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SUMMARY IN FRENCH  

French title : Suivi des obstructions dans les canalisations d’assainissement 

L’intérêt principal des systèmes d'assainissement est la protection de la santé humaine 
et de l’environnement pour atteindre un développement plus durable. Mais des 
dysfonctionnements peuvent se produire et lorsqu’un tuyau déborde, les eaux usées 
peuvent se déverser dans le milieu naturel. Pour éviter une telle pollution, les 
nuisances pour les habitants vivant à proximité et le coût supplémentaire pour les 
exploitants, il est important de détecter assez tôt la formation d'obstructions dans les 
canalisations afin de réagir avant que les dommages n’aient lieu. 

L'objectif de cette thèse est donc de développer un outil d'aide à la décision sur Excel 
pour détecter les obstructions. L’instrumentation du réseau avec des capteurs à 
ultrason est un prérequis à l'utilisation de cet outil. Certaines spécifications 
supplémentaires sont la taille du fichier permettant l'envoi par mail, la simplicité 
d'installation et d'utilisation, l'attrait visuel et une visualisation rapide des résultats. La 
méthode est basée sur la comparaison des hauteurs d'eau mesurées et des hauteurs de 
référence (profils type de temps sec) et le calcul de valeurs de dépassement qui sont 
comparées à différents seuils d'alerte. Des tests ont été effectués et comparés afin de 
permettre la construction progressive de l'outil. 

L'outil se compose de deux fichiers Excel "Suivi des obstructions" et "Calculs des 
profils type de temps sec" couplés avec une base de données permettant d'envoyer un 
mail quotidien à l’exploitant du réseau d’assainissement avec l'état de fonctionnement 
de chaque point de mesure. Les résultats de la méthode sont un synoptique du réseau 
avec la localisation des points de mesure, un tableau récapitulatif sur trois jours et des 
graphiques sur un historique d’une semaine. Les points de mesure sont coloriés en 
fonction de leur état de fonctionnement ce qui fournit un aperçu rapide et complet de 
l'ensemble du réseau. Cependant, l'outil ne fait pas tout et l'analyse humaine est 
toujours nécessaire pour avoir un regard critique sur les résultats et décider à quel 
moment déclencher un curage. Des exemples du bassin supérieur de l’Orge (site 
d’étude) et d’autres villes françaises sont également présentés et analysés afin de 
montrer concrètement l'utilité de l'outil. 

Les perspectives à la fin de cette thèse sont de remplacer les curages préventifs qui 
étaient autrefois réalisés avec une fréquence fixe par an par des curages conditionnels 
déclenchés par l'outil et d’observer la diminution des curages. Une autre perspective 
est de diffuser l'outil sur d'autres sites en France ou même à l'étranger (sur des réseaux 
gérés par SUEZ Eau France) et d’utiliser les retours d’expérience pour affiner le choix 
des paramètres et éventuellement déterminer une condition de déclenchement 
automatique des curages. Enfin, il serait possible d’utiliser l’outil pour étudier d’autres 
phénomènes tels que l’influence des eaux claires parasites et météoriques. 
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SUMMARY IN SWEDISH  

Swedish title:  Övervakning av blockeringar i avloppsledningar 

De stora fördelarna med effektiva avloppsledningar är att man skyddar människors 
hälsa och miljön för att säkerställa en hållbar utveckling. Men när ett fel uppstår och 
ett rör svämmar över eller brister kan avloppsvattnet släppas ut i naturen och skada 
miljön. För att undvika sådana föroreningar och besvär för människor som bor i 
närheten och extra kostnader för operatörer, är det viktigt att upptäcka det i ett tidigt 
skede vad  som blockerar i rören för att hinna reagera innan skadan har skett. 

Målet med detta examensarbete var därför att utveckla ett beslutsstödjande verktyg i 
Excel för att detektera blockering. Instrumentering av avloppsledningarna med 
ultraljudssensorer är en förutsättning för användningen av detta verktyg. Några övriga 
krav var filstorleken för att sända på e-post, enkelheten för montering och 
användning, attraktivt visuellt, och snabb visualisering av resultat. Metoden är baserad 
på jämförelse mellan uppmätta vattenhöjder och referenshöjder (standardprofiler vid 
torrt väder) och beräknandet av överskridningsvärden som jämfördes med 
tröskelvärden som varnar. Olika tester har utförts och jämförts för att möjliggöra 
utvecklandet och uppbyggnaden av verktyget. 

Verktyget består av två Excel-filer "Obstructions monitoring" och "Calculations of 
standard profiles of dry weather" kopplade till en databas som tillåter att sända ett 
dagligt e-postmeddelande till operatören med det funktionella tillståndet hos varje 
mätpunkt. Resultatet av metoden är en schematisk bild över systemet av 
avloppsledningar med lokalisering av mätpunkterna och en sammanfattning av 
skeenden över tre dagar. Mätpunkterna är färgade enligt funktionella tillstånd som 
råder varje dag vilket ger en snabb och omfattande överblick över hela 
avloppssystemet. Men verktyget gör inte allt, mänsklig analys är fortfarande nödvändig 
för att ha en kritisk syn på resultaten och bestämma när man ska starta en 
rengöringsoperation. Några riktiga fall från den övre dammen i Orge floden 
(studieplatsen) och från andra franska städer är också presenterade och analyserade för 
att konkret visa nyttan med verktyget. 

Perspektivet är att ersätta de tidigare förebyggande rengöringsoperationerna som 
utfördes med en fast frekvens per år med betingade rengöringsoperationer som triggas 
av det utvecklade verktyget samt observationer av färre antal rengöringsoperationer. 
Ett annat perspektiv är att sprida verktyget till andra studieplatser i Frankrike eller till 
och med utomlands (på nätverk hanterade av SUEZ Vatten Frankrike) och att 
använda den återkoppling man får för att justera de olika parametrarna och till slut 
bestämma ett automatiskt triggande tillstånd för rengöringsoperationer. Tillslut skulle 
det vara möjligt att använda verktyget för att studera andra fenomen så som påverkan 
av inflöde eller infiltrering av otillbörligt vatten. 
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ABSTRACT  

When a malfunction in the collection system occurs and a pipe overflows, the 
wastewater may be discharged in the natural environment. To avoid such pollution, 
nuisances to inhabitants living nearby and extra cost for the operator, there is an issue 
of detecting early enough the buildup of obstructions in sewerage pipes in order to 
react before the damage is done. 

The aim of this thesis was thus to develop a decision support tool to detect 
obstructions and to optimize cleaning operations. Some additional specifications were 
the file size for sending by email, the simplicity of setup and use, the visual 
attractiveness and a quick visualization of results. The tool consists of two Excel files 
coupled with a database which permits to send a daily email to the operator with the 
functioning state of each measurement point. However, the tool does not do 
everything, human analysis is necessary to have a critical eye on the results and to 
decide when to trigger a cleaning operation.  

The main perspective at the end of this thesis is the replacement of the preventive 
cleaning operations that were previously performed with a fixed frequency per year by 
conditional cleaning operations triggered by the tool and to observe the decrease of 
cleaning operations. Other perspectives are to spread the tool to other sites and to use 
the received feedbacks to adjust the different parameters and eventually to determine 
an automatic trigger condition of cleaning operations. 

Key words: Obstruction; Sedimentation; Conditional cleaning operation; 
Prediction; Decision support tool; Excel. 

1. INTRODUCTION 

One of the oldest collection systems is the Cloaca Maxima in Rome that 
was built around 600 BC in order to drain marshes and carry effluents of 
public buildings to the Tiber River. However, domestic wastewater was 
still rejected in the streets from the Middle Age to the eighteenth 
century. Public health concerns came to the forefront and sewer facilities 
improved only in the second half of the nineteenth century when the 
physicist John Snow discovered that the origin of the cholera epidemic 
of 1854 in London was contaminated water (Butler & Davies, 2011). The 
major benefits of effective collection systems are thus the protection of 
human health and environment, in order to ensure sustainable 
development (Hultman et al, 2000b; Butler & Davies, 2011). 

Although sanitation progresses continuously, problems due to human 
activity, an extreme natural event or a system malfunction may however 
occur. When a pipe overflows, the wastewater may be discharged in the 
natural environment and the functions of collection systems are no 
longer met. Such an event may indeed pollute the environment, cause 
nuisances to inhabitants living nearby and represent a cost for the 
operator. There is therefore an issue of monitoring the sensitive points 
of the networks and detecting early enough the buildup of obstructions 
in sewerage pipes in order to intervene before the damage is done. 

1.1. Aim of the thesis 

The aim of the thesis was to develop a decision support tool on Excel to 
continuously monitor the sensitive points of the networks and to detect 
early enough the buildup of obstructions. It would permit to avoid 
overflows into the natural environment and nuisances to inhabitants and 
also to reduce the number of cleaning operations by triggering them 
more relevantly. The tool was first applied to 14 measurement points 
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located on the upper basin of the Orge River in France but should also 
be easily applicable on other sites. The tool output is a daily email 
received by the operator with an Excel file in attachment delivering the 
functioning state of each measurement point to know if everything 
works well or if an intervention to clean the pipe is necessary.  

1.2. Context of the thesis 

This report is the final product of a Master Degree Project which was 
conducted in a department of the Research Center of SUEZ Water 
France (LyRE) that is specialized in pumps and collection systems. 
SUEZ Water France is a subsidiary of the second global company of 
environmental services SUEZ, whose main activities are management of 
water supply and networks, water treatment solutions, recycling and 
waste recovery, and sustainable development of cities and territories. 

2. BACKGROUND  

The Background part introduces the theme of obstructions by describing 
its causes and consequences, and the existing ways to detect and clean 
them. Some additional hydraulic concepts used in this thesis are also 
presented. 

2.1. General remarks about effluents and sanitation 

In this part, general remarks about the nature of urban effluents and the 
definition of collection systems are made to put the subject in context. 

 Nature of urban effluents 2.1.1.

Urban effluents are either wastewater or stormwater. 

Wastewater includes: 

- Grey water (kitchen, laundry, cleaning, shower, etc.) and blackwater 
(urine and faeces) of domestic origin (Grosclaude, 1999), 

- Industrial wastewater that must be pre-treated at the factory to have 
similar characteristics to domestic wastewater and then allow a 
common treatment in the plant (Grosclaude, 1999). It can come from 
industries but also from garages, laboratories, dry cleaners or other 
places spilling products particularly harmful to the environment 
(Vittone, 2010), 

- Highly polluted stormwater from areas of handling or storage for 
example (Vittone, 2010), 

- Infiltration and inflow: unwanted groundwater and rainwater 
discharges entering the wastewater pipes through cracks, fissures, 
joints or manholes (Butler & Davis, 2011). 

Stormwater comes mainly from atmospheric precipitations. This water is 
collected from urban areas above-ground such as streets, roofs or 
squares but also from wells or other underground pipes (source water, 
drainage water, etc.) (Colombet, nd; Vittone, 2010). 

 Definition of collection systems 2.1.2.

The infrastructures of collective collection systems support different 
types of functions: 

- Effluents collection and transport: through combined or separate 
networks, 

- Effluents dumping and retention: Combined Sewer Overflow (CSO) 
and retention pond in wet weather, 

- Effluents pretreatment: hydrocarbon separator, grease trap and sand 
room (Lyonnaise des Eaux, 2007). 
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Collection and transport 

A collection system can be: 

- Combined if stormwater and wastewater are discharged through a 
single collection network to the plant in order to be treated, 

- Separate if wastewater and stormwater are discharged separately 
through two different collection networks: wastewater is carried to 
the wastewater treatment plant and stormwater can be infiltrated into 
the ground or directed to the nearest surface water such as river or 
stream. In this case, stormwater is released into the environment 
without any treatment (Colombet, nd; Sharma, 2007; Vittone, 2010). 

However, the network is often not homogeneous in an entire 
agglomeration. It is often the case that the old part of a city has an old 
combined system and suburbs and new housing areas have more 
modern separate systems (Valiron, 1989; Grosclaude, 1999). In the 
pseudo-separate system, effluents from the roofs of few houses are 
connected upstream of the wastewater network to chase solid elements 
that cannot be evacuated because the effluent flow rate is insufficient or 
the network slope is too low. A composite system is a system wherein 
the first strongly polluted rainwater is collected in the wastewater 
network. These two last systems are thus a way to reduce obstructions 
and sedimentation in some wastewater networks (Valiron, 1989). 

Pretreatment 

Pretreatment amenities are usually installed on private networks in order 
to perform a first treatment of waste- or stormwater to reduce the load 
of pollutants entering the public network. The hydrocarbon separator is 
used to treat water from garages and runoff from car parks and petrol 
stations. This system allows trapping the heavier particles by decantation 
and the immiscible portion of hydrocarbons. The grease trap is mainly 
used in output of restaurants and large kitchens. It captures the fats that 
are less dense than water. The sand chamber facilitates the decantation 
by slowing down the effluent at speeds below 0.60 m/s in order to 
extract sands. This system is particularly used before the sensitive points 
of the network which tend to silt up regularly. These facilities require 
regular maintenance to keep their performance, reduce the appearance of 
obstructions and sedimentation in sewerage pipes and preserve the 
networks capacity (Lyonnaise des Eaux, 2007). 

