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    ABSTRACT 

Urban waste water collecting systems are designed to convey domestic, industrial 
and storm water. When sizing sewer network, heavy rainfall must be considered to 
provide the needed hydraulic capacity for collection.  

Maintenance is also required in order to avoid anomalies such as inflow, infiltration 
and unusual polluted discharges from Combined Sewer Overflows (CSOs). Inflow 
and infiltration decrease the treatment yield at the Waste water Treatment Plant 
(WWTP) and participate in hydraulic overloads and overflows. CSOs have a direct 
impact on the pollution of water bodies and must be strictly sized and monitored.  

Detecting sizing and maintenance anomalies is crucial to ensure public health and a 
good status of our natural environment. Today, numerical hydraulic models support 
consulting engineers in assessing overflows then in choosing the best technical and 
cost-effective scenario.  

The objectives of this paper are to review the dysfunctions of collecting system and 
to understand how a numerical hydraulic model is constructed, calibrated and then 
used to establish a Corrective Action Plan (CAP). 

My master thesis is based on a working project achieved at SAFEGE (Group SUEZ 
Environnement) in the Urban Hydraulics Department in Lyon (Rhône-Alpes, France) 
between September 2013 and February 2014. The paper will present some outcomes 
obtained from an Urban Hydraulic Project at Chazelles-sur-Lyon (Rhône-Alpes, 
France) in the South West of Lyon. Mike Urban is the software - developed by the 
company DHI Water- used for the numerical hydraulic modeling.  
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GLOSSARY 

" BOD5 (Five-day Biochemical Oxygen Demand): Amount of dissolved oxygen 
consumed in 5 days by biological processes breaking down organic matter. 

" CAP (Corrective Action Plan): Action plan to decrease the overload and 
provide needed capacity for collection and treatment of urban waste water. 

" Catchment / Watershed: Area in which surface water is drained to a single 
outlet at a lower elevation.  

" COD (Chemical Oxygen Demand): Amount of dissolved oxygen required to 
chemically oxidize organic compounds in water.  

" Collecting system/ sewer system: system of conduits, which collects and 
conveys urban waste water 

" CSO (Combined Sewer Overflow): Discharge of waste water and storm water 
from a combined collecting system to the natural recipient. 

" Domestic waste water: Waste water from residential settlements and services 
which originates predominantly from the human metabolism and from 
household activities. It is also called sanitary waste water.  

" Eutrophication: Enrichment of water by nutrients, especially compounds of 
nitrogen and/or phosphorus, causing an accelerated growth of algae and higher 
forms of plant life to produce an undesirable disturbance to the balance of 
organisms present in the water and to the quality of the water concerned. 

" Head loss: Dissipation of energy of a liquid due to friction. Head loss may be 
linear (friction against the pipes) or non linear ( bends, change in pipes section, 
fittings…). 

" Hydraulic Capacity: Ability to convey (collecting system) or to treat (WWTP) 
a specified load of water.  

" Hydraulic length: Maximal length of a flow path of a watershed. It is used to 
calculate the Lag Time of a catchment.  

" Hydraulic overload: Critical situation happening before an urban overflow 
when collecting system has reached its design capacity. Hydraulic overload 
generates a rise in water level in the manholes.  

" Hyetograph: Graph which represents the rainfall intensity as a function of time 

" Industrial waste water: Waste water which is discharged from premises used 
for carrying on any trade or industry, other than domestic waste water and run-
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off rain water. Their flows are generally more varied and the water more 
concentrated in chemicals than domestic waste water.  

" Lag Time: Gap between the peaks of rainfall intensity and the induced runoff 

" Montana coefficients: Empirical coefficients (a and b) derived from long time 
series of rainfall measurements. 

" Pipe Filing: Pipe filing is the ratio between the hydraulic head at a node and the 
diameter of the corresponding pipe 

" Population Equivalent (PE): 1 PE means the organic biodegradable load 
having a five-day biochemical oxygen demand (BOD5) of 60 g of oxygen per 
day. 

" Preissmann slot: Thin fictive slot automatically introduced at the top of a 
modeled pipe in order to model pressurized flows with Saint Venant equations.  

" Reduction coefficient: Coefficient which takes into account the ground reaction 
to the infiltration depending on the rainfall intensity.  

" Runoff coefficient: Ratio of rainwater that effectively run-off from a surface 
and doesn’t infiltrate. It depends on soil characteristics and on the rainfall 
intensity. 

" Storm water: Surface run-off rainwater that falls on roofs, roads and any other 
impermeable area. It is collected either in a pipe or in an open channel. 

" Time of concentration: Maximum travel time for a drop to reach the outlet of 
the watershed. 

" Total Suspended Solid (TSS): all particles suspended in water which will not 
pass through a filter.  

" Urban overflow: Overflow of waste water, storm water or combined water in a 
urban area.  

" Urban waste water: Domestic waste water or the mixture of domestic waste 
water with industrial waste water and/or run-off rain water. 

" UWTD Directive: named given to the European Urban Waste water Treatment 
Directive adopted the 21st of May 1991. This directive sets up requirements 
concerning collection, treatment and discharge of urban waste water for EU 
State Members. 

" Waste water Treatment Plant (WWTP): Treatment plant where waste water is 
treated in order to be discharged into a natural recipient without having any 
ecological impact on it.  
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INTRODUCTION 

Collecting systems enables to convey urban waste water – a mixture of waste water, 
industrial water and/or storm water – to a Waste water Treatment Plant (WWTP). 
 

Sewage collection systems were already used by many former civilisations such as 
Egyptian, Incas and Romans. The single objective of former sewage collection 
system was to drain waste and storm water out cities. Therefore, the sewage water 
was directly discharged into the nearby natural recipient without any kind of 
treatment. 
Over time, with the increase of the population and the public health problems related 
to it, waste water management techniques have improved. In the early 20th century, 
the pollution of water bodies became a social concern, and Western agglomerations 
started to treat their effluents.  
The 21st of May 1991, the Urban Waste water Treatment Directive (91/271/EEC) 
was adopted. This directive sets up requirements concerning collection, treatment 
and discharge of urban waste water for EU State Members. Article 3.1 states that 
Member States must ensure that all urban agglomerations are provided with 
collecting systems for urban waste water by year-end 1998, 2000 or 2005 (with 
reference to agglomeration’s size and location). In 2013, the European Commission 
underlined that nearly all EU Member States comply with the article 3.1.  

 
Urban development, climate change and more stringent regulation concerning 
pollution make the collecting system evolve. A 30 years-old collecting system does 
not drain the same water volume anymore and must comply with stricter restrictions 
nowadays. Then, over time, structural anomalies threaten the effectiveness of 
collection and jeopardize the ecological status of water bodies. That’s why collecting 
systems need to be studied and supervised. 
The Urban Hydraulic Department of SAFEGE make measures, calculations and 
numerical hydraulic models to detect the anomalies of urban waste water collecting 
systems. After analysis, consulting engineers propose a Corrective Action Plan to 
solve the spotted problems.  
 

In the first part of this master thesis, common anomalies of urban waste water 
collecting systems are reviewed. The second part focuses on the construction and the 
calibration of a hydraulic model with a concrete example of a working project at 
Chazelles-sur-Lyon, situated at 75km in the South West of Lyon (Figure 1 and 
Figure 2). 
Then it is showed how the hydraulic model is used to detect hydraulic overloads and 
overflows and then to suggest corrective actions. 
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1 
General background about collecting systems 

1.1 Collecting systems 
A collecting system is a system of conduits, which collects and conveys urban waste 
water generally with gravity. Due to limitations in topographic relief in some areas, 
waste water may also be pumped thanks to a pump station.  

One may define two main types of sewerage systems in urban areas: a combined 
system and a separate one. In the studied area at the commune of Chazelles-sur-Lyon 
(Figure 1 and Figure 2), both systems exist.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Localisation of Chazelles-sur-Lyon, France [Google image] 
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1.1.1 Combined system 

A combined system is a system in which domestic waste water and storm water are 
collected in a single pipe and are transferred to a waste water treatment plant. After 
being treated, the effluent is discharged into the environment.  

The combined system is one of the oldest methods for managing waste waters. Many 
huge cities such as Paris, London, and New York still use this system.  

In the combined sewer system, flows are non-uniforms because of their weather-
dependency. Therefore, during extreme weather events such as storms or snow melt, 
two problems may occur: 

! The sewage system has not the hydraulic design capacity to collect both 
sanitary and storm waters; 
 

! The WWTP has not the hydraulic design capacity to treat both sanitary and 
storm waters.  

 

With such conditions, urban waste water would back up through the pipes (hydraulic 
overload) and overflow urban areas (urban overflow). To prevent it, weirs bypass the 
treatment plant and spill the excess flow into the natural outlet. The overflow is 
called Combined Sewer Overflow (CSO).  

Figure 2: Studied area at Chazelles-sur-Lyon [Google image] 
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The combined waste water may overflow into the storm water collecting system. 
Thus, a part of waste water is directly discharged into the water body without being 
treated at the WWTP. The Figure 3 shows a side overflow weir (weir 1) at Chazelles-
sur-Lyon. 

 

!
!
!
!

