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Overview

 monEAU vision
 from 110V-60Hz to 220V-50Hz
 from noise to info
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Interest in monitoring

Search for "water + monitoring" on 
engineering village web siteg g g
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Overview

 Introduction
 Problem analysis
 monEAU vision
 Conclusions
 Outlook

3

Introduction:
Why do we need new solutions ?

Shift from not enough dataShift from not enough data,
but with typically sufficient accuracy

to

Data graveyards with
unknown accuracy

4
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Introduction: 
Monitoring networks
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Untreated
Discharge

Local 
TreatmentRiver

Problem analysis:
Design restrictions
 Limited budget

and focus on sensors not station itself

 Lack of knowledge 
data communication, databases, automation…

 Harsh conditions 
WWTP: fat, clogging, electrical interferences, 
Rivers: changing water levels, flood, heat, cold, vandalism, …

 Unsuitable hardware
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Unsuitable hardware 
e.g. filtration unit, pumps etc.

 Standardization
site specific instead of flexible and modular
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Problem analysis:
Own experience…

 E.g. BIOMATH River Monitoring Station (1997)
SM

DATA
LOGGER

TRANSMITTE
R

MONITO
R

Turbidit
ypH

Redox
Oxyge

n

Ammoni
aNitrate

Conductivit
yTemperature

TRANSMITTE
RMONITO

R

TRANSMITTE
R

MONITO
R

TRANSMITTE
R

EmLog

SM
S

hydraulic 
loop

SAMPLE

7

Water levelPUMP

river

R
MONITO

R

Precipitation
Solar 

radiation

STATION

SAMPLE
R

Problem analysis:
Own experience…

 E.g. BIOMATH River Monitoring Station (1997)
SM

Data
handling?
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Filtration
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Telemetry
options?

On-line
analyzer?
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Problem analysis:
Sensors

 Sensor characterization

 Self diagnosis

 Meta-data
e.g. configuration data, calibration parameter, bidirectional

9

 Lack of standardized data transmission protocols
4-20 mA

Overview

 Introduction
 Problem analysis
 monEAU vision
 Conclusions
 Outlook
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monEAU vision

 A flexible system used
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 for different monitoring and research goals

 at different locations

 with all types of sensors and sampling methods 
(in-situ, ex-situ, off-line)

 with all standard communication protocols
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with all standard communication protocols

monEAU vision
monEAU Base Station 1 monEAU Base Station 2…n

monEAU
C t l S

Back-up Server

Maintenance planning
Warning/Alarm
Notification

Mobile Handheld Email

Central Server

Base station 1 Base station 2
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Filtration
unit

In-situ On-line

Sensors
Auto-
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Pumps

Filtration
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Sensors
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I/O modules
Interfaces for diff. protocols

I/O modules
Interfaces for diff. protocols
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monEAU vision

 An open and modular system
 robust framework

 plug-in modules
Industrial computer

(IC)

Data quality evaluation

Data bases

Proactive Maintenance
Planning

Visualization

Ethernet/DSL GSM/UMTS Radio

Data transmission modules

Satellite
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Control

Input modules

4-20 mA

PVR12

monEAU vision

 A high quality/performance database
 fast access to large data sets

 flexible enough for any monitoring task and
further developments

14
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monEAU vision

 Remote use
 reduced maintenance requirements

 minimized energy demand

 different power options

 various telemetry options

15

 remote access to sensors

 remote access to monitoring station operation

monEAU vision

 User-friendly and user-oriented
 required information provided and visualized

 depending on user task and qualification level

16
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monEAU vision

 Proactive and flexible maintenance
 determination of optimal maintenance schedule 

• sensor self-diagnosis

• data quality evaluation (at station or server level)

• company or user experience

 proactive set of station-triggered experiments

17

p gg p

 Three user-selectable assessment levels:

monEAU vision:
Data quality assessment

 Level 1: univariate methods

 Level 2: multivariate time series analysis

 Level 3: advanced data evaluation 
including expert and process knowledge

18
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Conclusions
 Platform for all kinds of monitoring tasks

Fl ibl ll f Flexible to use all types of sensors 
at various locations
 Robust software framework
 Modular to adapt to special demands
 Hardware specified for harsh conditions

19

p
and remote use
 Advanced data quality evaluation concepts
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High quality monitoring of 
wastewater: from 110 V-60 Hz to 

220 V-50 Hz

Dresdner 
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Content

 SWI-danEAU project 

 Material 

 Installation

 Data collection

 Conclusions 

 Acknowledgments
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SWI-danEAU project :
Introduction

 Using monitoring stations to study water 

 Focussing on the primary clarifiers (P.C.)
quality under wet weather conditions

 Less information on that process
 First process receiving rain’s first flush
 primEAU : modelling/control projects on P.C.