2.2. Problems of obstructions 

In this part are introduced the causes and consequences of obstructions 
that are fast and hardly predictable phenomena. The sedimentation is 
rather slow but participates in the buildup of obstructions. 

 Solids in effluents 2.2.1.

Solids in effluents are of different types and different sizes. 

Suspended, colloidal and dissolved solids 

The effluents carry solids of different sizes. Total solids designate the 
remaining solids after evaporation of water and include suspended, 
colloidal and dissolved solids. The separation between these three types 
of solids is determined by their filterability through a standardized filter: 
dissolved and colloidal solids are filterable and suspended solids are  
non-filterable. With a diameter of less than 1 micron, colloidal solids are 
extremely fine suspended particles. Another distinction that can be made 
between the solids in effluents are if they are organic (microorganisms, 
plant fibers, oil, fat, etc.) or inorganic (sand, mud, clay, rock debris, etc.) 
(Spellman, 2009). All these distinctions are gathered on figure. 1.  



Hélène Hector                                                                  TRITA LWR Degree Project 2016:02 

 

4 

 

 

Colloidal solids cannot settle because of their small size: the gravitational 
forces are small compared to the kinetic energy of the molecules 
(Spellman, 2009). The part of suspended solids that has a diameter larger 
than 10 micron can settle quickly and cause sedimentation in the pipes 
(Jain & Punmia, 1998). Suspended solids represent between 40 and 65 
percent of the solids in an average municipal wastewater and usually 
about 60 percent of these suspended solids are settleable (Hultman et al, 
2000a). The solids classification according to their size is summarized on 
figure 2. 

Oils and grease 

Fats in the networks come mostly from undigested food products: 
butter, margarine, lard, meat or vegetable fats, oil, etc. Leaks, spills or 
discharges of petroleum products are also a source of fats. It is for 
example the case of the runoff when it rains on the highway after a long 
dry weather or on a logistics platform without a hydrocarbon separator. 
All these products are grouped under the category of grease (Spellman, 
2009; Butler & Davis, 2011).  

The grease is a major problem in the collection systems because it is a 
very stable organic compound and is not easily decomposed by bacteria. 
Therefore, it can easily obstruct the pipes and prevent the proper 
operation of the treatment processes by clogging filters, nozzles or sand 
beds (Spellman, 2009). Butler and Davis (2011) report that problems of 
grease are responsible for 50 percent of cleaning operations. 

 

Fig. 2. Solids classification according to their size (based on Jain & Punmia, 1998). 

10-8 mm         10-7 mm          10-6 mm         10-5 mm        10-4 mm          10-3 mm        10-2 mm          10-1 mm

Dissolved solids Colloidal solids Suspended solids

Setteable solids

Fig. 1. Solids classification in a municipal wastewater (based on 
Spellman, 2009). 
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Gross solids 

According to the Article R.1331-2 of the French Code of Public Health, 
"It is prohibited to introduce into the wastewater collection systems: a) 
Directly or through building pipes, any solid, liquid or gas that may be 
the cause of, either a danger to operational staff and for the inhabitants 
of buildings connected to the collection system, either a deterioration of 
collection and treatment infrastructures or a perturbation in their 
operation; b) solid waste, including after grinding." (Legifrance, 2006). 
However, some people continue to throw inappropriate gross solids 
down the toilet or directly in the manholes on the road. This is for 
example wipes, plastic bags, women’s sanitary protections, condoms or 
cotton swabs, which are not readily soluble or biodegradable and will 
form clusters. Gross solids designate also debris collected by stormwater 
such as greasy paper, wood, cigarette butts, cans or bricks. All these 
solids can slow down the flow in the network or even block the pipes 
and interfere with the operation of pump stations (Butler & Davis, 2011; 
Chocat, 2014). 

 Aggravating factors 2.2.2.

Some characteristics of the flow and the collection systems may increase 
sedimentation and obstructions. Depositions usually occur when the 
flow is low (in dry weather and at night) or when the flow decelerates 
after a rainy event. Depositions also depend on the network geometry as 
they are formed preferably on network segments with low slope or at 
discontinuities such as joints or elbows (Butler & Davis, 2011). Thus, 
some network sensitive points require more monitoring and are defined 
as "black spots" if they regularly face sedimentation and obstructions and 
require at least two cleaning operations per year (Lyonnaise des Eaux, 
2007). 

 Consequences of obstructions 2.2.3.

Gross solids, grease and settleable particles can accumulate in the bottom 
of the pipes, especially at black spots, and create a partial or full dam 
(Butler & Davis, 2011). In the case of a separate network for stormwater, 
the deposits are less easily evacuated because there is no continuous flow 
to remove them in dry weather (Chocat, 2014). 

Deposits and obstructions have adverse consequences. They can cause 
nuisances to nearby residents such as the release of bad smells or toxic 
gases (for example hydrogen sulfide). They reduce the transportation 
capacity of the pipes leading to a sewer surcharge or even an overflow 
into houses or on the road. In the case of an overflow, untreated 
wastewater is discharged into the natural environment, which is 
particularly harmful (Butler & Davis, 2011; Chocat, 2014). Furthermore, 
the agglomerates of fiber products and grease are responsible for pumps 
failure by rolling up around their blades and for clogging of treatment 
components such as filters (Chocat, 2014). 

Without cleaning operation, deposits are moved during heavy rains. In a 
separate network for stormwater, they are released in the environment 
without treatment and pollute the aquatic environment. In a combined 
network, it can be the same through Combined Sewer Overflow and the 
impacts are particularly bad because the releases contain all pollutants 
accumulated during the dry period (Chocat, 2014). 

Pollutants can temporarily be stored by sediments and are then released 
during rainy events, which results in a first flush with high pollution load. 
Field studies have shown that this phenomenon is the cause of 90 
percent of the pollution load discharged by the Combined Sewer 
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Overflows (Crabtree, 1989 in: Butler & Davis, 2011). Thus, network 
cleaning operations to remove sediments reduce environmental pollution 
during strong rainy events. In some biochemical conditions in the 
sediment deposition, corrosive gases may be released and damage the 
sewage network (Butler & Davis, 2011). 

Regular and costly cleaning operations are needed to remove deposits, 
which represents a cost for the municipalities. When cleaning operations 
are corrective, costs are higher because the staff and equipment must be 
immediately mobilized, which disrupts the interventions schedule. The 
repair of the pumps, the treatment components and the corroded 
segments of the network is also very expensive (Chocat, 2014). 

2.3. Existing solutions to detect obstructions and sedimentation 

Different solutions exist to detect obstructions and sedimentation which 
are more or less convenient and expensive. Their advantages and 
disadvantages are presented in order to show the added-value of the 
method developed during this thesis. It should not be forgotten that 
there is a need for a continuous obstructions monitoring and not just 
punctual inspections since obstructions are rather fast and hardly 
predictable phenomena. 

 Manholes inspection 2.3.1.

The main applications of manholes inspections are to know the 
structural condition of the network, to measure fouling and to detect 
mixtures of effluents. The solutions to evaluate the fouling rate are the 
digging bar or telescopic pole cameras (Lyonnaise des Eaux, 2007). 

A telescopic pole camera is composed of a camera attached to the end of 
a telescopic pole, halogen lamps, a screen, a control system and a power 
supply. It can film inside pipes from a manhole and the images are 
relayed to the surface. This solution enables rapid and punctual 
inspections but has a limited scope (20-25 meters of vision) and does not 
allow a continuous monitoring (Lyonnaise des Eaux, 2007). 

 Closed-circuit television 2.3.2.

Closed-circuit television (CCTV) inspections consist in observing the 
inner aspect of non-accessible pipes with a motorized camera which 
advances along the pipe. The camera is either winched between two 
manholes or remotely controlled by an operator and the images are 
relayed to the surface.  

This solution enables reliable inspections over longer distances but it 
requires the diversion of effluents and a prior cleaning operation 
therefore it does not allow to detect obstructions and sedimentation but 
rather to assess the structural condition of the network (Lyonnaise des 
Eaux, 2007; Butler & Davis, 2011). 

A typical CCTV camera can be seen on figure 3. 

Fig. 3. CCTV camera 
(ACT Diagnostic, nd). 
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 Technology combining SONAR and CCTV 2.3.3.

This technology permits to measure the sediment height with the 
SONAR and to assess the structural condition of the network with the 
CCTV camera without requiring any cleaning operation or deviation of 
effluents. A floating device supports the SONAR that is attached on its 
basis to have information on the submerged part of the pipe and the 
camera films above the water. The SONAR sends acoustic waves that 
are reflected if there is a change in the material density. The technology 
is winched between two manholes (SyAGE, 2015). 

Figure 4 is a picture of this technology and figure 5 is an example of 
inspection. 

The SONAR is the only device that permits to measure directly the 
sediment height. When coupled with a CCTV camera, information under 
and above the water surface are provided. However, the technology is 
expensive and bulky so it cannot be used in pipes of small diameters 
(SyAGE, 2015). 

Fig. 5. Example of an inspection (JFM Conseils, nd). 

Fig. 4. Technology combining SONAR and CCTV (Amtec, nd). 
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 Method with a raft and a sliding arm 2.3.4.

The Center for Technical Studies of Western Equipment and the Central 
Laboratory of the engineering school Ponts et Chaussées developed in 
2010 a device to continuously calculate the sediment height in a pipe. 
This study focused on man-accessible collectors with a circular or ovoid 
shape and a maximum height generally less than 3 m (Gourmelen et al, 
2010). A man-accessible collector designates a collector whose diameter 
is larger than 1600 millimeters (Aflak, et al, 2007). 

The method requires measuring the height between the water surface 
and the vault h1 and the height between the water surface and the 
sediment-water interface h2 in order to obtain the sediment height hs in 
a pipe of height ht: hs = ht – h1 - h2.  

The choice of the measuring system was performed according to two 
criteria: autonomy and non-intrusiveness in the sediments in order to 
avoid any risk of fouling (Gourmelen et al, 2010). 

The principle of the method is shown on figure 6. 

Measure of h1 

The distance h1 is calculated from the time between transmission and 
reception of the acoustic signal. The speed of the wave in the effluent 
depends on the temperature; therefore a temperature measurement is 
made by a sensor.  

A raft was developed as bracket for the sensors measuring water height 
and temperature and is connected to the vault by a sliding arm (Fig. 7) so 
that the sensors are stable and remain on the water surface. Moreover, 
the system must be able to function immersed in case of sewer surcharge 
(Gourmelen et al, 2010). 

Fig. 6. Measure of sediment height in a man-accessible pipe 
(based on Gourmelen et al, 2010). 
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Measure of h2 

To calculate the distance between the water surface and the vault, an 
inclinometer is placed on the sliding arm and performs an angular 
measurement (Gourmelen et al, 2010). 

Constraints of the study 

This solution would permit a continuous monitoring of the sediment 
height. However, the system with the sliding arm is bulky therefore its 
implementation is not possible in every type of collectors and requires 
man-accessible pipes. 

 SL-RAT and SewerBatt 2.3.5.

SL-RAT (Sewer Line Rapid Assessment Tool) and SewerBatt are 
acoustic technologies used to identify obstructions and to assess if the 
condition of sewerage pipes requires a cleaning operation.  

These technologies are composed of a transmitter unit that emits the 
acoustic signal and a receiver unit that records the signal (Fig. 8). If the 
pipe is fully blocked, the acoustic energy cannot be transmitted between 
the two units and if the pipe is partially blocked, a part of the acoustic 
energy is reflected and absorbed. These technologies measure the energy 
dissipation between the transmitted and the receiver units and the output 
is a number between 0 (completely obstructed) and 10 (no obstruction) 
(Panguluri et al, 2014). 

For the SL-RAT, the two units are separated and placed in two adjacent 
manholes, whereas for the SewerBatt, they are combined in the same 
manhole (Panguluri et al, 2014). 

These pre-cleaning technologies are reliable, easy to use and result in 
significant cost savings because the cleaning operations are more 
effective. However, they consist in portable units that are used for 
punctual assessments and they are not installed for continuous 
monitoring. Moreover, they detect only what is above the water: there is 
no information on what is below (Panguluri et al, 2014). 

Fig. 7. Operation of 

the sliding arm for 

low and high water 

level (Gourmelen et 

al, 2010). 
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2.4. Cleaning operations 

Different cleaning operation processes exist and are performed for 
various reasons that are explained in this part. 

 Objectives of cleaning operations 2.4.1.

The different reasons for cleaning operations are the following: 

- Proactively to remove gross solids, grease and sediments that reduce 
networks performance (preventive cleaning operations), 

- Reactively when bad smells have emanated or when overflows have 
occurred due to obstructions (corrective cleaning operations), 

- To allow the introduction of cameras or other devices in the 
networks in order to inspect their condition and evaluate their 
deterioration (CCTV cameras for example), 

- To facilitate the work of operators responsible for networks repair 
(Butler & Davis, 2011). 

 Cleaning operation process 2.4.2.

Four cleaning techniques are presented in this part. 

