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1 Introduction 
This deliverable aims at defining all NINFA components (sensors and monitoring equipment, water 

treatment technologies, models, decision support/alert systems, external databases) in the NINFA 

platform architecture. It is the first main outcome of Task 5.1, entitled as Software platform 

architecture, integration, and validation. The task also includes the definition of the candidate data 

models that will be used for the communication between the components and the storage of the 

associated data. 

The main relevant to the D5.1 objective of WP5 is the following: 

• Design the software platform architecture and the data model definition for the NINFA 

Platform. 

The structure of the document is as follows. 

• Section 2 introduces the business context around the NINFA platform and some of the most 

important requirements for its design and development. 

• Sections 3 and 4 introduce state of the art platforms and data models respectively for efficient 

and holistic GW management and protection. 

• Section 5 provides an overview of the NINFA datasets, either the latter are case study datasets 

or technology datasets. 

• Section 6 introduces the proposed NINFA platform architecture and the associated data 

model. 

• Section 7 provides an overview of the ARTEMIS platform (developed by WINGS), which will be 

the basis for the design and development of the NINFA platform. 

• Section 8 gives more details about the strategies and sensors for monitoring groundwater. 

• Section 9 presents the Smart Gateways, which can be used to enable data acquisition, 

communication from the monitoring systems to the data infrastructure, as well as edge 

computing capabilities. 

• Section 10 describes the data acquisition and communication platform, including the 

interconnection mechanisms and APIs, while Section 11 focuses on the Databases. 

• Section 12 describes the wastewater treatment technologies. 

• Section 13 introduces the Artificial Intelligence and simulation models used for identifying the 

synergistic effects of multiple stressors and pollutants and the mutual relationships of certain 

factors in an integrated context. 

• Section 14 gives an overview of the Decision support/alert systems; three representative 

scenarios under Case Study 2 and the associated data flows are used to showcase how the 

different data are used by the different components, which are the data inputs and outputs of 

each component, how the data is flowing among the components and what are the final 

outcomes and services that are becoming available from the Decision support/alert systems 

to the users. 

• Section 15 introduces some thoughts for the GW Knowledge Observatory and citizen 

engagement tools. 

• Section 16 concludes the document. 

The next steps after D5.1 is to design and develop the individual components and then to integrate 

them under D5.2 Software platform and then to validate the NINFA platform under D5.3 Validation 
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results, together with the specifications and guidelines of the GW Knowledge Observatory and citizen 

engagement outcomes. 

 

2 Business context and requirements 
End-to-end water cycle activities are integrated into the natural environment, making environmental 

care an intrinsic part of the daily running of these services, and entailing responsible actions aimed 

specifically at protecting and restoring ecosystems. This is vital for well-functioning ecosystems, and 

therefore there is an urgent need to protect groundwater from overexploitation. To survive climate 

change and meet the needs of an ever-growing population, groundwater must be used sustainably. 

Water companies can contribute to this objective with different actions:  

- Reduce the groundwater consumption with the use of alternative sources like desalination and 

reuse, with the effective management of the water resources and with the development of 

awareness campaigns to promote a sustainable water consumption.   

- Develop and implement technologies that optimise the performance of water distribution 

networks and, consequently, favour the recovery of aquifers, through solutions that guarantee 

efficient, safe, and environmentally friendly water supply and treatment. 

- Implement control and treatment technologies in WWTP to obtain effluent that meets the 

required quality for the reuse in aquifer recharge.  

Some tangible examples of the actions adopted by Aqualia to reach these objectives:  

- Monitoring and metering software integrated in the Aqualia management platform; the 

company has already boosted the efficiency of the water distribution networks it manages 

globally by two points. With the measures adopted in the Balearic Islands, very positive results 

were achieved in terms of the availability of water supply and the islands’ ecosystems. Last 

year, unregistered water in Santa Eulària (Ibiza) decreased by 20 % compared to the previous 

year, resulting in a saving of 300,000 m3.  

- Development works at the Mar de Alborán desalination plant in Almeria, in collaboration with 

Almeria's irrigators, will help aquifers recover by using water from the new desalination plant 

that Aqualia is building. The project contemplates a renewable energy plant to power the 

facility, thus making it more sustainable and thereby preserving the environment where the 

desalination plant is located, the Cabo de Gata-Níjar Natural Park. This means that the annual 

supply of 20 cubic hectometres per year from the desalination plant will enable a more rational 

management of well water, thereby facilitating local groundwater recovery.  

- MARadentro project in Medina del Campo (Valladolid). Aqualia has built a 400 m2 infiltration 

system for advanced purified water treatment and reuse in recharging aquifers. Aqualia aims 

to harness this project to reduce pressure on water resources by developing innovative 

techniques and operational guidelines for better management of water reuse through low-

cost treatment. The design and operation tool also aims to prevent the occurrence of 

pathogens, nutrients and organic pollutants in the water intended for reuse. 

In this context, NINFA platform will improve groundwater management by water companies by:  

- Groundwater monitoring will enable the detection of leaks from sanitation and supply water 

networks.  
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- NINFA DSS will increase the efficiency of groundwater management and the selection of the 

alternative sources for water supply if available.  

- Risk assessment will help water companies to establish new management strategies, 

anticipating the effects of climate change on water resources and quality.  

- NINFA platform will improve the manage aquifer recharge, allowing to know if the WWTP 

effluent meets the actual requirements for reuse and the effect of the overall quality of 

groundwater mass.  

Regarding the technical requirements, NINFA platform must be user-friendly and easy integrable with 

other company platforms.  

3  State of the art platforms for efficient and holistic GW 

management and protection 
In order to handle groundwater management concerns and explore various management and 

prediction scenarios, appropriate and creative technologies are essential. With their established track 

record, numerical tools have been crucial in improving groundwater management. These resources 

are essential for comprehending intricate groundwater systems and for making sensible resource-use 

decisions. Here, we provide an overview of these platforms and their significance in groundwater 

management and protection. The main objective of highlighting these numerical tools, even if they 

may not be directly utilised within the NINFA project or platform, is to underscore the diverse 

landscape of advanced technologies available for efficient and holistic groundwater (GW) 

management and protection. These tools represent the state-of-the-art in the field, offering a range 

of capabilities from simulating groundwater flow to analysing water quality and contamination. 

• AQUIFER: AQUIFER is a comprehensive groundwater management platform that plays a 

pivotal role in assessing, monitoring, and protecting aquifers. It offers a range of tools for 

analyzing groundwater flow, quality, and contamination. AQUIFER is instrumental in 

sustainable water resource management, ensuring that aquifers, a critical source of fresh 

water, are efficiently utilized and safeguarded [1]. 