 

Figure 3: Combined sewer overflow at Weir 1, Chazelles-sur-Lyon 

 

1.1.2 Separate system 

A separate system divides the sanitary water and the storm water by conveying them 
in different pipes. The waste water is collected and treated at the treatment plant and 
the storm water is collected in a pipe or in an open channel and then released at a 
natural recipient. Storm water is sometimes treated before being discharged into a 
water body.  

Waste water discharges do not depend on precipitation events. In consequence, the 
hydraulic design capacity of the collection system and the treatment plant is only 
based on domestic flows. Thus, the treatment may be optimised and cheaper. Such a 
system avoids the pollution of water bodies due to CSOs. The main disadvantages of 
a separate system are its cost (more pipes to construct) and the fact that storm water 
is generally untreated. 

 

Combined Storm water  

WWTP 
Water Body 
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1.2  Anomalies of collecting systems 
Article 3.2 of the Urban Waste Water Treatment Directive, via Annex I-A, states: 

“The design, construction and maintenance of collecting systems shall be undertaken 
in accordance with the best technical knowledge not entailing excessive costs, 
notably regarding: 

! Volume and characteristics of urban waste water, 
! Prevention of leaks, 
! Limitation of pollution of receiving waters due to storm water overflows.” 
 

Volume and characteristics of urban waste water refer to the hydraulic design 
capacity of the sewer network. Urban development, population growth and climate 
change play a role in the inlet runoff and must be taken into account when sizing the 
collecting systems. 

Prevention of leaks refers to the inflow and infiltration of water into the sewer 
network. Limitation of pollution refers to storm water overflows and particularly to 
combined sewer overflows (CSOs). 

The UWWT Directive presents in this Article 3.2 the main problems that are to 
handle in order to ensure an effective and environmental-friendly collection. In the 
following part, those anomalies, their causes, their consequences, and the means to 
mitigate their adverse effects will be discussed. 

1.2.1 Inflow and infiltration 

1.2.1.1 Issues and causes 

Inflow and Infiltration of clear water in the collecting system are a major issue for 
collecting and treatment systems. The term “clear water” is used because inflow and 
infiltration concern water that generally contains very few pollutants so that does not 
need to be treated. Clear water enters into combined or separate systems, which are 
not designed to collect it.  

It is common to distinguish inflow and infiltration. Inflow refers to the entrance of 
surface water into sewer networks whereas infiltration refers to groundwater.  

A- Infiltration of clear water 

It is groundwater that infiltrates sewer network through defects of the collecting 
systems such as cracks, collapses of the pipes, defects in the pipes connection and 
sealing… 

The Figure 4 and Figure 5 were shot during a video camera inspection at Chazelles-
sur-Lyon.  One may observe infiltration of groundwater caused by pipes corrosion at 
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the right, and by cracks at the left.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

!
Figure 5: Cracks in a waste water collecting pipe, Chazelles-sur-Lyon 

 

Depending on the groundwater level, infiltration may be continuous and/or rainfall-
induced (since infiltration of storm water can reload groundwater). On the Figure 6, 
we may observe a rainfall-induced infiltration in the combined collecting system. 
Blue graph represents the flow in m3/h at the upstream of the WWTP. Red graph 
represents the rainfall intensity.  

Figure 4: Infiltration of clear water in the combined system of Chazelles-sur-Lyon 
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Figure 6: Illustration of rainfall-induced infiltration from observed data, Chazelles-sur-Lyon 

The collecting system of Chazelles-sur-Lyon is partly a combined system. As one 
may observe in the graph, the network reacts to the precipitation peaks. After a rain 
event, there is a period between 3 and 4 days of rainwater infiltration in the 
collecting system. This long period is due to the reload of the aquifer, the rise of the 
ground water level and its progressive discharge into the cracks of the pipes. That’s 
why we may observe variations between 450 m3/d and 200 m3/d in infiltration 
flows. 

 

B- Inflow of clear water  

It is surface water that directly enters a separate system (waste water sewer) due to 
defective and illegal connections (Figure 7) from roofs or from pavement areas. 
Those defective connections may be located either in public or private estates. Inflow 
of clear water is directly rainfall-induced.  
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Figure 7: Illegal private connection to the waste water collecting system, Chazelle-sur-Lyon 
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1.2.1.2 Consequences  

Direct consequences are hydraulic overloads in collecting and treatment systems. 
Those may damage pipes, pumps and treatment systems. Besides, inflow and 
infiltration generate environmental damages and financial costs. 

Indeed, it may lead to direct discharges of waste water because of: 

! Increase in the frequency and volume of spills from CSO; 
! Overflows and urban flooding; 
! Decrease in the treatment yield at WWTP. 

One may distinguish several financial consequences: 

! Rehabilitation costs for collecting and treatment systems; 
! Rehabilitation costs for indirect damages on public and private goods; 
! Operating costs for WWTP and pumps; 
! Construction costs for WWTP and collecting systems. When designing 

WWTP and sewers, the volume of water to collect and to treat is bigger 
which generate bigger construction costs. 
 

Figure 8 represents the partition between volumes of clear water and strict waste 
water, at the upstream of WWTP at Chazelles-sur-Lyon. 

 

!
Figure 8: Partition between clear water and domestic waste water, the 13th of November at 

Chazelles-sur-Lyon 
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In yellow is represented the total volume and in blue the volume of waste water 
during a day of dry weather (the 13th of November 2013 was set as a reference of dry 
weather).  

In red is represented the calculated volume of clear water that is conveyed at the 
WWTP during one hour. It is calculated as: 

!!"#$%!!"#$% = 0,8 ∙!!"#$%&!' 

In Chazelles-sur-lyon, the 13th of November 2013, the watershed generated 590 m3/d 
of urban waste water in the outlet collector and the repartition was: 

! 290 m3/d of clear water that is to say 49% of the total volume; 
! 300 m3/d of sanitary water that is to say 51% of the total volume. 

 

Those figures show how infiltration may impact the collection and the treatment of 
waste water. That’s why inflow and infiltration sources must be detected. 

1.2.1.3 Assessment of inflow and infiltration 

In France, different techniques are used to identify the pipes and connections in 
charge of infiltration and inflow:  

! The nocturnal investigation; 
! The video camera investigation; 
! The connection investigation. 

 
The nocturnal investigation consists in measuring discharges at different points in the 
waste water collecting system. This measure occurs at night because one considers 
that there is no or very few household waste water at night. As seen before, one 
generally considers that the clear water flow is 80% of the nocturnal measured flow.  

The measure may be complicated. As the flow of clear water is variable (Figure 6), 
we need to correlate measurements with weather conditions (if ground water is at 
low level or not). 

The measurement method is a measure of a volume of water conveyed during a 
certain period of time. This method is regarded as accurate and so enables to have 
reliable data. 

Nocturnal investigation is a first approach to identify the problematic sections of 
collecting system. Then, a video camera runs through the identified defective pipes 
to accurately localize and identify the defaults. The photos presented in Figure 4, 
Figure 5 and Figure 7 were shot during the video camera investigation at Chazelles-
sur-Lyon.  

A connection inquiry in each private property is needed in order to identify illegal 
connections.  
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1.2.2 Combined sewer overflows 

1.2.2.1 Issues of CSOs 

CSOs are sized to only discharge in case of an extreme precipitation event. However, 
two CSOs’ design problems may occur: 

! The crest level of the weir is oversized 
 

In case of a heavy rainfall, too much water enters the treatment station; the volume 
excesses the capacity of the WWTP. The dilution of waste water decreases its 
staying-time into the station and so the treatments yield of the WWTP. In 
consequences, there are discharges of untreated water into the natural environment.  

! The crest level is undersized 
 

In case of precipitation with moderate rainfall intensity, too much urban waste water 
is directly discharged into the natural environment. 

The discharge of untreated effluent into the environment is a real problem of 
pollution of natural water and jeopardizes biodiversity. Indeed untreated water 
discharges represent elevated inputs of nutrients – phosphorus and nitrogen – into the 
water recipient. Supply of nutrients leads to algae proliferation, oxygen depletion, 
and fish deaths. This phenomenon is known as eutrophication.  

Some weir spills too frequently and not only in case of heavy rainfall, as it should be. 
That’s why, CSOs need to be supervised and monitored. European legislation tried to 
frame the monitoring.  

1.2.2.2 Regulation concerning CSOs 

A- European approach 

In a footnote in Annex I.A of UWWT Directive, European commission claims that it 
may be impossible to set up perfect systems which are able to channel and treat both 
waste water and storm water, whatever the precipitation event. Thus, each Member 
State shall itself decide on the measures to limit pollution from storm water 
overflows.  

The UWWT Directive suggests that: 

“Such measures could be based on dilution rates or capacity in relation to dry 
weather flow, or could specify a certain acceptable number of overflows per year.” 

Therefore, there is no frame in terms of precise numerical or quantitative criteria so 
that each Member State may decide its own restrictions about pollution from storm 
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water overflows, and especially from combined sewer overflows. 

B- French approach 

In France, the administrative order of the 22th of June 2007 concerning the 
collection, the transport and the treatment of waste water was largely inspired from 
the European Directive. 

A monitoring programme of combined sewer overflows is required according to the 
degree of pollution of waste water collected at the upstream of a CSO. It is presented 
in the table below. 