Jetting 

This hydraulic process uses water under high pressure (100-350 bars) to 
dislodge the settled and obstructing materials, which are transported 
downstream and then aspirated through a manhole. This operation 
requires hydro-cleansing trucks (Fig. 9) with a high pressure pump, a 
suction pump, a water storage tank and a storage tank for the extracted 
materials (Lyonnaise des Eaux, 2007; Butler & Davis, 2011).  

The advantages are that it is a well-known technique, its execution is fast 
and it can be used for pipes of diameter up to 1600 millimeters. 
However, care should be taken because high pressure can cause 
breakages in dilapidated or PVC networks, backflows can occur among 
the residents and trucks can be noisy and responsible for bad smells 
(Lyonnaise des Eaux, 2007). 

Winching or dragging 

A blade or a bucket is pulled between two manholes by winches and 
collects the settled and obstructing materials. The bucket is then emptied 
by suction pump (Lyonnaise des Eaux, 2007; Butler & Davis, 2011). 

Fig. 8. SL-RAT technology (Charlotte Water, nd). 
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The winching or dragging technique is chosen for pipes of large 
diameters when the jetting technique is not efficient: for example if the 
amount of sediments is too large or if the pipes are not drained. But the 
technique is slower, only adapted to rectilinear or slightly curved pipe 
sections and clutters more the road during the operations (Lyonnaise des 
Eaux, 2007). 

Flushing 

This technique uses hydraulic power to re-suspend the sediments and 
transport them downstream. For this, an artificial dam retains the water 
until a certain threshold. When the valve is open, a wave of high power 
and short duration is created and carries the deposits (Lyonnaise des 
Eaux, 2007; Butler & Davis, 2011). 

It is recommended to use this technique for pipes of large diameters 
(from 1200 millimeters) for a preventive use when fouling is not too 
important. It requires networks with a sufficient amount of water and 
without imperfection or right angle. Another disadvantage is that the 
sediments are only moved downstream but not removed from the 
network (Lyonnaise des Eaux, 2007). 

Cleaning ball 

A ball is introduced into the pipe and occupies about 80 percent of its 
section. The water has to go into a small space between the ball and the 
pipe and is thus accelerated thereby eroding and re-suspending 
sediments (Lyonnaise des Eaux, 2007). 

Like the previous technique, the use is mainly preventive, a sufficient 
water flow is needed to allow the flushing effect and sediments are not 
removed from the network. It also requires a preliminary visual 
inspection in order to avoid an obstruction if large obstacles are detected 
(Lyonnaise des Eaux, 2007). 

 Issue of knowing in advance 2.4.3.

Operators know the network and the location of the most sensitive 
points. Thus, annual calendars of interventions are defined to establish 
the number of cleaning operations for each site (at least 2 per year for 
black spots for example) and to maintain the network performance. 
However, it can happen that a cleaning operation takes place because it 
is scheduled but without a real need that means without a large 
accumulation of sediments, grease and solids to remove. Therefore, all 
preventive cleaning operations are not necessary, which means that there 
is an economic cost that can be reduced, but it is not possible to know it 
before opening the manholes. 

In the case of corrective cleaning operations, pollutants have been 
widespread in the environment and nuisances have affected residents. 

Fig. 9. Hydro-
cleansing 
truck (Direct 
Industry, nd). 
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Moreover, these operations are very expensive, more than the preventive 
ones. 

There is therefore an issue of making the cleaning operations more 
“relevant” in order to reach a more sustainable network management. 
The tool that will be described further in this thesis permits to focus on 
conditional cleaning operations that are triggered by the tool. It would 
thus avoid useless engagements for the operators and also to act too late. 

2.5. Additional hydraulic concepts 

In this part are described some additional hydraulic concepts that are 
used in this thesis. 

 Dry and wet weather 2.5.1.

Wet weather is a period of water input by precipitation. Precipitation is 
water that falls on the Earth surface in liquid (rain, storm) or solid form 
(snow, hail). Dry weather is the time between two wet weathers.  

During a dry weather, the water collected by the network is mainly 
wastewater and infiltration. Infiltrated water designates groundwater that 
infiltrates the network through leaky joints, inadequately sealed 
manholes, deteriorated pipes, etc. During a wet weather, the water 
collected by the network is water collected during dry weather and inflow 
that is unwanted rainwater entering the wastewater pipes through cracks, 
fissures, joints or manholes (Lyonnaise des Eaux, 2007). 

 Hydraulic response after a rainfall 2.5.2.

The hydrograph is a curve representing the flow at the output of the 
watershed according to the time. Its shape is generally an asymmetrical 
bell (Fig. 10). 

The drainage time is the time between the end of the rainy event and the 
end of the flow of additional water due to the rainfall (Lyonnaise des 
Eaux, 2007). The wet weather includes the rainy event and the drainage 
time. 

Fig. 10. Hydrograph (based on Lyonnaise des Eaux, 2007). 
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 Manning and Strickler formulas 2.5.3.

The Manning and Strickler formulas are widely used empirical formula to 
calculate the mean velocity of a liquid in a pipe.  

The formulas 

The mean velocity can be related to the flow resistance and the physical 
and hydraulic characteristics of the pipe. 

Manning formula (1889): 𝑉 =
1

𝑛
𝑅𝐻

2

3𝑆𝑓
1

2 

Strickler formula (1923): 𝑉 = 𝑘𝑚𝑅𝐻
2

3𝑆𝑓
1

2 

Where: 

V = mean velocity (m/s),  

RH = hydraulic radius (m),  

S = slope (m/m),  

n = Manning roughness coefficient (s/m1/3),  

km = Strickler roughness coefficient (m1/3/s). 

Both formulas are used and the roughness coefficients are the inverse of 
one another (Smedema et al, 2004). 

The parameters in the Manning-Strickler formulas 

The roughness coefficients depend on the pipe material and are given by 
abacuses (Spellman, 2009).  

The hydraulic radius is the ratio of the cross-sectional area of flow and 
the wetted perimeter which is the perimeter of the pipe in contact with 
the water (Spellman, 2009). These parameters can be observed on 
figure 11. 

The formulas to calculate the cross-sectional area of flow A and the 
wetted perimeter P in a circular pipe from the diameter D and the water 
height h in the pipe are the following (Bennis, 2007): 

𝜃 = 2arccos(1 −
2ℎ

𝐷
) 

𝑃 =
𝐷𝜃

2
 

𝐴 =
𝐷2

8
(𝜃 − sin(𝜃)) 

 

 Conditions of maximum flow in a circular pipe 2.5.4.

When the cross-sectional area of flow A increases, the flow Q increases 
from 0 to its maximum value QM then decreases to reach a value Q1 
(Carlier, 1980). 

Fig. 11. Cross-sectional area of flow and wetted perimeter (based on Bennis, 2007). 
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The maximum flow is obtained for:  
𝑑𝑄

𝑑𝐴
 = 0 

with 𝑄 = 𝐴𝑉 and 𝑉 = 𝐶√𝑅𝐻𝑆 (Chézy formula) 

The different parameters are explained in the previous part, except C 
that is the Chézy coefficient (m1/2/s). 

After calculations, the differential equation that gives the condition of 
maximum flow is: 

3𝑃𝑑𝐴 − 𝐴𝑑𝑃 = 0 

For a circular pipe: 𝑑𝐴 =
𝐷2

8
(1 − cos(𝜃))𝑑𝜃 and 𝑑𝑃 =

𝐷

2
𝑑𝜃 

The differential equation becomes: 2𝜃 − 3𝜃 cos(𝜃) + sin(𝜃) = 0 and 

the result is 𝜃 = 308°. 

The height of the non-wetted area is thus equal to:  

𝑓 =
𝐷

2
(1 + cos (

𝜃

2
)) = 0,05𝐷. 

In a circular pipe, the water height is equal to 95 percent of the pipe 
diameter in the conditions of maximum flow (Carlier, 1980). Beyond 95 
percent, when the cross-sectional area of flow increases, the mean 
velocity decreases which decreases the transport capacity of the pipe that 
is why it is better not to exceed this limit of 95 percent (Butler & Davis, 
2011). 

The conditions of maximum flow in a circular pipe can be observed on 
figure 12, where the flow was plotted as a function of the filling rate of 
the pipe (h is the water height and D the pipe diameter). 

 

3. STATE OF ART OF THE PROJECT UPON MY ARRIVAL IN 

THE COMPANY  

All information in this third part is from the article in-writing by 
Loubière-Desortiaux, Fleurat-Lessard, Dalleau, Mazerat, Benedetti, 
Sacareau and Le Strat (2014). 

The main stages of the project are: 

Fig. 12. Conditions of maximum flow (based on Carlier, 1980). 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

h
/D

Flow Q

Flow behaviour in sewerage pipes

0,95

QM



Obstructions monitoring in sewerage pipes 

 

15 

 

- Real time measurements of the water level with sensors on different 
sensitive points of the network, 

- Data transmission (radio or GSM network), 

- Comparison of the measured water heights with reference heights 
(use of the Excel tool developed in this thesis), 

- If needed, trigger of cleaning operations. 

The standard profiles of dry weather are the reference water heights to 
which measured water heights are compared: after identifying the 
periods of dry weather, average water heights are determined over 
several months of data. 

3.1. Choice of the sensors 

To make height measurements in pipes, the choice fell on sensors that 
are contactless with the effluents (ultrasonic and radar) because 
installation and maintenance are simpler. The ultrasonic and radar 
technologies have similar performances but ultrasonic sensors are less 
bulky and use less energy which explains that they have been selected. 
For this project, they are installed on different sensitive points of the 
network to enable continuous monitoring. 

SUEZ Water France chose the products of a specific company that 
verify different criteria: low cost (about 1 500 euros for each 
measurement point) allowing a large deployment, ease of installation, 
accuracy in the height measurements, energy autonomy (long battery life) 
in order to avoid changing the energy source too frequently and ability to 
transmit measured data in order to monitor water height measurements 
in real time. The transmission is done by GSM or radio network to 
Aquacalc, a database edited by Ondeo Systems which is also a subsidiary 
of SUEZ. Aquacalc is an internal database of SUEZ Water France that, 
among other functionalities, is used for data validation, curves display, 
reports generation, etc. It also allows the email sending of the developed 
Excel tool to the operators of the network. 

A picture of one of these sensors, which is implemented on a circular 
pipe, can be seen on figure 13. 

Fig. 13. Ultrasonic sensor implemented on a circular sewerage pipe. 



Hélène Hector                                                                  TRITA LWR Degree Project 2016:02 

 

16 

 

3.2. Choice of the study area 

The study area concerned by the project is located south of the Paris 
region in the departments of Essonne and Yvelines around the Orge 
River. The location of these departments can be seen on figure 14. 

The collection system of the upper basin of the Orge River is separate, 
which means that wastewater and stormwater are supposed to be 
discharged separately through two different collection networks. In 2014, 
the network was equipped with 14 ultrasonic sensors to measure water 
heights that were placed on sensitive sites of the network: black spots or 
upstream of siphons (devices used in sewerage pipes to prevent odor 
reflux). 

4. DATA AND METHODS  

This part presents the data used and the methods followed for the 
development of the tool. 

4.1. Data 

The instrumentation of the measurement points with ultrasonic sensors 
is a prerequisite for the use of the tool. In the study area, data acquisition 
is performed every 15 minutes to optimize the batteries life. It is also 
possible to accelerate the data acquisition when a fixed threshold is 
exceeded in order to better visualize the changes. This feature is not used 
in this project, but must be taken into account in the development of the 
Excel tool.  

The data is sent twice a day by SMS to the Aquacalc database and is then 
assumed to undergo a first validation: validation by threshold with a low 

Fig. 14. Location of the study area (based on Map of France 
Departments, nd). 
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threshold set to 0 to remove negative values and validation by detection 
of peak and trough to remove measurement errors. 

The input data of the Excel tool is height measurements with date and 
time of their acquisition. There may be missing data and measurement 
errors that were not removed by the first validation or if the validation 
has not been done correctly. 

4.2. Methods 

The result of this project is an Excel tool ready to use in order to detect 
obstructions. The tool consists of two Excel files: the first one is 
“Obstructions monitoring” and the second one “Calculations of 
standard profiles of dry weather”. The Methods part is thus divided into 
two parts and contains the different tests that enabled the progressive 
construction of these files. Tests were performed on the 14 sensors 
located on the upper basin of the Orge River and the results were 
compared to explain the choices made in the achievement of the final 
tool. For reasons of confidentiality, the exact locations and the name of 
the measurement points cannot be given, therefore they are called 
“Sensor 1”, “Sensor 2”, “Sensor 3”, etc. 

The Excel tool will be used on different sites by different operators. It 
had to respect imperatively some general specifications: it should be easy 
to setup and use, visually attractive, light enough to be sent by email and 
have a quick visualization of the results. 

 Excel file “Obstructions monitoring” 4.2.1.

For this file, different choices had to be done: the time step, the data 
history, the data validation, the definition of the wet weather, the 
definition of the hourly and daily states and the way to display the results 
to the operator. 

Choice of the time step 

Different tests have been developed to choose the time step of the 
method: 15 minutes, which is the time step of the data acquisition, one 
hour or one day. At the beginning of the project, the tests were carried 
out on a data history of one month. 