• INOWAS (International Network of Water-Environment Centres for the Balkans): INOWAS is a 

collaborative initiative that focuses on groundwater management and the sustainable use of 

water resources. It provides a suite of tools and models for simulating groundwater flow. These 

tools are crucial for assessing and managing groundwater systems, particularly in regions 

where aquifers are under stress [2]. 

• MODFLOW: MODFLOW is a renowned and widely used groundwater modeling software. It 

allows for the simulation of groundwater flow in various hydrogeological settings, making it a 

versatile and reliable tool for understanding groundwater dynamics [3]. 

• FEFLOW: FEFLOW is another desktop-based software that is highly regarded in the field of 

groundwater modeling. It is particularly well-suited for assessing groundwater situations and 

has been instrumental in research and decision-making [4]. 

• WRF-Hydro (Weather Research and Forecasting Hydrological Model): WRF-Hydro is an 

integrated hydrological modeling system that combines atmospheric and hydrological 

components. It simulates the entire hydrological cycle, from precipitation to groundwater 

recharge and runoff. WRF-Hydro is a valuable tool for assessing the impacts of climate change 

on water resources, making it a critical asset in adapting to evolving environmental conditions 

[5]. 
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• SWAT (Soil and Water Assessment Tool): SWAT is a watershed model used to analyse water 

quality and quantity in river basins. It is particularly effective for understanding how land use, 

land management, and climate change influence water resources. SWAT aids in making 

informed decisions about watershed management, protecting water quality, and mitigating 

the impact of land use changes [6]. 

• KarstMod: KarstMod is a specialized tool designed for modeling and simulating karst aquifers. 

Karst aquifers are characterized by complex geological features, and KARSTMOD helps 

researchers and hydrogeologists understand their behavior. It is especially valuable in areas 

with karst topography where conventional groundwater models may not be suitable [7]. 

• MIKE SHE (SHE-Surface Hydrology and SHE-Groundwater): MIKE SHE is a coupled surface water 

and groundwater modeling platform developed by DHI. It is used for integrated hydrological 

modeling, particularly in regions where surface and groundwater interactions are significant 

[8]. 

• Aquaveo GMS (Groundwater Modeling System): Aquaveo GMS is a user-friendly platform for 

creating, visualizing, and analyzing groundwater and surface water models. It offers a wide 

range of modeling capabilities and is popular among hydrogeologists [9]. 

• California's Groundwater Live Application provides powerful new tools for users to view, 

interact, and analyse the latest groundwater information in an open and transparent platform 

[10] 

• MétéEau Nappes is an innovative web platform to help groundwater management in France 

[11] 

 

4    Data models for efficient and holistic GW management and 

protection 
Data models are essential for effective and comprehensive groundwater management and 

conservation because they offer the framework and standards for gathering, storing, and exchanging 

groundwater resource-related data. These models make it easier to combine many data sources, allow 

in-depth analysis, and enhance deliberative decision-making. 

Here is a description of a selection of existing data models and standards used in groundwater 

management: 

• Arc Hydro Groundwater: To handle and analyse groundwater data, the ArcGIS platform has a 

groundwater extension called Arc Hydro Groundwater. In order to organize data about 

aquifers, wells, water levels, and water quality, it offers a thorough geodatabase model. Within 

a GIS context, this data model aids groundwater specialists in visualizing and analysing complex 

groundwater systems [12]. 

• SenML: SenML is a simple and efficient data model for representing measurements from IoT 

devices and sensors. While not specific to groundwater, SenML can be used to standardize the 

representation of sensor data related to groundwater monitoring. It defines a compact format 

for conveying time-series data, making it suitable for real-time groundwater monitoring [13] 

• NGSI-LD from ETSI ISG CIM (European Telecommunications Standards Institute Industry 

Specification Group on Context Information Management): NGSI-LD is a standardized data 

model for representing context information in a linked data format. It allows for the seamless 

exchange of context data between different applications and systems, including those related 

https://sgma.water.ca.gov/CalGWLive/
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to water resource management. NGSI-LD enables a holistic view of data, which is valuable for 

understanding groundwater dynamics and interactions [14] 

• INSPIRE Directive: The INSPIRE directive is a European initiative aimed at creating a European 

Spatial Data Infrastructure. It defines data specifications and models for various environmental 

themes, including groundwater. These specifications enable the harmonized sharing of 

environmental data across European countries, contributing to efficient groundwater 

management and protection [15]. 

• FIWARE Smart Data Models: FIWARE offers a collection of smart data models for different 

domains, including water management. These models provide a standardized way to 

represent and exchange data related to water resources. Within the context of groundwater, 

FIWARE Smart Data Models can help streamline data integration and analysis [16]. 

• National Models (e.g., SANDRE): Many countries have developed their own national data 

models and standards for groundwater management. For instance, France has the SANDRE 

model, which defines standardized codes and classifications for hydrological and 

environmental data. National models are crucial for ensuring data consistency and 

interoperability within a specific country's groundwater management framework [17]. 

• SAREF4WATR: The Smart Applications REFerence (SAREF ontology is a shared model of 

consensus that facilitates the matching of existing assets in the smart applications domain. 

SAREF is intended to enable interoperability between solutions from different providers and 

among various activity sectors in the Internet of Things (IoT), thus contributing to the 

development of the global digital market. SAREF extension for the water domain 

(SAREF4WATR) has been based on a limited set of use cases and from available existing data 

models. This work has been developed with the goal to create SAREF extensions for the 

domains of automotive, eHealth and ageing well, wearables, and water [16]. 

 

5 NINFA Datasets 
NINFA has two kinds of Datasets: 

• Datasets that are derived by NINFA case studies, in which the developed innovative solutions 

(sensors, models, and treatment technologies) are optimised at lab scale to be finally validated 

at TRL5. Although 8 EU and international case studies representing diverse environmental 

(climate, geological, water demand/pollution) and socio-economic scenarios (including urban 

and rural environments, highly vulnerable areas, and climate change forecasts) are expected 

to be involved in NINFA project, the current plan is to start by the first two case studies. 

• Datasets that are derived by the NINFA 4 water treatment technologies, that means innovative 

technologies for pollutant removal and resource recovery from contaminated water 

(wastewater treatment plant (WWTP) effluent and urban runoff) and from pig manure that are 

developed with the aim to prevent groundwater contamination and reduce groundwater 

exploitation needs. 

 

5.1 Case Study datasets 

5.1.1 Case Study 1 – Achterhoek, Gelderland, the Netherlands 
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Table 1. Case study 1 dataset 

Type of data  Variables that characterize chemical and physical 
properties of water. Example of chemical components on 
the dataset are: 

- Sodium, Barium, Calcium, Chloride, etc. 
Physical properties of the water are characterized by: 

- Temperature, Conductivity, etc. 

