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HYDRAULICS OF
WASTEWATER TREATMENT

Modern and environmentally developed cities
use large sewage network systems to collect
and transport all types of wastewater from
homes to wastewater treatment facilities. At the
treatment plant, different processes are used to
remove most of the pollutants from the waste-
water. The efficiency of the treatment depends
not only on the degree of purification applied to
wastewaters, but also on the ability of the facil-
ities to treat the effluent homogeneously and
without temporal variations.

Artelia, as an independent engineering, project
management and consulting group, operates in
nine markets including industry, water,
environment and urban development, providing
services to private clients (industrial groups,
developers, investors, building contractors, etc.)
as well as to public clients (government depart-
ments, local authorities, international funding
agencies, etc.). This article provides a brief
overview of Artelia’s use of modelling in support
of the design of water storage, transfer struc-
tures, treatment installations and the devel-
opment of solutions for decontaminating
wastewater.

From simple to more complex model
Most of the structures involved in water
treatment or storage are large, but their
performance is affected by small details in their
design (orifices, distribution weirs, baffles, etc.)
and is highly sensitive to the definition of the
water surface, a few centimeters of water
surface variation having significant influence.

This can be illustrated by the following project
(Figure 1) the aim of which was to design an
alternative back-up system (reservoirs, pumping
stations and interconnection with the existing
network) in order to secure continuous water
supply. This involved a total storage capacity of
17 Mm?® broken down into 5 storage sites. This
system was susceptible to be used in case of
sea water pollution or major power shortage for
a country where water supply currently relies on
desalinated water source plants. Mega
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Reservoirs structures were designed in order to
achieve a 7-Day strategic water stock at any
time within the network system. The dimen-
sioning of the reservoirs was one of the main
aspects of the project.

This objective was achieved thanks to a 3D
non-hydrostatic numerical model with
advection-diffusion of a conservative tracer to
quantify the renewal time, elaborated on the
basis of open source TELEMAC modelling
system. The flow was free surface only. Various
baffle geometries and positions of orifices were
simulated and compared to minimize detention
time in the water domain and to avoid recircu-
lation or stagnant areas. Internal baffles were
placed in the water storage tanks in order to
direct and control the flow of water and to
reduce water stagnation.
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Interacting physical and numerical
models

Physical and numerical modelling approaches
are very complementary in the global study of
the hydraulic structure of a water treatment plant
and for many projects we performed
comparison of both tools.

Physical scale models remain an incomparable
resource when it comes to the analysis,
communication and discussion of most
complex development projects. Their experi-
mental and practical nature provides guidance
for engineers to understand various phenomena
and help them determine high-performance
solutions to manage projects in full compliance
with specific requirements. They make it easier
to explain phenomena by presenting the
existing situation and changes to be expected
once the project is implemented. Physical
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models allow visualization and quantification of
flow and solute transport by directly simulating
these phenomena.

On the other hand, mathematical models
replicate these physical processes through
mathematical governing equations, boundary
conditions, and initial conditions. Mathematical
models and computer simulations are also
essential to describe, predict and control the
complicated interactions of the processes. The
number of reactions and organism species
involved in wastewater treatment may be very
large. An accurate description of such systems
can therefore result in highly complex models,
which may not be very useful from an opera-
tional point of view. Numerical modelling has the
advantage of allowing flexibility in selecting
problem parameters, being this way better
suited for predicting results under different
scenarios.

As an example of numerical application, water
treatment plants are generally classified by
implemented processes. Treatments could be
physical (filters, settlers...) and/or chemical
(coagulation, biological...). The use of ozone in
waste water as chemical treatment is
expanding. It is an accepted fact that drinking
water is disinfected when a residual of ozone
has been maintained for few minutes. The
design of ozone generators and treatment
chambers can be improved with the use of
modeling.

In this application case (Figure 2), a model was
set up and used to assess the behaviour of the
ozonation tower. The entire tower was repre-
sented in the model and ozonated air diffusers
positioned at the apron were included in the
model. Two-phase modeling thus allowed
simulating both the fluid phase and the gas
phase. No exchange between the phases was
considered. The rise of gas bubbles tended to

block the water flow along the upstream walls of
each compartment, but the whole mass of
water was in contact with the gas phase. The
ozonated air transfer to water to be treated was
more important for the diffusers positioned
upstream of the compartments.

Open source software and a
distributed computer environment
With the explosive growth of mesh
discretization there is a shift from the use of
single desktop computers to using computer
clusters. At the same time the use of Open
Source software (as OpenFOAM) is gaining
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popularity as it provides free access to
computer programming codes allowing experi-
enced users to modify equations, to program
new processes, or to optimize numerical
solvers. These choices allow in the end to build
numerical models totally adapted to the
engineering problem to be solved.

These computational hardware and software
facilities made it possible for instance to study
the flow in a distribution chamber with weirs
which is used to avoid unequal distribution

(Figure 3). This kind of geometry required the
computation of a mixed free surface and
confined flow. The Volume Of Fluid (VOF)
method that was used is simple, but it allows
very complex free surface tracking. In this case
the mesh (spatial discretization) was refined
near the walls, at the free surface and in poten-
tially highly turbulent areas.

For all these studies, expertise on core business
and Computational Fluid Dynamics is extremely
important, as well as improvements in the

speed of scientific computations. They facilitate
the use of more complex models, produce
better designs by the multiplication of tests,
reduce the time of the development phase and
at the end the costs of new projects. l

References

Bertrand O., Lavedrine A., Rebai A., David E., Pierrefeu G., Roumieu
P 2011 — Numerical modelling of the Vaugris reservoir on the
Rhone with Telemac 3D. Proceeding of the XVIlith Telemac &
Mascaret User Club, Chatou, France, October 19-21.

Daou, M. P, Blayo, E., Rousseau, A., Bertrand, O., Tayachi, M.,
Coulet, C., & Goutal, N. 2015. Coupling 3-D Navier Stokes and 1-
D Shallow Water. La Houille Blanche, (6), 29-33.

Loisel, PE., Schaguene J., Bertrand O., Guilbaud C., 2015.
Comparative study between numerical and physical hydraulic
modelling of flood spillway structures. ICOLD 25th Congress,
Stavanger, Norway, June 17-19, 2015.

PTC, KUALA LUMPUR, MALAYSIA

37th IAHR

WORLD CONGRESS
1318 August, 2017
Hualp Lumpur, Malaysia

Abstract submission deadline is August 1,
www.iahrworldcongress.arg

@ O

MANAGING WATER FOR SUSTAINABLE DEVELOPMENT -
LEARNING FROM PAST FOR FUTURE

o e

S§ HhR=DAC

Depatmeant of [rigatio and — —— FEALEASL EEFEARes. dExlEd
Dranage Malaysia [DID)

2016 “ l["lﬂﬁ

[FLET =




