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Abstract

Urban drainage systems play a key role in modern societies. To fulfill this role, wastewa-
ter utility databases that store information about e.g. pipes and manholes are essential.
However, these datasets are oftentimes of poor quality. Furthermore, a widespread inter-
est emerged recently to combine urban drainage data with data of other aspects of water
management such as water distribution systems. These efforts pose additional demands
on the quality of urban drainage datasets. Authorities thus started to impose regulations
with respect to the scope and structure of wastewater utility databases.

Within this context, the aim of this thesis was to facilitate the process of data entry and
data cleansing of a wastewater utility database. To do so, three objectives were defined:
(1) Creating a validation method for newly inserted and already existing values in the
database. (2) Autocompleting missing values in such a database. (3) Developing and
comparing potential workflows for data cleansing incorporating the methodologies thus
developed.

Methods were created to validate and autocomplete five attributes from two classes.
These were then tested on the dataset of one municipality. Thus, it was shown that
the validation method worked as intended and even offered an additional test compared
to the services of third-party providers used in practice. This test could be used both
after new data was entered into the database and during data cleansing. Regarding the
autocompletion method, values were not assigned in all cases, but only when this could
be done with a very high level of confidence. This stands in contrast to previous studies
where empty values were always completed. While this autocompletion method was also
found to work well, an application thereof was deemed unpractical in some cases for cost
reasons. For both the validation and the autocompletion method, a reduced performance
was sometimes observed because of topological errors in the urban drainage network.

Two data cleansing workflows were therefore developed that differentiated in the manner
how they treated these topological errors. While both workflows included an intensive
preprocessing stage, one of them rectified these topological inconsistencies before run-
ning the autocompletion method. In the other workflow, these corrections were applied
after the autocompletion technique, to combine them with other data cleansing opera-
tions. The assignment of three attributes was then included in these two workflows that
were both executed in four municipalities. It was thus observed that the percentage of
autcompleted values increased marginally from 48.3% to 51.9% by previously applying
topological corrections. However, the effort for achieving this increase in performance
far outweighed its benefits. Therefore, the workflow which didn’t feature topological data
cleansing before executing the autocompletion method had a superior performance.

In conclusion, the aim and the objectives specified in the beginning were reached at least
to a large extent. By doing so, the insight was gained that it is crucial to incorporate the
validation and autocompletion methodologies into a wider workflow. Also, it was observed
that the autocompletion techniques developed can be well used with a topologically in-
correct urban drainage network. This presents a novel insight, as previous (topological)
efforts for doing so implicitly relied on correctly linked networks.
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Zusammenfassung

Die Siedlungsentwässerung besitzt eine zentrale gesellschaftliche Rolle. Um diese Rolle
zu leisten sind Daten der Siedlungsentwässerung nötig, welche bspw. Informationen
über Leitungen und Schächte beinhalten. Allerdings sind diese Daten oft von schlechter
Qualität. Weiter entwickelte sich ein grosses Interesse daran, diese mit Daten aus an-
deren Bereichen der Wasserwirtschaft (z.B. der Trinkwasserversorgung) zu kombinieren.
Dies stellt zusätzliche Anforderungen an deren Qualität. Von Behördenseite kommen fol-
glich zunehmend Vorschriften bezüglich des Umfangs und der Struktur dieser Daten.

In diesem Umfeld war das Hauptziel dieser Arbeit, die Eingabe und Bereinigung von
Daten der Siedlungsentwässerung zu vereinfachen. Drei untergeordnete Ziele wurden
zu diesem Zweck festgelegt: (1) Die Schaffung einer Validierungsmethode für neue und
bereits existierende Werte in diesem Datensatz. (2) Die automatische Vervollständigung
von fehlenden Werten in einem solchen Datenbestand. (3) Die Entwicklung und der Ver-
gleich von Arbeitsabläufen welche die dabei entwickelten Methoden beinhalten.

Validierungs- und Vervollständigungsmethoden von fünf Attributen aus zwei Klassen wur-
den erstellt. Diese wurden mithilfe des Datensatzes von einer Gemeinde getestet. Dabei
wurde gezeigt, dass die Validierungsmethode wie vorgesehen funktioniert. Verglichen mit
oft in der Praxis verwendeten Checkservices von Drittanbietern beinhaltet diese Methode
gar einen zusätzlichen Test. Dieser kann für neu hinzugefügte Werte oder im Zuge einer
Datenbereinigung verwendet werden. Bei der Vervollständigung fehlender Werte wur-
den diese nicht in jedem Fall eingesetzt, sondern nur wo dies mit grosser Sicherheit
möglich ist. Dies ist ein Unterschied zu früheren Untersuchungen. Obwohl diese Vervoll-
ständigungsmethode ebenfalls gut funktioniert, wurde sie in manchen Fällen aus Kosten-
gründen als ungeeignet befunden. Schliesslich wurden bei beiden Methoden manchmal
Leistungseinbussen aufgrund von topologischen Fehlern im Leitungsnetz festgestellt.