Source of data  The water company (Vitens) provided the chemical data.  
Hydrological data was gathered from several online 
sources and used to construct a model. 
Measurements were taken from multiple wells in the 
same region. Lab analyses were conducted to calculate 
the concentrations of the chemical components in the 
water. Sensor measurements were used to calculate 
temperature, conductivity, etc. 

Format of the data  .csv or .xlsx  

Data model used  No 

Data snapshot if available  

  

What is the structure/fields of the 
data?  

Columns: Samples, descriptions, components and 
measurements 
 
Rows: Values 

Size of data  Excel file size ~2.5MB 

Is this static or real time  
data?  

 Static 

Where are the data stored   Teams  

How are they currently 
shared/accessed?  

Through files: .xlsx/.csv  

Data cleaning  Yes  
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Will the data be shared on the GW 
Knowledge Observatory? Is there any 
sensitive information?  

Just the outcomes 

What types of metadata do you have 
for characterising the data?  

 - 

Any other information that you deem 
relevant  

 - 

5.1.2 Case Study 2 – Los Alcázares, Murcia, Spain 
 

Table 2. Case study 2 dataset 

Type of data  Variables that characterize chemical and physical 
properties of water. Example of chemical components on 
the dataset are: 

- Sodium, Barium, Calcium, Chloride, etc. 
Physical properties of the water are characterized by: 

- Temperature, Conductivity, etc. 

Source of data  Measurements were taken from multiple wells in the 
Campo de Cartagena aquifer. Lab analyses were 
conducted to calculate the concentrations of the 
chemical components / pesticides in the water. Sensor 
measurements were used to calculate temperature, 
conductivity, etc. These sensors are strategically placed 
within the wells to continuously monitor and record real-
time data, offering insights into the dynamic changes in 
the aquifer's physical characteristics. The combination of 
lab analyses and sensor measurements ensures a 
comprehensive dataset that captures both the static 
chemical composition and the dynamic physical 
properties of the water in the Campo de Cartagena 
aquifer. 

Format of the data  .csv or .xlsx 

Data model used  No 
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Data snapshot if available   

 
What is the structure/fields of the 
data?  

 Columns: Samples, descriptions, components and 
measurements 
 
Rows: Values 

Size of data  Excel file ~10MB 

Is this static or real time  
data?  

 Static 

Where are the data stored   Teams  

How are they currently 
shared/accessed?  

Through files: .xlsx/.csv  

Data cleaning  Yes  

Will the data be shared on the GW 
Knowledge Observatory? Is there any 
sensitive information?  

Just the outcomes 

What types of metadata do you have 
for characterising the data?  

 - 

Any other information that you deem 
relevant  

 - 

 

5.2 Technology dataset 

5.2.1 Metal recovery through membrane concentration + chemical extraction + 

centrifugal and/or electromagnetic separation 

 

Table 3. Metal recovery through membrane concentration+ chemical extraction + centrifugal and/or electromagnetic 
separations dataset 

Type of data  Measurements of metal composition 
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Source of data  Sampling and lab analysis 

Format of the data  csv or xlsx 

Data model used  No 

Data snapshot if available  

  

What is the structure/fields of the 
data?  

 Columns: Elements and parameters 
Rows: Technologies 

Size of data  Excel file below 2 Mb 

Is this static or real time  
data?  

 Static 

Where are the data stored   Teams  

How are they currently 
shared/accessed?  

Through files:.xls/.csv for values 

Data cleaning  Yes  
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Will the data be shared on the GW 
Knowledge Observatory? Is there any 
sensitive information?  

Just the outcomes 

What types of metadata do you have 
for characterising the data?  

 - 

Any other information that you deem 
relevant  

 - 

 

5.2.2 Modular NBS + ad hoc AOPs 
Table 4. Modular NBS + ad hoc AOPs dataset 

Type of data  
 

Measurement → % Reduction of Microplastic, 
Hydrocarbon, Total Organic Carbon (TOC), Chemical 
Oxygen Demand (COD) concentration to determine the 
treatment photo-Fenton and NBS efficiency. Energy, H2O2, 
Fe2SO4 and EDDS consumption per COD degraded to 
calculate the operational costs of the photo-Fenton 
treatment. Degradation time to determine the investment 
cost (calculate the volume of the reactors). 

Source of data  Sampling, sensors and lab analysis: 

• Microplastics → Microscope counting, images; 

• Hydrocarbons → HPLC analysis to detect the 
concentration of several PAH at the selected 
sampling times (e.g., 0, 15, 30, 60 min) so to 
determine the %reduction due to photo-Fenton 
treatment; 

• Spectrophotometry method to determine H2O2 
concentration at the selected sampling times (e.g., 
0, 15, 30, 60 min) so to determine the %reduction 
during photo-Fenton treatment; 

• Spectrophotometry method to determine 
FeTOT,Fe2+, Fe3+ concentration at the selected 
sampling times (e.g. 0, 15, 30, 60 min) so to 
determine the % precipitation during photo-
Fenton treatment; 

• TOC ANALYZER measurements at the selected 
sampling times (e.g., 0, 15, 30, 60 min) so to 
determine TOC degradation during photo-Fenton 
treatment; 

• COD measurement by chemicals kits at the 
selected sampling times (e.g., 0, 15, 30, 60 min) so 
to determine COD degradation during photo-
Fenton treatment. 

• Temperature (by sensor) at the selected sampling 
times 
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• pH (by sensor) at the selected sampling times 

• Dissolved Oxygen (by sensor) at the selected 
sampling times 

• Redox potential (by sensor) at the selected 
sampling times 

Format of the data  CVS, Excel file 

Data model used  None 

Data snapshot if available  

 
 

 
 

What is the structure/fields of the 
data?  

Columns: variables (initial, final, % reduction) 
Row: dates/experimental conditions 
 
Row: sampling time 
Column: variables measured 

Size of data  • Excel file of XXMB for NBS results 

• Excel file of ≤ 100 kB per each AOP experiment 
(≤10 MB for the whole set of AOP experiments). 

Is this static or real time  
data?  

 Static data 
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Where are the data stored   TEAMS FOLDER: NBS+AOP RESULTS 

How are they currently 
shared/accessed?  

Through files:.xls/.csv for values and .txt for variable 
description 

Data cleaning  Yes 

Will the data be shared on the GW 
Knowledge Observatory? Is there 
any sensitive information?  

Yes, no sensitive information 

What types of metadata do you 
have for characterising the data?  