 

DBO5 (kg/day) 
in dry weather 

conditions 

Population 
equivalent* Monitoring program for CSO 

[120;600] [2 000; 10 000] " Estimation!of!period!of!spills!
" Volume!of!waste!water!discharged!

> 600 > 10 000 " Constant!measure!of!the!discharge!flow!
" Estimation!of!the!pollution!load!(TSS,!DOC)!

*"1 p.e. (population equivalent)" means the organic biodegradable load having a five-day biochemical oxygen demand (BOD5) 
of 60 g of oxygen per day 

Figure 9: Monitoring program for CSO depending on the pollution load, administrative order 
of the 22th June 2007 

 

At Chazelles-sur-Lyon, the studied area concerns 2000 population equivalent: an 
estimation of spills of discharged waste water volume is necessary to monitor CSOs.  

Then, French law requires that combined sewer overflows shall be sized in order to 
avoid spills for flows under the reference flow. This notion of reference flow doesn’t 
exist in the European legislation.  

Consulting engineers commonly use a method based on a monthly precipitation 
event to characterize the compliance of CSOs. This method consists in quantifying 
volume and discharges of overflows for a 1 month- return period precipitation event. 
For a monthly rainfall event, a combined-sewer overflow represents non-compliance 
to French and European legislation.  

This method and compliance of CSO at Chazelles-sur-Lyon will be discussed in the 
fourth part of the present paper, Hydraulic Assessment and Corrective Action Plan. 
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2 
Construction and calibration of the hydraulic 

model 

Hydraulic modeling has become a key tool for the assessment of collecting systems. 
Nowadays, they are commonly used as an expertise tool in order to localise the 
design anomalies of collecting systems and to design new hydraulic infrastructures.   

The numerical hydraulic model in this thesis was achieved thanks to Mike Urban 
software. 

The following chapters present the construction and the calibration of the hydraulic 
model used in this thesis. This model refers to the hydraulic assessment of the 
municipality of Chazelles-sur-Lyon. 

 

 

2.1 Fundamental of numerical hydraulic modeling 

2.1.1 Objectives of numerical hydraulic modeling  

The objectives of the hydraulic modeling are: 

! Assess and quantify the combined sewer overflows in order to avoid waste water 
discharges into the natural environment. 

! Design appropriate collecting systems in order to improve the conveyance of 
waste and storm water and so decrease hydraulic overloads, overflows in both 
collecting systems and waste water treatment plant. 

In consequence, hydraulic modeling helps to assess the general functioning of 
collecting and treatment systems in current and foreseeable situations.  

For the French commune of Chazelles-sur-Lyon, Mike Urban software was used to 
achieve these goals. Of course, one may find many other applications of this software 
for the collection systems such as the study of sediment transport and water quality. 
For the commune of Chazelles-sur-Lyon, only the objectives quoted above are 
studied. 
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2.1.2 Principles of Hydraulic Modeling 

A hydraulic model may be regarded as three inter-dependent components (Figure 10) 

! Hydrology: definition of catchments and their properties 

! Hydraulic data: definition of a sewer network and related hydraulic 
infrastructures 

! Boundary conditions: definition of dry weather flows, rainfalls, and 
water level at the outflow. 

 

 

 

 
 

 

 

 

 

 
 
 
 
 
" CONSTRUCTION  

 
The hydraulic data, hydrology and boundary conditions may be well defined in the 
construction phase. Mike Urban uses an application called Mouse to construct the 
hydraulic infrastructures of the numerical model.  
 
Some of these data are available from the operators and may be regarded as reliable 
data. It is generally the case for hydraulic data. For instance, the ground level, the 
invert level of each node, the length, slopes or diameters of each pipe may be known 
or measured.  
 
However, hydrology is a really complex matter. It implies the study of infiltration, 
evaporation, transpiration and runoff, which may not be easily measured. Defining 
hydrology parameters consists in making assumptions about hydrology of each 

Figure 10: Sketch of a hydraulic model, 
[SAFEGE, 2010] 
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watershed depending on visible criteria. Those assumptions may be checked and 
corrected by a calibration phase.  
 
 
" CALIBRATION  

!
This phase follows the construction of the numerical model.  It consists in comparing 
the measured and simulated data for a same precipitation event. That’s why a field 
measurement is needed in order to collect: 

! Rainfall intensity during a certain period of time; 
! Resulting flows in some strategic points of the collecting system during the 

same period of time. 
 
 

 
" CALCULATION 

! Hydrology calculations 

In order to model rainfall effects, it is necessary to choose a numerical method that 
transforms the rainfall into a runoff. The hydrological method generally used – in 
France – is the linear reservoir, which is called model C under Mike Urban. This 
method takes into account urban catchment and rural catchment with a runoff 
coefficient superior to 20%. Model C characteristics are detailed in Annexe 1. 

Two parameters are of importance when dealing with this method: the runoff 
coefficient and the lag time.  

Runoff coefficient is the ratio of rainwater that effectively run-off from a surface and 
doesn’t infiltrate. It depends on soil characteristics and on the rainfall intensity. 

Lag Time K (Figure 11) is the gap between the peaks of rainfall intensity R(t) and 
the induced hydrograph Q(t). 

 

 

 

 

 

 

 

 

Figure 11: Definition of Lag Time K 

Q(t) 

R (t) 
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One has to define for each hydrologic catchment the runoff coefficient and the lag 
time. Both will have a significant influence on the runoff hydrograph. 

! Hydraulic calculations 

Hydraulic calculations are based on the numerical resolution of the Saint-Venant 
equations, which describe free surface and unilateral flows. Those equations are used 
to model transient open-channel flow and surface runoff. However pressurized flows 
may also be modelled with those equations by introducing a thin fictive slot at the 
top of the pipe, called the Preissmann slot (Figure 12)  

 

 

 

 

 

 

  

The Saint Venant’s equations are presented in Annexe 2. 

 

2.2 Construction of the hydraulic model 

2.2.1 Hydraulic data 

2.2.1.1 Frame of the hydraulic network 

It is generally convenient to only model the main frame of the actual collecting 
system. One has to simplify as well as possible the network to avoid heavy 
calculations.  

Before starting the construction of the urban model, one has to understand the actual 
functioning of the collection systems and so identify: 

! The type of collecting system (combined system, storm water collecting 
system, waste water collecting system); 

! The main inputs and outputs of waste and storm water; 

Preissmann slot 

Pipe 

Figure 12: Preissmann slot 
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! Each hydraulic infrastructure that may have an influence on the collection 
and conveyance of waste and storm water (basins, weirs, pumps, etc.); 

! The main catchments and the urbanisation of the study area; 

! The urban and environmental sensitive areas. 

The sewer network of Chazelles-sur-Lyon is really complex and it was decided, as it 
is recommended, to only model the main frame and the sewers that have an influence 
on the dry or wet weather flows.  

In Chazelles-sur-Lyon there are both separate and combined collecting systems. The 
model is composed of 96 nodes, 88 pipes, 4 CSOs and 1 pump station. The total 
length of the modelled network is 7.2 km. 

A scheme of the modeled network is presented in Figure 13. The flow directions and 
the general functioning of the sewerage collection system will be detailed later in the 
present paper.  
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Collecting systems: 

 

 

 

Hydraulic infrastructures: 
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Weir, CSO 
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W1 
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W28 

Figure 13: Hydraulic frame of Chazelles-sur-Lyon model 
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A- Nodes 

There are different types of nodes under Mouse: Manholes, Basins, and Outlets. 

We do not model all nodes of the current sewer network but only the ones that have 
an impact on the flow and change the head loss.  

For instance, a waterfall, a change in the properties of the pipe (diameter, material, 
shape…), a connection between two pipes or a change in the slope of the pipe, may 
be reasons to insert a node in the hydraulic model.  

Under Mouse, each node is associated with an id, coordinates, ground level, invert 
level and diameter. Those data come from maps of the sewer network and from field 
investigations. 

Two outlets of the combined system and three outlets of the storm water system are 
modeled. Two storm water basins are modeled. The discharge from the basins 
depends on its geometry and the size of the outlet pipes.  

B- Pipes 

Pipes are created between each node. Their shape (circular, rectangular, egg-
shape…), their section, length, slope, friction loss, upstream and downstream level 
are set as input in Mouse.  

C- Pump station 

The pump station was modeled as a basin with a pump. The volume of the basin, the 
pump discharge and its functioning frequency are informed in Mouse thanks to 
analyse of the field measurements.  

D- CSOs 

Weirs enable overflows from the combined system into the storm water collecting 
systems. Chazelles-sur-Lyon owns 7 weirs, but only four of them are actually in 
function and so are represented: Weir 1, W5, W15 and W28.  

The overflow weir 1 corresponds to the main combined sewer overflow, at the 
upstream of the waste water treatment plant. It was represented in the Figure 3. 

Weirs are defined under Mouse thanks to a standard rectangular overflow weirs 
formula. The formula is presented in Annexe 3 

In order to complete the calculation, the crest level, the weir width and orientation 
(orthogonal weir or side overflow weir) are set into MOUSE.  

In Chazelles-sur-Lyon, there are three different types of overflow weirs:  

! Orthogonal weir for W5; 
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! Side overflow weir for W1; 

! Leaping weir for W15 and W28. 