Zwei Arbeitsabläufe wurden folglich erstellt, welche sich durch die Art unterschieden,
wie diese topologischen Fehler behandelt wurden. Während beide Abläufe eine inten-
sive Datenvorverarbeitung beinhalteten, bereinigte der eine diese Fehler vor Ausführung
der Vervollständigungsmethode. Im anderen Ablauf wurden diese Korrekturen dagegen
nach den Vervollständigungen angewandt um sie mit anderen Bereinigungstätigkeiten zu
kombinieren. Die Vergabe von drei Attributen wurden in diesen zwei Arbeitsabläufen in-
tegriert, welche beide in vier Gemeinden ausgeführt wurden. Dabei wurde beobachtet,
dass der Anteil der zugeordneten Werte mittels dieser topologischen Bereinigungen ger-
ingfügig von 48.3% auf 51.9% anstieg. Der Aufwand für diesen leichten Leistungsgewinn
überstieg jedoch bei weitem dessen Ertrag. Aus diesem Grund hatte der Arbeitsablauf
ohne Datenbereinigungen vor der Autovervollständigung eine überlegene Leistung.

Schlussfolgernd konnten das Hauptziel und die drei untergeordneten Ziele zumindest zu
einem grossen Teil erreicht werden. In diesem Zug wurde erkannt, dass es entscheidend
ist, die Validierungs- und Vervollständigungsmethoden in einen grösseren Arbeitsablauf
einzubinden. Auch wurde festgestellt, dass die entwickelte Vervollständigungstechnik gut
mit topologisch inkorrekten Leitungsnetzen funktioniert. Dies ist eine neue Erkenntnis, da
vorherige Ansätze implizit auf topologisch korrekte Netzwerke angewiesen waren.
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1. Introduction

1.1. Background

Preventing diseases, avoiding �oods and enabling the treatment of wastewater are among
the services that urban drainage systems provide in modern societies (Larsen and Gujer,
1997; Bach et al., 2014). To achieve these services, wastewater utility databases are
necessary, which consist, amongst others, of information about sewers, catchments and
water bodies (Chini and Stillwell, 2017). One widely studied component of wastewater
utility databases are Urban Drainage Networks (UDNs) (Hajibabaei et al., 2025). This
subset of wastewater utility databases consists of sewer pipes, manholes and catch-
ments of storm- and wastewater systems.

Wastewater utility databases contribute to the management of urban drainage systems
in various ways. One such application is the provision of information about the location
of sewers for constructing and maintaining these underground systems or other utilities
nearby (Schilling and Tränckner, 2022). Also, they are used to store sewer condition
data, which is crucial for successful sewer rehabilitation planning (Egger et al., 2013).
Furthermore, the ownership situation (private/public) of sewers can be registered in such
databases (Kennedy-Walker et al., 2020). Another well-studied application of wastewater
utility databases is their usage as an input for hydraulic assessments of sewer systems
with the help of simulations (Schilling and Tränckner, 2022). Such simulations are essen-
tial to construct and extend the urban drainage system (Achleitner et al., 2007).

Data of the urban drainage systems in the form of statuary records are oftentimes in-
complete or even missing entirely (Bilal et al., 2018; Metje et al., 2007). Historically, the
creation of underground pipes on a large scale began in the 19th century (Lofrano and
Brown, 2010). However, legislation regulating reporting standards after the completion
of sewer line constructions was passed much later. For example, in France, this was the
case as recently as 2012 (Chahinian et al., 2019). Moy de Vitry et al. (2018) also stated
concerns about data privacy and poor practices of data management as reasons for the
general data scarcity in urban drainage. Traditionally, data of these underground struc-
tures is collected in a manual, error-prone manner (Moy de Vitry et al., 2018). Of course,
resources for this task are limited, as noted by Blumensaat et al. (2012). In the case of
Switzerland, the costs already spent for wastewater utility data collection were estimated
to be 511 million Swiss francs in total (Maurer et al., 2012).