 .txt file with variable description, method and/or images 

Any other information that you 
deem relevant  

  

 

5.2.3 Combined Advanced oxidation process (AOP) + Activated Carbon (AC) + 

Biofiltration (BF) 
Table 5. AOP + AC + BF dataset 

Type of data  The data will describe the laboratory results of the 
evaluation/measurement of the efficiency of an advanced 
oxidation process, adsorption by activated carbon and 
(bio)filtration by sand filters for the removal of 
contaminants of emerging concern. The results will be 
expressed in a % reduction of pharmaceuticals 
(sulfamethoxazole and carbamazepine), microplastics and 
ARGs/ARBs. Additional measurement→ % Reduction Total 
Organic Carbon (TOC), Chemical Oxygen Demand (COD) 
concentration to determine the photo-Fenton treatment 
efficiency. Energy, H2O2, Fe2SO4 per COD degraded to 
calculate the operational costs of the photo-Fenton 
treatment. Degradation time to determine the investment 
cost (calculate the volume of the reactors). 
 

Source of data  Sampling, sensors and lab analysis: 

• Pharmaceuticals → HPLC analysis to detect the 
concentration of several pharmaceuticals (e.g., 
carbamazepine and sulfamethoxazole) at the 
selected sampling times (e.g., 0, 15, 30, 60 min) so 
to determine the %reduction due to photo-Fenton 
treatment; 

https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/EpXPAMOYwC1FoWx1WnCAPdwBeVhA3P0qmzSStRTrKH1dnw?e=z8pP8o
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• ARGs detection by metagenomic method to 
determine the %reduction due to photo-Fenton 
treatment; 

• ARBs detection by PCR to determine the 
%reduction due to photo-Fenton treatment; 

• Spectrophotometry method to determine H2O2 
concentration at the selected sampling times (e.g., 
0, 15, 30, 60 min) so to determine the %reduction 
during photo-Fenton treatment; 

• Spectrophotometry method to determine 
FeTOT,Fe2+, Fe3+ concentration at the selected 
sampling times (e.g,. 0, 15, 30, 60 min) so to 
determine the % precipitation during photo-
Fenton treatment; 

• TOC ANALYZER measurements at the selected 
sampling times (e.g., 0, 15, 30, 60 min) so to 
determine TOC degradation during photo-Fenton 
treatment; 

• COD measurement by chemicals kits at the 
selected sampling times (e.g., 0, 15, 30, 60 min) so 
to determine COD degradation during photo-
Fenton treatment. 

Some more data: 

• Temperature (by sensor) at the selected sampling 
times 

• pH (by sensor) at the selected sampling times 

• Dissolved Oxygen (by sensor) at the selected 
sampling times 

• Redox potential (by sensor) at the selected 
sampling times 

 
 
For Activated Carbon (AC) + Biofiltration (BF) data source 
will consist of existing knowledge obtained from literature 
as well generated data from lab analysis. 
 

• Pharmaceuticals → HPLC analysis to detect the 
concentration of several pharmaceuticals (e.g., 
carbamazepine and sulfamethoxazole) to 
determine the breakthrough curve and the 
activated carbon fixed bed and/or the biofilter 
(outlet concentration vs time). 

• ARBs detection will be done using bacterial cultural 
methods (specific growth media with the targeted 
antibiotics related to the selected ARGs)  

• TOC ANALYZER measurements to determine the 
breakthrough curve and the activated carbon fixed 
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bed and/or the biofilter (outlet concentration vs 
time). 

• COD measurement by chemicals kits to determine 
COD degradation and retention yield. 

 

Format of the data  The data that will be generated will consist of: 

• Text: Literature reviews, laboratory protocols, 

analysis of laboratory results in plain text and/or 

pdf 

• Numeric:  Laboratory results in excel file, CSV 

• Audiovisual: images of experimental setup in JPEG, 

JPG, PNG 

Data model used  None 

Data snapshot if available  

 
What is the structure/fields of the 
data?  

Row: sampling time 
Column: variables measured 

Size of data  Excel file of ≤ 100 kB per each AOP experiment (≤10 MB for 
the whole set of AOP experiments). 
 
The expected size of dataset for Activated Carbon (AC) + 

Biofiltration (BF) (text, numeric and audiovisual) could add 

up to 1 GB 

Is this static or real time  
data?  

Data will be mostly static 

Where are the data stored   https://acondicionamiento.sharepoint.com/:f:/s/EXT-
NINFA/Eu9k_5hLzzlGs_Nzya_LggQBZoruEH_YNLFdctuVGcO
DAA?e=qbTeEB 
 
Local data will be also stored on IMT researchers’ office 
computers and will be backed up on hard drives and on the 
institute network drive and backup system. 
 

https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Eu9k_5hLzzlGs_Nzya_LggQBZoruEH_YNLFdctuVGcODAA?e=qbTeEB
https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Eu9k_5hLzzlGs_Nzya_LggQBZoruEH_YNLFdctuVGcODAA?e=qbTeEB
https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Eu9k_5hLzzlGs_Nzya_LggQBZoruEH_YNLFdctuVGcODAA?e=qbTeEB
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How are they currently 
shared/accessed?  

Through files:.xls/.csv for values and .txt for variable 
description 
Data sharing between NINFA partners will be done using 
Teams sharing (Microsoft software). 

Data cleaning  Yes 

Will the data be shared on the GW 
Knowledge Observatory? Is there 
any sensitive information?  

Yes, no sensitive information. Outcome of laboratory 
results will be shared on the GW Knowledge observatory. 

What types of metadata do you 
have for characterising the data?  

• Experimental Metadata: Information about the 
experimental conditions, the experimental 
protocol, and the equipment used to generate the 
data will be provided (and/or images). 

 

• Analytical Metadata: Information about data 
analysis methods, including software name and 
version will be provided. 

Any other information that you 
deem relevant  

  

 

5.2.4 Solid/liquid separation + membrane filtration + AOP + hydrothermal carbonisation 

-HTC-+ inoculated biochar + wood chip bioreactor 

 

Table 6. Solid/liquid separation + membrane filtration + AOP + hydrothermal carbonisation -HTC-+ inoculated biochar + 
wood chip bioreactor dataset 

Type of data  Measurement → % Reduction of Contaminants of emerging 
concern (CECs), antibiotic resistant genes (ARGs), antibiotic 
resistant bacteria (ARBs), Total Organic Carbon (TOC), 
Chemical Oxygen Demand (COD) concentration to 
determine the photo-Fenton treatment efficiency. Energy, 
H2O2, Fe2SO4 per COD degraded to calculate the 
operational costs of the photo-Fenton treatment. 
Degradation time to determine the investment cost 
(calculate the volume of the reactors).  
 
Woodchip bioreactor:  
Measurement of the % nitrate reduction by sampling and 
laboratory analyses.  
 