An orthogonal weir is a weir whose overflow is in the same direction compared to 
the inlet flow (the weir structure is orthogonal to the inlet flow). A side overflow 
weir is a weir whose overflow is perpendicular to the inlet overflow (the weir 
structure is in the same direction of the inlet flow). 

The functioning of leaping weir is summarized in the Figure 14 

 

Figure 14: Leaping Weir (at right: weir 15 at Chazelles-sur-Lyon) 

 

Mouse easily represents orthogonal and side overflow weirs with rectangular 
formula. However, Leaping weirs are really complicated to model. We decided to 
model leaping weirs as orthogonal weirs.  

The idea was to transpose the overflow condition from a leaping weir (depending on 
length and width of the orifice) to an orthogonal weir with its proper parameters 
(width and crest level of the weir).   

We calculated the height of the water level corresponding to the first spill. It will in 
theory occur when water may flow besides the orifice for a flow width higher than 
the orifice’s width.  

The first spill occurs for a flow width equal to the orifice width (B=W) so the crest 
level is defined as the water level h of this reference flow: 
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The leaping weirs were defined as orthogonal weirs with h as crest level and W as 
weir width. Those assumptions were checked within the calibration phase. 

 

 

2.2.1.2 Dry weather data 

A- Dry weather catchments 

In order to understand the waste water sewer network, the global functioning is 
briefly presented below. The main networks and flow directions are presented in the 
Figure 15. 

 

 

 

 

 

  

 

 

 

 

Figure 15: Synoptic of the waste water sewer network 
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There are three different waste water sewer systems: 

! The purple system called “Claude Protières” which is a combined collecting 
system; 

! The orange system called “Chemin des Calles” which is mostly a separate 
waste water collecting system; 

! The green system called “Montfuron” which is a separate waste water 
collecting system. 

All those systems are connected at the upstream of Weir 1.  

There is a connection between “Claude Protières” and “Chemin des Calles” (this 
connection appears through the dotted line in the figure above). However it was 
observed that this connection between both antennas doesn’t occur during dry 
weather conditions, but only during wet weather conditions, as it is shown on the 
Figure 16. 

 

Figure 16: Localisation of the connection between Cl.Protières and Chemin des Calles and flow 
directions 

 

After the study of the area and its network, the following dry weather sub-catchments 
(Figure 17) were defined: 

! Catchments from 1 to 6 which are connected to “Claude Protières”; 

! Catchments from 7 to 12 which are connected to “Chemin des Calles”; 

! Catchments 13 and 14 which are connected to “Montfuron”. 

Dry 
weather 
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Effluents from Catchment 6 are connected to “Claude Protières” only in case of an 
overflow at the weir 5. Otherwise, those effluents are treated in another WWTP. 

 

 

Figure 17: Input Dry weather catchments in Mouse 

 

B- Dry weather flow  

Dry weather flow was assessed thanks to the field measurements that were carried 
out during November 2013, at Chazelles-sur-Lyon. Two measurement points were 
particularly useful in order to determine dry weather flow: 

! A measurement point at the end of “Claude Protières” collecting system, 
Point 1; 

! A measurement point before Weir 1, which measures the flows from each dry 
weather sub-catchments, Point 2. 

Point 1 and 2 are visible on Figure 29. 

After data analysis, a dry weather day during the field measurement is chosen as a 
reference of dry weather conditions. As rainfall induced infiltration actually impacts 

6 

7 

13 

5 

1 

2 

3 

4 

8 

9 
10 

11 

12 

14 



Stanislas GENTY Numerical Hydraulic modeling of urban waste water collecting systems 
 

KTH / SAFEGE 
March 2014 32 

the commune of Chazelles-sur-Lyon, a day when those impacts are the less 
perceptive was chosen: the 13th of November 2013 as it is circled on the Figure 18. 

 

Figure 18: Selection of the reference day for dry weather flow 

 

From this selection, two distinctive dry weather flow profiles (Figure 19) were 
inserted into the boundary conditions: 

! A profile for catchments connected to “Claude Protières”, the blue profile; 

! A profile for other catchments, those connected to “Montfuron” and “Chemin 
des Calles”, the pink profile. 
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Figure 19: Profiles of dry weather flows as boundary conditions 

 

Those profiles are coefficients that Mike Urban multiplies to an average daily value 
of dry weather flows,!!!"#$/!"#!. To calculate !!"#$/!"#!, one needs to associate a 
population equivalent to each dry weather sub-catchments. Data analysis from the 
field measurements enables to allocate the Population Equivalents (PE) in three 
categories as follows: 

! 645 PE for catchments connected to “Cl.Protières” (from 1 to 5); 

! 1260 PE for catchments connected to “ch.des Calles” (from 7 to 12); 

! 85 PE for catchments connected to “Montfuron” (13 and 14). 

Then an estimation of the number of inhabitants in each sub-catchment within those 
3 categories is made to assign a population equivalent to each dry weather sub-
catchment.  

When relating the population equivalents and the coefficient of daily discharge per 
inhabitant (0,15 m3/d/inhabitant), Mike Urban calculates the mean daily value of a 
dry weather flow: 

!!"#$/!"#! = !" ∗ !!"#$ℎ!"#$/!"ℎ!"#$!%$ 

Hourly discharges are injected into the connection nodes of the dry weather 
catchments.  
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C- Inflow and Infiltration 

During the construction of the hydraulic model, the infiltration of clear water must be 
also considered. Infiltration depends on the dry weather sub-catchments and was 
previously detected during the one-month field measurement and more precisely 
localised during a nocturnal inspection. So one achieves the input of infiltration in 
the hydraulic model so that: 

! The total infiltration volume is equal to the one measured during the dry 
weather reference day, the 13th of November; 

! The infiltration proportion per sub-catchments agrees with outcomes from the 
nocturnal investigation. 

The Figure 20 presents the repartition of the infiltration volume within each dry 
weather catchments. 

 

 Dry weather sub-
catchments 

Percentage of infiltration 
nocturnal investigation 

Infiltration  
Input Mike urban 

Units % m3/d 
    

“ cl.Protières” 100.0 221.5 
1 58 129.0 
2 8 17.3 
3 17 38.5 
4 11 25.0 
5 6 13.5 
      

“ch. des Calles” 100.0 62.2 
7 12 7.4 
8 8 4.9 
9 7 4.1 

10 4 2.5 
11 32 19.6 
12 39 24.1 

Figure 20: Repartition of infiltration within each dry weather catchments 

 

During the nocturnal investigation, no infiltration was detected from the collecting 
system of “Montfuron”.  
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2.2.2 Hydrology data 

2.2.2.1 Catchments 

A catchment represents an area in which surface water is drained to a single outlet at 
a lower elevation. The catchment area depends on the topography. It is important to 
understand that wet weather catchments are totally different from the dry weather 
catchments studied in the previous part.  
 
In order to understand the storm water network, I will briefly sum up its global 
functioning. The frame, outlets and flow directions are presented in Figure 21. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
There are three different outlets and three weirs to take into account: W1, W28 and 
W15 so that: 
 

! An overflow in Weir 15 consists in a discharge in outlet 1; 
! An overflow in Weir 1 consists in a discharge in outlet 2; 
! An overflow in Weir 28 consists in a discharge in outlet 3. 

 

During wet weather one must consider the connection between “Claude Protières” 
and “Chemin des Calles” (Figure 16). Upstream the junction between both antennas, 
Weir 15 spills the overflow in the storm water system of outlet 1. 

W15 

W1 
Outlet 2 

Outlet 1 

W28 

Outlet 3 

“Claude Protières” WWTP 

Figure 21: Synoptic of the storm water collecting system of Chazelles-sur-Lyon 
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After the study of the topography and the storm water collecting systems, it was 
chosen to build 13 wet weather catchments in the hydraulic model. The total area is 
65 hectares. Those wet weather catchments are localised in the figure below. 
 
 

 
Figure 22: Localisation of wet weather catchments 

 

The “Claude Protières” combined system collects the rainwater from catchments C1 
to C6. The runoff from the catchment 4 is connected to “Claude Protières” only in 
case of an overflow at Weir 5. The other catchments are connected to separate storm 
water systems.  

Each wet weather catchment are characterised by the following parameters under 
Mouse: 

! Area; 
! Hydraulic length;  
! Average slope; 
! Runoff coefficient, effective area; 
! Lag time; 
! Connection node. 

Some of those characteristics are presented in the Figure 23. 
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Catchment Hydraulic length 
(m) Slope (°/°°) Area (ha) 

1 825 33 14.2 
2 90 23 1.1 
3 328 41 2.3 
4 810 11 10.5 
5 210 54 1.5 
6 120 17 0.9 
7 368 94 3.4 
8 170 91 1.6 
9 222 72 4.7 

10 225 27 3.4 
11 252 28 1.5 
12 520 21 11.5 
13 350 43 7.9 

Figure 23: Characteristics of the runoff catchments in Chazelles-sur-Lyon 

 

Runoff coefficients are assigned to 40% for all the wet weather catchments, because 
they are urbanised. Thus, in Chazelles-sur-Lyon, only the method of the simple 
linear reservoir is used (Annexe 1). For catchment 4, the runoff coefficient is raised 
up to 50% because the area is more urbanised. However, he run-off coefficients will 
be changed during the calibration phase.  