Test with a 15-minute time step 

For the first test, all exceedance calculations (measured water height 
minus standard profile divided by standard profile) were carried out with 
a 15-minute time step. The advantage is to keep all data acquired by the 
sensors and to see all changes without calculating averages on larger time 
steps. However, there are also many disadvantages. First, a consequence 
of this time step is the increase of the Excel file size: with a data history 
of one month, there are almost 3 000 data per sensor to process and 
analyze, which means more than 40 000 for the 14 sensors of the study 
site. Another disadvantage concerns the graphs because there are too 
many points on the measured water heights curve which makes it more 
difficult to read and interpret. Figure 15 is an example of graph with a 
one-month data history and a 15-minute time step for the “Sensor 2”.  

Fig. 15. Curves for the “Sensor 2” with a 15-minute time step. 
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The pink curve represents the water level measured by the sensor. The 
green curve represents the standard profile of dry weather, which is the 
reference curve. The dotted curve represents the pipe diameter. 

Test with a one-hour time step 

For the second test, all exceedance calculations were carried out with a 
one-hour time step. There are thus fewer points on the pink curve, 
which makes it easier to read compared to the first test, and hourly 
averages are useful to smooth out remaining measurement errors and to 
see only the significant changes. Moreover, the Excel file size is 
decreased with a one-hour time step because there is less data and, thus, 
fewer calculations are needed. Figure 16 is an example of graph with a 
one-month data history and a one-hour time step for the “Sensor 2”.  

Test with a one-day time step 

For the last test, daily averages of water heights were calculated. There is 
only one data per day which is compared to fix thresholds in order to 
know if there is an exceedance problem. The advantage of this method is 
its simplicity of use but one data per day is not enough to understand 
what really happened when the threshold is exceeded. A daily average 
can hide many variations that are not observable on a graph as the 
previous two methods. Some results for the “Sensor 2” are given in 
Table 1. 

Comparison between the different tests 

To compare the different methods, a zoom on the first four days was 
done on the figures of the two first tests and can be observed on figure 
17. 

From the figures of the different methods, it is clear that the third 
method is not detailed enough. For example, the curves show that there 
was a peak in the middle of the day on May 3rd exceeding the pipe 
diameter: there is a sewer surcharge that should be monitored. However, 
with the daily method, it is just possible to notice a slight increase in the 
daily average of water heights compared to the previous day (increase of 
8,2 %) but it is not possible to know whether the increase was low over a 
long period or high over a short period. The method with a one-day time 
step was thus abandoned. 

 

Table 1. Results for the “Sensor 2” with a one-day time step 

displayed for four days. 

Day Height average (mm) 

01/05/2015 209 

02/05/2015 227 

03/05/2015 242 

04/05/2015 223 

 

Fig. 16. Curves for the “Sensor 2” with a one-hour time step. 
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Between the two first methods, the comparison was done on the curves 
and the file size. It was decided to perform the exceedance calculations 
between the water height measurements and the standard profiles of dry 
weather and to build the graphs with a one-hour time step in order to 
better see the significant changes, to make the curves more readable and 
to decrease the Excel file size.  

Choice of the data history 

A test with a data history of one week has been performed to compare it 
with the results of the previous part that were on a data history of one 
month. The data history must be chosen to have enough information on 
the water level pattern before the obstruction. 

Test with a one-month data history 

Even with a one-hour time step, the method with the one-month data 
history carries out calculations on a large number of data. One can 
wonder whether it is useful to have such a long data history to 
understand the behavior of the day, or if it would not be possible to 
reduce it allowing at the same time the decrease of the file size. 
Moreover, the curves produced over one month are still not very 
readable and make it difficult to observe the events of the last days 
which are the most useful for the operators. Figures 15 and 16 displayed 
previously are curves with a one-month data history. 

Test with a one-week data history 

With a one-week data history, the Excel file size is decreased compared 
to the one-month data history and it is easier to focus on the events of 
the last days on the graphs. Figure 18 is an example of graph with a one-
week data history and a one-hour time step for the “Sensor 2”. 

 Comparison between the two tests 

It seems that the one-month data history is not suitable for this tool 
because the information is not easy to find and understand on the 
graphs. Moreover, the operators are interested in the events of the 
previous day or the previous two days to see on Monday what happened 
during the week-end in order to know the state of the sensors. It may be 
interesting to have data on an entire week in order to see the water level 
pattern over a longer period but it is not useful to have data on one 
month. 

Fig. 17. Zooms on the first four days with a 15-minute (on the left) 
and a one-hour (on the right) time step. 
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Data validation 

Sometimes the first validation in the Aquacalc database is not set 
correctly or is not set at all. To overcome this, a validation must be 
performed in the Excel tool to remove the remaining measurement 
errors. 

Choice of the time step of the validation 

The question is to know if the validation should be done on data with a 
15-minute time step or a one-hour time step (while keeping all other 
calculations and graphs at a one-hour time step as it has been decided in 
the previous part “Choice of the time step”). To answer this question, 
one can analyze Table 2. 

From the two examples given in this table, it seems that the validation 
should not be done at a one-hour time step. On September 18th, the 
measurement error “247” distorts the calculation of the hourly average: 
the obtained average “84” is superior to the other measures for this 
sensor. On September 19th, the negative value “-7” is hidden in the 
calculation of the hourly average: the obtained average “12” is in the 
standards compared to other measures for this sensor therefore the 
measurement error would not be detected in this case. The conclusion is 
that the hourly validation is not precise enough to be sure to detect all 
measurement errors.  

Data validation should be made directly at the time step of data 
acquisition, which means 15 minutes in this project. However, the tool 
must be able to adapt to variable time steps because the sensor can be 
programmed so that data acquisition is accelerated to 5 minutes if a 
certain threshold is exceeded. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Calculation of hourly averages for the “Sensor 12”. 

Time Water height measurement (mm) Average (mm) 

18/09/2015 13:00 24 

84 
18/09/2015 13:15 34 

18/09/2015 13:30 247 

18/09/2015 13:45 32 

      

19/09/2015 23:00 22 

12 
19/09/2015 23:15 13 

19/09/2015 23:30 -7 

19/09/2015 23:45 18 

Fig. 18. Curves for the “Sensor 2” with a one week history. 
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Validation process 

The following validation rules are implemented using Excel formulas: 

- A negative value of water height is deleted, 

- For each height measurement (time step n), the exceedance over the 
reference height (standard profile of dry weather) is calculated. If the 
absolute value of the difference between exceedances of steps n and 
n+1 and the absolute value of the difference between exceedances of 
steps n and n-1 are above the validation threshold, the height 
measurement is deleted. This validation eliminates the peaks and 
troughs (Fig. 19). 

Validated data are then averaged at a one-hour time step for the next 
steps and the graphs. 

If these rules are applied with a validation threshold set at 150 percent 
for the data of Table 2, Table 3 is obtained. 

 

Table 3. Examples of validation for the “Sensor 12”. 

Time 

Height 

measurement 

(mm) 

Reference 

height (mm) 

Exceedance 

(%) 

Validated height 

measurement 

(mm) 

Average 

(mm) 

18/09/2015 

13:00 
24 28 -14% 24 

30 

18/09/2015 

13:15 
34 28 21% 34 

18/09/2015 

13:30 
247 28 782%   

18/09/2015 

13:45 
32 28 14% 32 

 

          

19/09/2015 

23:00 
22 20 10% 22 

18 

19/09/2015 

23:15 
13 20 -35% 13 

19/09/2015 

23:30 
-7 20 -135%   

19/09/2015 

23:45 
18 20 -10% 18 

 

Fig. 19. Data validation by peak and trough detection. 
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On September 18th, the third height measurement “247” is deleted 
because the two following conditions are respected: 

- 782% - 21% = 761% which is above the validation threshold (150%), 

- 782% - 14% = 768% which is above the validation threshold (150%). 

On September 19th, the third height measurement “-7” is deleted because 
it is a negative value. 

The hourly averages after validation are “30” and “18” instead of “84” 
and “12” before validation. This is acceptable therefore these rules of 
validation are kept. 

Missing data management 

Sometimes there is no water height measurement for a time period. 
Possible causes are if the sensor stopped working or if it did not send the 
SMS containing the data. It is important to handle missing data to 
perform exceedance calculations without errors. 

Definition of the wet weather 

There are different definitions to fix the boundary between wet and dry 
weather. The definition must be chosen carefully because it will be 
important later to make a clear difference between the water level 
increases due to rain and those due to possible obstructions. 

Raw rainy state 

The raw rainy state considers only the rainy event when precipitation 
falls on the Earth and does not take into account the drainage time. An 
hour belongs to a rainy event if the sum of its rainfall and the one of the 
previous hour is greater than the threshold: in this case, the raw rainy 
state is equal to 1; otherwise, it is equal to 0.  

The threshold has been set at 0,5 millimeters by the Research Center of 
SUEZ Water France and an example of calculation of raw rainy state can 
be observed in Table 4.  

Wet weather taking into account the drainage time 

With a 5-hour drainage time for example, if one hour h belongs to a 
rainy event (raw rainy state = 1), the hour h and the next 5 hours are 
considered in wet weather. Different tests to calculate the wet weather 
from the raw rainy state have been performed with two main issues: the 
Excel file size and the running time. 

 

Table 4. Calculation of the raw rainy state. 

Hour Rainfall height (mm) Raw rainy state 

0 0 0 

1 0,2 0 

2 0 0 

3 0,6 1 

4 0 1 

5 0 0 

6 0 0 

7 1 1 

8 1,2 1 

9 0,8 1 

10 0,4 1 

11 0 0 
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Table 5. Principle of the second method to determine the rainy 

state. 

Raw rainy state Result Wet weather 

0 0 0 

1 5 1 

0 4 1 

0 3 1 

1 5 1 

0 4 1 

0 3 1 

0 2 1 

0 1 1 

0 0 1 

0 -1 0 

0 -2 0 

 

Test with macro: 2 methods 

Method 1: One considers a drainage time of 5 hours. For each hour h, 
the program checks whether the time h belongs to a rainy event (raw 
rainy state = 1) and does then the same for each of the previous 5 hours. 
If there is one, the program stops searching, the value 1 is assigned and 
the hour is in wet weather. If not, the value 0 is assigned and the hour is 
not in wet weather. 

Method 2: One considers a drainage time of 5 hours. A variable “result” 
is created to perform an intermediate calculation and is equal to 0 at the 
beginning of the macro. For each hour h, the program checks whether 
the time h belongs to a rainy event (raw rainy state = 1). If yes, the result 
for the hour h is equal to 5; if not, the result for the hour h is equal to 
the result for the hour h-1 to which 1 is removed. For each hour h, if the 
result is negative, the value 1 is assigned and the hour is in wet weather. 
If the result is nonnegative, the value 0 is assigned and the hour is not in 
wet weather. An example can be seen in Table 5. 

These two methods determine the state of each hour and are applied for 
each sensor that can have different drainage times.  

Test without macro: 2 methods 

Method 3: This method uses the principle of building a direct runoff 
hydrograph from a hyetograph and a unit hydrograph. In Table 6, the 
drainage time is 5 hours and the wet weather is determined from the raw 
rainy state and the rain window. The rain window corresponds to the 
hour of rain (B0) and the drainage time (B1-B5) that is why it is equal to 
6 hours. The Excel function MAX is used to have only 0 and 1 values in 
the wet weather column. In the upper part of Table 6, the raw rainy state 
A1, that is equal to 1, causes a wet weather of 6 hours in total. In the 
lower part of Table 6, the raw rainy states A1 and A3, that are equal to 1, 
cause a wet weather of 8 hours in total. 

NB: In this example, the drainage time is only 5 hours and the maximum 
functions (MAX) have 6 arguments. However, the tool must be able to 
adapt to much longer drainage times which prolongs the Excel formulas 
and increases the file size. For example, the maximum functions have 30  
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Table 6. Principle of the third method to determine the rainy state. 