Activated Carbon (AC) + Biofiltration (BF): Data will consist of 
the laboratory measurements of the hydrothermal 
carbonization of pig manure into hydrochar. The 
characteristics of the hydrochar will be described. 
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Source of data  Sampling, sensors and lab analysis: 

• Pharmaceuticals → HPLC analysis to detect the 
concentration of several pharmaceuticals (e.g., 
carbamazepine and sulfamethoxazole) at the 
selected sampling times (e.g. 0, 15, 30, 60 min) so to 
determine the %reduction due to photo-Fenton 
treatment; 

• ARGs detection by metagenomic method to 
determine the %reduction due to photo-Fenton 
treatment; 

• ARBs detection by PCR to determine the %reduction 
due to photo-Fenton treatment; 

• Spectrophotometry method to determine H2O2 
concentration at the selected sampling times (e.g., 
0, 15, 30, 60 min) so to determine the %reduction 
during photo-Fenton treatment; 

• Spectrophotometry method to determine 
FeTOT,Fe2+, Fe3+ concentration at the selected 
sampling times (e.g. 0, 15, 30, 60 min) so to 
determine the % precipitation during photo-Fenton 
treatment; 

• TOC ANALYZER measurements at the selected 
sampling times (e.g., 0, 15, 30, 60 min) so to 
determine TOC degradation during photo-Fenton 
treatment; 

• COD measurement by chemicals kits at the selected 
sampling times (e.g., 0, 15, 30, 60 min) so to 
determine COD degradation during photo-Fenton 
treatment. 

• Temperature (by sensor) at the selected sampling 
times 

• pH (by sensor) at the selected sampling times 

• Dissolved Oxygen (by sensor) at the selected 
sampling times 

Redox potential (by sensor) at the selected sampling times 
 
Woodchip bioreactor:  
 

• Conductivity: continuous measurement with a 
sensor 

• Nitrate concentration: sampling and laboratory 
analyses (spectrophotometry) 

 

For Activated Carbon (AC) + Biofiltration (BF): Data source 

will consist of existing knowledge obtained from literature as 

well generated data from lab analysis. 

The operating parameters that will be studied for the HTC of 

the solid fraction of pig manure will include: 
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• Temperature: 220 and 240°C. Literature review will 

provide insights into the effects of different 

temperatures on the hydrothermal carbonization 

process. This includes information on the chemical 

transformations, the formation of carbonaceous 

materials, and the potential impact on the final 

product's characteristics. 

• Residence time: 2, 5 and 10hThe literature will 

provide information on how varying residence times 

affect the reaction kinetics, the extent of 

carbonization, and the resulting properties of the 

solid fraction. 

By integrating existing knowledge from literature with lab-

generated data, the study aims to create a comprehensive 

understanding of the HTC process with AC and BF. This 

approach ensures that the research is not only grounded in 

established principles but also enriched with specific insights 

obtained through controlled experiments, making the 

findings more robust and applicable to real-world scenarios. 

 

The produced hydrochar will be characterized by: 

• Proximate and Ultimate Analysis 

• BET Adsorption to determine specific surface area 

• Mass balance to determine the yield 

• pH 

• Particle size distribution 

 

Format of the data  The data that will be generated will consist of: 

• Text: Literature reviews, laboratory protocols, 

analysis of laboratory results in plain text and/or pdf 

• Numeric:  Laboratory results in excel file, csv 

• Audiovisual: images of experimental setup in JPEG, 

JPG, PNG 

 

Data model used  None 
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Data snapshot if available  

  

What is the structure/fields of the 
data?  

Row: sampling time 
Column: variables measured 
  

Size of data  Excel file of ≤ 100 kB per each AOP experiment (≤10 MB for 
the whole set of AOP experiments). 
 
Woodchip bioreactor Excel file of <10 MB 
 
Activated Carbon (AC) + Biofiltration (BF): The expected size 

of dataset (text, numeric and audiovisual) could add up to 

100 MB 

 

Is this static or real time  
data?  

 Data will mostly be static 
 
 

Where are the data stored   https://acondicionamiento.sharepoint.com/:f:/s/EXT-
NINFA/Ep_u7RheR5hMt7fmAECpQvQBgScbMh-
p2QwwghchOLOqRw?e=Xx7lqT 
 
 
Activated Carbon (AC) + Biofiltration (BF): Data will be stored 
on IMT researchers’ office computers and will be backed up 
on hard drives and on the institute network drive and 
backup system. 
 
Woodchip bioreactor: data will be stored on company 
computers (Aqualia). 
 

How are they currently 
shared/accessed?  

Through files:.xls/.csv for values and .txt for variable 
description 
 
Data sharing between NINFA partners will be done using 
Teams sharing (Microsoft software). 

Data cleaning  Yes 

https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Ep_u7RheR5hMt7fmAECpQvQBgScbMh-p2QwwghchOLOqRw?e=Xx7lqT
https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Ep_u7RheR5hMt7fmAECpQvQBgScbMh-p2QwwghchOLOqRw?e=Xx7lqT
https://acondicionamiento.sharepoint.com/:f:/s/EXT-NINFA/Ep_u7RheR5hMt7fmAECpQvQBgScbMh-p2QwwghchOLOqRw?e=Xx7lqT
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Will the data be shared on the GW 
Knowledge Observatory? Is there 
any sensitive information?  

Yes, no sensitive information. 
Outcome of laboratory results will be shared on the GW 
Knowledge observatory. 
 
Yes 

What types of metadata do you 
have for characterising the data?  

  
 

• Experimental Metadata: Information about the 
experimental conditions, the experimental protocol, 
and the equipment used to generate the data will be 
provided (and or images). 

 

• Analytical Metadata: Information about data 
analysis methods, including software name and 
version will be provided. 

 

Any other information that you 
deem relevant  

  

 

6 NINFA platform architecture and data model 
NINFA is a high-level platform that enables advanced AI models and novel simulations with the amount 

of data available in both the field and the water treatment technologies, in order to provide decision 

support to the GW management. 

In that respect, NINFA is developed as a high-level Decision Support layer that communicates with the 

Water Treatment technologies (Section 12) and the Sensors and Monitoring equipment (Section 8) 

that exist in the field. In that way, the NINFA platform federates the local “data lakes” already available, 

in order to use them in an homogeneous manner for treatment process optimization and GW quality 

management. 

Figure 1 presents the high-level architecture of the NINFA platform. 
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Figure 1. High level architecture of the NINFA platform 

The NINFA platform is built on top of the NINFA Sensors and Monitoring equipment layer. The Sensors 

and Monitoring equipment layer (WP2) integrates all levels of the automation pyramid in the field 

(sensors, gateways, PLC, SCADA) and hosts in situ the real-time control and monitoring framework. 

