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Zusammenfassung

1. Zusammenfassung

Das Kernprodukt von MuDak-WRM war die Entwicklung von Modellen, Werkzeugen und
Richtlinien zur Erleichterung des Managements von Stauseen, um eine gute Wasserqualitat
zu verbessern oder zu erhalten. Ein weiteres Ziel war die Vorhersage mittel- bis langfristiger
Veranderungen der Wasserqualitdt in Stauseen, basierend auf Ansatzen reduzierter
Komplexitat und der Integration global verfugbarer Datenquellen, wie z.B. Satellitendaten. Der
Schlisselaspekt war, die Komplexitadt der zugrundeliegenden wissenschaftlich-
mathematischen Ansatze und der bendtigten Daten fir die angepassten Modelle (LARSIM -
Wasserhaushaltsmodell, MORE - Emissionsmodell und Delft 3D - Wasserqualitatsmodell) zu
reduzieren, um die Anwendung der Modelle mit vertretbarem Aufwand und in sinnvoller Weise
in Regionen mit begrenzter Datenverfligbarkeit zu ermdglichen.

Die interdisziplinare Forschungsgruppe auf deutscher Seite war ein Konsortium aus vier
Forschungs- (Universitat) und funf Industriepartnern. Jedes Arbeitspaket wurde von einem
oder zwei deutschen Partnern bearbeitet. Auf brasilianischer Seite waren drei Forschungs-
und vier Industrie- bzw. 6ffentliche Partner in das Projekt eingebunden, so dass sich die
Kompetenzbereiche  spiegelten. Deutsche und brasilianische Partner  wurden
zusammengefihrt, um den Wissensaustausch und die enge Zusammenarbeit bei den
wissenschaftlichen und praktischen Aufgaben optimal zu ermdglichen.

Das Projektteam hatte sich zum Ziel gesetzt, das noch begrenzte Verstandnis der Prozesse
im Einzugsgebiet und im Stausee zu verbessern, dass bisher die Entwicklung vereinfachter
Ansatze behindert. Die Projekthypothesen waren, dass Wasserqualitdtsdnderungen von
Stauseen auf Langzeitskalen reagieren und dass Reaktionen auf sich andernde Bedingungen
(Inputs) modelliert und durch die Interpretation von Monitoringdaten verifiziert werden kénnen.
Ziel des MuDak-Teams war es, fortschrittliche Ergebnisse in praktischer Form zu liefern, die
von internationalen Stauseebetreibern und Behorden genutzt werden kdnnen, um den Ist-
Zustand eines Stausees zu beschreiben und die zukiinftige Entwicklung der Wasserqualitat
unter BerUcksichtigung bestimmter Managementoptionen vorherzusagen.

Das MuDak Projekt konnte erfolgreich die Erosions- und Transportprozesse im Einzugsgebiet
mit den Verlandungstendenzen und Wasserqualitatsveranderungen im Stausee verknupfen.
Hierfir wurden Satellitendaten automatisiert ausgewertet und direkt als Eingangsparameter
fur das Erosionsmodel genutzt. Parallel wurde ein Wasserhaushaltsmodell implementiert, dass
zum einen mit geringen Eingangsdatensatzen und gréReren Datenliicken zurechtkam, zum
anderen die Abflusskomponenten lieferte, die fir die Eintragsmodellierung und die
hydrodynamische Modellierung im Stausee ndtig waren.

Untersuchungen im Stausee zeigten, dass die hohen Nahrstoffeintrage nicht unmittelbar zu
Algenbliten fuhrten. Ein groRBer Teil des eingetragenen Phosphors bleibt im Sediment
gespeichert. So ergibt sich aktuell keine Gefahrdung der Wasserqualitat in Bezug zur
Wasseraufbereitung, jedoch kénnen Umweltveranderungen zu einer Freisetzung dieses
Phosphorspeichers fuhren. Insbesondere Sauerstoffmangel, der direkt mit der Anzahl der
Tage, die der Wasserkorper geschichtet ist, zusammenhangt kann zu einem erhdhten Eintrag
aus dem Sediment (internal loading) fuhren.