Generating such databases out of sparse data is therefore a well-researched �eld and
multiple approaches were made to do so. Namely, Blumensaat et al. (2012) developed a
model to create sewer networks based on topographic data, area information and street
network information. Further examinations of the spatial correlation between water and
wastewater systems and street networks were performed by Mair et al. (2017). Additional
efforts to generate databases of the wastewater network with low input data requirements
were undertaken by Chahinian et al. (2019). This article presented a stochastic method
for sewer network generation using manhole cover locations. Methods relying on graph-
theory were put forward by Hesarkazzazi et al. (2022) and Chegini and Li (2022). Agent-
based models were employed with the same intention by Urich et al. (2010) and models
aiming at computational ef�ciency by Duque et al. (2022). For the related �eld of water

Master Thesis - Assisting Wastewater Utility Data Management 1



Michael Demarmels - u108365 February 28, 2026

distribution networks, Sitzenfrei et al. (2013) developed a method using a digital eleva-
tion model, housing data and population data as inputs. Lastly, Chen and Cohn (2011)
were using ground penetrating radar together with other data sources, such as satellite
images, for reconstructing wastewater utility maps.

In cases where databases of urban drainage systems exist, a lack of integration of mul-
tiple parallel data management systems was often observed (Fletcher et al., 2015; Eggi-
mann et al., 2017). Efforts aiming at a combination of previously separate urban water
systems are known as Integrated Urban Water Management (IUWN) (Bach et al., 2014).
These components can comprise e.g. water distribution, urban drainage and wastewa-
ter treatment (Furlong et al., 2015). A typology for such an integration was developed
by Bach et al. (2014). In this typology, four levels of integration were presented. On the
lowest level, an integration may encompass all components within the pipe network of a
municipality or all elements of a wastewater treatment plant. In the intermediary levels,
urban drainage and wastewater treatment may be integrated into a single dataset. Finally,
on the highest level of integration, both water supply and wastewater data are aggregated
together with e.g. societal and ecological data.

To achieve such an integration, multiple approaches were undertaken. On the lowest
level, Et-Targuy et al. (2024), studied the aggregation of heterogeneous datasets into
a single database of the urban drainage system. These input datasets comprised e.g.
separate �les storing information about manholes or pipes. Also on a very low level of
integration, Martin et al. (2020) developed an urban drainage database as well, which
additionally featured catchment areas. Commercial software developed with the same
intent is also available, as discussed in Schilling and Tränckner (2022). Similar efforts
were also reported from the viewpoint of integrating water distribution systems (Moniz
et al., 2020). A review of approaches used in all levels of integration, including the higher
ones, can be found in Mosleh and Negahban-Azar (2021).

An emphasis of some of these efforts of data integration lay on a validation of data used
as inputs for the integrated databases created. For example in Moniz et al. (2020), tests
were undertaken to ensure that asbestos cement pipes do not have diameters smaller
than 300 mm. Another assessment undertaken by Moniz et al. (2020) had the objective
to ensure that sewers do not share overlapping segments. Enforcing such constraints
in spatial databases has a long tradition. A taxonomy thereof can be found in Cock-
croft (1997), which was, among others, based on the theoretical groundwork developed
by Egenhofer and Franzosa (1991). Grounded on this taxonomy, Cockcroft (1998) pre-
sented a case study in which such restrictions were applied to the entry of new features
in a water supply network. These constraints can be categorized into topological and
non-topological checks according to the differentiation put forward in Moniz et al. (2020).
Another category, identi�ed by Cockcroft (1998), are so-called semantic checks.

The topological checks verify that, for example, all pipes of a water supply system are
connected. Topological analyses of urban drainage systems, including some basic in-
tegrity checks, have been carried out by Ren et al. (2022). These checks test for three
suspicious structures in drainage networks. The �rst type of these are "All-up" structures,
in which multiple pipes have the same manhole as an upstream node, but no pipe has
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this manhole as a downstream node. The second suspicious structures are "All-down"
structures where a manhole is used as a downstream node for multiple pipes, but never
functions as an upstream node. The third assessment was named "Cycles" and checks if
cycles, as known from graph theory, are present in the wastewater utility database. Simi-
lar assessments were also documented by Hesarkazzazi et al. (2022) and Haydar et al.
(2026), along with frameworks to rectify erroneous network topologies.

