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Nobody (but us) loves her sewers
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= Smell them
= The public simply wants to ignore their existence

BUT: The public wants their service,
without interruption and fuss
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Sewer process modelling
shows where and why
we have the problem
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[HE WALL STREET JOURNAL

Residents Turn Up Noses at Sewer Stink Cure

Most San Franciscans have learned to live with foul sewer smells that come and go along
the city’s waterfront, Mission Bay and some other neighborhoods. But some residents are
finding a growing effort by the city to combat the odors too objectionable to ignore.
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Sewer process modelling
helps finding solutions
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Whether odor is an issue or not, depends on the quality of the neighborhood

(no taxi driver wants to pick you up where the San Francisco treatment plant is located ...)
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Modelling helps keeping track of complex systems
The history of sewer process modelling:

pisc models [
Empirical modils [
Conceptual models R

A

Conceptual models which can manage whole cities

1950 1960 1970 1980 1990 2000 2010

The WATS sewer process concept The Mega-WATS

Wastewater Aerobic/anaerobic software
Transformations in Sewers



Mega-WATS simulates whole cities
for odour, corrosion, and more

Aarhus, Denmark | sewerairH,5>1ppm  San Francisco, California, USA |——— Sewer air H,S >1 ppm

| l | l

il S
|
|
| ' T ¢
' l
1 [
LI '
[ 3
e = e
{7’ 1 &
e
) 4 ‘1 = i
il
ST it 1S W
T

0/



Getting an overview (Aarhus, Denmark)

| [ 2\ NBL A 5/ T Zooming in on the details
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What the WATS concept covers

¢ Biological pProcesses Sewer processes are simulated by solving a
* Aerobic transformations (oxygen is present) Iarge number of coupled non-linear
* Anoxic transformations (nitrate is present, no oxygen) differential equations describing processes.
* Anaerobic transformations (sulphide, mercaptans, methane)

e Chemical processes This is akin to the approach of Activated

Oxidation Sludge models, Anaerobic Digester models,

© Precipitation and similar engineering process models
* Liquid-gas mass transfer

Wastewater buffer system: pH, alkalinity

* Hydraulics

* Rout water through the network (semi-steady state, non-uniform flow)
* Rout air through the network (balancing water drag and pipe friction)
* Gas release to the urban atmosphere (balancing air flows)

* Management solutions

. Fel(’jric Iron, Ferrous Iron, Hypochlorite, Hydrogen peroxide, Nitrate, Oxygen, Magnesium hydroxide, Sodium hydroxide, Forced ventilation,
and more

 Stochastic modelling for extreme event statistics and sensitivity analysis
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Each pipe is simulated, meter for meter

Total sulfide [mg/L]

Ele\xxDdmigi] |

Total sulfide in the wastewater
Dissolved oxygen in the wastewater
/’_I
50 100 150 200

Position [m]

A simulation example
— 215 m of gravity pipe with backwater



Stockholm — Smaltvagen force main~

Dissolved sulphide (mg/L)

Path from: sh1105890 to khi33521 Total residence time: 13.4 hours
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|[dentifying solutions

Compartments Management strategy
There are many tools in the toolbox H;S in the urban atmasphere
H,S from th
They can be tested by the model before cacape to e  Avoid uncontrolled air release
running expensive field trials urban atmosphere

H,S in the sewer atmosphere - Remove H,S from the sewer air

The H,S-part of the formed
sulphide can be released tc
the sewer air

- Avoid turbulent conditions
- Make HS the dominant species

— >

- Precipitate formed sulphide

Reduced sulphur cempounds, mainly H,S - Oxidize formed sulfide

Under anaerobic conditions,
sulphate reducing bacteria
reduce sulphate to sulphide

- Avoid anaerobic conditions
- Reduce sulphide forming biomass

BERE

Oxidized sulphur compounds, mainly SO,*

8 mmp




Mega-Vent
Solves the momentum balance of the air flow
Gives pressure and air velocities in all pipes

Cool, Dry, More Dense Air

\l/

W

Warm, humid, Less Dense Air

» Siphons
* Pump stations
» Restricted headspace

1




Blue nodes: Positive pressure
Red nodes: Negative pressure
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Relative air pressure [Pa]
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Natural ventilation

Pressure

Path from: 922841 to 287581 Total residence time: 1.1 hours
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Relative air pressure [Pa]
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orced ventilation

ressure, velocities, flows

Path from: 959734 to 959175 Total residence time: 1.0 hours
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Forecasting urban densification, climate

change, etcetera

The impact of temperature
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Forecasting urban densification, climate
change, etcetera _. ;
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