The Sensors and Monitoring equipment layer builds a bidirectional interface to the NINFA platform 

(WP5). The first point of contact is the Data Brokerage platform, which is responsible to aggregate 

data and push them to data consumers, implementing a communication system between the mutually 

interacting ICT components. The Data Brokerage platform offers multiple capabilities to multi-

service/application systems such as the publication and subscription to streams/topics of records using 

message queues, their storage and their real-time processing as they arrive. Its presence in a complex 

information system can support the building of real-time streaming data pipelines that can reliably 

exchange data between subsystems and applications. 

The NINFA Data Brokerage platform can range from one Data Broker to a Hierarchical and distributed 

network of Data Brokers in very complex ecosystems. The Broker’s topics are usually identified by a 

key-value-timestamp tuple and can be accessed through a series of APIs, offering certain 

functionalities. In specific, the applications using the Broker can be mainly characterized as producers 

and consumers depending on the functionalities required for each application’s execution. 

Applications that produce data/records/messages are the producers and are the ones that publish data 

to the Data Broker. On the other hand, consumers are the applications that subscribe to specific topics 

in order to receive and consume data from the producers. Additionally, there are applications that act 

as stream processors, consuming an input stream from one or more topics and producing an output 

stream to one or more output topics, effectively transforming the input streams to output streams. An 
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open-source implementation of a basic Data Broker is the Kafka broker1. The NINFA Data Brokerage 

platform's key technology, Kafka, was selected because of its fault tolerance, distributed architecture, 

scalability, and real-time processing capabilities. Kafka is perfectly suited to the platform's objective of 

facilitating hierarchical and distributed networks of Data Brokers in intricate ecosystems because it is 

built to handle massive volumes of data across remote environments. It is adaptable for applications 

operating as producers, consumers, and stream processors inside the NINFA platform because of its 

support for key-value-timestamp tuples, stream processing, and a wide range of APIs. Kafka's open-

source nature and vibrant community guarantee continued development and maintenance, 

underscoring the NINFA platform's design's dedication to transparency and cooperation. 

The Sensors and Monitoring equipment layer is a producer for the Data Brokerage platform, feeding 

the NINFA platform with relevant data coming from sensors, gateways, PLC, SCADA. The Data 

Brokerage platform will be compliant with the same data model, making any further required 

translation to the unified NINFA Data Model (that will be selected and customized among the models 

proposed in Section 4). The NINFA Data Model is of utmost importance, to structure and organize 

elements of data and standardize how they relate to one another and to properties of the business 

domain entities, as well as to guarantee interoperability among systems and components. 

The data is first pushed into Data Management (inside the Data Broker), for appropriate preparation 

like filtering, normalisation etc. before being consumed by data consumers. The data is then pushed 

to the Databases for storage or directly to the subscribed data consumers (in real-time). It should be 

noted that the Data Brokerage platform enables the transfer of historical data from the Sensors and 

Monitoring equipment layer, in addition to the real-time data. 

The data consumers of the Data Brokerage platform are the components of the NINFA Decision 

Support layer. This layer is the “brain” of the NINFA platform. It comprises a number of cognitive 

components to enable treatment process optimization and optimization of the GW quality 

management. Each of these components can be a data consumer and/or a stream processor 

transforming the input data to output data pushed back to the Brokerage platform. It should be noted 

that the components in the Decision Support layer can also leverage historical data from the 

Databases, in order to be used for the analysis/optimization processes. 

The NINFA Decision Support layer comprises the following groups of components, which are further 

analysed in Section 13: 

• Hydrogeological and reactive-transport models for GW. 

• Risk assessment for GW management. 

• Data correlations to identify the synergistic effects of multiple stressors and pollutants and 

the mutual relationships of certain factors in an integrated context. 

The User Interface/Dashboard allows QW quality managers and public authorities to run and evaluate 

various scenarios (from a GW quality perspective), to examine variations of the water treatment 

process and the GW quality management optimization, as well as to manage and configure the Sensors 

and Monitoring equipment. 

 
1 https://kafka.apache.org/ 
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The output data from the Decision Support layer components can be pushed back to the Data 

Brokerage platform for either storage (in the Databases), visualization (in the User 

interface/Dashboard) or consummation (by other Apps&Services layer components). Most 

importantly, this output data can configure and/or optimize the processes of the Water Treatment 

technologies (Section 12). 

When the QW quality managers wish to manage and configure the Sensors and Monitoring equipment 

layer, (s)he uses the User Interface and the new configurations are pushed to the Data Brokerage 

Platform, where the Device Management communicates with the Sensors and Monitoring equipment 

layer to enforce the configuration. The Device Management can also have some intelligence, to decide 

itself autonomously on some reconfiguration actions (e.g., increase measurement and transmission 

rate in case of alerts/alarms) by means of Smart Gateways. Then, the Sensors and Monitoring 

equipment layer is responsible to transfer the command to the automation pyramid in the field 

(sensors, gateways, PLC, SCADA). 

Each component of the NINFA platform and each data transfer are protected by NINFA Cybersecurity 

framework (WP5), addressing authentication, encryption, and privacy related policies. User and 

component authentication involve multi-factor authentication and unique credentials, ensuring secure 

access. Data transfers utilize TLS/SSL encryption for confidentiality. Access controls, employing role-

based access and monitoring through activity logging and regular audits, further fortify the platform's 

security. 

The NINFA platform will be able to be deployed either on premises in a private cloud or in the secure 

public cloud (with authentication and access control). A hybrid approach can be also enabled, in which 

NINFA platform will be based on a Hierarchical and distributed network of Data Brokers, where a local 

Broker enables only some of the data to be transferred to the global (in the public cloud) Broker, by 

not allowing the external access to some of the topics of the local Broker. 

The Databases can be transformed to a broader GW Knowledge Observatory, mapping problems in 

the treatment processes and GW quality management with best practices based on the experience 

gained in NINFA. To increase the engagement of citizens in the knowledge building process, a social 

game mobile application will be developed based on the analysis of citizen conditions for acceptability, 

to inform the NINFA Platform on events that may be relevant to the GW management. 

 

7 ARTEMIS Platform 
The NINFA Platform will leverage parts of ARTEMIS platform (developed by WINGS). The NINFA 

platform strategically incorporates key elements from the ARTEMIS platform, specifically ARTEMIS-

Water by WINGS, to enhance its capabilities in water management and decision support. ARTEMIS-

Water, focusing on smart metering, leakage detection, and water quality monitoring, plays a crucial 

role in the Sensors and Monitoring equipment layer of NINFA. Leveraging ARTEMIS-Water's 

functionalities, NINFA gains capabilities such as real-time water consumption monitoring, leakage 

detection, water quality assessment, and spatial event identification. 

ARTEMIS-Water's smart gateways connect to water meters and quality sensors, enabling data retrieval 

and transmission through networks. NINFA benefits from online remote monitoring, anomaly 

detection, and demand forecasting provided by ARTEMIS-Water. The integrated data conforms to the 

NINFA Data Model, ensuring standardized organization and interoperability. 