Raw rainy state Hour Rain window Wet weather 

A0 = 0 0 B0 = 1 A0*B0  =  0 

A1 = 1 1 B1 = 1 MAX (A0*B1;A1*B0)  =  1 

A2 = 0 2 B2 = 1 MAX (A0*B2;A1*B1;A2*B0)  =  1 

A3 = 0 3 B3 = 1 MAX (A0*B3;A1*B2;A2*B1;A3*B0)  =  1 

A4 = 0 4 B4 = 1 MAX (A0*B4;A1*B3;A2*B2;A3*B1;A4*B0)  =  1 

A5 = 0 5 B5 = 1 MAX (A0*B5;A1*B4;A2*B3;A3*B2;A4*B1;A5*B0)  =  1 

A6 = 0 
  

MAX (A1*B5;A2*B4;A3*B3;A4*B2;A5*B1;A6*B0)  =  1 

A7 = 0 
  

MAX (A2*B5;A3*B4;A4*B3;A5*B2;A6*B1;A7*B0)  =  0 

A8 = 0 
  

MAX (A3*B5;A4*B4;A5*B3;A6*B2;A7*B1;A8*B0)  =  0 

A9 = 0 
  

MAX (A4*B5;A5*B4;A6*B3;A7*B2;A8*B1;A9*B0)  =  0 

        

Raw rainy state Hour Rain window Wet weather 

A0 = 0 0 B0 = 1 A0*B0  =  0 

A1 = 1 1 B1 = 1 MAX (A0*B1;A1*B0)  =  1 

A2 = 0 2 B2 = 1 MAX (A0*B2;A1*B1;A2*B0)  =  1 

A3 = 1 3 B3 = 1 MAX (A0*B3;A1*B2;A2*B1;A3*B0)  =  1 

A4 = 0 4 B4 = 1 MAX (A0*B4;A1*B3;A2*B2;A3*B1;A4*B0)  =  1 

A5 = 0 5 B5 = 1 MAX (A0*B5;A1*B4;A2*B3;A3*B2;A4*B1;A5*B0)  =  1 

A6 = 0 
  

MAX (A1*B5;A2*B4;A3*B3;A4*B2;A5*B1;A6*B0)  =  1 

A7 = 0 
  

MAX (A2*B5;A3*B4;A4*B3;A5*B2;A6*B1;A7*B0)  =  1 

A8 = 0 
  

MAX (A3*B5;A4*B4;A5*B3;A6*B2;A7*B1;A8*B0)  =  1 

A9 = 0 
  

MAX (A4*B5;A5*B4;A6*B3;A7*B2;A8*B1;A9*B0)  =  0 

 

arguments so that the tool can be adapted to drainage times up to 29 
hours. 

Method 4: This method uses exactly the same principle as the second 
method but without macro. A column is created to calculate the variable 
“result” for each hour and the wet weather is determined from the value 
of the result. 

These two methods determine the state of each hour and are applied for 
each sensor that can have different drainage times.  

Comparison between the different methods 

Table 7 compares the different methods in terms of file size and running 
time. These two issues have to be balanced in order to choose the finale 
method. 

* The methods without macro do not have a running time because Excel 
formulas are automatically updated.  
 

 

 

 

 

 

 

Table 7. Comparison of the different methods for the wet weather calculation. 

 With macro Without macro 

 Method 1 Method 2 Method 3 Method 4 

Excel file size (Mb) 4,8 5,1 83 5,4 

Running time (s) 94 77 0* 0* 
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Method 3 can be immediately abandoned because of a file size of 83 
Megabytes. The use of many long and complicated formulas increases 
the file size, which does not allow sending it by email (the limit being 10 
Megabytes). The three other methods have a similar file size around 5 
Megabytes but methods 1 and 2 have a running time of more than a 
minute whereas method 4 does not have one. Method 4 uses simple 
Excel formulas, that is why the file size is not so much increased. 

The best method regarding the Excel file size and the running time is 
therefore the fourth one. 

Definition of the hourly state 

A functioning state is defined for each hour in order to build the graphs 
and to determine later the daily functioning state. On the graphs, there 
are indeed background colors to better visualize the different states. 

Method 1 

The measured heights are compared to the standard profiles of dry 
weather (reference heights) and an exceedance value is calculated for 
each hour (measured water height minus standard profile divided by 
standard profile). These exceedance values are then compared to 
different alert thresholds in order to know the state of the measurement 
point: “Proper functioning” (green background color on the graphs), 
“Moderate exceedance” (yellow) and “Significant exceedance” (orange). 
If some water level measurements are missing, it is possible that the 
exceedance value for an hour h cannot be calculated. In this case, the 
hour h is in a state of "Impossible to calculate" (grey). 

The most serious problem of exceedances is the overflow in the natural 
environment. To alert about this problem, a state "Sewer surcharge" 
(red) is triggered if the water height reaches X percent (threshold to 
choose) of the pipe diameter. This threshold can be modified by the 
operator but it is recommended to use 90 percent in order to be under 
the conditions of maximum flow (95 percent) that is defined in the 
Background part with a little margin. For this state, the exceedance value 
is not used. 

NB: For a while, it was considered to create a "Rain" state in order to 
gather all the hours in wet weather. But this idea was abandoned because 
this state could hide exceedances that would otherwise be colored in 
yellow and would alert the operator. To display the rainfall on the 
graphs, it was decided to represent it as blue histograms. 

Table 8 gives the thresholds for the different functioning states of the 
“Sensor 13”. From this table, it is possible to know that an hour is 
considered in “Sewer surcharge” if the measured water height is above 
180 millimeters (90 % of 200 millimeters). If it is not the case, the 
exceedance value is compared to the yellow and the orange thresholds: 
an hour is considered in “Moderate exceedance” or “Significant 
exceedance” if its exceedance value is respectively strictly above 60 or 
100 percent. 

 

 

 

 

 

 

Table 8. Setting thresholds for the “Sensor 13” (method 1). 

Name Diameter (mm) 

Thresholds 

Moderate 
exceedance 

Significant 
exceedance 

Sewer surcharge 

Sensor 13 200 60% 100% 90% 
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In Table 9, these rules of state determination are applied on September 
18th. The two first hours are colored in grey because there is no water 
height data. On September 18th at 6pm, the water height is greater than 
180 millimeters which explains the red color. The hours in orange and 
yellow have their exceedance values that are respectively above 100 and 
60 percent. 

The corresponding graph can be observed on figure 20. 

Method 2 

In this method, some states are the same as in the first method: “Proper 
functioning”, “Impossible to calculate” and “Sewer surcharge”. The 
states “Moderate exceedance” and “Significant exceedance” are replaced 
by “Significant exceedance in wet weather” (yellow) and “Significant 
exceedance in dry weather” (orange). If the hour does not belong to the  

 

 

 

 

Table 9. Definition of the hourly states for the “Sensor 13” (method 1). 

Hour 
Measured water 

height (mm) 
Standard profile of dry 

weather (mm) 
Exceedance (%) Hourly state 

0 
 

42 
  

1 
 

39 
  

2 36 37 -3% 
 

3 45 37 22% 
 

4 37 38 -3% 
 

5 39,5 39 1% 
 

6 41 43 -5% 
 

7 54,5 48 14% 
 

8 51 51 0% 
 

9 56,3 50 13% 
 

10 52,8 50 6% 
 

11 53 50 6% 
 

12 61 47 30% 
 

13 59 45 31% 
 

14 66 45 47% 
 

15 75,5 45 68% 
 

16 94 44 114% 
 

17 141 45 213% 
 

18 184,5 47 293% 
 

19 132 48 175% 
 

20 105 49 114% 
 

21 78,5 49 60% 
 

22 54 46 17% 
 

23 49,5 44 13% 
 

Fig. 20. Graph of the “Sensor 13” on September 18th (method 1). 
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Table 10. Setting thresholds for the “Sensor 13” (method 2). 

Name Diameter (mm) 

Thresholds 

Significant 
exceedance in wet 

weather 

Significant 
exceedance in dry 

weather 

Sewer 
surcharge 

Sensor 13 200 80% 60% 90% 

 

state “Sewer surcharge”, the exceedance value is compared to the alert 
thresholds but it is not the same threshold if the hour is in wet or dry 
weather. The threshold is higher in wet weather because there is often a 
water level increase when it rains even if the collection system is 
separate. 

Table 10 gives the thresholds for the different functioning states of the 
“Sensor 13”. 

In Table 11, these rules of state determination are applied on September 
18th. It is the same explanation for the grey and red hours as in the first 
method. There is no orange hour because the hours with high 
exceedances are in wet weather. The yellow hours are the hours in wet 
weather whose exceedances are above 80 percent. 

The corresponding graph can be observed on figure 21.  

 

Table 11. Definition of the hourly states for the “Sensor 13” (method 2). 

Hour 
Measured water 

height (mm) 
Standard profile of 
dry weather (mm) 

Exceedance (%) Wet weather Hourly state 

0 
 

42 
 

0 4 

1 
 

39 
 

0 4 

2 36 37 -3% 0 1 

3 45 37 22% 0 1 

4 37 38 -3% 0 1 

5 39,5 39 1% 0 1 

6 41 43 -5% 0 1 

7 54,5 48 14% 0 1 

8 51 51 0% 0 1 

9 56,3 50 13% 0 1 

10 52,8 50 6% 0 1 

11 53 50 6% 0 1 

12 61 47 30% 0 1 

13 59 45 31% 1 1 

14 66 45 47% 1 1 

15 75,5 45 68% 1 1 

16 94 44 114% 1 2 

17 141 45 213% 1 2 

18 184,5 47 293% 1 5 

19 132 48 175% 1 2 

20 105 49 114% 1 2 

21 78,5 49 60% 1 1 

22 54 46 17% 1 1 

23 49,5 44 13% 1 1 
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Comparison between the two methods 

Both methods alert on the exceedances due to a heavy rain on 
September 18th. However, the advantage of the second method is the 
possibility to differentiate exceedances in dry and wet weather. By 
assigning a higher threshold to the state “Significant exceedance in wet 
weather”, it permits to avoid too many nuisance alerts in case of rain 
because there are often increases of the water level even if the collection 
system is separate. Method 2 is therefore chosen. 

Figure 22 summarizes on a same graph the definition of the different 
alert thresholds. The threshold (C) is defined in relation to the pipe 
diameter whereas the thresholds (A) and (B) are defined in relation to the 
standard profile of dry weather. 

Definition of the daily state 

A functioning state is determined for each day with the same definitions 
and colors as for the hourly state. To set a daily state from 24 hourly 
states, rules must be established. Two methods were tested. 

Method 1 

The first method is mainly about calculation of daily averages and 
comparison to thresholds. 

If the number of hourly data on the day is below a certain threshold (for 
example 12), which has to be chosen during the initial setting, the day is 
in the state "Impossible to calculate". This state permits to warn about 
the failure of a sensor, a bad calibration resulting in the invalidation of 
numerous data or a problem of data transmission between the sensor 
and the database.  

If there is sufficient data, daily averages of heights and exceedances are 
calculated from hourly heights and exceedances. These daily averages are 
then compared to the different thresholds of the red (“Sewer 
surcharge”), orange (“Significant exceedance in dry weather”) and yellow 

Fig. 21. Graph of the “Sensor 13” on September 18th (method 2). 

Fig. 22. Explication of the alert thresholds. 
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Table 12. Setting thresholds for the “Sensor 9” (method 1). 

Name Diameter (mm) 

Thresholds 

Significant 
exceedance in wet 

weather 

Significant 
exceedance in dry 

weather 

Sewer 
surcharge 

Sensor 9 500 80% 60% 90% 

     

Minimum number of data to run the calculations 
 

12 

 

states (“Significant exceedance in wet weather”) in the same way as for 
the definition of hourly states. If the averages are below the thresholds, 
the daily state of the measurement point is "Proper functioning". 

Table 12 gives the thresholds for the different functioning states of the 
“Sensor 9”. 

In Table 13, the rules of state determination are applied from October 
2nd to October 8th. There is always more than the threshold of 12 data 
per day that is why there is no grey daily state. The days are neither 
colored in red because their water height averages are lower than 450 
millimeters (90% of 500 millimeters which is the pipe diameter) nor in 
orange because their averages of dry weather exceedances are below the 
threshold (60%). The fourth and fifth days are colored in yellow because 
their averages of wet weather exceedances are above the threshold 
(80%). 

Method 2 

With the second method, the determination of the daily state is based on 
the hourly states defined in the previous part and depends on a 
parameter: “Number of hours exceeding thresholds to determine the 
daily state” which represents the minimum number of hours exceeding 
the thresholds so that the day is not in “Proper functioning“. It is a 
parameter that is recommended to set to one hour at the beginning of 
the use of the tool to detect all abnormal increases of the water level and 
that can be increased if needed. 

With this parameter set to 1, one abnormal increase of the water level is 
enough so that the daily state is not green and the rules are applied in the 
following order: 

- If there is at least one hour in “Sewer surcharge”, the daily state is 
“Sewer surcharge”. 
 

Table 13. Definition of the daily states for the “Sensor 9” (method 1). 

Day 
Number of 

"Impossible 
to calculate" 

Water height 
average (mm) 

Average of dry 
weather 

exceedances (%) 

Average of wet 
weather 

exceedances (%) 
Daily state 

02/10/2015 2 165,5 6,3% 0% 1 

03/10/2015 0 164,9 4,5% 0% 1 

04/10/2015 0 165,8 4,9% 0% 1 

05/10/2015 0 229,3 7,3% 369,0% 2 

06/10/2015 0 217,1 18,4% 105,2% 2 

07/10/2015 0 186,9 18,6% 29,9% 1 

08/10/2015 0 174,9 12,4% 0% 1 
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Table 14. Setting thresholds for the “Sensor 9” (method 1). 

Name Diameter (mm) 

Thresholds 

Significant 
exceedance in wet 

weather 

Significant 
exceedance in dry 

weather 

Sewer 
surcharge 

Sensor 9 500 80% 60% 90% 

     

Minimum number of data to run the calculations 12 

  

Number of hours exceeding thresholds to determine the daily state 1 

 

- If there is at least one hour in “Significant exceedance in dry 
weather”, the daily state is “Significant exceedance in dry weather”.  

- If there is at least one hour in “Significant exceedance in wet 
weather”, the daily state is “Significant exceedance in wet weather”.  

