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My initiation to issues of TSS 
in integrated urban wastewater systems
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My initiation to issues of TSS 
in integrated urban wastewater systems

Wastewater treatment operations under high flow variations
Symposium Belgian Branche of IAWQ, May 31 1995

Variability of TSS loads
at the outlet of the collection system

© Vanrolleghem P.A., 2018
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Brussels – Dry and Wet weather flows

DEBIT (m3/s)

500,000 PE

= 30 years ago!

© Vanrolleghem P.A., 2018
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Brussels – Dissolved and particulate pollution
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TSS in the integrated urban wastewater system

• Vehicle transporting at least 50% of:
• Organic matter
• Nitrogen & Phosphorus
• Pathogens
• Heavy metals
• Hydrophobic micropollutants (PAH, pesticides, …)

• Inorganics (sand) abrasive to downstream equipment

© Vanrolleghem P.A., 2018
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Damage caused by TSS

*Hydro International (2013)

© Vanrolleghem P.A., 2018
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TSS in the integrated urban wastewater system

• Challenging for:

• Sampling homogeneity / representativeness difficult to guarantee

• Modelling many processes affect TSS in pipes, clarifiers, channels

• Horizontal transport: advection & rolling (bed load)

• Vertical transport: settling & resuspension

• Transformation: breakage, aggregation (coag./flocc.), degradation

• Characterization: Composition, size, density, settling velocity

© Vanrolleghem P.A., 2018
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TSS in the integrated urban wastewater system

• Challenging for:

• Sampling homogeneity / representativeness difficult to guarantee

• Modelling many processes affect TSS in pipes, clarifiers, channels

• Horizontal transport: advection & rolling (bed load)

• Vertical transport: settling & resuspension

• Transformation: breakage, aggregation (coag./flocc.), degradation

• Characterization: Composition, size, density, SETTLING VELOCITY
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PSVD – Particle Settling Velocity Distribution
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PSVD – Particle Settling Velocity Distribution

• ViCAs experimental set-up
(Vitesses de Chute en Assainissement)

Settling velocities in urban drainage

• Simple and fast PSVD measurement

Gromaire and Chebbo, 2009
Journal of Environmental Engineering

© Vanrolleghem P.A., 2018
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PSVD – Particle Settling Velocity Distribution

Numerical
treatment
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in cups under the 
hanging column of 
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Inherent data quality check Mass balance check (t0 – tfin)
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PSVD – Particle Settling Velocity Distribution
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• Reproducibility (triplicate test) :

ViCAs equipment 

© Vanrolleghem P.A., 2018
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• The system under study …

and TSS(t,z) is the main variable of interest
but we know the TSS are not all the same

Now, what about the modelling?

© Vanrolleghem P.A., 2018
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PSVD – Particle Settling Velocity Distribution

• To make a useful model  Split the continuous distribution
into classes with characteristic Vs

© Vanrolleghem P.A., 2018
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PSVD – Particle Settling Velocity Distribution

• To make a useful model  Split the continuous distribution
into classes with characteristic Vs  Mass balances for TSSi

© Vanrolleghem P.A., 2018
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Vitesses de chute Vs (m/d)
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PSVD dynamics in dry weather (DWF)
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PSVD dynamics in wet weather (WWF)
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PSVD-model in Combined Sewer Retention Tanks

© Vanrolleghem P.A., 2018
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Control 
chamber

Retention
Tank

Interceptor

I

Dry weatherWet weather (Filling)
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Control 
chamber
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tank

Interceptor

Saint‐Charles river

Overflow to the 
receiving 
water body

I

Wet weather (Overflow)
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Control 
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3 phases
Initial – Middle – Final

TSS total COD                  Flow

Water Quality Evolution during RT-emptying

• Typical pollutograph during emptying

© Vanrolleghem P.A., 2018
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TSS Flux and PSVD during RT-emptying
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PSVD-model in Combined Sewer Retention Tanks

• Two main subsystems to be considered to predict TSS evolution:

© Vanrolleghem P.A., 2018
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PSVD-model in Combined Sewer Retention Tanks

• Model performance 

© Vanrolleghem P.A., 2018
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Using PSVD-model for Scheduling of RT Emptying

© Vanrolleghem P.A., 2018

WWTP

Beginning Middle End

30

• Bringing all the pieces together, 
including primary clarifier and grit chamber PSVD-models

Now, what about integrated modelling?