Then, Mike Urban includes a reduction coefficient in the model C (linear reservoir) 
to calculate the effective run-off. This reduction coefficient enables to take into 
account the ground reaction to the infiltration depending on the rainfall intensity: 

! For usual rainfall and monthly rainfall, the ground is not saturated with 
water. The reduction coefficient is set at 0,6. 

! For exceptional rainfall events, with a return time of 10 years for instance, 
the ground is saturated with water, the surface runoff is more important. The 
reduction coefficient is set at 0,9. 

Mike Urban then automatically calculates the lag time K for each catchment with the 
CHOCAT’s formula: 

! = 0.3175 ∗ !!!.!!"# ∗ !!!.!"# ∗ !!!.!"# ∗ !!.!"# 

With A=the area of the catchment (ha) 
         C=the runoff coefficient 
         S= the slope (%) 
         L= the hydraulic length (m) 
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2.3 Model Calibration 
Model calibration is an essential phase to assure validity and reliability of the 
hydraulic model. It consists in adjusting numerical parameters of the hydraulic model 
so that the simulated data matches with the observed data. 

In order to compare simulated and observed data, boundary conditions that occurred 
during the period of observation must be included in the hydraulic model. 

During the 1-month measurement period, a rain gauge was set up to register the 
rainfall intensities during that period. Rainfall events are then isolated, numerically 
reconstructed and set as an input in the hydraulic model. 

2.3.1 Rainfall used for the calibration 

The field measurement was carried out from 6th of November 2013 to 23rd of 
November 2013. From 19th to 23rd of November, snowfall disturbed the rain gauge 
so that this period of time is not workable. The daily-cumulated rainfall during the 
period of measurement is presented in the Figure 24. 

 

Figure 24: Daily rainfall, field measurements - Chazelles-sur-Lyon, November 2013 

Three major rainfall events happened during the period of observation. Their 
characteristics are presented in the Figure 25. 
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Figure 25: Characteristics of the major rainfall events 
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Rain 2 is selected for the calibration of the hydraulic model for the following 
reasons: 

! The rainfall volume is elevated enough; 

! The rainfall intensity is appropriate (Figure 26); 

! The duration of the rainfall event is neither too long nor too short. 

 

Figure 26: Rainfall intensity of Rain 2 (mm/h) 

 

2.3.2 Calibration assessment 

2.3.2.1 3 assessment parameters 

In order to assess the relevancy of the simulation, the matching between simulated 
and observed data is observed regarding: 

! The peak flows; 

! The total runoff volume; 

! The overall shape of the hydrograph 
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To numerically assess the goodness-of-fit of the hydraulic model, the following 
indicators are used (Figure 27): 

 

Peak error Total volume error 

  

Nash-Sutcliffe model efficiency coefficient 

 

Figure 27: Assessment parameters for calibration 
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2.3.2.2 Goodness-of-fit of the hydraulic model 

 

The goodness-of-fit of the calibrated model is characterised within classes presented 
in Figure 28. 

Peaks and volumes  

 Min. Max. 

Accurate 0% 20% 

Satisfactory 20% 40% 

No tolerable 40% 100% 

    
Nash-Sutcliffe 

coefficient   

 Min. Max. 

Accurate 0.7 1 

Satisfactory 0.4 0.7 

No tolerable << 0 0.4 

Figure 28: Classes to assess the goodness of fit of the hydraulic model 

 

In order to assess the capacity of a sewer network, a good match of peaks floods 
between observed and simulated data is capital.  

A good representation of volumes helps to assess the amount of water that is treated 
in the waste water treatment plant and the amount of water that overflows. 

The Nash-Sutcliffe coefficient assesses the match between the observed and 
simulated hygrograms and supervises a good modeling of the watersheds.  

2.3.3 Calibration results 

As it was detailed in the previous part, dry weather flows profiles and infiltration 
water are injected in the hydraulic model depending on the observed data: they are 
boundary conditions of the hydraulic model. That’s why calibration only concerns 
the wet weather flow. 

During the field measurements, 6 strategic points (Figure 29) were set up to measure 
discharges of the collecting systems: 

! Point 1 at the end of “Claude Protières” collecting system; 

! Point 2 before the main weir (weir 1); 
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! Point 3 at storm outlet 2; 

! Point 4 at storm outlet 1; 

! Point 5 at weir 5, measures of height that indicates overflows; 

! Point 6 before the weir 15. 

Point 5 weren’t use for the calibration because no overflow was observed during 
the field measurement period.  

 

 

 

 

W1 

W15 

P5 

Outlet 2 

Outlet 1 

W28 

Outlet 3 

WWTP 

W5 

P1 

P2 P3 

P4 

P6 

Figure 29: Localisation of measurement points used for calibration 
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A- Calibration of the hydraulic model 

Changes in the model construction and in the hydrology of watersheds are carried out 
in order to better calibrate the hydraulic model. Main changes are presented in Figure 
30. 

  Change n/n-1 Reason 

Calibration 2 Increase of runoff coefficients Vsimulation<Vmeasure 

Calibration 3 

Insertion of a weir as an 
artefact at the connection 

between “Cl Protières” and “Ch 
des Calles”, upstream of W15 

Problem of volume 
repartition between both 

antennas 

Figure 30: Changes in the hydraulic model during calibration phase 

 

The first calibration carried out is suitable in terms of: 

! Runoff reaction to a rain event: for all calibration points, we have the main 
peak flows that are represented in the simulation; 

! Lag time: peaks flows are well time-calibrated; there is no time lag between 
observed and simulated data. 

 

However, the first calibration is not really accurate in terms of: 

! Volumes; 

! Peak flows; 

! Rainfall induced calibration. 

 

As it was previously noticed, the collecting system of Chazelles-sur-Lyon undergoes 
rainfall-induced infiltration. This phenomenon depends on the rainfall intensity and 
varies with seasonal weather conditions. In consequences, it is really complicated to 
model and cannot be integrated into the hydraulic model studied in this paper.  

After the first calibration, the runoff coefficient is raised for a better matching of 
volumes. The entire runoff coefficients are increased up to 50%. This operation is 
carried out for a second calibration. The model seems to be more accurate in terms of 
volumes and peak flows.  

By comparing with other rain events (rain 1 and 3), an anomaly in the repartition of 
water between “Claude Protières” and “Chemin des Calles”, upstream point 6, is 
detected: 
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! With light rainfall, the hydraulic model overestimate runoffs at point 6 and 
underestimate runoffs at point 1. 

! With storm weather conditions, it is strictly the opposite: runoffs are 
underestimated at point 6 and runoffs are overestimated at point 1. 

In conclusion, the separation of runoffs at that point of the collecting system must not 
be modelled with two single pipes.  

The previous findings show that the repartition of water depends on the rainfall 
intensity. So, an artefact of modeling is introduced: it is an orthogonal weir with a 
crest level of 3 cm. The crest level is chosen with an iterative method with help of 
the simulation. This change in the structure of the hydraulic model leaded to a third 
calibration. 

The influence of this artefact is essentially noticeable at point 6 (Figure 31) because 
runoffs are much less elevated compared to point 1. 

The artefact changes the discharges with a gap around 2l/s. Prima facie this gap may 
look like unnecessary. However for monthly and decennial rain event, this artefact 
will play a significant role in the repartition of volumes between both antennas. 
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Figure 31: influence of the artefact (weir) on the simulated flows at point 6, Chazelles-sur-Lyon 

 

 

B- Outcomes 

Calibration graphs for the rain of the 10th of November (rain 2) are presented in 
Figure 32, Figure 33, Figure 34 and Figure 35. The calibration graph for point 6 may 
be observed in the Figure 31.  
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Figure 32: Calibration graph, point 1 

 

 

Figure 33: Calibration graph, point 2 
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Figure 34: Calibration graph, point 3 

 

 

Figure 35: Calibration graph, point 4 
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Outcomes of the third calibration are presented in the Figure 36. 

Measure points 

Quantitative assessment Qualitative Assessment 
Global 

assessment %Error 
Volume 

%Error peak 
flows Nash Volume Peak 

flows Nash  

P1- downstream 
Cl.Protières -1% -16% 0.8       Accurate 

P2- upstream weir 1 -17% -17% 0.7       Accurate 

P3 – Outlet 2 +32% -11% 0.4       Satisfactory 

P4 – Outlet 1 +6% -7% 0.5       Accurate 

P6 – upstream W15 -30% -38% 0.5       Satisfactory 

Figure 36: Outcomes of calibration - rain 2, 10th of November 

 

The calibration of the hydraulic model is accurate. The point 6 is apparently not as 
well calibrated as the other points. Nevertheless, discharges of water conveying 
through point 6 are low compared to other points, so the assessment by percentages 
isn’t significant. 
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3  
Hydraulic Assessment and Corrective Action 

Plan 

 

The hydraulic assessment for the commune of Chazelles-sur-Lyon consists in 3 
different assessments depending on the weather conditions:  

! Assessment of collecting system anomalies in dry weather conditions; 

! Assessment of the combined sewer overflows for a monthly precipitation in 
order to comply with French regulation, called the compliance assessment; 

! Assessment of the overflows for a decennial precipitation, called the 
hydraulic design capacity assessment; 

Rainfall pattern named design rainfalls are created to model precipitation event with 
a defined return period T. For the hydraulic assessment, two design rainfalls are 
created: 

! A design rainfall with a return period T= 1 month, called monthly design 
rainfall, that is used for the compliance assessment; 

! A design rainfall with a return period T= 10 years, called decennial design 
rainfall, that is used for the design assessment.  