2

P.C.

m1 m2

Content

 SWI-danEAU project 
 Material Material 

 Two monEAU monitoring stations
 Transport
 Monitoring stations adaptation to Denmark situtation

Monitoring stations testing
 Installation
 Data collection
 Conclusions 

3

 Acknowledgments
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Material : 
Monitoring stations
 2 monitoring stations: 

EAU1 EAU2 monEAU1, monEAU2
• [2] Spectro::lyser (TSS, COD, TOC, DOC)
• [2] Solitax (Turbidity)
• [2] pH 
• [2] Conductivity
• [1] AnISE (NH4-N, K+, Cl- )

T°
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Material : 
Monitoring stations – Sensors 

TurbidityTurbidity
Hach Solitax

TSS, CODtot, CODsol

5

s::can spectro::lyser
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Material : 
Monitoring stations – Sensors 

pH
Hach pHD

6

Conductivity
Hach 3700sc

NH4
+, K+, Cl-

Hach AnISE
ISE= Ion-Selective Electrode

Material : 
monEAU

 24V converter
 Heater
 s::can
 Router
 Computer
 Laptop

7

p p
 sc1000
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Material :
Monitoring stations transport

 Shipment : 2 300 $ 

 Insurance : 500 $ 

 Weight : 242 kg

8
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Material : 
Monitoring stations adaptation to DK
 1st option : Converting voltage and frequency

 500 $

110 V
60 Hz

220 V
50 Hz

Not a simple 
process !

 500 $

FrequencyDK

10

monEAU1
Battery1

Battery2

Frequency
Voltage
DC/AC
Inverter

DK 
power 
supply

Battery 
charger

Material : 
Monitoring stations adaptation to DK

Inverter

11

Battery 
charger
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Material : 
Monitoring stations adaptation to DK
 1st option : Converting voltage and frequency

monEAU1
DK 
power 
supply

12

First trial : ! One computer’s power supply blew !

13
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Material : 
Monitoring stations adaptation to DK

 2nd option : Converting voltage only
 160 $

monEAU2Voltage 
converter

DK 
power 
supply

15
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Material : 
Monitoring stations adaptation to DK

 2nd option : Converting voltage only

monEAU2
DK 
power 
supply

16

Material :
Monitoring stations testing
 Test under power supply

T t i l t Test in clean water
 Test in wastewater

17
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18

pH1 & 2Solitax1

Cond.1

Cond.2

S t L 1 & 2

19

Spectro::Lyser 1 & 2

Solitax2
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Content

 SWI-danEAU project 
 Material Material 
 Installation

 Plant introduction
 Monitoring stations weather protection
 Sensors mounting

 Data collection
 Conclusions 
 Acknowledgments
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Installation :
Plant introduction

 Location
 Lynettefælles-

skabet, DK

 Lynetten WWTP
 700 000 PE
 5 - 6,6 m3/s

 Receiving water
 Øresund

21
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Secondary 
clarifiers Secondary 

Sludge 
treatment

clarifiers y
clarifiers

Anaerobic 

(Bio-Denipho)
Tank

22

Primary
clarifiers Bio-Denitro

Installation :
Plant introduction 

23
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Inlet

24

Outlet
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Installation : 
Monitoring stations weather protection

 Construction 
of two « bear 
houses »
 P.C. Inlet
 P.C. Outlet

26

Power 
Supply &
Transformer 
set up

Compressor

27
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Inlet

28

Outlet
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Installation :
Sensor’s mounting

30

Installation :
Sensor’s mounting
 Inlet

31
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Inlet

33



11/09/2013

18

 Outlet

Installation :
Sensor’s mounting
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Outlet
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Outlet
Actual situation
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Outlet
Actual situation
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Content

 SWI-danEAU project 
 Material Material 
 Installation
 Data collection

 Sensors calibration
 Weekly maintenance
 Remote access to the data

 Conclusions 
 Acknowledgments
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Data collection :
Sensor’s calibration - Solitax

2000

Turbidity vs Suspended solids correlation for Solitax sensors

y = 1,5348x + 28,999
R² = 0,9901

y = 1,5692x + 35,636
R² = 0,9899

500

1000

1500

2000

TSS 
(mg/L)

Solitax_001
Solitax_002
Solitax_001
Solitax_002

39

0
0 250 500 750 1000 1250 1500

Turbidity (NTU)

_
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Data collection :
Sensor’s calibration - Solitax

1000
Dilution 3 with Solitax_001 

600

700

800

900

1000

Turbidity
(NTU)
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500

600

20:13 20:16 20:19 20:22 20:25 20:28 20:31 20:34 20:36
Time
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Data collection :
Weekly maintenance - Cleaning

Picture	
DIRTYNESS

After 2
weeks!

