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Flowrate/samples: preliminary
indispensable step for all surveys
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Intfroduction
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Sampling = only a volume
¥ reduction ?
Reduction factor: 1°‘000'000°000 (107)

v = 3 liters



Infroduction

How and where shoud | take
a sample ¢

Sand and gravels
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Sampling interval ?

Concentration
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Sampling interval ?
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Sampling interval ?

Concentration

UNIL | Université de Lausanne
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Sampling interval ?
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Cost/benefit analysis of sampling ?

Goals:

Optimization of the
number of samples, based
on:

e Goals of the analysis
(monitoring, survey,
research...)

* Expected errors

* Analytical capacities

e Budget

Precision expected ¢

Sampling error, costs of analysis

Number of samples



Common questions about sampling

1) How, where, when, how many... §

2) Financial aspects: is it possible to reduce

the number of samples with the same
reliabilitye (opfimisation of a sampling
stfrategy)e

3) Errors during sampling phases (always?)

How is It possible to estimate and
minimize them?




Common questions about sampling

SO INCLUDES SELF-TRAINING EXERCISES

AND CODES AVAILABLE FOR READERS

Metrology in
Urban Drainage
and Stormwater

Management

i

Confederazione Svizzera

PLUG AND PRAY sl

Edited by Jean-Luc Bertrand-Krajewski,
Francois Clemeéns-Meyer and Mathieu Lepot

Z

Sewage Pattern Generator (SPG)


https://www.eawag.ch/en/department/sww/software/
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Analytical procedure

Selection of sampling

location

'

l

Flow measurements

Sampling strategy <

l

Transport and conservation
of samples

1

Laboratory analysis

1

Goal: to control all steps !

Results (average concentration,
max, load...)




Substance

Problem Analytical procedure
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Analytical procedure

Rain measurements

(a) by A iR
Reception ///////// AT Reception
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i \-
Receptionring ///////// Reception area
/////////
1
\
Container pivot B A pivot
Bucket A is filling Bucket B is filling
Weighting device Bucket B is emptying Bucket A is emptying
(c) (d)

Intensité réelle [mm/h]

Always consider several weather statfions!

50

0

50 100 150 200 250

Intensité mesurée (pluviographe) [mm/h]

300

Be careful during winter measurement periods
Radar data: interesting alternative solution




Measurement location: Criterial

 Vandalism, power supply, accessibility,
authorization (commune, canton, police...)

e Security for personal

 Flow measurement requirements
(slope, turbulences...)

Murphy's law...

ydrology 08/05/2025

d



[image: image1.jpg]






Measurement location: Criteria

832.30

Ordonnance
sur la prévention des accidents et des maladies professionnelles

- (@ Art. 8 Travaux comportant des dangers particuliers

T 'employeur ne peut confier des travaux comportant des dangers particuliers qu'a des travailleurs ayant été formés spécialement a cet effet.
Lemployeur fera surveiller tout travailleur qui exécute seul un travail dangereux.

Exemple de signalisation des chantiers sur les routes principales et secondaires a l'interieur des localités
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https://www.advk.ch/upload/docs/mdc 224/signal%202020%20frs.pdf
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https://www.advk.ch/upload/docs/mdc_224/signal%202020%20frs.pdf

Why is flow important?

Errors on flow measurements
l directly influence the results

Flow measurements

Load = Concentration : Flow - Time
mg mg/I /s S

River {(diffuse)

o — - 1200
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River Moenchaltorf, a little river near Ziirich (Switzerland) influenced by
diffuse agricultural pollution (Atrazine) (Chévre et al. 2004)

Example integrated in Samplinghelper.con’{_R - Urban Hydrology 04/05/2023



Flow measurements

Flow = Section x velocity
m?3/s m?2 m/s

Section = f(geometry, water level)

Measurements and/or
theorefical rafing curves

250
® Courbe actuelle
200 °
@® Tarage [ ]
°
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8 100 0.
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50 Py Ba y = 0.0006x2 + 0.0859x
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Pressure
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Ultrasonic

« Bubble »

system

Débit [I/s]

Débit estimé Qplein

Débit mesuré logger

501 T

601 7

1101

Temps [min]

1201 T
1401 T

1501

Areqa velocity
(Doppler + pressure)

Level precision in
this example:
max. +/- 10%




Ultrasonic

e 7 " Area velocity
~~  (Doppler + pressure)
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Typical flow measurements

Importance of velocity measurements |
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Typical flow measurements

Importance of velocity measurements |
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Typical flow measurements

Sensor location
Goal for adequate measurement location:
« > 10 x pipe diameter without slope

change / water inputs / curve

« Good hydraulic conditions (low
turbulence level

Example EPFL measuring station near Rolex




Typical flow measurements

Sensor location
(a)
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1t
<o/ floy Hydraulic jump -
Subcritical flow
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Débit [m3/s]
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Typical flow measurements

More sensors, better accuracy ¢

® Old Data

W Q Strickler

© Caméra Photrack
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@ New Data Signature

@ Ponctuel

A Data 2018

10 30 50 70 90 110

Hauteur d'eau [cm]




Typical flow measurements

Importance of maintenance !