The hyetographs are created thanks to the double-triangle DESBORDES method 
(Annexe 4). This is a statistical method to model a rainfall from empirical 
coefficients named Montana coefficients. Those coefficients derive from long time 
series of rainfall measurements (between 1986 and 2011) registered at the nearest 
meteorological station from the studied area, at Saint-Etienne Bouthéon.  

 

3.1 Dry weather assessment 
Dry weather simulation points out that: 

! Pipes filling are low, less than 5%. Pipe filling raises up at 40% for the pipe 
downstream the forcemain when the pumping station is at work. 

! No problem of capacity is underscored. 

! The main weir, W1, overflows in dry weather conditions (Figure 37). There is 
no other combined sewer overflow. 
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The daily volume of the overflow at weir 1 is around 57 m3 with a maximum flow of 
3 l/s. This volume represents 9% of the daily flow upstream of the weir. According to 
calibration outcomes, the simulation may underestimate by 6 % the volume at the 
upstream of weir 1. Thus the daily volume of overflow would be 60 m3.  

 

 

Figure 37: Simulated discharges of overflow at weir 1 

 

Peak flows corresponds to the functioning of the pump station. The weir 1 essentially 
spills the day during the peaks of water consumption. 

Those daily discharges of waste water in the storm water collecting system were 
previously observed in a field investigation. The model enabled to quantify the 
volume of waste water discharged into the natural recipient.  

Dry weather overflows at weir 1 are generated by: 

! A crest level of 7 cm which is too low; 

! A pump induced discharge which is too elevated; 

! An infiltration volume that is excessive.  

So the Corrective Action Plan has to examine the actions on the three causes to avoid 
daily overflow of waste water.  
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3.2 Compliance assessment 
As it was described in the first part of the present paper, the collecting system must 
comply with the recommendations of French legislation regarding overflows. The 
administrative order of 22nd of June 2007 states that combined sewer overflows 
mustn’t occur for dry weather conditions and for rainfall up to a 1 month - return 
period.  

A limit of 12 overflows a year is considered to assure the current and future 
compliance of the collecting system. A design rainfall is created for a storm event 
with a 1 month-return period.  

3.2.1 Simulation of a monthly rainfall 

The simulations within wet weather conditions are carried out considering the dry 
weather flows that were previously analysed.  

In order to maximise the flows at the outlets, a period of precipitation that is equal to 
the time of concentration of the global watershed. Chow formula gives a time of 
concentration of 30 minutes (Annexe 5). The intense period of the rain event is often 
considered at 1/5 of the total period, it is set at 6 minutes. 

The DESBORDES method used to create the design rainfall is explained in Annexe 
4. The characteristics and rainfall intensity of the monthly design precipitation are 
presented in Figure 38 and Figure 39.  

 

Return period: 1 month 

Duration of rainfall 
event:  

30 minutes 

Intense duration 6 minutes 

Cumulated rainfall:  5,1 mm 

Cumulated rainfall 
within intense 
precipitation:  

3,0 mm 

Maximum rainfall 
intensity:  

48.8 mm/h 

Figure 38: Characteristics of the monthly design precipitation 
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Figure 39: Monthly design rainfall intensity 

3.2.2 Conditions of the simulation 

In order to maximise the flows into the collecting systems, the simulation was carried 
out within the following conditions:  

! The precipitation event occurs when dry weather flow is at its maximum 
discharge (between 9h00 and 10h00); 

! The precipitation event occurs at the same time of the filter backwash from 
the water purification station, upstream weir 5. 

Filter backwash occurs twice a day and doesn’t have any influence on the studied 
collecting system during a dry weather (no overflow at weir 5 during dry weather). 
However, during heavy precipitation, filter backwash may participate in an overflow 
at weir 5 and so impact the rest of the sewer network.  

A profile of the discharges caused by the filter backwash is derived from 
measurement at point 5 (Figure 40). 

Rainfall intensity 
(mm/h) 

Time (minutes) 
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Figure 40: Filter backwash discharges as boundary condition 

 

3.2.3 Outcomes 

3.2.3.1 Volume balance  

For a monthly rainfall, the volume balance is presented in Figure 41. 

 

  
Monthly precipitation 

Inlet volumes in the collecting system (m3) 1154 
Rainfall Runoff (m3) 726 
Dry weather flow (waste water+infiltration) 421 
Overflow from Weir 5 7 

Outlet volumes (m3) 1187 
Storm water outlets (m3) 705 
Inlet volume at WWTP (m3) 482 

  
% Untreated water 59% 
% Treated water 41% 

Figure 41: Volume balance for a monthly precipitation 
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The difference between inlet and outlet volumes is 1187-1154= 33 m3. It is a volume 
generated by Mike urban into the empty pipes of the collecting system. Indeed the 
simulation cannot run with empty pipes so Mike Urban creates fictive water levels 
(generally insignificant) in dry pipes. 

The additional volume of water conveyed to the WWTP for a monthly rainfall of 30 
minutes is around 60 m3.  

 

3.2.3.2 Hydraulic overload 

The simulation outcomes underlines that the collecting system does not undergo any 
hydraulic overload neither overflow for a monthly rainfall. Pipes are well designed to 
collect runoff from a monthly rainfall. 

Pipe filing is the ratio between the hydraulic head at a node and the diameter of the 
corresponding pipe.  

Figure 42 shows the maximum pipe filling with a colour scale.  
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Figure 42: Maximum pipe filing at Chazelles-sur-Lyon - monthly precipitation 

 

According to the simulation, the single hydraulic overload that may occurs is 
localised at the downstream of the combined collecting system of “Chemin des 
Calles” before the connection with “Montfuron” and “Claude Protières”, at the 
upstream of Weir 1.  

Two causes explain the hydraulic overload (Figure 43): 

! The pipes diameter 

At that point there is a connection between a Ø600 from “Claude Protières” and a 
Ø300 from “Chemin des Calles”. The connection of both pipes within a Ø600 
generates a hydraulic overload at the peak flow. 

 

! The Slope break 

Impact of the 
pump station 

W1 

Small hydraulic 
overload of combined 

system (Ø300), 
upstream of W1 
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The pipe from “Claude Portieres” has a slope of 20% whereas the other pipes have a 
slope lower than 5%. The slope break decreases the capacity of conveying water 
(Manning) and generates the hydraulic overload. 

 

 

 

 

 

 

 

However this hydraulic overload is not critical because doesn’t cause any overflow 
for a monthly rainfall. That’s why one considers that the collecting systems are well 
designed to convey runoff from a monthly rainfall.  

 

3.2.3.3 Combined sewer overflows 

Combined sewer overflows and the associated maximum spill discharge are 
presented in the following table (Figure 44) , for a monthly precipitation. 

  Monthly precipitation 

WEIR Overflow (m3) Qmax (l/s) 
!"#$%&!'

!"#$%&'(!!"#$ 

W1 223 112 30% 
W15 12 15 36% 
W28  17 21 38% 
W5 7 19  Around 0% 
TOTAL overflow 
 in natural outlet 252     

Figure 44: Characteristics of overflows - monthly precipitation 

 

The overflow at weir 5 is then conveyed through W1 or W15. That’s why they are 
not re-counted in the TOTAL overflow in natural outlet.  

Without any filter backwash from the water purification station, weir 5 doesn’t spill 
water.  

Ø600, 20% 

Ø600, 5% 
Ø300, 5% 

“Cl Protières” 

“Chemin des Calles” 

Figure 43: Scheme of the detected hydraulic overload for a monthly 
rainfall 
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In terms of overflow volumes, the main weir participates in 88% of the total 
overflow. CSO’s from W15 and W28 are less important but still significant 
considering French legislation.  

Weir 1, W15 and W28 doesn’t comply the court action of 22nd of June 2007 and the 
relative CSO’s must be avoided.  

 

3.3 Hydraulic design capacity assessment 
The goal of the following simulation is to supervise that the collecting systems of 
Chazelle-sur-Lyon achieve in conveying waste and storm water without any urban 
overflows for exceptional storm event.  

3.3.1 Simulation of a decennial rainfall 

The simulations within wet weather conditions are carried out considering the dry 
weather flows that were previously analysed.  

For a decennial rainfall, hydraulic overload are accepted and CSO’s must occur in 
order to protect the WWTP. 

In order to maximise the flows at the outlets, a period of precipitation that is equal to 
the time of concentration of the global watershed, which is 30 minutes Chow formula 
gives a time of concentration of 30 minutes (Annexe 5). The intense period of the 
rain event is often considered at 1/5 of the total period, it is set at 6 minutes. 

Decennial design rainfall with locally associated Montana coefficients has its 
characteristics summed up in Figure 45 and Figure 46. 