- If the number of hourly data on the day is below a certain threshold 
called “Minimum number of data to run the calculations”, the day is 
in the state "Impossible to calculate".  

- If none of the above conditions is satisfied, the daily state is “Proper 
functioning”. 

With the parameter set to 2, the rules are more complicated. If there are 
at least two hours that are red, orange or yellow, the daily state is not 
green even if there are not two hours of the same color. For example, if 
there is one orange and one yellow hour, the daily state is orange because 
there are two “not green” hours and orange prevails over yellow, such as 
red prevails over orange and yellow. The rule for the “Impossible to 
calculate” state is the same. 

Table 14 gives the thresholds for the different functioning states of the 
“Sensor 9”. 

In Table 15, these rules of state determination are applied from October 
2nd to October 8th. There is always more than the threshold of 12 data 
per day that is why there is no grey daily state. There are two hours in 
“Sewer surcharge” on October 5th which explains the red daily state. 
There is one hour in “Significant exceedance in wet weather” on 
October 5th without any hour in “Sewer surcharge” or in “Significant 
exceedance in dry weather”, which explains the yellow daily state. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15. Definition of the daily states for the “Sensor 9” (method 2). 

Day 
Number of 

"Impossible 
to calculate" 

Number of 
"Sewer 

surcharge" 

Number of "Significant 
exceedance in dry 

weather" 

Number of "Significant 
exceedance in  wet 

weather" 

Daily 
state 

02/10/2015 2 0 0 0 1 

03/10/2015 0 0 0 0 1 

04/10/2015 0 0 0 0 1 

05/10/2015 0 2 0 2 5 

06/10/2015 0 0 0 1 2 

07/10/2015 0 0 0 0 1 

08/10/2015 0 0 0 0 1 
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Comparison between the two methods 

To compare the two methods, one can observe the graph from October 
2nd to October 8th of the “Sensor 9” on figure 23. 

On the graph, one can see that a heavy rain caused a sharp rise in the 
water level and a sewer surcharge on May 5th. However, as the event is of 
short duration, the daily average of water heights does not exceed 90 
percent of the pipe diameter; therefore the daily state of the first method 
is not considered in "Sewer surcharge" which is not acceptable. This 
method smooths the data by calculating averages and does not alert 
enough. In contrast, the second method alerts on all unusual events with 
a parameter “Number of hours exceeding thresholds to determine the 
daily state” set to 1. Maybe, all alerts are not necessary therefore it is 
possible to change the parameter to 2 or 3. 

Display to the operator 

It is important that the displayed data are both understandable and 
visual. Moreover, one should not give too much information so that the 
analysis of the results is fast. 

The results of the method consist of a synoptic of the network 
representing the measurement points and a table with the functioning 
states of the past three days. The measurement points are colored 
according to their daily state which provides a quick and comprehensive 
overview of the entire network. The three-day summary is useful to 
know on Monday what happened during the week-end. After reading 
this information, it is decided to trigger or not a cleaning operation. This 
Excel tool thus allows detecting early enough the buildup of obstructions 
in order to act before the damage is done. An example of results can be 
observed on figures 24 and 25.  

To observe the graph corresponding to a specific sensor, the user clicks 
on the sensor on the synoptic. A pop-up window opens and displays the 
graph on a one-week data history. The display of pop-up graphs has to 
be dynamic to adapt to parameters changes. 

NB: It was discussed to divide the day in three parts (midnight - 8 am, 9 
am - 5 pm and 6 pm - midnight) and to determine a functioning state for 
each one in order to have information on shorter time periods. But with 
14 sensors, it would mean 42 states per day to analyze which is not 
suitable to keep visual and quickly understandable results. Therefore, it 
was decided to keep only one information of functioning state per day 
and per measurement point.  

Fig. 23. Graphic of the “Sensor 9” from October 2nd to October 8th. 
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Adaptability of the tool 

The file had to be easily adaptable to another site without having to 
change lines of code or formulas. Another site can have a different 
location and a different number of measurement points. Therefore, the 
final tool had to be a file configured for a single measurement point with 
an "Add a sensor" button. This button triggers a macro that has to 
perform all necessary actions to add a measurement point in order to 
simplify and accelerate the setting process. For the same purpose, a 
“Help” and a “Setting” tabs were written and added in the tool. 

Visual appearance and convenience 

The tool had to be visually attractive, intuitive, convenient and not too 
time consuming so that people want to use it. For example, the 
movements in the tool had to be simplified in order to easily find 
information about a specific sensor.  

Fig. 24. Table with 
the functioning states 
of the past three days. 

Fig. 25. Synoptic of the network. 
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 Excel file “Calculations of standard profiles of dry weather” 4.2.2.

As a reminder, the standard profiles of dry weather (SPDW) are averages 
of water heights in dry weather over several months. The hours in wet 
weather are determined using the same method as in the Excel file 
“Obstructions monitoring”. The water heights in wet weather are then 
deleted and averages of the remaining water heights are calculated. The 
obtained averages are the reference heights to which the measured water 
heights are compared in the other file “Obstructions monitoring”. 

The standard profiles of dry weather have to be regularly calculated so 
that the reference heights are representative of the current month but 
not too regularly because it should not demand much time to the 
operator. 

Differentiating "working days" and "weekends and holidays" standard profiles 

The question is to know if it is useful to have one standard profile of dry 
weather for the weekends and the holidays and another one for the 
working days or if an average profile for the full week is enough. To 
answer this question, the standard profiles of these three categories were 
drawn on the same curve for each of the 14 sensors of the study site. On 
figure 26, results are shown for four of these sensors. The red curve is 
the standard profile for the working days, the blue curve for the 
weekends and the holidays and the green curve for the full week. 

From theses curves, it is clear that the red and blue curves have the same 
shape but are shifted. Indeed, the peak of effluents discharge is around 
9 am - 10 am during working days and around 12 am - 1 pm - 2 pm 
during weekends and holidays. Furthermore, this peak is higher on the 
blue curves. This may simply reflect the fact that people get up later on 
weekends and holidays and use more their electronic devices such as the 
washing machine. 

Fig. 26. Comparison between “Weekends & holidays”, “Working days” and “Full 
week” standard profiles of dry weather. 
 



Hélène Hector                                                                  TRITA LWR Degree Project 2016:02 

 

34 

 

More calculations were carried out to see hour by hour the differences 
between the profiles “Weekends & holidays” and “Full week” and 
between “Working days” and “Full week”. To give an example, the 
results for the measurement point “Sensor 3” are displayed in Table 16. 
This point has been chosen because, among the 14 sensors, it seems that 
it has the most different “Weekends & holidays” and “Working days” 
curves.  

From this information, it was chosen to differentiate the standard 
profiles of dry weather for “Weekends & holidays” and “Working days”. 
The only disadvantage is the slight increase of the file size because it 
involves two times more data, extends formulas and requires 
differentiating working days of weekends and holidays. But as it can be 
seen on the curves and in Table 16, the advantages are very significant: 
up to 24 percent of difference for “Sensor 3” between the “Weekends & 
holidays” and “Full week” profiles. Moreover, the Excel tool is based on 
calculations of exceedances between the measured water heights and the 
standard profiles therefore the profiles calculation must be as accurate as 
possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 16. Differences between “Weekends & holidays” and “Full week” profiles 

and between “Working days” and “Full week” profiles for the “Sensor 3”. 
SENSOR 3 

Hour 
SPDW Full 
week (mm) 

SPDW Weekends 
& holidays (mm) 

Difference with 
full week (%) 

SPDW Working 
days (mm) 

Difference with 
full week (%) 

0 274 280 -2% 271 1% 

1 247 257 -4% 242 2% 

2 234 243 -4% 229 2% 

3 225 232 -3% 221 2% 

4 221 225 -2% 219 1% 

5 219 222 -1% 216 1% 

6 227 223 2% 231 -2% 

7 268 231 15% 295 -9% 

8 331 261 24% 383 -14% 

9 353 329 7% 370 -5% 

10 378 408 -8% 359 5% 

11 401 460 -14% 368 8% 

12 388 446 -14% 354 9% 

13 378 419 -10% 356 6% 

14 372 402 -8% 354 5% 

15 348 387 -11% 328 6% 

16 327 362 -10% 310 5% 

17 315 342 -8% 302 4% 

18 320 341 -6% 310 3% 

19 347 364 -5% 338 2% 

20 377 392 -4% 370 2% 

21 379 396 -4% 369 3% 

22 331 337 -2% 328 1% 

23 298 301 -1% 295 1% 
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NB: To give the examples of the curves and the table, the calculations of 
the standard profiles were carried out on four months of data and with a 
one-hour time step. However, the choices of the data history and the 
time step are questions that will be discussed later in this part. 

Choice of the data history 

The data history must be long enough to have a sufficient number of 
data in dry weather in order to calculate representative averages. 

One month and two months 

One month and two months of data are not enough to perform the 
calculations of the reference heights. It must be taken into account that 
many hours can be in wet weather on a rainy month and also that 
sensors failures can happen.  

Three and four months 

A minimum number of dry weather data is needed to calculate 
representative averages therefore it is necessary to have a data history of 
three or four months in order to be sure to have enough data. The 
standard profiles were calculated respectively on a data history of three 
and four months for several measurement points and were then 
compared. These profiles are very close and differ only by two 
millimeters (average on the 14 measurement points of the study site) 
therefore it is decided to keep as much data as possible. 

Choice of the data history 

The four-month data history was chosen to have enough data to 
calculate representative averages that will be compared to the measured 
water heights. More than four months is too much because it would 
represent a too large amount of data to analyze that would burden the 
Excel file “Calculations of standard profiles”. It must not be forgotten 
that this file has to be sent by email. Moreover, infiltration is a 
phenomenon with a cyclic period of influence of three or four months. 
With more than four months of data history, these periods would be 
averaged and less representative. 

Choice of the time step 

The finale tool uses the standard profiles at a 5-minute time step 
because, even if it is not done for this project, the data acquisition can be 
accelerated at 5 minutes if a certain threshold is exceeded in order to 
better see the changes. Whatever the chosen time step for the 
calculations (15 minutes or one hour), the obtained standard profiles 
must be at the end interpolated at a 5-minute time step. 

15 minutes 

The time step of the data acquisition is 15 minutes so it is interesting to 
calculate the standard profiles of dry weather at this time step. Indeed, it 
avoids losing information by averaging data at a larger time step. 
However, the choice of this time step involves treating a large number of 
data for each measurement point: more than 11 500 data per sensor by 
taking a four-month data history as it has been decided previously. It 
causes the increase of the file size (48 Megabytes) and the lengthening of 
the execution time of the macro that is triggered at the opening of the 
file (10 minutes). This macro is necessary to automatically give the results 
of the day. 

One hour 

It is a loss of information to average the data from a 15-minute time step 
to a one-hour time step whereas the results will subsequently be 
interpolated at a 5-minute time step. However, the number of data to 
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treat with a one-hour time step is divided by four compared to a 15-
minute time step, which results in a smaller file size (8,9 Megabytes) and 
a quicker opening of the file (3 minutes). The file size is considerably 
reduced because the calculations are carried out over a period of 4 
months. 

Choice of the time step 

Among the most important specifications, the tool must be practical, 
light enough to be sent by email and have a quick visualization of the 
results in order not to demand too much time to the operator. These 
arguments are completely in favor of the one-hour time step because its 
opening is 7 minutes shorter and file size is less than 10 Megabytes.  

Alerts to update the standard profiles 

The standard profiles of dry weather must be updated because of 
seasonal variations in groundwater levels and rainfall and also possible 
changes of the number of inhabitants connected to the network. The 
challenge is to know when to trigger an update.  

Automatic update 

The file “Calculations of standard profiles of dry weather” can also be 
sent by mail. The file opening takes 3 minutes and performs all 
calculations automatically by formulas and macros. The updated profiles 
must be pasted in the file “Obstructions monitoring” and saved again in 
the Aquacalc database. To make sure this is done by the operator, this 
update is only done every four months. The risk is that, if demanded too 
often, it is not done or not every time. 

Updates alerts 

Another method was developed to alert on the need to update the 
profiles. It is based on the comparison of daily volumes of dry weather 
between the standard profiles and the measured heights of the week. 

For each sensor, the following method is thus applied separately to 
"Working days" and "Weekends and holidays”: 

- Determination of dry days (days without any hour in wet weather), 

- Calculation of the hourly volumes of effluents in dry weather from 
the standard profiles, 

- Calculation of the hourly volumes of effluents in dry weather from 
the measured heights of the week, 

- Comparison of daily volumes in dry weather by calculating the error, 

- Coloration in red if the error exceeds 20 percent. 

Calculation of daily volumes: The mean velocity is first calculated for 
each hour with the Strickler formula and then multiplied par the cross-
sectional area of flow in order to get the mean flow. Finally, the hourly 
volume is deducted from the mean flow and the daily volume is 
calculated as the sum of the hourly volumes. The value of the roughness 
coefficient and the friction slope do not matter because, at the end, an 
error is calculated. 