LR - Urban Hydrology 08/05/2025



Typical flow measurements

Importance of maintenance !




Typical flow measurements

Small flow measurements

1 L bucket ; "'-\... }‘.

it electromagnetic
g flowmeter

bucket
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Flow measurement: rating curves in rivers

i

Level (cm)
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> Flow velocity is an key parameter Il




Flow measurement:

rating curves in rivers

——
—

:> Regular controls of rating curves are necessary |



Flow measurement:
Validity of measurements?

MeteoMap  Mode d'emploi & Admin tools

Chamberonne Webcams
Frant
— Mesure_Debit

=— Prev72h_Débit
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He | | | |
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@ Télécharger en tant que CSV
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e Scientific approach of sampling:
— How and where should | take saomplese
— How many samples do | neede

— What are the sources of uncertainties?e



Analytical procedure

Sampling strategy

<

oW Mmany ¢
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No Ideas about the number of

samples needed?¢ — rough estimation
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No ideas about the number of

samples needede — rough estimation

Coefficient of Varation
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Pierre Gy'‘s sampling theory

Scientific approach of sampling

Application specifically developed for mines and
particulate materials;

Application in different topics, also for the
environment (hazardous waste, water quality...);

Multidimensional application: zero dimension, one-
dimensional lot (stream, conveyor belt), two-
dimension, three-dimension lots (geological
application);

“Intuitions” into mathematical concepts
Numerous uncommon concepts...

Petersen et al. 2005




Pierre Gy's sampling theory

Petersen et al. 2005
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Heterogeneity and number of samples:
example benzotriazol in a sewer system

Corrosion inhibitor: wash machine, deicers for planes,...
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Ort, 2006




Heterogeneity and number of samples:
example benzotriazol in a sewer system
Load [mg/s]

— Model for the load

1.579 | 4 1 sample every 5 minutes

—-

Aarare-~

P

0 20 40 60 80 100 120
Time [min] —— Reference 3022 mg/2h

A Load over 2 hours 2954 mg/2h

(-2.3%), 24 samples Ort, 2006



Heterogeneity and number of samples:
example benzotriazol in a sewer system
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Heterogeneity and number of samples:
example benzotriazol in a sewer system

Load [mg/s]

# 1000
- Model of the load
1.5- | 4 Sampling interval: 5 minutes
v Sampling interval: 15 minutes sd=10%
At=5min
6000mg/2h _
1.0
4500mg/2h
0.5~ 3000mg/2h
1500mg/2h
O.O | | | | | |
0 20 40 60 80 Omg/2h |
- At=15min
Ort, 2006 VEES [ sd=25%
Sewage Pattern Generator (SPG)



https://www.eawag.ch/en/department/sww/software/

Uncertainties in laboratory analysis

“First inferlaboratory exercise on non-steroidal anti-inflammatory drugs
analysis in environmental samples”

Farré et al., Talanta 76 (2008) 580-590
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https://sisu.ut.ee/wp-content/uploads/sites/18/estimation _of measurement uncertainty printout 2016-2.pdf



https://sisu.ut.ee/wp-content/uploads/sites/18/estimation_of_measurement_uncertainty_printout_2016-2.pdf

Analytical procedure

Selection of sampling

location ;

1

Flow measurements

!

Transport and conservation
of samples

!

Laboratory analysis

}

Sampling strategy 4—'

Summary
Always conduct a pre-sampling campaign test

Make assumption / sampling model before
starting measurement . «What if...»

Results (average concentration,
max, load...)

Measurement uncertainties:
e Flow £ 20%
« Environmental samples + 30%

Always quantify uncertainties in your results

Anficipate results and interpretation: « if | have all
data available...»



Table of content

 New trends in sampling and flow
medasurements



New : Flowrate measurements
based on video monitoring

« Dischargekeeper »
SEBA technology


http://www.seba-hydrometrie.com/
http://www.photrack.ch/

New : Flowrate measurements
based on video monitoring

0.00 fps /0O khit/s 2008-08-12 1 1:33:50 Wiater Level = 25.2 cm

N

Calibration

Line detection
— /]

Water level

Nguyen L, Schaeli B, Sage D, Kayal S, Jeanbourquin D, Barry DA, Rossi L (2009) Vision-based system for the control and
measurement of wastewater flow rate in sewer systems. Water Science and Technology 60.9: 228142289




New : Flowrate measurements
based on video monitoring

Image Vidéo

VWater velocit
Qeasureme

Water level
measurements

!