42

Increase cleaning frequency until time has no effect on data quality

 Cleaning with:
P h

Data collection :
Weekly maintenance - Cleaning

 Pressure hose
Wear full-face protection (pathogens)

 Milli-Q water (Lens and electrodes)
 3% HCl home made solution (Lens)
 Remember : « l’acide sur l’eau c’est beau, 

l’eau sur l’acide suicide »

 Use delicate or microscope paper

43
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Data collection :
Weekly maintenance – Air Cleaning
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 « Are the sensors giving the right values? »

Data collection :
Weekly maintenance - Validation

g g g

 3 types of validations:
 Twice weekly

1. Sample Laboratory analysis
2. Portable meters

O kl

50

 Once weekly
3. Standard solutions

Data collection :
Weekly maintenance - Validation
1. Sample Laboratory analysis :

S t l A ISE Spectro::lyser
• TSS (Solitax)
• TOC, DOC
• COD, CODs

 Sampling : 16 bottles / Week
• Twice weekly

 AnISE
• NH4-N
• K+

• Cl-

• Twice weekly
• AM and PM sample
• Sample in duplicate
• Inlet and Outlet

51
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Data collection :
Weekly maintenance - Validation
2. Portable meters
 Turbidity Turbidity
 pH
 Conductivity

3. Standard solutions
 Formazine 200 NTU 800 NTU (Solitax)

52

Formazine 200 NTU, 800 NTU (Solitax) 
 pH buffer 7, buffer 10
 Home made 1000 μS/cm solution (Conductivity)

Data collection : 
2 Softwares

1. Ana::prop
 Spectro::lyser

2. PrecisionNow (monEAU)
 Solitax
 pHp
 Conductivity
 AnISE

53
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Ana::pro

PrecisionNow

54

PrecisionNow

55



11/09/2013

29

Data collection :
Remote access to the data 
 Inlet and Outlet mobile TDC internet connexions

R t i T Vi Remote access via Team Viewer

56

Data collection :
Remote access to the data 
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Content

 SWI-danEAU project 
 Material Material 
 Installation
 Data collection
 Conclusions 
 Acknowledgments
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Conclusions

 monEAU stations survive winter 
with appropriate weather protection

 Once a week cleaning for P.C. inlet is enough
 Solitax > spectro::lyser

 Installation is the key point in monitoring

59
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 Future work
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Need for advanced data quality 
evaluation
 Collected data:

I f ti i h d t t Information-rich data sets
 Huge/complex data sets
 Challenging conditions
 Faulty sensors

3

Data evaluation/validation is crucial

Assessment tools for faulty data 
 Current practice --» manual procedures

Ch ll i t t it i ?? Challenge in water systems monitoring??

Automatic data quality evaluation

 Corrupted, doubtful, unreliable data
 Sensor faults

4

Using time series information!
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Assessment tools for faulty data

5

 Univariate methods
O tli d t ti

Assessment tools for faulty data

 Outlier detection
 Autoregressive models
 At T forecasting (T+1):

• variable         
• std of error

 Prediction interval:
ˆe

x̂

6

lim ˆ ˆex x K  
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 Univariate methods

Assessment tools for faulty data

 Fault detection 
• % replaced data --» data goodness

7

% replaced data » data goodness
• Slope --» rate of change
• Residuals correlation --» good fit of model
• Residual std (RSD) --» variance

Assessment tools for faulty data

8
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Assessment tools for faulty data
 Multivariate methods

2
 TT

QQ

9

QQ

 Multivariate methods 
R d di i f d t X ( )

Assessment tools for faulty data

 Reduce dimension of data X (x1, x2..xn)
 New variables (p1,p2 … pn) as linear combinations

1 11 1 12 2 1n n

2 21 1 22 2 2n n

= c x +c x ...+c x

= c x +c x ...+c x



p

p

10

“Principal components”
= axes of new coordinate system

c1 1 c2 2 nn n= c x +c x ...+c xnp
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Assessment tools for faulty data

2
 TT
QQ

11

 T2 and Q statistics
F lt d t ti ithi th PCA

Assessment tools for faulty data

x

x3 p1

p2

Point with a large Q Fault detection within the PCA 
space

• T2: normalized sum of scores: 
variations within the model

• Q: sum of squared residuals: 
goodness of fit of samples to 
the model

x1

x2

Point with a large T2

12

the model

• Detection limits are defined
on the basis of “normal data”
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Assessment tools for faulty data

