬂ,ﬂV\\ ‘vﬂt‘f A\/,\J\' '&!\[\V \‘V’hh ; ih#fmﬂv WL Correlation between:

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Clostridium perfringens

15 T T T T T T T T T T
=) and
5; 0k _ Turbg,, (P value<<0.05)
=z
s ° HRTR. (P value<<0.05)
|_
=E" o 2001 2003 o 2005 2007 2009 2011 2013 2015 2017 2019
§ 100 — I [ cryptosporidium detection *  Clostridium Perfringens‘
£
2
5 .| : : Relationship between online-
£ o X F [ availbale parameters and
o 3 4. : : R sclg -
E A 352 TN pathogen load
g 55
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. Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance 3) Dose-response 4) Risk characterisation

Can we estimate the treatment units performance with online measures?

NaOCl Coagulant
NaOCI

CO, ‘ ClO, § Flocculant ;
Ter DWTP é\ é\ %\ o o é\e

()
s L L )

Chemical inactivation

1. Primary disinfection

2. Secondary disinfection

CSTR model

1
LRVDisinfection = _log(l +k,-c- th) «
e
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Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance 3) Dose-response 4) Risk characterisation

Can we estimate the treatment units performance with online measures?

NaOCl Coagulant
NaOCI

CO, ¢ ClO, ; Flocculant ;
Ter DWTP é\ é\ %\ o o é\a

()
ST HL LT B

Min. values: PooMi€: fwallnaacdviexméaliade :performance

Physical removal ! A Optimal performance
A *
1. Coagulation/focculation (CF) 0,8 K | KA
1) Ry &
2.  Rapid filtration (RF) S 0.6 oo “
%04 0". “ soesCF
el ‘.’.... - sunn RF
eed of R "‘..
Triangular Distribution online performance o O 1
(Medema indicators 0 1 - 3 4

Logarithmic Reduction Values (LRV)

lcp and lge
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Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance 3) Dose-response 4) Risk characterisation

Can we estimate the treatment units performance with online measures?

NaOCl Coagulant
NaOCI

CO, ¢ ClO, ; Flocculant ;
Ter DWTP é\ é\ %\ o o @z\a

()
ST HL LT B

Physical removal Online performance indicators

1. Coagulation/focculation (CF)

Quality parameters
2.  Rapid filtration (RF) N\ Y P

ICF ~ Average turbidity (Turb,yc)
9 (0-1) Operational parameters
Triangular Distribution functions ~ Mean sludge age (MSA) «
(Medema et al., 2006)
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Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance 3) Dose-response 4) Risk characterisation

Can we estimate the treatment units performance with online measures?

NaOCl Coagulant
NaOCI

CO, ¢ ClO, ; Flocculant ;
Ter DWTP é\ é\ %\ o o @z\a

()
ST HL LT B

Physical removal Online performance indicators

1. Coagulation/focculation (CF)

2.  Rapid filtration (RF) N

Quality parameters

|RF ~ Average turbidity (Turb,yc)

(0-1) Operational parameters
Triangular Distribution functions ~ Mean flow rate (MFR) «
(Medema et al., 2006)
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Real-time

1) Pathogen load

QMRA indicator

2) Treatment units performance

3) Dose-response

4) Risk characterisation

Operational and quality data acquisition (SCADA)

1

load

Expected pathogenw

1

Treatment performance
characterisation “

I ° I—F\)VDisinfection
« LRV

l

!

Risk Characterisation «

+  LRVge

Epidemiological data
Dose-Response « (World Health Organisation,

2016, 2009)

DALY>10%

10 >DALY>10"

DALY

(World Health Organisation,

2016, 2009)

QMRA-based
Indicator

Yes

Yes

v

High risk

Moderate risk

Low risk
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Real-time QMRA indicator

1) Pathogen load 2) Treatment units performance | 3) Dose-response 4) Risk characterisation

Operational and quality data acquisition (SCADA)

QMRA-based
Indicator

Online surrogates of microorganisms

High risk
Development of online treatment performance indicators

Moderate risk

Low risk
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Scenario analysis for Ter DWTP

Crypto gy~ 0.2 oocysts-L-1 Crypto gy~ 0.6 oocysts-L x
(Peak event) (WWTP tertiary effluent)
1r 1r
Additional barrier
needed!
08 0.8 DALY <107
DALY < 107 I Other pollutants
0.6 I 0.6 (DBPs, etc.)

10® > DALY > 1077

IRF
IRF

0.4 108 > DALY > 107 0.4 u
u DALY > 108
0.2 8 0.2
DALY > 10 I I

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

e e
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Keypoints

Online QMRA indicators were developed
Treatment performance characterisation upon process knowledge
Alert DWTP managers about poor or suboptimal performance

Scenarios leading to increase the risk can be detected

®» B e ©
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General conclusions

 New data-driven and knowledge-based
mathematical models were developed

« Expert knowledge was codified to
systematise decision-making

 Real-timeresponse to raw water
variations

« EDSS implemented at full-scale DWTPs b

| ETAP T TV
o e DrinkiA$

TAGs imponss K Mode Online @
= P - P
lequia e ATL

« Application at the control center
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Main limitations

« Diversity of DWTPs

« Limitations Inherent to data-driven
models

 Non-regulated DBPs

Future work

 Consolidation of developed tools for -
managing treatment units

DFiﬂk Q?!

1 19(5“: lquullaé;_r».‘t,;__‘

 Integrated management of the
Distribution network



General Conclusions

— : “All models are wrong

f
\ | but some are useful”
[/ George E. P. Box
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