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ABSTRACT

This work is a contribution to the elaboration of a decision-making helping tool for the
diagnosis of sewage networks. The objective is to realize a modeling approach based on the
full equations of St. Venant, in order to simulate the behavior of the sewage networks
during rainfall by determining the hydraulic parameters of the flowing in terms of flow,
velocity, and height in determined points and moments.
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1. Introduction

In urban areas, soil sealing provokes a considerable
increase in the volume of streaming water during rain-
falls and with it comes a huge solicitation of the sewer
networks. This, results in overflowing and flooding
when these sewer networks are under-sized, threaten-
ing the safety of people and assets, and the environ-
ment where the human activity takes place.

Sewerage networks managers must make sure they
have the right dimensioning for their network either
in case of rehabilitation or extension. A good assess-
ment of the transit capacity of a network requires ade-
quate simulation models and a mastery of the calculus
formulas suitable for the project area [1].

Generally, in Algeria, the verification of sewer net-
works for the purposes of rehabilitation is made
through the classical method, where flow is consid-
ered uniform and permanent, assuming constant

hydraulic parameters. Therefore, the average velocity,
height, and the water flow remain invariable. The for-
mula used for calculating these parameters is that of
Manning–Strickler. However, this method is only
appropriate for the dimensioning; it allows assessment
of the peak flow at the outlet but not the real function-
ing of the network during rainfalls.

The objective of this work is to realize a simulation
approach of the sewerage networks based on model-
ing. This implies taking account of the time parameter
among other important parameters in the calculus for-
mulas. This simulation will better understand the
functioning of the networks during rainfalls, and will
help make more adequate decisions to solve the prob-
lems related to sewer networks.

The realized model aims to simulate the
hydraulic functioning of the sewerage network. It
constitutes a means to make a precise diagnosis of
the functioning mode of the network during rainfall
in order to:
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� evaluate the rate of the collectors filling,
� detect flooding risks by overflowing,
� verify the flow modalities,
� look for the causes of the dysfunctioning.

It could also be used for contributing to the defini-
tion of the arrangements aimed at improving the per-
formance of the network.

Our modeling approach is based on a more subtle
resolution of St. Venant equations by introducing nar-
rower discretization steps and the use of a variable
discretization. The computational efficiency of any dis-
crete-time numerical simulation algorithm is highly
dependent on the time step and the spatial discretiza-
tion applied in the simulation. Consequently, the time
step (Δt) and the spatial discretization step (Δx) must
be small enough to resolve non-linear variations in
time and space, respectively. Indeed, simulation soft-
ware uses fixed time and space intervals during the
simulation, which can lead to situations of instabilities.
Moreover, they increase the discretization steps, to
reduce the simulation time. In this context, we want to
develop a model based on the resolution of St. Venant
system by using a finite difference scheme and by test-
ing the limits of this numerical approximation.

2. Hydraulic modeling

Hydraulic calculus method by deterministic
modelling takes into consideration the physical reality
of the transient flow by solving the shallow water
equations [2].

The mechanistic model of St. Venant is a set of
equations that describe a real movement of a fluid in
a non-permanent free surface flow [3].

We are interested in a small volume element of
liquid in a flowing, small enough so that the physical
quantities are homogeneous. This amounts to consid-
ering a fluid particle in the flowing. Starting from the
balance of forces to which this particle is submitted,
and assuming that the fluid incompressible, we obtain
the Navier-Stokes equations with Eulerian description
[4].

The mass balance equation is:

@S ðx; tÞ
@t

þ @Q ðx; tÞ
@x

¼ 0 (1)

The momentum equation is obtained through the sim-
plification of Navier-Stokes equation:
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Where S is the wetted area and Q is the flow, U is the
component of velocity in the x direction, h is the water
height, I represents the slope, and J is the friction loss.

S, Q and h are continuous functions of the vari-
ables x and t, with the head loss J. This leads to a
four-unknown system.

These equations express the 2 principles of conser-
vation of mass and conservation of momentum if we
consider that the fluid is incompressible. This is the case
for water in applicable conditions in sewerage [5].

The St. Venant system does not have an analytic
solution and must be solved numerically. Many
numerical methods are used and these equations are
applied using different mathematic tools such as the
resolution of the partial differential equations with a
discretization in time and space [5].

To resolve the previous equations system, two
complementary hypotheses have been made:

� The head loss in transient regime is assumed to
be calculable in the same manner as the
permanent flow.

The formula used is that of Manning-Strickler:

J ¼ U2

K2
s R

4=3
h

(3)

Where Ks is the roughness coefficient (Strickler coeffi-
cient), and Rh is the hydraulic radius.

� We use the relations relating wetted area at
water height S ¼ fðhÞ so that Sðx; tÞ ¼ fðhðx; tÞÞ,
we also use the flow expression as a function of
the wetted area and the average velocity
Q ¼ SU.