2
 TT
QQ

13

Software platform
Local Station

Client PrecisionNow:
• μs/cm, NTU, pH… 

measurements
• Data evaluation 

modules (C#)

Anapro:
spectro l ser• Download data

Wifi, GPR

14

• spectro::lyser 
measurements

Download data
• Visualisation
• Offline/Online 

analysis
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Case study
1) WWTP, primary clarifier

(Québec Canada)(Québec, Canada)
 Redundant pH, μS/cm, TSS, °C
 Sample time: 5 sec 

2) Small urban river:
 pH °C μS/cm O2 NH4 NO3 TSS

15

 pH, C, μS/cm, O2, NH4, NO3, TSS …
 Sample time: 5 – 60 sec

Case study
3) WWTP, primary clarifier Lynette:

 Two sites: inlet and outlet Two sites: inlet and outlet
 pH, °C, μS/cm, TSS, NH4, COD…
 Sample time: 5 – 60 sec

Inlet
“danEAU1”

16

danEAU1
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Case study
3) WWTP, primary clarifier Lynette:

 Two sites: inlet and outlet Two sites: inlet and outlet
 pH, °C, μS/cm, TSS, NH4, COD…
 Sample time: 5 – 60 sec

Outlet
“danEAU2”

17

danEAU2

Some results

18
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 Univariate methods (case study: river)

Some results
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 Adaptation to time varying hydraulics
 Tuning allows a more or less restrictive performance

11/07/11 12/07/11
Time

 
11/07/11 12/07/11

Time

 

 Univariate methods (case study: river)

Some results

Outliers...

20

Outliers...
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 Univariate methods (case study: river)

Some results

High % 
replaced data

High variability

21

 Multivariate methods (WWTP, Quebec)

Some results

 Variable 20% bias 
(Cond1,Cond2)

 Variable bias 
(pH1, pH2), 

(Turb1, Turb2)

* pH1 * pH2

* Cond1 * Cond2

* Turb1 * Turb2

22

 Const. 5% bias 
(Temp1,Temp2)

* Temp1 * Temp2
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 Multivariate methods (WWTP, Quebec)
D t t ith 8 i bl

Some results

 Dataset with 8 variables
• pH1, pH2, Cond1, Cond2, Turb1, Turb2, Temp1, Temp2

 First 3 principal components > 90% variability
 Training: 3-day data set to build the model 

23

 Multivariate methods (WWTP, Quebec)

Some results

D t i th PCA fi t 2 t

• Vectors represent variables 
and contributions to p1 and p2

• Each point corresponds to a 
sample in the new space

p 2

Data in the new PCA space – first 2 components

24

• Divergences between vectors 
account for bias

p1
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 Multivariate methods (WWTP, Quebec)

Some results

D t i th

p 2

Data in the new space

I

Statistics period I

25

p1

I

II I

 Multivariate methods (WWTP, Quebec)

Some results

D t i th

p 2

Data in the new space

I

Statistics period II

26

p1

I

II II
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 Preliminary data at Lynette
O li ti i

Some results 

 On-line time series
 Study of correlation between variables
 Dry and wet weather profiles/effects
 Snow-melt effect
 Salt
 On/off pump control strategy in sewers

27

 On/off pump control strategy in sewers

Some results

28

sensor out
sensor out

sensor out

sensor out
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Some results

29

calibcalib

Some results

dry weather

wet weather

dry weather

30
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Some results
Rain effectSnow/salt-melt

Salt effect

31

Salt effect

Some results

outliers

32

underestimation
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Some results

Noise, no 
maintenance

Cleaning 
effect

33

a te a ce

Some results

Pumping effect

Filtering data

34
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Conclusions

 Dealing with faulty sensors represents a 
h ll f ff ti WQ it ichallenge for effective WQ monitoring

 Univariate methods allowed creating “good” 
time series and detecting individual faults

 Multivariate methods allow dimension 
reduction and detection of multiple faults

35

reduction and detection of multiple faults

 Abnormal conditions and faulty data can be 
detected  by monitoring statistical metrics

Future work

 Study of specific faulty/abnormal conditions 
t L tt WWTPat Lynette WWTP

 Application of univariate and multivariate 
methods to Lynette data

 On-line implementation of data treatment tools

36

On line implementation of data treatment tools
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Future work

 Test the monEAU station and data assessment 
t l i Ei dh (Th N th l d ) K lli ttools in Eindhoven (The Netherlands) - Kallisto

37

Future work

 Test the data assessment tools on 945d data…

38
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