Figure 27 displays the example of two measurement points: “Sensor 1” 
and “Sensor 3”. From the figure, it seems that the standard profiles of 
dry weather need to be updated for the “Sensor 3” but not for the 
“Sensor 1”. This is confirmed by the errors calculation that can be 
observed in Table 17. The error exceeds 20 percent for the “Sensor 3” 
but is well below for the “Sensor 1”. 
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 Tests throughout the construction of the tool 4.2.3.

Throughout the construction of the tool, trials were performed to test its 
proper functioning. For this, the Excel file without data was inserted as 
“Report template” into Aquacalc that is the database which receives the 
raw data by the sensors via SMS. The raw data are then inserted by the 
database into the Excel file which is sent by email. When opening the 
file, a macro is triggered to perform all update calculations and to give 
the results of the day. 

5. RESULTS  

The result of this project is an Excel tool ready to use in order to detect 
obstructions. The tool consists of two Excel files: the first one is 
“Obstructions monitoring” and the second one “Calculations of 
standard profiles of dry weather”. 

The Results part is divided into three parts. In the first part, the two files 
are described tab by tab with screenshots and Excel formulas. In the 
second part, it is explained step by step how to implement the tool on 
another site with a different number of sensors. In the third part, some 
concrete applications of the tool are displayed, namely some real cases 
with curves that will be analyzed in the Discussion part. 

5.1. Description of the tool 

As a reminder, the method is based on: 

- The comparison between measured water heights and the standard 
profiles of dry weather, 
 

Table 17. Calculation of errors for the “Sensor 1” and “Sensor 3”. 

 
Sensor 1 Sensor 3 

 
Working days 

Weekends  
& holidays 

Working days 
Weekends  
& holidays 

Error (%) 4,07% 3,54% 22,69% 21,82% 

Fig. 27. Standard profiles validation for “Sensor 1” and “Sensor 3”. 
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- The calculation of exceedance values that are compared to alert 
thresholds, 

- The determination of the daily functioning state of each measurement 
point. 

In this part, the two Excel files are described tab by tab with screenshots 
and Excel formulas. 

 Excel file “Obstructions monitoring”  5.1.1.

The Excel file “Obstructions monitoring” has twelve tabs and three 
main macros. 

Tabs 

“Data” and “Header” tabs 

In the “Data” tab, the Aquacalc database inserts the raw data into the 
Excel file: water heights for all measurement points at a 15-minute time 
step and rainfall at a one-hour time step. 

In the “Header” tab, the database inserts some information about each 
measurement point such as the town, the regional center to which it is 
attached, the precise location, the measurement unit, the contract name, 
the equipment type, etc. 

“Parameters” tab 

In this tab, some parameters have to be filled by the operator that will 
use the tool. The parameters are the following: 

- The definition of the raw rainy state: it is recommended to keep the 
threshold set at 0,5 millimeters by the Research Center of SUEZ 
Water France, 

- The definition of the daily state: the parameters “Minimum number 
of data to run the calculations” and “Number of hours exceeding 
thresholds to determine the daily state” explained previously in the 
“Methods” part, 

- The holidays: they are calculated automatically, 

- The path to display the pop-up graphs on the synoptic: it must be 
changed only if the user has no “C:\Temp” file on his computer, 

- The sensors parameters: name, diameter, drainage time and alert 
thresholds for “Significant exceedance in wet weather”, “Significant 
exceedance in dry weather” and “Sewer surcharge” states. 

As an example, the “Parameters” tab in the case of the upper basin of 
the Orge River (study site) is displayed in Appendix I. 

“Standard profiles of dry weather” tab 

The standard profiles of dry weather calculated in the other Excel file 
“Calculation of the standard profiles of dry weather” have to be pasted 
in this tab at a one-hour time step. They are then interpolated at a 5-
minute time step by an Excel formula in order to perform the data 
validation at the time step of the data acquisition. 

 “Standard profiles validation” tab 

In this tab, the daily volumes of dry weather between the standard 
profiles and the measured heights of the week are compared (calculation 
of errors) in order to know if the standard profiles of dry weather need 
to be updated or not. As a reminder, the errors of more than 20 percent 
are indicated by a red coloring which allows alerting quickly. 

 “Validation” tab 

In this tab, the raw data are validated at a 15-minute time step to 
eliminate negative values, peaks and troughs. It is redundant with the 
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validation of the Aquacalc database but it is a precautionary measure in 
case the first validation is not done properly. The validated water heights 
are then averaged at a one-hour time step with a pivot table. 

As an example, a part of the “Validation” tab in the case of the upper 
basin of the Orge River (study site) is displayed in Appendix I. 

 “Wet weather” tab 

In this tab, the raw rainy state is determined for each hour according to 
the threshold given in the “Parameters” tab. The hours in wet weather 
are then identified for each sensor since they can have different drainage 
times. 

The total rainfall amounts for each day are then calculated with a pivot 
table to appear in the three-day summary of functioning states and thus 
give additional information to the person responsible for analyzing the 
results. 

 “Alerts calculations” tab 

The full data history with every hour is first reconstituted by introducing 
empty cells corresponding to the missing data to avoid data lag and 
erroneous results. To do this, the Excel function “INDEX/MATCH” is 
used. 

The exceedances in dry and wet weather are then separated in order to 
differentiate the increases of the water level due to rainfall and those due 
to possible obstructions. The hourly state is determined by comparing 
the exceedance values to the thresholds set in the “Parameters” tab. 

Finally, the number of hourly states in “Sewer surcharge”, “Significant 
exceedance in dry weather”, “Significant exceedance in wet weather” and 
“Impossible to calculate” are counted for each day with a pivot table. 
The daily state can be determined by comparing these numbers with the 
parameters “Minimum number of data to run the calculations” and 
“Number of hours exceeding thresholds to determine the daily state”. 

“Graphs” tab 

In this tab, the graphs are built on a one-week data history. 

As an example, a part of the “Graphs” tab in the case of the upper basin 
of the Orge River (study site) is displayed in Appendix I. 

“Results” tab 

In this tab, the results are displayed with the synoptic and the table with 
the functioning states of the past three days. On the synoptic, the 
measurement points are colored in green, yellow, orange, red or grey 
according to their functioning state. Moreover, it is possible to observe 
the graphs by clicking on the sensors on the synoptic (pop-up graphs). 

As an example, the “Results” tab in the case of the upper basin of the 
Orge River (study site) is displayed in Appendix I. 

 “Help” tab 

The “Help” tab explains how the file works: definition of the raw rainy 
state, definition of the drainage time, description of the alert thresholds 
and the rules to determine the daily state. It is intended for the person 
who will use the tool. 
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”Setting” tab 

What is written in the “Setting” tab is explained in the next part of the 
thesis “Implementation of the tool on another site”. It gathers the 
information for the initial setting of the tool. 

Macros 

Macro to add a sensor 

After pressing the “Add a sensor” button and writing a sensor name 
(Fig. 28), this macro performs all necessary actions to add a 
measurement point in order to simplify and accelerate the setting 
process. With this macro, the person which configures the tool does not 
have to change any line of code or formula in order to configure the file 
before its first use. 

While this macro is running, a message appears to demand to the user to 
wait (Fig. 29). 

Macro at the opening of the file 

When opening the file, a macro is triggered to perform all update 
calculations and to give the results of the day. It takes less than 10 
seconds and the message to demand to the user to wait appears also 
when this macro is running. 

Macro to facilitate the use of the tool 

By pressing the “Choose a sensor” button, it is possible to choose the 
sensor whose one wants to see the calculations or the graph (Fig. 30). 
The macro takes the user directly to the proper data range, which 
facilitates the movements in the tool and access to information. This 
function exists in the “Validation”, “Alerts calculations” and “Graphs” 
tabs. 

 Excel file “Calculations of standard profiles of dry weather” 5.1.2.

The Excel file “Calculations of standard profiles of dry weather” has 
eight tabs and three main macros.  

Tabs 

Some of the tabs are the same as in the other Excel file so they are not 
described again in this part: “Data”, “Header” and “Setting” tabs. 

“Parameters” tab 

The parameters to fill in this file are the following: 

- The definition of the raw rainy state, 

- The thresholds for the validation: high and low thresholds, 

Fig. 28. UserForm 
to add a new sensor. 

Fig. 29. UserForm to 
ask to the user to wait. 



Obstructions monitoring in sewerage pipes 

 

41 

 

- The holidays: they are calculated automatically, 

- The sensors parameters: name and drainage time. 

As an example, the “Parameters” tab in the case of the upper basin of 
the Orge River (study site) is displayed in Appendix I. 

 “Validation” tab 

In this tab, the data are validated with the low and high thresholds. 

“Treatment” tab 

In this tab, the raw rainy state is determined for each hour and the hours 
in wet weather are identified for each sensor. The missing data 
management is again handled with the function “INDEX/MATCH”. 

 “Treatment 2” tab 

With the Excel function DAVERAGE that can take into account 
different criteria (day, hour, wet/dry weather), hourly averages of dry 
weather are calculated by separating “Weekends & holidays” and 
“Working days”. 

“Results” tab 

In this tab, the standard profiles of dry weather at a one-hour time step 
for all the sensors are displayed. 

As an example, the “Results” tab in the case of the upper basin of the 
Orge River (study site) is displayed in Appendix I. 

Macros 

Macro to add a sensor 

While this macro is running, the message to demand to the user to wait 
appears (Fig. 29). 

Macro at the opening of the file 

This macro takes around three minutes. It is longer than in the other 
Excel file because the file “Calculations of standard profiles of dry 
weather” takes 4 months of input data. While this macro is running, the 
message to demand to the user to wait appears. 

Macro to facilitate the use of the tool 

The same macro to facilitate the use of the tool as in the other Excel file 
is used (Fig. 30). The function exists in the “Validation”, “Treatment” 
and “Treatment 2” tabs. 

Fig. 30. UserForm to 
facilitate access to 
information. 
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5.2. Implementation of the tool on another site 

Until now, the tests were performed on the 14 sensors of the upper 
basin of the Orge River. In this part, it is explained step by step how to 
implement the tool on a different site with a different number of 
sensors. All these indications are also in the "Setting" and "Help" tabs of 
the Excel files. 

 Tool before setting 5.2.1.

Before the setting for a specific site, the two Excel files are set for one 
sensor and have no raw data in the “Data” tab. As a reminder, the raw 
data are inserted into the Excel file by the Aquacalc database before 
sending the file by email. 

 Excel file “Obstructions monitoring”  5.2.2.

There are four steps to set the “Obstructions monitoring” file. 

Add the sensors 

The sensors must be added one by one in the “Parameters” tab. To add 
a sensor, one presses the “Add a sensor” button and writes the sensor 
name (Fig. 28). 

Figure 31 shows the progressive addition of sensors for the tool 
implementation in Gif-sur-Yvette in the Paris region. 

Creation of the synoptic 

The synoptic of the network has to be drawn in the “Results” tab. Each 
sensor is represented by a hexagon and must be renamed with the 
corresponding number N that can be found in the “Parameters" tab of 
the “Obstructions monitoring” file (“Name in the synoptic” column). 
The corresponding macro “call_sensorN” has also to be assigned to the 
sensor for automatic coloring of the measurement points. Flowmeters 
and rain gauges can also be drawn on the synoptic.  

Figure 32 shows the construction of the synoptic of Gif-sur-Yvette with 
five sensors. The main pipes are represented with the localization of the 
measurement points and the direction of the flow. 

Fig. 31. Progressive addition of sensors in the file “Obstructions monitoring”. 
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Choice of the parameters 

All blue boxes in the "Parameters" tab are parameters that have to be 
chosen by the operator that will use the tool.  

For the choice of the alert thresholds, figure 22 from the “Help” tab of 
the “Obstructions monitoring” file can be very useful. As a reminder, the 
alert threshold (C) is defined in relation to the pipe diameter. For 
example, if the water height is greater than 90 percent of the pipe 
diameter, the state is red. The alert thresholds (A) and (B) are defined in 
relation to the standard profile of dry weather. For example, if the 
exceedance values are above 80 percent in dry weather and 120 percent 
in wet weather, the state is respectively orange and yellow. 

Aquacalc database setting 

This step is the last one in the tool setting. The Excel file "Obstructions 
monitoring" must be inserted into the Aquacalc database as “Report 
template”. The following parameters must be selected: 

- Data history: 7 days 

- Variables that will be included in the “Data” tab: measured water 
heights and rainfall, 

- Subscription: daily (report reception frequency). 

Additional information: displacement of a measurement point 

If a sensor has to be moved to another sensitive point of the network, a 
few actions have to be done in different tabs: 

- “Parameters” tab: change the sensor name and parameters, 

- “Validation”, “Alerts calculations” and “Graph” tabs: change the 
sensor name, 

- “Standard profile” tab: change the standard profile of dry weather, 

- “Results” tab: move the hexagon of the sensor to its new position on 
the synoptic. 

 Excel file “Calculations of standard profiles of dry weather” 5.2.3.

For this Excel file, two steps are the same as the other file: “Add the 
sensors” and “Choice of the parameters”. The third and last step to 
configure this file is “Setting of the Aquacalc database” that is different 
compared to the other file: the data history is 4 months (instead of 7 
days) and the subscription is every 4 months (not every day). 