Return period: 10 years 

Duration of rainfall 
event:  

30 minutes 

Intense duration 6 minutes 

Cumulated rainfall:  25.1 mm 

Cumulated rainfall 
within intense 
precipitation:  

15.2 mm 

Maximum rainfall 
intensity:  

254.5 mm/h 

Figure 45: Characteristics of the decennial precipitation 
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3.3.2 Conditions of the simulation 

Like the monthly design rainfall, the precipitation occurs at the peak of discharge of 
dry weather flow (from 9.00 am to 10 am). Nevertheless, the flow from the water 
purification station for the decennial rainfall wasn’t considered. Indeed, its impact on 
the collecting system was negligible for the monthly simulation (an additional 
volume of 7 m3 only). This volume would still be meaningless regarding a decennial 
runoff.  
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Figure 46: Decennial Rainfall intensity 
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3.3.3 Outcomes 

3.3.3.1 Volume balance  

For a decennial rainfall, the volume balance is presented in Figure 47. 

  
Decennial precipitation 

Inlet volumes in the collecting system (m3) 6977 
Rainfall Runoff (m3) 5916 
Dry weather flow (waste water+infiltration) 581 
Overflow from Weir 5 480 

Outlet volumes (m3) 7019 
Storm water outlets (m3) 5955 
Inlet volume at WWTP (m3) 1064 

  
% Untreated water 85% 
% Treated water 15% 

Figure 47: Water Balance - decennial precipitation event 

 

In case of a decennial rainfall, only 15% of water is treated at the Waste water 
Treatment Plant. Around 6000 m3 are discharged in the natural environment.  

The difference between inlet and outlet volumes is 7019-6977= 42m3. It is a volume 
generated by Mike urban into the empty pipes of the collecting system. 

The additional volume of water conveyed to the WWTP for a decennial rainfall of 30 
min is around 480 m3 that is 9 times more than for a monthly rainfall. 

The weather conditions are exceptional so exceptional discharges into the natural 
recipient are accepted. However urban overflows may not occur.  

 

3.3.3.2 Urban overflows 

Several areas with urban overflows are identified with the decennial simulation.  

! Overflow 1 (Figure 49 and Figure 50) 

This overflow occurs at the connection between “Cl.Protières” and “Chemin des 
calles”, in the combined collecting system at the upstream of weir 1. The causes are 
the same than those explained in the case of a hydraulic overload for a monthly 
rainfall: the pipes diameter and the slope break (Figure 43). 

A hydraulic overload also occurs in the storm water collecting system at the node 
where overflow from weir 1 is collected.  
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Those overflows and hydraulic overloads have already occurred in the past.  

! Overflow 2 (Figure 51) 

The hydraulic overload in the storm water collecting system is caused by a change in 
the diameter from Ø600 to Ø400. This funnel configuration prevents water from 
being easily conveyed and creates a hydraulic overload at the upstream of area 2.  

Then a slope break from 4% to 0.4% undoubtedly plays a role in the hydraulic 
overload. 

! Overflow 3 (Figure 52) 

At the weir 28, the combined sewer overflow is not properly conveyed so that there 
is an urban overflow. Indeed the depth of the two manholes of the weir is around 1.2 
meter, which is too low.  

The overflows are localised in Figure 48. 

 

 

Figure 48: Localisation of overflow areas for a decennial rainfall 

 

 

Overflow area 1 

Overflow area 3 
 

Overflow area 2 
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Figure 49: Profile of the combined collecting system from "Cl Protières" to the upstream of weir 1 – Overflow 1 – Decennial Rainfall 
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Figure 50: Profile of the storm water system from "chemin des Calles" to outlet 2 - overflow 1 - Decennial Rainfall 
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Figure 51: Profile of the storm water collecting system conveying water up to outlet 1 - Overflow 2 - Decennial Rainfall 
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 Figure 52: Profile of the combined and storm water system from the upstream of W28 to the outlet 3 - Overflow 3 - Decennial Rainfall 

 

 

Hydraulic 
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Combined Storm water 
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3.3.3.3 Combined sewer overflows 

Combined sewer overflows and the associated maximum spill discharge are 
presented in Figure 53, for a decennial precipitation. 

 

  Monthly precipitation 

WEIR Overflow (m3) Qmax (l/s) 
!"#$%&!'

!"#$%&'(!!"#$ 

W1 1840 1095 65% 
W15 268 270 57% 
W28  173 247 61% 
W5 480 355 31% 
TOTAL overflow 
 in natural outlet 2281     

Figure 53: Overflows characteristics - Decennial Rainfall 

 

Weirs play their role of unloading the combined sewer system in the case of a 
decennial rainfall: around 2280 m3 of water from combined system are discharged in 
the natural environment.  

In terms of overflow volumes, the main weir participates in 66% of the total 
overflow, and weir 5 in 17%. 

The overflow at weir 5 is then conveyed through W1 or W15. That’s why they are 
not re-counted in the TOTAL overflow in natural outlet.  

 

3.4 Conclusions of Hydraulic Assessment 
The numerical model of Chazelles-sur-Lyon enabled to review the functioning of the 
sewer network of the studied area. 

! The main weir, weir 1, overflows around 60 m3/d in dry weather 
conditions, caused by: 

• A elevated volume induced by inflow and infiltration; 

• A low crest level of the weir 1; 

• Peak flows when the pump station is in function.  

! Weir 1, Weir 15 and Weir 28 overflows waste water into the natural recipient 
for a monthly rainfall. This constitutes non-compliance to the administrative 
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order of the 22nd June 2007. The total volume discharged into the natural 
environment for a monthly rainfall is 250 m3.  

! The collecting system overloads then overflows in three specified areas for a 
decennial rainfall (Figure 48).  

 

3.5 Corrective Action Plan 
A Corrective Action Plan (CAP) is an action plan whose objectives are to decrease 
the overload and provide needed capacity for collection and treatment of urban waste 
water. 

In order to solve environmental and design problems at Chazelles-sur-Lyon, the 
following actions have to be examined: 

 

 

To provide sustainable solutions, CAP must consider the future inlet of volume due 
to urban development and population growth. That’s why another hydraulic model 
was created to model the future situation in the studied area at Chazelles-sur-Lyon. 
This new model integrate: 

 

3.5.1 CAP regarding CSOs 

The recommended short-term action is to raise the crest level of the weir 1 in order to 
avoid daily waste overflows of 60 m3 in the natural environment. The new crest 
level will be set in order to avoid monthly spills.  

Anomaly Corrective Action 

CSO at weir 1 in dry 
weather conditions 

Rise the crest level of weir 1 

CSO at weir 1, 15 and 28 
for a monthly rainfall 

• Implement a separate system 

• Delete weirs 15, 28 and 1 once the 
whole separate system is in function 

Hydraulic overload and 
overflows for a decennial 
rainfall 

Increase the storm collecting system 
capacity in overflow areas by 
considering future urbanisation 

Figure 54: Corrective action form the hydraulic assessment 
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Creation of a separate 
collecting system 2,7 km 

Delete weir 15 and 28 

Raise the crest level 
of W1 

The mean-term actions are: 

! To turn the combined collecting system into a separate collecting system. The 
estimated distance is around 2.7 km; 

! To delete weir 15 and weir 28. 

The corrective actions concerning combined sewer overflows are summed up in 
Figure 55. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The implementation of a separate system would have consequences on the 
infiltration of clear water. Indeed infiltration of clear water in the existing collecting 
system would not have an impact on the WWTP since combined system would be 
turned into a storm water system.  

Regarding infiltration discharges in catchments connected to the existing combined 
system, an infiltration discharge of 90 m3/d would be deleted with the 
implementation of a separate system. This would undoubtedly have an impact on the 
overflows at weir 1 during dry and wet weather conditions.  

Figure 55: Corrective Action Plan regarding CSOs and infiltration 
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3.5.1.1 CSO in dry weather conditions 

In order to limit overflows in dry weather conditions at weir 1, three actions may be 
considered: 

• Raise the crest level of Weir 1 

• Decrease inflow and infiltration; 

• Decrease the pumping discharge from the Pump Station. 

Those 3 actions were simulated in dry weather conditions in order to see which one 
would have the more effective effects on the overflow. The outcomes of those 
simulations are presented in Figure 56. 

Situation Separate 
system 

Crest 
level Pumping discharge Overflow volume  

 dry weather 
Current  No 7 cm 8 l/s 60 m³/d 

Separate system Yes 7 cm 8 l/s 27 m³/d 
Separate system 

+ Pump Yes 7 cm 1 l/s 13 m³/d 

Separate system 
+ Crest level Yes 10 cm 8 l/s 0 m³/d 

Figure 56: Simulation of different actions to avoid dry weather overflows at weir 1 

 

The simulation of a separate system in dry weather conditions consists in removing 
90 m³/d of infiltration in the concerned dry weather catchments. 

The reduction of inflow and infiltration caused by the implantation of a separate 
system generates a decrease in the overflow volume. However, the action on the 
pumping discharge doesn’t have an effective impact on the overflow. That’s why the 
increase in the crest level at weir 1 seems to be the most adequate action to avoid dry 
weather overflows.  

As weir 1 has a S-shape it is not easy to raise the crest level on that kind of structure. 
Weir 1 would have to be reconstructed (Figure 57). However the crest level has to be 
set up in order to comply with French legislation and so avoid CSO for a monthly 
rainfall. 
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3.5.1.2 CSO for a monthly rainfall 

It is suggested to turn the combined system into a separate one by: 

! Set up a new waste water system Ø200 in parallel of the existing combined 
system with a estimated length of 2.7 km; 

! Turn the existing combined system into a storm water collecting system; 

! Investigate on the inflow and illegal connections to implement an effective 
collection. 