Es konnten zwei beispielhafte Mallnahmen identifiziert werden, um die Wasserqualitat
langfristig zu erhalten. Zum einen wurde berechnet, welche Flachen im Einzugsgebiet
aufgeforstet werden mussten, um eine deutliche Reduzierung des Sediments und damit auch
des Nahrstoffeintrags zu erzielen. Hier wurden bereits 3% der Flache zu einer Reduzierung
von 26% der jahrlichen Sedimentmenge flihren. Eine andere Mallinahme, ist die Konstruktion
eines vorgelagerten iPre-Damsi, einer Vorsperre. Dies ist in Deutschland tblich, in Brasilien,




Zusammenfassung

jedoch nur sehr selten der Fall. Hierdurch kdnnte ebenfalls eine deutliche Reduktion der
Eintrage in den Haupt See erreicht werden.

Verknlpft und verfigbar gemacht wurden die Projektdaten und insbesondere die real-time
Wasserqualitatsdaten aus dem Stausee Uber ein Sensor Web. Es erlaubt nicht nur die Daten
zu betrachten, sondern auch langjahrige Vergleiche. Dazu wurde die Datenhaltung und
Visualisierung fur diverse Datentypen, wie Rasterdaten oder Vertikalprofile entwickelt. So hat
der Stauseebetreiber, alle Informationen zur Beurteilung der aktuellen Situation aber auch der
Entwicklung unmittelbar verfugbar.

Alle zentralen Erkenntnisse, Produkte und Ergebnisse sind in Form von Produkt Flyern
dargestellt und zusammengefasst.
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Summary

2. Summary

The core product of MuDak-WRM was to develop models, tools and guidelines to facilitate the
management of reservoirs in order to improve or maintain good water quality. We also aimed
on the prediction of medium to long-term changes of water quality in reservoirs, based on
reduced complexity approaches and integration of globally available data sources, like satellite
data. The key aspect was to reduce the complexity of the underlying scientific-mathematical
approaches and the data required for the adapted models (LARSIM - water balance model,
MoRE - emission model and Delft 3D - water quality model) to enable the application of the
models with reasonable effort and in a meaningful way in regions with limited data availability.

The interdisciplinary research group on the German side was a consortium of four research
(university) and five industry partners. Each work package was handled by one or two German
partners. On the Brazilian side, three research and four industry or public partners were
involved in the project, so that the areas of competence were mirrored. German and Brazilian
partners were joined to optimally facilitate the exchange of knowledge and the close
cooperation on the scientific and practical tasks.

The project team set out to improve the still limited understanding of processes in the
catchment and the reservoir, which so far hinder the development simplified approaches. The
project hypotheses was that water quality changes of reservoirs react on long-term scales and
that reactions of changing conditions (inputs) can be modelled and verified by the interpretation
of monitoring data. The MuDak team aimed to deliver advanced results in practical form, which
can be used by international reservoir operators and authorities to describe the actual status
of one reservoir and to predict the future development of water quality under the consideration
of certain management options.

The MuDak project was able to successfully link the erosion and transport processes in the
catchment area with the siltation tendencies and water quality changes in the reservoir. For
this purpose, satellite data were automatically analyzed and directly used as input parameters
for the erosion model. In parallel, a water balance model was implemented that, on the one
hand, coped with small input data sets and larger data gaps, and, on the other hand, provided
the runoff components needed for the input modeling and hydrodynamic modeling in the
reservoir.

Studies in the reservoir showed that the high nutrient inputs did not directly cause algal blooms.
A large part of the introduced phosphorus remains stored in the sediment. Thus, there is
currently no threat to water quality in terms of water treatment, but environmental changes can
lead to a release of this phosphorus storage. In particular, oxygen deficiency directly related
to the number of days the water body is stratified can lead to increased input from the sediment
(internal loading).