3. Numerical modeling

Different resolution methods exist depending on
numerical schemes with finite differences techniques
currently the most used in urban hydrology [5]. The
method of resolution by finite differences consists of
substituting the differential operators by algebraic
operators established from developments in Taylor’s
series [6].

The explicit scheme is the simplest. However, it is
necessary to take a short time step, by effect of the
numerical stability condition that imposes [7]:

Dt� Dx
Uj j þ c

or Dt ¼ Ccfl
Dx

Uj j þ c
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Ccfl represents the coefficient of Courant-Friedrich-
Levy or the number of Courant.

Where Dt, Dx are the time step and space step,
respectively, C is the Celerity.

In a simplified way, the values of water height and
velocity of a sewer network are calculated by the
following relations:
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On the basis of the resolution of St. Venant
equations, the developed model represents the sewer-
age network as a succession of conduits related by
nodes. The water flows and depth in these conduits
are calculated from masse and momentum conserva-
tion equations, admitting the continuity of water flows
and water heights at each node. The boundary condi-
tions are shown by the flow hydrograph entering
upstream of each conduit of the network, and by a
relation height-flow at the downstream.

Our model is divided into two parts: definition of
the geometry, then numerical processing of the
problem.

4. Calibration and validation of the model

The calibration of the numerical model is an
important prior step for the diagnosis of the function-
ing of the network. Through the adjustment of some
factors, it allows to approach by calculus the real flow-
ing modalities in dry and rainy weather [8].

The parameters on which we have intervened to
realize the calibrations are the roughness coefficient
and the travel time of water in the network. The cali-
bration procedure consists of adjusting these two
parameters to be as close as possible to reality.

The validation of the model aims at assessing its
robustness, speed of resolution as well as its capacity
of reproducing water flows and heights in the sewer-
age network depending on the entering flows [9]. For
this purpose, the models results have been compared
with the results of the measuring campaign under-
taken by the Water and Sewerage Society of Algiers,
which aimed to update blueprint sewerage of Algiers,
and that for various rainfalls. The type of these mea-
surements is velocity and height, with a piezoresistive

sensor providing the water level, and a Doppler
sensor measuring the flow velocity.

For the validation of our model, we have chosen
the most significant rainfall events available and,
which have generated maximum rainfall intensities.
That is why we have decided to model the rainfall
events of the 13th and 15th November 2008.

However, for practical reasons i.e. to avoid a
lengthy computation time, we have decided to take
narrow time intervals during these rainfall events, rep-
resenting the intense durations of those rainfalls.

5. Results and discussion

In order to assess the performance of our model
under different application conditions, and verify its
capacity to simulate the flowing in such situations, we
have simulated the flowing in Oued Ouchaiah sewage
collector on its conduits located in the east of the
municipality of Kouba in Algiers. The two measure-
ment points M1_06 and M1_08 include four conduits.

The corresponding characteristics are shown in
Table 1 and Fig. 1.

The calibration data correspond to the measure-
ments effectuated downstream of the collector.

The validation phase of the model consists of test-
ing its capacity to reproduce the flows, heights and
velocity by comparing these values with the measure-
ments effectuated downstream of the collector.

The elaborated model is conceived to model the
flow in sewerage networks. However, the application
has been performed on the collector Oued Ouchaiah,
because of the availability of measures.

We have used a variable discretization; the simula-
tions have been realized with a time step to the sec-
ond, whereas the spatial discretization is of the order
of li

6.
In the following section, we show the results of the

simulation at the outlet of the collector as well as the
spatial variation of water height and the Froude num-
ber at the peak moment.

In order to stall the curves, we have estimated
the travel time using the following relationship:

Table 1
Characteristics of the collector

Junction M1_06-A1 A1-A2 A2-A3 A3-M1_08

Length (m) 120.16 140.98 104.68 114.67
Slope (%) 0.65 0.21 0.21 0.55
Diameter (mm) 2,000 2,000 2,000 1,500
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Fig. 1. Network schematization.
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Fig. 2. Flow simulation.
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Fig. 3. Velocity simulation.

6084 K. Kouider and S. Benmamar / Desalination and Water Treatment 57 (2016) 6081–6090



Ttravel ¼
X li

Ui
. Where li represents the length of con-

duit i, and Ui is the corresponding average velocity.
The downstream boundary condition does not

have an influence on the horizontal offset curves.
Indeed, at the downstream of each section, we use
iterative Manning equation calculations to determine

the normal depth, or the critical depth in case of
change of the flow regime.

5.1. Simulation of the rainfall of 13/11/2008

The shape of the calculated flow curve is similar to
one of the measured flows. Likewise, calculated
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Fig. 4. Height simulation.
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K. Kouider and S. Benmamar / Desalination and Water Treatment 57 (2016) 6081–6090 6085



velocity and heights curves are the same as those of
the measured parameters with a less significant offset
(Figs. 2–4).