NINFA Deliverable 5.1 Software platform Architecture 

  

 
                             Funded by the European Union’s HORIZON EUROPE Programme                        

                          (HORIZON-CL6-2022-ZEROPOLLUTION-01) under grant agreement No. 101081865 

26 

The Decision Support layer of NINFA, comprising cognitive components like hydrogeological models 

and risk assessment tools, receives real-time data from ARTEMIS-Water. The output data is then 

pushed back to the Data Brokerage platform for storage, visualization, or consumption by other 

components. 

ARTEMIS-Water (smart metering, leakage detection and water quality monitoring) aims both at 

reliable measurement from the sensors and at the transmission of the information through the 

available network (GPRS, 3G/4G/5G, NB-IoT, LoRaWAN) (Figure 2, Figure 3). In addition, the solution 

focuses on providing value-added services for water utilities (and for the benefit of the end consumer) 

by leveraging the possibilities offered by the Internet of Things and Artificial Intelligence. 

Specifically, ARTEMIS-Water integrates the following services: 

• Online remote monitoring of water consumption in real-time and at the desired 

measurement/data transmission frequency. 

• Detection of water leaks, illegal connection and unusual consumption patterns. 

• Remote and real-time measurement of water quality parameters at user-defined time 

intervals. 

• Detection of contamination events. 

• Determining the type and cause of pollution by correlating data. 

• Detection – spatial identification of events in the water distribution network. 

• Demand forecasting and supply-demand matching. 

• Statistical analysis and comparative data. 

• Calculation of water balance and assessment of network leaks. 

• Evaluating the performance of the water distribution network using the IWA (International 

Water Association) indicators 

• Recovery & remediation actions / notifications / alarms / power switch or valve activation (if 

supported). 

 

 

Figure 2. ARTEMIS-Water (smart metering, leakage detection, water quality monitoring) 
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Figure 3. ARTEMIS platform (user’s interface) 

 

The solution includes the following parts: 

• WINGS Smart Gateways 

o Smart unit that connects to the water meter (wireless or wired) or to the water quality 

sensors and allows data retrieval and transmission through the available network. 

o More information about the smart gateway can be found in Section 9. 

• ARTEMIS platform 

o The ARTEMIS platform is ideal for data acquisition and storage, data/device 

management and value-added services based on Artificial Intelligence techniques and 

user-friendly interfaces (Figure 4). 
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Figure 4. ARTEMIS platform (user’s interface) 

 

8 Strategies and sensors for monitoring GW 

8.1 Groundwater Monitoring strategy 

Groundwater monitoring is of paramount importance for identifying long-term trends in various 

phenomena, such as declining water levels, saltwater intrusion, seasonal variations, aquifer recharge, 

artificial aquifer storage and recovery, and the status of drinking water levels. Additionally, it plays a 

vital role in assessing and remediating polluted groundwater. During the remedial investigation 

process, monitoring strategies are implemented to identify the types of contaminants and their spatial 

distribution in both horizontal and vertical dimensions. The data obtained from such analysis is 

indispensable for formulating an effective remediation plan. To achieve effective groundwater 

monitoring, several strategies are used, such as satellite-based monitoring, groundwater modelling, 

and monitoring wells equipped with sensors for flow and groundwater quality assessment. 

Satellite-based monitoring has emerged as a highly effective technology for remotely assessing 

groundwater storages through the utilization of remote sensing and geographic information system 

(RS and GIS) [17]. By employing satellite technology to monitor changes in groundwater storage over 

extensive regions, it complements conventional land-based monitoring methods admirably. This 

approach yields valuable inputs for evaluating the overall groundwater resources within a given area 

and for identifying suitable locations for well drilling or artificial recharge initiatives. Notably, NASA's 

Gravity Recovery and Climate Experiment (GRACE) satellites are capable of measuring variations in 

Earth's gravity resulting from changes in groundwater volume, thus presenting an alternative means 

for satellite-based groundwater monitoring. Leveraging multi-spectral and spatial data, radar 

technology, and thermal surveys, remote sensing is the foundation for satellite-based groundwater 
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monitoring. Its significance lies in the assessment of storage capacity reduction within a particular 

aquifer and the determination of groundwater depletion rates [23]. 

Groundwater modelling serves as a valuable tool for simulating the movement of contaminants within 

groundwater systems and forecasting the consequences of diverse management scenarios. Such 

monitoring endeavours offer valuable perspectives into the enduring behaviour of contaminants in 

groundwater systems. By integrating machine learning and artificial intelligence algorithms into 

groundwater modelling, one can achieve automated calibration, prediction, and optimization 

processes. These advanced techniques are adept at handling intricate, high-dimensional datasets and 

significantly enrich the comprehension of groundwater system dynamics [18]. 

Groundwater monitoring wells play a pivotal role in providing direct access to subsurface water 

resources. These wells are thoughtfully constructed to penetrate aquifers, which are water-bearing 

formations situated beneath the ground surface. Upon their establishment, these wells serve as 

instrumental tools for extracting water samples and collecting real-time data pertaining to various 

groundwater characteristics. In order to ensure comprehensive monitoring, a diverse array of sensors 

is strategically deployed within these monitoring wells. Water level sensors are harnessed to accurately 

measure the depth of groundwater within the well, offering invaluable insights into the temporal 

variations in water table levels. Concurrently, temperature sensors are employed to assess the thermal 

attributes of the groundwater, furnishing essential information about the general health and dynamics 

of the aquifer system. In addition, monitoring wells are equipped with electrical conductivity sensors, 

which are adept at evaluating the concentration of dissolved ions in the groundwater. This 

measurement holds immense significance as it aids in the assessment of water quality, the detection 

of contaminant presence, and the identification of potential sources of pollution. In essence, the 

implementation of groundwater monitoring wells in conjunction with the integration of sensors 

represents a fundamental and highly effective approach for monitoring and comprehending 

groundwater resources. The data amassed from these wells serves as a vital resource for scientific 

scrutiny, resource management endeavours, and the informed decision-making processes crucial to 

the prudent utilization and preservation of groundwater reservoirs [19]. 

Groundwater sensors can be classified into several main classes based on the scientific concepts or 

underlying technologies they rely on. These classes are optical sensors, electro-chemical sensors, 

acoustic sensors, bio-assay sensors, piezoelectric sensors, ion-selective electrodes (ISE), gas sensors, 

VOC (volatile organic compound) sensors, and temperature sensors.  

Optical sensors are gaining popularity in the realm of groundwater monitoring, owing to their 

numerous advantages compared to conventional sensors. Optical sensors are impervious to 

electromagnetic interference, possess compact dimensions, and allow for multiplexing to concurrently 

measure multiple parameters. Moreover, they offer a cost-effective fabrication and development 

process [21]. 