— Flowrate

l

Visualisation /
data
management

Size of the
sewer



Example of results (entry of WWTP
Vidy)

LR - Urban Hydrology 08/05/2025



Example of results (CSO Berna)

fps:19.94 2009-06—-23 11:02:41 .15

LR - Urban Hydrology 08/05/2025



On-line measurements

e No sampling errors

e Important number of measurement =,samples”, but
with less ,,accuracy”

e Correlation with lab analysis
* Maintfenance and calibration on a regular basis
e Asignalis always generated...




http:.//www.ch.endress.com/fr/instrumentation-terrain-sur-mesure/analyse-liquides-produits
www.wiw.com
www.hach.com

Also in ecotoxicology: On-line effects detection systems
(Daphnia, Microtox, mussels...) as early-warning systems

http://www.analyzersonline.co.za/toxicity/analyser-products/modern-water-analyzers/toxicity



http://www.analyzersonline.co.za/toxicity/analyser-products/modern-water-analyzers/toxicity
http://www.ch.endress.com/fr/instrumentation-terrain-sur-mesure/analyse-liquides-produits
http://www.wtw.com/
http://www.hach.com/

On-line measurement: examples

Absorbance with submersible
UV-VIS specirometer

http://www.s-can.at/fr/

LR - Urban Hydrology 08/05/2025


http://www.s-can.at/fr/

On-line measurements: examples
at ’rhe mIe’r of a WWTP

e ——

e Flowrate
e Online Ammonium
e S::SCAN

LR - Urban Hydrology 04/05/2023



On-line measurements: S::CAN

example: COD time series in Ergolz

COD [mg/l]

Inflow to Ergolz 1 (CH): 27.12.2003

300 400
1 350
250 [
b\‘“\ﬂ'\l"\v
\ 1 300
W
*\ \fi
150 \ 200
\\ ha N~ TN ~ 150
100 .
100
50
— COD measurement —Q ewater - 50
0 0
000h 3.00h 1200 h 15.00h 18.00h 21.00h 0.00 h

Discharge [l/s]




www.wtw.com/en/home.htm

i
. WTW selec’nve membrone So|  Foom ‘
 Auto-cleaning system .
(compressed air) i “
¢ Measurement every minute -3
* Special floating device R

LR - Urban Hydrology 04/05/2023


http://www.wtw.com/en/home.htm

On-line measurements: ammonia

Flow and N-NH4 Ergolz1

900 40
00 ./\ 35
700 K [
Ty
BO0—
| 5
T 500 , £
- \ -
T 400 1 =
] =
300 l |
| 1 | LA
200- ”-"" ‘ i
| il 1 |
100+ " 1. |
D | I | I | I I | I | I | I | I I | I I | I | I:I
17 18 19 20 21 o 23 24 25 26 27 28 | 30 k3| 2 3 4 5 G 7 ]
Deécembre 2002 Jarmvier 2003

Flaw [Ifs] MN-NH g/
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On-line measurements:
micropollutants

Eawag Project MS2FIELD

¥

Online and continuous
measurement of dissolved

micropolluants directly
g near the river (On-line SPE,
B MS/MS Spectrometry)

Numerous pollutants (e.g. herbicides) found in very
high concentrations, especially during rain events!


https://www.eawag.ch/en/department/sww/projects/ms2field/

,Passive sampling*

e Integration of the pollutant dynamic on/in a medium
over a relative long period of time (2-3 days unfil 1-2
months)

e Enrichment processes, allowing measurement of very
low concentrations —

e No sampling errors ¢
 Flow indirectly considered ¢

e Future: Internal concenitrations in
organisms simulated with selective
membranes (bio-mimétisme)

,POCIS" Membranes (Polar Organic Compound Integrative Sampler)



Example of application - POCIS:
Endocrine substances

“Polar Organic Compound Integrative Sampler”

LR - Urban Hydrology 08/05/2025



Endocrine substances and contamination of fis
estimation of effects through passive samplers

Oestrogene
e
Bladder Liver
1000
o
Q
—~ @)
-
£
N
£ o
100 -
: o
&3
Ty, @) Q0
9,
o
10 S . .
1 10 100
EEQ pocrs (Ng/POCLS)

From Dr. Etienne Vermeirssen, Eawag

LR - Urban Hydrology 08/05/2025



é Installation im Kanal Sawag ..

Kanal

Passivsammler

At = dmin
4 Proben pro Flasche (20min)
24 Flaschen

e 0 sl G :

LR - Urban Hydrology 08/05/2025



4 Installation in Mischwasserentlastung kel T

AM2 L 2017-01-31 22:22:28

*—— Wasserstand

]
it}
/ Wasserprobe

/Passivsammler

rend Entlastungsereignis




Goals of sampling

Sampling: preliminary
indispensable step for all analysis

>‘ Model I
I-»‘ Effects I<—]
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