It has to be noticed that the storm water from the cemetery would be connected to the 
waste water collecting system. Indeed storm water running out cemeteries contains 
more pollutants than on other surfaces.  

The construction of a separate system would be followed by the suppression of Weir 
15 and 28. As the storm water from the cemetery would still impact the waste water 
collecting system, weir 1 will be kept for safety considerations.  

A new model was created to simulate the CSO at Weir 1 considering: 

• A separate system as described before; 

• The removal of 90 m3/d caused by infiltration; 

• The connection of the cemetery to the future waste water collecting system; 

• A crest level at weir 1 set up at 10 cm (3.5.1.1 above) 

Figure 57: Reconstruction of weir 1 
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The overflow volume for a monthly rainfall is 25 m³.  
The crest level has to be at a height of 15 cm to avoid overflow from monthly 
rainfall. The new weir 1 would have a adjustable crest level to ensure that it 
effectively comply with the French regulation. 

 

3.5.2 CAP regarding storm water overflows 

Three areas are impacted with overflows in case of decennial precipitation event 
(Figure 48). The storm and waste water collecting system must be designed in order 
to convey the runoff induced by a rainfall with 10 years - return period.  

With the construction of a separate system and since combined sewer will be turned 
into storm water sewer, those overflows will only concern storm water system.  

In order to avoid overloads and overflows, the storm water collecting system must be 
re-sized in the sensitive overflow areas. It is proposed to strengthen the flow in those 
three areas in changing pipes diameters. However, the urban development will 
change the inlet volume and CAP need to take into account such volumes when 
sizing sustainable infrastructures such as storm collectors.  

For confidential reasons, the urban planning projects of the commune of Chazelles-
sur-Lyon won’t be presented in the present thesis. The construction of a hydraulic 
model enabled to compare two scenarios of storm water management: one 
considering local retention basins assigned to each new urban area, one another 
considering a single retention basin, at the downstream. 

 

 

 

 

 

Figure 58: Sketch of two storm water management scenarios 

 

The size and the length of the new storm water collecting system that will be 
implemented in the sensitive overflow areas depend on the choice of the scenario.  

Local scenario Global scenario 
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CONCLUSION 

To avoid public health and environmental damages, collecting system comply with 
stricter regulations, which needs stricter investigations and studies. Nowadays, 
numerical hydraulic modeling is a useful tool of the urban hydraulic studies. It 
enables to model complex networks and to simulate the runoff induced by a variety 
of rainfall events.  

Although numerical hydraulic modeling is a key-tool of hydraulic studies, it is not 
indispensable yet. On the contrary, field investigations are primordial to detect 
anomalies such as inflow and infiltration and to grasp the global functioning of the 
sewer network. Field measurements also help in the construction and the calibration 
of the hydraulic model by providing reliable data.  

At Chazelles-sur-Lyon the numerical hydraulic model was used in order to evaluate 
the compliance and the hydraulic capacity of the sewer network. The system’s 
reactions to three simulations (dry weather conditions, a monthly precipitation, a 
decennial precipitation) were studied. Those simulations enabled to localise 
Combined Sewer Overflows (CSOs), hydraulic overload and urban overflows.  

Finally, corrective actions at Chazelles-sur-Lyon are planned: A rise of the crest 
level of main weir, the substitution of the combined system into a separate one and 
the resizing of pipes are suggested to ensure an effective, environmental-friendly and 
sustainable collection of urban waste water.  
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ANNEXE 1 
MODEL C: LINEAR RESERVOIR  

[Safege, 2010] 

Mouse proposes the hydrological model C to transform the rainfall into runoff. This 
model is based on the method of the linear reservoir.  

The model C enables 2 methods depending on the runoff coefficient: 

• The simple linear reservoir for catchments with runoff coefficient above 
20%; 

• The double linear reservoir for catchments with runoff coefficient under 
20%. 

 

SIMPLE RESERVOIR 

The simple linear reservoir method consists in visualising a catchment as a storage 
basin in which the rainfall is an inlet and whose outlet flow is the runoff at the outlet 
of the catchment. 

 

 

 

 

 

 

The model is composed in two steps:  

• A Production Model that turns the raw rainfall into an effective rainfall. The 
reduction coefficient, runoff coefficient and initial losses are taken into 
account in this transformation. 

• A Transfer Model that turns the effective rainfall into the outlet flow thanks 
to equations from the linear reservoir. 
!
!
!
 

Pluie (t)

H(t)

Q(t) = a*H(t)

 

Rainfall (t) 

Production 
Model 

Transfer 
Model 

Raw 
Rainfall 

Effective 
Rainfall 

Runoff 
Hydrograph 



Stanislas GENTY Numerical Hydraulic modeling of urban waste water collecting systems 
 

KTH / SAFEGE 
March 2014 78 

 

The simple linear equations used in the Transfer model are: 

 

• Volume Conservation  
 

• Storage equation 
 

With  
K= Lag Time (calculated with CHOCAT Formula) 
In (t)= effective rainfall 
Q (t)= outlet Flow 
S(t)= storage volume  
 

The resolution of the 2 equations gives the general following solution: 

 

 

 

DOUBLE RESERVOIR 

 

 

 

 

 

 

 

 

In the double reservoir, infiltration losses are calculated in the Production model 
thanks to Horton equation: 

With f(t) infiltration at instant t (mm/h), f0 initial infiltration, fc constant rate, α decay 
constant. 
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The double reservoir outlet flow is flattened as it is observed in the figure below. 

  

 

 

 

 

  

 

The equations used in the Transfer Model are 4 equations (2 equations / reservoir) 
that are solved as for a simple reservoir. 
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ANNEXE 2 
SAINT VENANT’S EQUATIONS  

The following assumptions are necessary for derivation of the Saint-Venant 
equations [Applied Hydrology, 1988]: 

! The flow is one-dimensional; depth and velocity vary only in the longitudinal 
direction of the channel. This implies that the velocity is constant and the 
water surface is horizontal across any section perpendicular to the 
longitudinal axis. 

! Flow is assumed to vary gradually along the channel so that hydrostatic 
pressure prevails and vertical accelerations can be neglected (Chow, 1959). 

! The longitudinal axis of the channel is approximated as a straight line. 

! The bottom slope of the channel is small and the channel bed is fixed; that is, 
the effects of scour and deposition are negligible. 

! Resistance coefficients for steady uniform turbulent flow are applicable so 
that relationships such as Manning’s equation can be used to describe the 
resistance effects. 

! The fluid is incompressible and of constant density throughout the flow 

Neglecting lateral flow, wind shear, and eddy losses, Saint Venant’s equations in 
their conservation form are two equations: 

• The continuity equation 

 

• The Momentum equation 

 

With Q the one-dimensional flow (in the x direction), A the cross section, So the 
slope bed and Sf the friction slope. 
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ANNEXE 3 
RECTANGULAR OVERFLOW WEIRS 

FORMULA 

[Safege, 2010] 

! For a free overflow 

 

! For a submerged overflow 

 

 

With Q= discharge of the overflow [m3/s]; Cd= discharge coefficient [-]; B= 
structure width [m]; g=9.81 m/s2; E and ΔΕ the hydraulic head [m].  

 

Mouse assigned a Discharge coefficient Cd=0,7 for an orthogonal weir and Cd=0,38 
for a side overflow weir. 
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ANNEXE 4 
 DESBORDES METHOD  

CONSTRUCTION OF A DESIGN RAINFALL 

 

 

The objective of DESBORDES method is to create a double triangle shaped 
hyetograph from statistic rainfall data, for a certain return period T. 

One needs to inform: 

• Total!duration!of!the!precipitation!event:!DP!
• Intense!duration!of!the!precipitation!event:!!DM!
• The!time!of!the!peak!of!rainfall!intensity!tp!
• Montana!coefficients!for!the!return!period!T:!a,!b!

 

Montana coefficients (a, b) are empirical coefficients based on long time series of 
rainfall measurements. They come from a METEO FRANCE meteorological station 
and are given for a certain return period T.  

They are used to calculate a cumulated rainfall h at a given instant t with Montana’s 
formula: h = a t (1-b) 

With Montana’s formula, one calculates: 

• HP!cumulated!rainfall!on!the!total!period:!!" = ! ∙ !" !!! !

I(t) mm/h
IM P2

2 x I2 P1 P3

P0 P4
τ tp DP t (min)

HM

DM
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• HM!cumulated!rainfall!on!the!intense!period:!!" = ! ∙ !" !!! !
 

The rainfall intensities, I2 and IM are so calculated as follows (area’s formula): 

!2 = !"−!"
!"−!"  

!" = 2 ∙!"
!! − 2 ∙ !2 
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ANNEXE 5 
CALCULATION OF THE TIME OF 

CONCENTRATION  

[Safege, 2010] 

Ven Te Chow Formula used to calculate the time of concentration is  

!" = 60 ∙ 0.868 ∙ !!
10 ∙ ! ∙ !

!,!"#
 

With Tc is Time f Concetration of the watershed (min) 

L the hydraulic length of the watershed (km) 

P the average slope of the watershed (%) 

 