Fig. 32. Construction of another synoptic with 5 sensors in the 
“Obstructions monitoring” file. 
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In the case of a sensor displacement, the sensor name has to be changed 
in the “Parameters”, “Raw”, “Treatment” and “Treatment2” tabs and 
also its drainage time in the “Parameters” tab. 

5.3. Concrete applications 

In this part, some concrete applications of the tool are displayed, namely 
some real cases with curves that will be analyzed in the Discussion part. 
As a reminder,  the different curves on the graph are the measured water 
height (pink), the standard profile of dry weather (green), the pipe 
diameter (dotted line) and the rainfall (blue histograms). The background 
colors correspond to the hourly states of the measurement points. 

Real cases 1, 2 and 3 took place on the upper basin of the Orge River 
(study site) whereas real cases 4 and 5 took place respectively in Gif-sur-
Yvette (Paris region) and Bordeaux (South-West of France). 

 Real case 1 5.3.1.

Figure 33 represents the “Sensor 11” of the study site from September 
21st to September 27th. 

 Real case 2 5.3.2.

Figure 34 represents the “Sensor 2” of the study site from October 2nd 
to October 8th. 

 Real case 3 5.3.3.

Figure 35 represents the “Sensor 7” of the study site from November 1st 
to November 7th. 

 Real cases 4 and 5 5.3.4.

Figures 36 and 37 represent two interesting real cases that were observed 
on other sites as the study site: in Bordeaux and Gif-sur-Yvette. 

6. DISCUSSION  

In the discussion part, different topics are covered:  the added value of 
the developed tool, the need of a human analysis of the results before 
triggering a cleaning operation, the analysis of real cases from different 
sites in France and a discussion about uncertainties. 

6.1. Added value of the developed tool 

The decision support tool developed in this master thesis permits a 
continuous monitoring of the sensitive points of the network, which is 
necessary because obstructions are rather fast and unpredictable 
phenomena. Punctual inspections are therefore not enough to react 
quickly and to avoid harmful effects on the environment and nuisances 
to the inhabitants. The SL-RAT and the CCTV-SONAR technologies 
are used for punctual inspections and can only assess at one point if the 
condition of sewerage pipes requires a cleaning operation (Panguluri et 
al, 2014; SyAGE, 2015).  

The CCTV-SONAR technology is expensive and bulky so it cannot be 
used in pipes of small diameters (SyAGE, 2015). The device size is also a 
problem for the technic with a raft and a sliding arm, which requires 
man-accessible pipes (Gourmelen et al, 2010). On the contrary, the 
ultrasonic sensors used in this project can be easily implemented in any 
type of pipes and have a low cost, which permits a large deployment 
(Loubière-Desortiaux et al, 2014). 

The added value of the developed tool is thus to monitor water level 
measurements in real time in order to detect early enough the buildup of 
obstructions and to trigger cleaning operations in a more relevant way.  



Obstructions monitoring in sewerage pipes 

 

45 

 

 

 

 

 

 

 

 
 

         Fig. 33. Real case on the study site from September 21st to September 27th. 
 

 

          Fig. 34. Real case on the study site from October 2nd to October 8th. 
 

 

          Fig. 35. Real case on the study site from November 1st to November 7th. 
 

 

           Fig. 36. Real case in Bordeaux from November 17th to November 23rd. 
 

 

          Fig. 37. Real case in Gif-sur-Yvette from December 10th to December 16th.  
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6.2. Results analysis before triggering a cleaning operation 

The Excel tool allows detecting early enough the buildup of obstructions 
and thereby avoiding the overflows in the natural environment. The 
operator receives a daily email with the "Obstructions monitoring” Excel 
file and observes the synoptic of the network with the localization of the 
measurement points and the three-day summary of functioning states. 
With this information and the curves on a one-week data history, it must 
be decided whether or not to initiate a cleaning operation.  

It is therefore necessary to analyze the data and anticipate the network 
behavior. A cleaning operation must not be triggered as soon as there is 
a red daily state on the synoptic because a sewer surcharge may be due to 
several reasons without requiring a cleaning operation. One must 
therefore have a critical eye on the data and take into account the rain, 
the presence of parasite infiltrations and the self-cleansing potential of 
the networks (especially after heavy rains) in the analysis. In addition, a 
pipe can be surcharged without overflowing on the roadway or among 
inhabitants thanks to the manhole chimneys that are often more than a 
meter high (Loubière-Desortiaux et al, 2014). 

6.3. Analysis of real cases 

In this part, it is explained what can be deduced from the five real cases 
from the upper basin of the Orge River (study site) and the French cities 
of Gif-sur-Yvette and Bordeaux. 

 Real case 1 6.3.1.

The first real case represents the “Sensor 11” of the study site from 
September 21st to September 27th. What is obvious is the presence of 
two background colors: grey and green. On the green parts, the 
measured water height curve follows the standard profile of dry weather, 
which reflects the proper functioning of the measurement point. 
However, on the grey parts, there is no measured water height, that is 
why the calculations are impossible. The absence of data can be 
interpreted in different ways: 

- Sensor failure, 

- Data transmission problem between the sensor and the database, 

- Numerous invalidated data due to improper installation of the sensor. 
Seeing this curve, the action to engage is to send someone on site to 
check the battery and the proper installation of the sensor and to 
perform tests to see if the SMS containing the data are sent. For 
example, it would be interesting to check the telephone coverage of the 
area. If the absence of data persists, the problem might be related to the 
reception of SMS data by the database. It is therefore necessary to ask a 
computer expert to fix it. 

 Real case 2 6.3.2.

The second real case represents the “Sensor 2” of the study site from 
October 2nd to October 8th. Most of the time, the measured water height 
curve follows the standard profile of dry weather but it can be noticed 
that the standard profile level is rather high and close to the pipe 
diameter in normal times. The fourth and fifth days, heavy rains fell 
down near the measurement point: respectively 17,6 and 18,2 millimeters 
on October 5th and 6th. The result is a sharp increase of the measured 
water level: a sewer surcharge is observed (red color). However, 
measured water heights return to a normal level when the drainage time 
of these heavy rains is up therefore the water level increase is only due to 
the rain and no cleaning operation is triggered. 
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Stormwater and wastewater networks are supposed to be separate 
therefore these large increases (up to 947 millimeters) even in wet 
weather are not normal. They are explained by the presence of a wetland 
upstream of the measurement point therefore the inflow is important 
when it rains. 

 Real case 3 6.3.3.

The third real case represents the “Sensor 7” of the study site from 
November 1st to November 7th and shows on a concrete case the utility 
of the tool. After a rain, the measured water height increases and 
significant exceedances are observed the first three days: first in wet 
weather (yellow) and then in dry weather (orange). At night, since the 
network is not completely blocked, the measured water height returns to 
a normal level. The problem then worsens on the fourth day when levels 
are abnormal even at night and sewer surcharge (red) is observed: the 
network is completely blocked. A cleaning operation is initiated on the 
sixth day and a return to normal is observed soon after. 

In this case, the tool permitted to trigger a cleaning operation early 
enough so that the level of the roadway (1 300 millimeters) is not 
reached. There has been no spillage into the environment or nuisance to 
residents.  

 Real cases 4 and 5 6.3.4.

The fourth and fifth real cases represent two sensors respectively in Gif-
sur-Yvette (Paris region) from December 10th to December 16th and 
Bordeaux (South-West of France) from November 17th to November 
23rd. They are also very interesting because they show, once again, how 
the tool was used to alert the operator that could trigger a cleaning 
operation before the overflow into the natural environment. 

On the graphs, periods of significant exceedance begin to warn about the 
possibility of a blockage problem. These yellow and orange periods are 
long in Bordeaux (4 days) but quite short in Gif-sur-Yvette (less than 
one day) which shows that one must act quickly. A sewer surcharge (red) 
is then observed and maintained over several days. A cleaning operation 
is therefore initiated and followed by a return to normal. 

6.4. Uncertainties 

It should not be forgotten that uncertainties are present throughout the 
method and have to be taken into account in the use of the tool. 

First, there are the measurement uncertainties that may be related to the 
accuracy of sensors, their proper installation in the manhole chimneys or 
their calibration. It is therefore particularly important to ensure the 
correct implementation of the measurement devices to avoid these 
uncertainties as much as possible. 

The choice of the time step involves also uncertainties because the 
sensors measure the water level only every 15 minutes and hourly 
averages are used to plot graphs and to determine the daily states of the 
measurement points. Nevertheless, the choice of this 15-minute step 
time allows saving battery life and is enough for the observed 
phenomena: it is not necessary to know what is happening minute by 
minute in order to detect the buildup of obstructions. And the choice of 
the one-hour time step for the graphs and the daily states has been 
thought in the “Methods” part. 

There is only one rainfall data for the entire watershed, which implies 
uncertainties as well. In the file, the arrival hour of the rain on the 
different measurement points is indeed considered to be the same, 
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whereas it should depend on their location. But it would not be possible 
to do it in practice because it is not possible to implement a rain gauge 
per sensor. Moreover, it does not matter whether one or two strips are 
colored in orange instead of yellow (or vice versa): the important thing is 
that the alert is given as it is not green and there is always a human 
analysis to have a critical eye on the results and to judge of a possible 
shift in the rain. 

Uncertainties are also involved in the human analysis of the results and 
the decision whether or not to trigger a cleaning operation. Different 
people may have different views based on their experience and 
willingness to take risks or not. 

Finally, it is not always possible to instrument all black spots especially if 
they are numerous. Choices have to be made depending on the number 
of available sensors and the amount of money allocated to the project. 

7. CONCLUSION  

The objective of this master thesis conducted in the Research Center of 
SUEZ Water France was to develop a method to detect early enough the 
buildup of obstructions before the network is completely blocked and 
the pipe overflows. There is indeed an issue of knowing in advance to 
optimize cleaning operations and avoid the discharge of wastewater in 
the natural environment, the nuisances to inhabitants living nearby and 
the cost for the operator that blockages in sewerage networks can cause.  

The method is based on the comparison between measured water 
heights and standard profiles of dry weather and the calculation of 
exceedance values that are compared to alert thresholds in order to 
determine the daily state of each measurement point.  

The result is a decision support tool that consists of two Excel files 
“Obstructions monitoring” and “Calculations of standard profiles of dry 
weather” coupled with Aquacalc, which is an internal database to the 
company. The files are light enough to be sent by email, easy to set up 
and use, visually attractive and not too time consuming. The tool output 
is a daily email received by the operator delivering the state of each 
measurement point on a synoptic and a three-day summary in order to 
know if everything works well or if an intervention to clean the pipes is 
needed. However, a sewer surcharge or a significant exceedance may be 
due to several reasons without systematically requiring a cleaning 
operation that is why one must have a critical eye on the results and take 
into account the rain, the presence of parasite infiltrations and the self-
cleansing potential of the networks in the decision. 

The tool was first applied to 14 sensors located on the upper basin of the 
Orge River in France but it is easily applicable on other measurement 
points on a different site. During the time of my thesis, it has, for 
example, been implemented in the cities of Gif-sur-Yvette, Bordeaux 
and Mulhouse, which are respectively in the Paris region, in the South-
West and in the East of France. 

8. PERSPECTIVES  

During this internship, the Excel tool to detect obstructions in sewerage 
pipes was developed and implemented on different sites in the Paris 
region, in the South-West and in the East of France. To assess the 
usefulness of this tool, it is now necessary to replace the preventive 
cleaning operations, which were previously performed with a fixed 
frequency per year, with conditional cleaning operations triggered by the 
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tool and observe the decrease of cleaning operations. This study should 
be conducted over several years and ensure that quality of service is 
maintained. If the decrease is high, it will mean that the usefulness of the 
tool is confirmed.  

It would also be interesting to spread the tool on many other sites in 
France or even abroad (on SUEZ operated networks) and to use the 
experience feedbacks in order to adjust the choice of the different 
parameters and eventually to determine an automatic trigger condition of 
cleaning operations to help the interpretation. It could be for example 
that a cleaning operation must be initiated from three orange or red 
hourly states during the day and when such a situation happens, a SMS is 
sent to the on-call team in order to check the data and eventually 
intervene. However, to determine such a rule, the operator must have a 
very good knowledge of its network and be able to anticipate its 
behavior. 

Finally, even if the tool has been developed to detect the buildup of 
obstructions, it could be used to see other phenomena such as influence 
of infiltration or inflow. Indeed, if the water level increases after each 
rain, it can provide information on the presence of inflow and bad 
connections of networks. 
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APPENDIX I 

In this appendix are displayed some screenshots of the two Excel files “Obstructions 
monitoring” and “Calculations of standard profiles of dry weather”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Parameters” tab of the “Obstructions monitoring” file on the upper basin of the 
Orge River. 
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“Validation” tab of the “Obstructions monitoring” file on the upper basin of the 
Orge River. 
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“Graphs” tab of the “Obstructions monitoring” file on the upper basin of the Orge 
River. 
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“Results” tab of the “Obstructions monitoring” file on the upper basin of the Orge 
River. 
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“Parameters” tab of the “Calculations of standard profiles” file on the upper basin 
of the Orge River. 
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“Results” tab of the “Calculations of standard profiles” file on the upper basin of 
the Orge River. 