We notice through this variation, an attenuation of
water height in the first and last conduits and an
increase in the second and third conduits due to the
low slope that these two conduits represent.

The spatial variation curve of Froude number con-
versely follows that of water height spatial variation
whose flow regime is supercritical (Figs. 5 and 6).

In order to model the rainy event of November 13,
we needed duration of 12 hours, 55 minutes and 08
seconds.

5.2. Simulation of the rainfall of 15/11/2008

An almost perfect analogy is observed between the
curves of measured and calculated flow. The shift is
observed at the time of recession and reaches up to
0.35 m3/s (Fig. 7).
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Fig. 6. Froude Number variation according to length.
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As for flow, the velocity and depth are reproduced
with a maximal vertical difference of 0.09 m in terms of
height and 0.65 m/s in terms of velocity (Figs. 8 and 9).

Like the rainfall of 13 November, we notice an
increase in water velocity in the second and third

conduits of the collector whose slope is unfavorable.
A slight attenuation is noticed in the first and last con-
duits, due to the favorable slope (Fig. 10).

The flow regime remains supercritical along the
collector during this rainfall (Fig. 11).
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Fig. 8. Velocity simulation.
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Computation time for simulation of the rainy event
of 15 November is estimated at 60 hours, 51 minutes
and 33 seconds.

5.3. Interpretation

By comparing the results from our model and
those of the measurement campaign, we notice some
similarity in terms of flow, velocity, and height. On
the one hand, this shows the consistency of the devel-
oped model, and on the other hand, the convergence
of the numerical applied method.

This similarity cannot be perfect in anyway,
because of iterative calculus and measurement errors.
That is why a slight dissimilarity appears, especially
at the beginning of the simulation, due to the choice

of the initial conditions and/or boundary conditions.
In fact, the hypothesis of a perfect flowing continuity
at the level of the junctions generates some errors.

Moreover, the analysis of the height curve
according to length shows a slight solicitation of the
collector, whose second and third conduits are
the most solicited. This is due to the low slopes
present in the conduits and the strangulation in the
last conduit.

The spatial variation curve of Froude number
helps us to detect the transitions along the collector,
which may cause the occurrence of hydraulic jumps.
In our case, the regime remains supercritical.

Given that the number of Froude represents the
relation between the forces of inertia and the gravity
forces [5], the observed flowing regime type is due to
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the important forces of inertia generating velocity,
especially downstream of each conduit.

By analyzing the time of execution of the calculus
code during the different simulations, we can say that
the calculation time is strongly related to the duration
of the modeled rainfall, it is also related to the corre-
sponding spatial and temporal discretization step. The
horizontality of the curves observed in the graphs of
the spatial height variation and Froude number varia-
tion is due to the step size of the spatial discretization.

The realized modeled approach is based on the
one-dimensional resolution of the shallow water equa-
tions. Indeed, 2D or 3D description is conceivable for
a segment but not for the whole network. The calcula-
tion time, the computer’s capacity, but especially the
difficulty of convergence of St. Venant equations con-
solidates this approach [9]. That is why, in the field of
urban hydraulic, the used models are generally 1D.

6. Conclusion

The results of our model remain numerically stable
as long as the Courant-Friedrich-Levy stability crite-
rion is verified. In fact, for all the simulations during
the validation phase, the space step has been chosen
in such a way so as to insure the stability of the
results and also reduce the calculation time. This
adjustment has been made by gradually decreasing
the space step until the appearance of instability signs.

However, the realized simulations show that the
modeled portion of the Oued Ouchaiah collector does
not have sufficient capacity to face intense rainfalls.
The filling rate of the collector has reached 50%,
despite the weak frequency of the registered precipita-
tions. In fact, the rainfall events have a return period
inferior to two years; this means that the collector will
be loaded in case of more intense rainfalls.

Regarding the numerical resolution of the St.
Venant equations, we have seen that they can be real-
ized by different numerical schemes. However, the
resolution by explicit finite-difference approximations
does not seem to be the most appropriate. In fact, the
explicit schemes remain submitted to the Courant–
Friedrichs–Levy condition and consequently require
using a shorter time step in order to guaranty the
stability of the results. This, generates a longer calcula-
tion time and non-controllable numerical instabilities.
In other words, bigger discretization steps would pro-
vide shorter computation times at the expense of some
acceptable accuracy loss.

In general, due to the complexity of the resolution
of de St. Venant equations, we can say that the simu-
lation results obtained from our model represent the

reality of the flow, with an admissible ratio of allow-
able error.

Due to the type of calculation machine (Standard
Personnel Computer) that we have used, the computa-
tion time is relatively long. Explicit methods show
limits in their ability to manage short discretization
steps with the appearance of oscillatory phenomena.

Therefore, it would be more useful to use a numer-
ical scheme of mixed type to resolve the slow compu-
tation time, and simultaneously guarantee consistency
of the model.
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