Two exemplary measures could be identified to maintain water quality over the long term. First,
it was calculated which areas in the watershed would have to be reforested to achieve a
significant reduction in sediment and thus nutrient input. Here, as little as 3% of the area would
result in a 26% reduction in the annual amount of sediment. Another measure, is the
construction of an upstream "pre-dam”. This is common in Germany, but very rare in Brazil.
This could also lead to a significant reduction of inputs into the main lake.

The project data and in particular the real-time water quality data from the reservoir were linked
and made available via a sensor web. It allows not only to view the data, but also to make long-
term comparisons. For this purpose, data management and visualization were developed for
various data types, such as raster data or vertical profiles. Thus, the reservoir operator has all
information for the assessment of the current situation but also the development immediately
available.

11



Introduction

3. Introduction

In many parts of the world water reservoirs are an essential source for drinking water supply
and electricity production. Around 1.000.000 artificial water bodies and more than 100.000
larger reservoirs exist on the globe. They produce 20% of the global electricity and supply
~30% of the global irrigated agricultural area with water (ICOLD (International Commission on
Large Dams). 1998i2009).

However, the installation and the operation of those is closely connected to a fundamental
disruption of the river continuum. Reservoirs represent a sink for particulate matter as well as
particle bound compounds like phosphorous, heavy metals and hydrophobic organic
pollutants. Through the increase of the retention time in the reservoir in comparison to the free
flowing river, the environmental conditions significantly change. One direct consequence is the
accelerated eutrophication of the impounded water bodies.

Strong algae and cyanobacteria growth leads to severe, quality-related usage restrictions,
especially for the extraction of potable water. Climate change may intensify the temporally
unequal distribution of available water and therefore the regional water stress. At the same
time, intensified agricultural activity and forest industry combined with increasing urbanization,
lead to growing utilization pressure and phases of conflict prone water scarcity. Actual global
examples illustrate the importance this topic.

The south east of Brazil with a high population density suffered a strong drought and water
scarcity in 2015 and 2016 and once more since the end of 2019 until end of 2020. In the
metropolitan region of Curitiba the drinking water reservoirs reached very low water levels with
only 30% of storage volume left. Water shortages and power cutting were the consequences
over months. During these phases some reservoirs showed strong water quality problems in
connection with algae blooms. Comparable problems are well known for the rest of the world.
In Germany, the increasing unequal distribution of rainfall (very dry summers) led to quantity
and quality related water problems in the last three years (2018-2020) in drinking water
reservoirs.

Such conditions, require long-term oriented, integrated management strategies, which
consider water- and mass fluxes in catchments as well as the fundamental reactions in
reservoirs. For this task, a range of models are available. However, the application of such
performant software is often strongly limited in many regions of the world, due to a lack of
input- and validation data in an adequate spatial and temporal resolution.

In many cases, the creation of catchment- and water monitoring parameters by conventional
methodologies, is limited by temporal and financial restrictions. The reproduction of processes
in catchments and in reservoirs in an adequate manner is, in these cases impossible.
Consequently, especially highly complex, and generally performant models are parametrized
with default data. These models inevitably lose the regional context and therefore the
necessary degree of information, which is needed for the derivation of effective management
strategies.

The MuDak-WRM project focused on the tasks to

1. Reduce the complexity of model approaches (water balance model, emission model
and water quality model) and therewith the related data demand.

2. Derive central parameters to describe the catchment- and water body characteristics

based on globally available remote sensing data.

Develop adapted methodologies for an efficient onsite minimum monitoring.