On the other hand, the non-topological restrictions ensure that e.g. private pipes are not
attributed as belonging to the main water distribution network (Moniz et al., 2020). Zim-
brão et al. (2003) simply calls such comparisons of attribute-values from the same objects
"constraints". Outside of the scienti�c literature, this concept is denominated "valid value
combination" (IBM, 2021) or "cross-validation rules" (Oracle, 2025) by software compa-
nies. These non-topological restrictions belong to a wider concept known as business
rules (Zimbrão et al., 2003; Demuth et al., 2001). Business rules can extend far beyond
checks that compare two attributes of an object as is the case for the water distribution
example mentioned above. For example, Ram and Khatri (2005) de�ne them as a set
of restrictions that ensure that a database accurately represents the real world. One ex-
ample given by these authors to illuminate this concept is a prerequisite course which a
university student has to complete before she is able to attend another course. Model-
ing such complex tests often goes beyond the limits of the Uni�ed Modeling Language
(UML) which is usually employed to specify databases (Cabot and Gogolla, 2012). This
led to the creation of the Object Constraint Language (OCL) which was developed specif-
ically to implement business rules in databases (Cabot and Gogolla, 2012; Demuth et al.,
2001).

Finally, an example of a semantic test is a check to ensure that a certain type of valve
can only be connected to pipes greater than a given diameter (Cockcroft, 1998). Such
constraints could also be speci�ed by business rules and be enforced using OCL. How-
ever, semantic tests differ from non-topological ones by the fact that they presuppose a
correctly speci�ed network topology. Also, they deviate from topological restrictions be-
cause attribute-values of the assessed objects do matter in semantic checks, while they
do not in topological checks.

To pass both non-topological and semantic checks, the assignment of values to empty
attributes is of course crucial. To automatize such an assignment, multiple approaches
have been put forward. For the use case of water supply networks, Kabir et al. (2020)
examined the usage of inputation methods. Inputation uses the statistical properties of a
dataset to assign empty attributes. A simple method of this category is named mean in-
putation and replaces missing values of an attribute with the mean of all values assigned
to this speci�c attribute. These methods do, however, completely ignore the spatial and
topological characteristics of the dataset (Hajibabaei et al., 2025). Similarly, Belghaddar
et al. (2021) developed a machine learning methodology based on graph neural networks
to assign missing values in an urban drainage network. While taking into account the
topology of the input data, this approach requires considerable efforts and large training
data sets, as noted by Hajibabaei et al. (2025).
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A promising approach for attribute assignment are graph-based methods. An early appli-
cation of such methods is presented by Tscheikner-Gratl et al. (2016). In this use-case,
missing attribute-values (such as e.g. the material of a pipe) in a water distribution net-
work were reconstructed. This was made by looking for pipes with similar characteristics
(e.g. construction date) in the vicinity of the respective object and using their values for
the attribute sought-after. A more sophisticated branch of graph-based methods in the
context of networks such as used in the domain of water and wastewater is known as
Complex Network Theory (CNT) (Simone et al., 2022). Complex network theory was
applied for the attribution of a water distribution network by Hajibabaei et al. (2024).

Another usage of complex network theory in the context of urban drainage networks was
presented in Hajibabaei et al. (2025). This framework consists of �ve modules to assign
one of �ve diameter classes to the pipes and numerical invert elevations to the manholes
of an urban drainage network. These modules are (1) the so-called uniformity module
which assigns diameters to pipes between two other pipes with known diameters of the
same class. Then, (2) the hierarchy module that attributes diameter classes to pipes that
lie between two other pipes with differing diameter classes. In (3) the completion module,
diameters are assigned to pipes that lie above other pipes with known diameter classes
but have no other pipes upstream of themselves. Subsequently, (4) the elevation module
assigns invert levels to the manholes, followed by (5) the hydrodynamic module. This
last module uses a numerical hydraulic simulation of the network to identify and correct
discrepancies to hydrometric measurements in the �eld. According to Hajibabaei et al.
(2025), this method outperformed the machine learning approach of Belghaddar et al.
(2021) regarding diameter prediction performance.

In the particular case of Switzerland, a potential for greater data integration of water
management datasets has been identi�ed by Maurer et al. (2012). This need was also
recognized by policymakers and resulted in the establishment of a centralized database
of multiple themes related to water management (Battaglia, 2020). This database is op-
erated by the cantons Bern and Solothurn and integrates both datasets of urban drainage
systems and water supply datasets. As such, the datasets to be included also need to
pass validation procedures before they can be imported. For this purpose, two stan-
dardized wastewater utility data models were developed by the Swiss Wastewater Asso-
ciation VSA ("Verband Schweizer Abwasser- und Gewässerchutzfachleute") (Schilling
and Tränckner, 2022). These data models are named VSA-DSS 2020 ("Datenstruktur
Siedlungsentwässerung") and VSA-DSS 2020 mini and feature corresponding schema
validation procedures (Burckhardt, 2017).