© Vanrolleghem P.A., 2018
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PSVD-model in integrated urban WW application

• Québec City (Canada)  East plant  300,000 PE

• Bordeaux (France)  Clos-de-Hilde  400,000 PE

© Vanrolleghem P.A., 2018
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Noutary

Support pipe

Sampler

SensorsNoutary

Clos de Hilde

PSVD-model application in Bordeaux - Validation

Ledergerber, Maruéjouls & Vanrolleghem (2018)
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• Catchment model:
• KOSIM-WEST model
• Accumulation/Wash-off

• Sewer model:
• PSVD-based
• Linear reservoirs in series
• Settling and resuspension 

for ten particle classes

PSVD-model application in Bordeaux - Validation

Ledergerber, Maruéjouls & Vanrolleghem (2018)

34

• Quantity
• Initial calibration on existing

Mike Urban by DHI model
• Validation on flow data

• Recalibration of DWF
• Adjustments of characteristics 

at certain structures

• Quality (TSS at two locations)
• 10 days of 2017 preliminary measurement campaign
• ViCAs data
• Continuous validated TSS data

PSVD-model application in Bordeaux - Calibration

Ledergerber, Maruéjouls & Vanrolleghem (2018)
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PSVD-model application in Bordeaux - Validation

• Water quantity (rain  influent flow)

Ledergerber, Maruéjouls & Vanrolleghem (2018)

RDI/I

PSVD model

36

PSVD-model application in Bordeaux - Validation

• Water quality (rain  influent flow)

Ledergerber, Maruéjouls & Vanrolleghem (2018)

RDI/I

PSVD model
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PSVD in Sewer Catchments

© Vanrolleghem P.A., 2018
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• TSS accumulation/wash-off from sewer catchment

PSVD – Specials (1)

© Vanrolleghem P.A., 2018
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• TSS accumulation/wash-off from sewer catchment
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• TSS accumulation/wash-off from sewer catchment

PSVD – Specials (1)

Different TSS‐fractions 
are washed off with 
increasing inflow rates
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PSVD-model in Primary Settling Tanks

© Tik S. & Vanrolleghem P.A., 2018
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• Chemically enhanced primary treatment (CEPT)

PSVD – Specials (2)
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• Chemically enhanced primary treatment (CEPT)

biofiltration

Grit removal Primary clarifier
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Combined 
sewer
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PSVD – Specials (2)
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PSVD – Specials (2)

• Chemically enhanced 
primary treatment (CEPT)

Model validation on 
experiment with different
levels of chemical addition

© Tik S. & Vanrolleghem P.A., 2018
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Automatic alum injection starts

delay
delay

PSVD – Specials (2)
• Process control performance:

© Tik S. & Vanrolleghem P.A., 2018
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CONCLUSIONS - Monitoring

• ViCAs experimental set-up
(Vitesses de Chute en Assainissement)

Settling velocities in urban drainage

• Simple and fast PSVD measurement
for all types of particles in sewage

• Cheap to build yourself

• Easy to learn

• Built-in quality control

• Alternatives do exist (e.g. Elutriation)

© Vanrolleghem P.A., 2018
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• PSVD-based models 
• are powerful, yet simple models
• capture settling phenomena well
• allow describing different behaviours of different TSS-classes
• can predict the PSVD at different locations in the system

(catchment, storm tanks, pipes, RTs, grit chamb., primary clar.)
• can be implemented in hydrodynamic models 

(e.g. in SWMM by Muschalla & Maruéjouls SWMM6 2021?)

• TSS data and ViCAs characterization are needed to 
calibrate/validate the models

• PSVD-models can be used for Water Quality-based 
management, RTC, system optimisation

CONCLUSIONS - Modelling

© Vanrolleghem P.A., 2018
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