4. Development of strategies and measures in cooperation with local/regional
stakeholders to ensure long-term secure water supply.

w
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Background of reservoir management

In order to guarantee the success to the project, a tiered approach was chosen. The general
methods and models were developed and tested at a well understood and monitored reservoir
in Germany, the iGrof3e Dhiinntalsperrel operated by the Wupperverband. This reservoir, or
exactly the pre-dam of this reservoir, served as a testing ground before the methods and
models were transferred to Brazil. There, the Passaulna reservoir at the outer limits of the city
of Curitiba was chosen as research subject due to the following criteria; the reservoir has a
high importance for the drinking water supply for ca. 600.000 inhabitants, the water quality is
still oligo-mesotrophic but with a tendency to deterioration, the catchment features strong
anthropogenic influences and the operator of the reservoir, the company Sanepar showed
active interest in the project cooperation and the project was accompanied by strong and highly
motivated local partners from the academia and the authorities. These conditions summed up
to a promising and interesting research area with a strong demand for a better reservoir-related
process understanding and the development of measures to ensure good water quality in the
future.

3.1. Background of reservoir management

Surface water bodies and especially water reservoirs are subject to a large variety of usage
requirements (energy production, drinking water supply, irrigation, transportation, recreation,
etc.). At the same time, they fulfill essential and unique environmental ecosystem functions.
Both, the usability of water resources as well the ecosystem functions are threatened by the
emissions from the catchment of a multitude of substances (nutrients, sediment, heavy
metals,O). The anthropogenically increased input of nutrients (Phosphorous (P) and
Nitrogen(N)) represents one of the main factors, why the water quality and related usage of
waters is threatened (Conley et al. 2009; Schindler 2006), since these nutrients may cause
algal blooms.

In this context, the relevant processes have been described very well (e.g. Likens und Gene
2010, Lake Ecosystem Ecology: A Global Perspective).

Sources of nutrients can be separated into diffuse and point sources (e.g. Figure 10). Even
though, these terms are not used in a unified way, we define point sources as sources, which
can be directly linked to on specific location of input to the river, e.g. waste water treatment
plants. On the contrary, diffuse sources cannot be linked to one specific location of input to the
river, e.g. surface runoff or erosion. The MuDak-WRM project focused mainly on the
assessment, investigation and modeling of diffuse sources (erosion and surface runoff). The
management of point sources relies strongly on the databases of local and regional authorities
and can therefore, not be transferred to other regions by using technologies as remote sensing.
However, the importance to control and manage point sources should not be generally
degraded by this. Figure 1 illustrates a simplified overview of the relations between a reservoir
and the catchment.

13
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Figure 1: lllustration of the general transport and accumulation of sediment and nutrients from the
catchment to the reservoir (adapted from Icograms).

The Catchment:

One central aspect for the protection of receiving water bodies (e.g. reservoirs) is the
appropriate management of the corresponding catchments. A fundamental prerequisite to do
so, is the quantification of the substance emissions, influenced by the different land uses. Most
emissions from a catchment are seen as diffuse pollution, since no individual entrance location
at the river can be identified. The estimation or the monitoring of these emissions is challenging
and highly time demanding and costly. As substitutes for extensive field work, there are many
models available globally, like SWAT, MIKE11, MoRE and CE-QUAL-W2. Most conceptual
model approaches use partially spatially distributed parameter sets and empirical
quantification approaches. The hydrological components are based on the HRU approach
(Hydrologic Response Unit, Fligel 1996). All these models use material balance approaches
calculated for grid cells or hydrological units. This feature allows for large-scale application in
contrast to process-oriented model approaches. Application limitations for the above-
mentioned and other empirical models arise in part from the fact, that the model approaches
used are in part only modifiable to a limited extent and, if so, then generally only by intervening
in the program code. The emission model MoRE (Fuchs et al. 2010), which was the starting
point for the development in this project, solves this problem by a model implementation, in
which, all input data and calculation approaches are managed in an open source database
and are freely editable without programming knowledge (https://isww.iwg.kit.edu/MoRE.php).

An essential component of substance input modeling is the adequate representation of the
water balance and its components. The water budget model LARSIM (LARSIM-
Entwicklergemeinschaft 2016), which is widely used in water management practice, can meet
these requirements. The model, which was developed by Bremicker (2000), has been
continuously developed over the past 20 years, especially for operational flood forecasting
(Luce et al. 2006) for water temperature forecasting (Haag and Luce 2008), for low-flow
management (e.g., Varga and Haag 2013), and for optimization of reservoir controls (Holle
2009) in Germany, Luxembourg, Switzerland, Austria, and France (Bremicker et al. 2013).