These validation procedures are used extensively for data cleansing in practice. To as-
sign missing attribute-values of objects for doing so, a two-step procedure is used in this
context. In a �rst step, an attribution is undertaken based on values of other attributes of
the same object. By doing so, the spatial and topological characteristics of the objects in
the wastewater utility database are, of course, ignored. In a second step, attribute-values
that were not assigned yet are completed manually. Using this method, the topological
context of the respective objects is incorporated as well, albeit in a labor-intensive man-
ner.
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1.2. Aim and Objectives

Passing data validations for wastewater utility data requires considerable efforts in data
cleansing. Moreover, new data inserted into these databases oftentimes does not meet
the standard required by data check services.

With this situation in mind, an overarching aim was de�ned as follows:

Facilitating the process of data entry and data cleansing of a wastewater utility
database

To achieve this aim, the subsequent three objectives were speci�ed:

1. Creating a validation method for newly inserted and already existing values in the
database

2. Autocompleting missing values in such a database

3. Developing and comparing potential work�ows for data cleansing incorporating the
methodologies thus developed

The �rst objective had two distinct motivations. First, on a didactical level, it was en-
visioned to deepen the understanding of the VSA-DSS schema validation procedures
described in Burckhardt (2017). Such an enhanced comprehension was also considered
helpful for the subsequent work on the other two objectives. The second motivation for
this objective can be located on an application-oriented level. In this regard, the method
thus created was intended to save time compared to the preexisting work�ows of schema
validation mentioned in Burckhardt (2017).

The motivation of the second objective was to achieve an automatic completion of miss-
ing attribute-values in an urban drainage network by considering its topology. To do so,
a methodology that had large similarities to the uniformity module and the completion
module introduced in Hajibabaei et al. (2025) was employed. However, in contrast to this
approach, and also all of the other approaches referred to in section 1.1, assignments of
attribute-values were not performed in all cases. Instead, they were only undertaken in
cases where such allocations were expected to be very accurate.

Putting the methods thus developed into the context of the data cleansing efforts cur-
rently applied in practice was then the motivation behind the third objective. The central
question of this objective was how important it is to have a correct topology in an ur-
ban drainage network before these autocompletion procedures are applied. Such a valid
topology is an implicit assumption of most approaches for attribute completion in the sci-
enti�c literature mentioned in section 1.1. To answer this question, a comparison of two
distinct work�ows was undertaken that differed in the input data used for the autocomple-
tion methods. In one work�ow, the original topology of the urban drainage network, in-
cluding erroneous network structures, was utilized for this purpose. In the other work�ow,
the topology of this dataset was corrected in a �rst step before applying the methodology
developed. The two work�ows were then compared with each other and with the current
data cleansing procedure in which the network topology is considered only manually (see
page 4). By doing so, it was also assessed whether the methods created could be used
for data entry as well.
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2. Methods

2.1. Institutional Environment

This master thesis was written in collaboration with Infragon Ingenieure AG. This en-
gineering company is mainly active in the Swiss cantons Bern and Solothurn and em-
ploys roughly 100 employees. Infragon is a main regional player in civil engineering
and surveying and, as such, manages the wastewater utility databases of approximately
50 municipalities. These wastewater utility databases are periodically assessed by the
cantons Bern and Solothurn for their compliance with the VSA-DSS data format (see sec-
tion 2.3.3).

2.2. Datasets Used

The wastewater utility databases of four small villages in the canton of Bern were used
as input datasets: Ersigen, Gondiswil, Trubschachen and Wynau. The main sewer lines
(see section 2.3.1) of these wastewater systems are shown in �gs. 1 to 4. More com-
prehensive maps with all pipes in these wastewater utility databases are presented in
appendix A. To create these maps, and other maps showing details in urban drainage net-
works, the wastewater utility databases of the respective municipalities were, of course,
used. Additionally, corresponding surveying data managed by Infragon was employed.
Finally, a Web Map Service (WMS) was utilized for the areas surrounding the municipali-
ties, taking advantage of data from geo.admin.ch (2021).

Metrics describing the four municipalities and their sewer systems are given in table 1.

Figure 1: Main sewer pipes in the wastewater utility database of Ersigen. The color of
the pipes corresponds to their mode of usage as introduced in section 2.3.1.
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Figure 2: Main sewer pipes in the wastewater utility database of Gondiswil. The color of
the pipes corresponds to their mode of usage as introduced in section 2.3.1.

Figure 3: Main sewer pipes in the wastewater utility database of Trubschachen. The color
of the pipes corresponds to their mode of usage as introduced in section 2.3.1.
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