14



Background of reservoir management

The modular structure of the model allows for an area-specific setup, that uses the geospatial
data available in the respective area (e.g., elevation model, vegetation mapping, soil data,
etc.). Both, the water balance model and the substance emission model require data on
catchment characteristics. Land use, topography, land cover, etc. are examples. This
information is not available everywhere in adequate quality, and can terrestrially only be
collected over larger catchments with very high effort, which is why modern remote sensing
methods are of great importance. They do not only deliver the necessary information to run
catchment-based models, but nowadays, remote sensing increases significantly the temporal
resolution of this information. This fact represents a fundamental step forward for the precise
assessment of catchment processes and therefore, the planning of catchment related
management options. Within the MuDak project developments were conducted to investigate
the full chain from remote sensing, over data processing to a reduced complexity water balance
model and the implementation of a higher temporally resolved emission model, towards more
precise measures to be implemented in the catchment.

The River:

Within the focus of the MuDak project, the Passauna river or the tributaries of the Grof3e Dhiinn
reservoir, were reduced to the function of transporting water, sediment and other chemical
compounds to the reservoirs. The rivers were understood as transport vectors without relevant
retention or degradation capacities. In the case of the MuDak project the focus parameters
were total suspended solids (TSS), total Phosphorous and dissolved (ortho) Phosphate. All
parameters, are supposed not to change in terms of mass balance within the time steps of the
catchment models (moths to years), therefore any river-related processes were left out of
investigation. It was assumed that iwhat enters a river, reaches the reservoiri:

In terms of validation and plausibilisation of the catchment processes, the river was used to
better understand the transport processes going back to the catchment behavior. No further
investigations on the rivers were done, due to the fact that the project team deemed rivers to
be the least efficient point to implement measures for the protection of reservoir water quality.
However, a minimum set of input data (discharge, temperature, sediment transport, etc.) is
necessary to understand the fundamental processes in the reservoirs.

The Reservoir:

Safeguarding the use of water resources includes not only proper catchment management but
also options within the water body itself, such as artificial mixing to reduce cyanobacterial
blooms (van der Veer et al. 1995, Visser et al. 1996) or varying the depth and timing of
abstraction for drinking water production (Fontane et al. 1981; Hayes et al. 1998). A
prerequisite for the implementation of these and other options for action is that in-lake
processes that significantly determine the fate and conversion of input nutrients, are known
and incorporated into decision-making processes.

While the interactions of physical transport and nutrient (Chung et al. 2014; Hamilton and
Schladow 1997) and algal (Liu et al. 2012; Peeters et al. 2007; Sverdrup 1953) dynamics in
density-stratified lakes and reservoirs have been extensively studied, particularly using
coupled hydrodynamic and ecological models, the coupling of in-lake process dynamics with
the dynamics of nutrient inputs from the catchment represents mostly uncharted scientific
territory. Current efforts to fill this gap in terms of both process understanding and catchment
management strategies often aim to establish high-resolution and costly monitoring networks
(Rinke et al. 2013). Approaches to data reduction and predominant use of remote sensing data
to describe in-lake nutrient fluxes and resulting water quality have been poorly studied.

Most water quality parameters can be directly or indirectly linked to the amount and
composition of sediment reaching one reservoir. Additionally, the siltation of the reservoir is a
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technical problem, which affects most reservoirs to a certain extend. Therefore, this project put
much effort in the investigation of sediment input dynamics, sediment distribution inside the
reservoir as well as sediment quality and related water quality aspects.

The project included the challenge to make best possible use of available remote sensing
techniques (drone-based and satellite-based) as well as automated high-resolution in-situ
sensors for water quality validation.

Inland waters are considered to be optically complex because their reflectance is usually
influenced by several parameters simultaneously, such as suspended sediments, algae, and
coloring organic compounds. Nevertheless, spectrally high-resolution sensors can adequately
detect and map the catchment- and season-specific distribution of these water quality
parameters in surface waters. Drone-based multi- and hyperspectral measurement techniques
have already been exemplarily tested for water applications (Honkavaara et al. 2013; Su and
Chou 2015). In addition to the close distance to the target and the lower cost, the main
advantage is the high flexibility. Until now, the number of simultaneously collected in-situ water
samples was often the limiting factor due to the complicated tuning of satellite overflights and
their cloud dependence. To determine water parameters, superimposed effects of wavelength-
specific absorption and scattering of the various optically active constituents must be spectrally
separated and quantified. We planned and optimized our activities to combine results from
field campaigns, lab analysis, drone flights and satellite overflights as good as possible in order
to bridge the scaling gap from point measurements (representing some cm?) to spatial
measurements (representing hacres).

Data infrastructure

Water resource management is a multidimensional task that requires a fundamental
understanding of processes and extensive input data. Consistent management and provision
and linking of heterogeneous data sets thus becomes an essential part of any project. While
spatial information can be exchanged and processed in a largely standardized way by means
of web-based spatial information infrastructures (Sll), measurement data with heterogeneous
sources require software systems that use open interfaces for e.g. time-based datasets (e.g.
OGC SWE; Broring et al. 2011). The reliability of this technology has already been
comprehensively proven in a number of scientific studies (Resch et al. 2009; Spies and Heier
2008). In this context, the Wupperverband successfully uses a Sensor Web data infrastructure
based on OGC SWE (Spies and Heier 2010).

In addition to the secure provision of harmonized and quality-assured data, the integration of
different sensors or measurement data into a central infrastructure offers the advantage that
e.g. the different sensor data can be comparatively integrated into the modeling approaches.
This is a prerequisite for the operational use of the models.

In addition to the scientific and technical aspects, the uniform and transparent storage of
diverse measurement data is the foundation for long-term use of high-quality data sets.

3.2. Project Objectives & Project Implementation

The overall objective of the MuDak-WRM project was the investigation of water quality related
processes in drinking water reservoirs and the development of simplified environmental
models reproducing the most relevant compartments (catchment emissions, water balance
and water quality).

These models are fed by innovative and long-term monitoring in the catchment as well as
inside the reservoir. In order to substitute local, in-situ information with remote sensing data,
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several approaches from multispectral and radar data to derive input information, were
followed.

All work packages, dealing with modeling, had the goal to reduce the complexity and the data
demand of the single model parts, in order to facilitate a global transfer of the models to regions
with limited data availability.

The work packages, which worked on data acquisition and monitoring addressed the task, next
to the provision of input data for the modeling and model validation, to develop minimum
monitoring approaches. Which means, that the high-resolution data obtained, was analyzed to
identify most significant monitoring patterns in time and space. Where to measure what, how
often? i and to still prevail the necessary level of information needed to feed the models. A
selective and optimized monitoring is needed, to bundle available budgets and efforts by the
responsible authorities or companies in charge. The more limited monitoring budgets are, the
better should be the selection of timing and locations of monitoring in the catchment, at the
river or within the reservoir. Additionally, a discussion of most relevant parameters to follow
and control the quality status of a reservoir, was conducted.

The MuDak project set out to produce usable products or transform preliminary scientific
results into usable products, applications or guidelines for reservoir operators, authorities and
scientists. These results are summarized in the form of Flyers (see chapter 3.4 Introduction of
the work packages

The results of the MuDak-WRM project are presented and sorted by work packages (WP)
respectively by topic, independent of the affiliation of the involved researchers. Most WP were
conducted by mixed teams from Germany and Brazil, as well as from universities and industry
partners. Figure 2 shows an overview of the project components and related work packages.
Basically, four working areas were defined beforehand of the project: 1. The water body, 2.
The catchment, 3. Remote sensing and 4. Sensor Web and Data interoperability.

The background and objectives of the single work packages are explained in detail in chapter
4.4,

Acquisition of Remote Sensing

catchment parameters Wp-5
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I
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t Water body
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Long-term landuse change

Multi-scale hydrological and
mass flux modeli
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[ Coordination & Communication (AP-0) |

Strategies & J
Prognosis "~ - e o annean

Detailed Prognosis of water quality and availability

Figure 2: Overview of project compartments and related work packages.
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4. Project Insights

4.1. Planning and operation of the project

The general structure, procedure and planning of the project in order to solve the addressed
challenges and to answer the scientific and praxis-related questions, the project consortium
was split into three methodological-technical parts. Three work packages (WP 1, 5, 6)
produced primary data from field measurements, which was passed on for in-situ verification
and the validation of models. Four work packages adapted a water balance model (WP 2)
(LARSIM), an substance emission model (WP1) (MoRE) and a hydrodynamic model (WP 3)
combined with a water quality model (WP6) (Delft 3D) for the case study and derived
approaches for a reduction of complexity (Figure 3). In order to reduce the complexity and data
demand, the models were first developed to run with the best possible input data. From this
stage on the input data was reduced in terms of temporal and spatial resolution as well as
measurement quality itself. Unnecessary model parts were excluded from the calculations to
increase the performance and reduce complexity. The aim was to find the minimum data
demands for the models and to still reproduce the correct dimension of input mass fluxes
(sediment and phosphorous), correct river flow into the reservoir as well as reproduction of
stratification days, water temperature and critical water quality status of the reservoir.

Increased resolution of
catchment info/input data

Assessment
of actual Situation

(Sedim., Trophy.etc.) | | Reduction of Products

) Continuous monitoring of Rﬂeﬁrﬁfjﬁ% effort - Simple Models
Implementation of input fluxes ] . Indentified Sources

the Models
- Measures

Sensitivity

Adaptation of the Model Analysis

Increased temporal
and spatial resolution

Figure 3: Methodological project approach for model complexity reduction.

The third part (WP 7) worked on the integration, storage and visualization of complex and
diverse environmental project data. A data exchange and standardization protocol was
developed between all project partners. This allowed the project team to easily exchange data
without formatting conflicts with a wide range of characteristics and including essential
metadata. These encompassed different spatial aspects like point (water sample),
linear/transect (boat-based sensors), vertical (water column) and raster data (satellite).
Additionally, different temporal aspects were included like singular measurements (campaign-
based), single time series (multiple measurements campaign-based) and (real-time)
continuous measurements (permanent installed sensor data). All types of data were stored on
a central server and were linked to the only web client.

The principal workflow was developed along three reservoir case studies (Figure 4). The first
region, Grof3e Dhiinn reservoir (Wupperverband), was used as a “best case” scenario in terms
of data availability and good accessibility. The developed models were transferred to
Passauna reservoir (Sanepar), where a consistent, long time series of water quality data and
catchment information was missing. After further development of approaches and complexity
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The TP can follow different input pathways as shown in Figure 10. In the context of simplicity
we focused on the most important pathways, which are explained in the below paragraphs.
The most important pathways, especially for Passauna where the emissions were expected
higher, are the surface runoff and erosion due to the high rainfall intensities in the region and
the input from the not connected households in the semi-formal and informal urban settlements
in the catchment. While for GDTS the most important source of TP is the surface runoff.
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Figure 10: Reduced complexity of input pathways for the quantification of TP in the water bodies.

Diffuse
Sources




Figure 11: Schematic illustration of field rain experiments setup.
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A total of 134 GP measurements were conducted, covering all the important parts of the
reservoir (sidearms, inlet, thalweg, dam area and intake area). For a better investigation of the
lateral distribution of the sediment, also six cross section profiles were measured in higher
detail. The measurements were finally interpolated using the IDW technique in ArcGIS 10.5
and the overall sediment distribution in the reservoir was presented in a raster map.

Figure 29: Photo of the GP before (left) and after deployment (right).






Figure 32: Sediment magnitude distribution
in Passauna reservoir, detected by the

dual-frequency approach.























