Several prevalent optical sensors are utilized for groundwater monitoring, including [22]: 
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1. Distributed Temperature Sensing (DTS): DTS employs a fiber optic cable to gauge the 

temperature of groundwater at various points along the cable. This technique facilitates 

tracking groundwater flow patterns, detecting zones of contamination, and monitoring the 

efficacy of groundwater remediation systems. 

2. Fiber Bragg Grating (FBG) Sensors: FBG sensors are versatile tools capable of measuring 

diverse parameters such as temperature, pressure, pH, and salinity. They exhibit remarkable 

sensitivity, making them well-suited for detecting minute changes in these parameters, thus 

proving ideal for identifying leaks and variations in groundwater quality. 

3. Optical Fiber Chemical Sensors: Optical fiber chemical sensors have a broad applicability in 

measuring an array of chemicals present in groundwater, encompassing pollutants like 

chlorinated solvents and heavy metals. These sensors generally rely on the absorption or 

emission of light by the target chemicals for detection. 

The integration of optical sensors in groundwater monitoring offers significant potential for improved 

data collection, enhanced sensitivity to changes, and cost-effective solutions, ultimately facilitating a 

more informed and efficient approach to groundwater resource management and environmental 

protection. 

The primary objective of the NINFA project (Work Package 2) is to develop an efficient monitoring 

strategy that combines established sensors and analytical methods with innovative tools. These novel 

tools include the GenTox technology, designed for detecting and quantifying the genotoxic potency of 

hydrophilic pollutants, as well as distributed sensors based on fiber optics, which enable the 

measurement of groundwater flow and changes in chemical composition. The efficacy of this 

monitoring strategy will be verified through validation in case study 2, located in Los Alcázares, Murcia, 

Spain, during the summer of 2025. 

8.2 Multi-sensor device for groundwater quality monitoring  

By integrating the multi-sensor device and the cutting-edge fiber-optic-based sensors, the NINFA 

project aims to enhance the dependability and precision of groundwater simulation modelling. 

Through intensive monitoring and high-frequency data acquisition, a wealth of information will be 

made available, allowing for a comprehensive assessment of the impact of regulatory strategies on the 

dispersion of diffuse pollution, not solely confined to current interventions. Additionally, the project 

aims to investigate stressors such as droughts and flooding, providing a more holistic understanding of 

their effects on groundwater quality and quantity. 

NINFA project endeavour to construct a multi-sensor device aimed at facilitating concurrent 

measurements of key chemical parameters (pH, temperature, nitrate, salinity, and flow) within 

groundwater systems. The inclusion of multiple sensors enables a holistic evaluation of groundwater 

quality, furnishing a more comprehensive understanding.  

To execute this development, the electrodes will be strategically positioned within a flow cell to 

facilitate sample collection and subsequent measurements. The acquired data will be efficiently 
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managed by a connected data logger. To ensure optimal functionality, we will meticulously calibrate 

and assess the sensors' capabilities through the construction of a physical model at the Wetsus lab. 

Fundamental sensor specifications, including sensitivity, accuracy, and repeatability, will be 

meticulously determined. Additionally, we will ascertain the compatibility of these sensors with the 

device's design. 

Crucial considerations for the device's real-world viability and robustness involve the evaluation of its 

architecture and physical layout. Parameters such as overall size, power requirements, and 

connectivity options (wired or wireless) will be rigorously analysed to guarantee suitability for field 

deployment and resilience against varying environmental conditions. 

Furthermore, a pivotal facet of our research encompasses testing the seamless integration between 

the multi-sensor device and the data acquisition system. This rigorous evaluation ensures the delivery 

of precise and high-temporal resolution results. Simultaneously, we will employ the data acquisition 

system to gather data from the optics-fiber sensor, specifically situated along the well's screen. 

However, it is noteworthy to mention that the optics-fiber sensor dedicated to salinity measurement 

remains under active development at the esteemed Wetsus lab. 

8.3 Optics-fiber sensor for flow and salinity monitoring 

Fiber Bragg Gratings (FBGs) are individual sensors created by inducing refractive index modulations on 

the core of a fiber optical cable, allowing them to reflect a specific wavelength. The reflected 

wavelength is influenced by the cable's bending, stretching, or compression. While FBGs have been 

widely used in the aerospace industry, environmental and biochemical applications, and structural 

health monitoring [20] [21] , their application in groundwater sensing is a relatively recent 

development. 

FBGs have the remarkable ability to sense various factors that alter the reflected Bragg wavelength, 

including temperature, strain, refractive index, pressure, vibration, humidity, and more (Figure 5) [23]. 
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They offer compactness, ease of fabrication, exceptional multiplexing capabilities, and resilience to 

harsh environments, making them well-suited for sensing in complex aquifer systems. 

 

Despite their advantages, FBG sensors can further enhance their potential for geohydrological and 

water quality measurements. To achieve this, novel approaches are required to develop distributed 

chemical sensing, ideally integrated with the distributed sensing of hydrogeological parameters. At its 

initial stage, Wetsus aims to enhance the fiber-optic sensor's capability to trace the transport of salt 

or pollutants towards drinking water wells in coastal aquifers. 

 

8.4 Bioassay sensor for detection and quantification of the genotoxic potency of 

hydrophilic pollutants 

Conventional chemical methods have limitations in efficiently detecting various water contaminants, 

particularly hydrophilic compounds, and they cannot assess the toxic effects of these compounds and 

their mixtures. To address this, bioassays like Hy-GenTox have been developed [22]. Hy-GenTox utilizes 

Caenorhabditis elegans to simultaneously detect and quantify the toxic potency of multiple 

compounds in water samples without requiring extraction. This bioassay examines the genetic 

response of the nematode, providing insights into specific toxic mechanisms and potential toxicants 

present. NINFA will enhance and automate the Hy-GenTox protocol for broader field application and 

assess the toxicity of hydrophilic organic compounds in water samples from CS2. 

 

Figure 5. Basic principle of Fiber Bragg Gratings (FBG) 
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The development plan for the sensors includes the following steps with their respective target 

completion dates: 

• Developing and validating the multi-sensor device: Expected to be completed by June 2024. 

• Validating the bioassay sensor: Targeted for completion by October 2024. 

• Developing and validating the fiber-optic sensor: Expected to be completed by June 2025. 

• Testing the developed sensors in the field: Scheduled for July 2025. 

 

9  Smart Gateways 
The WINGS Smart Gateway interfaces with water meters / flow meters / water quality sensors. Such 

an interface allows reading and local recording of data (storage). After the collection of the 

measurements and a first processing of the data, the smart gateway can transmit the data via the 

available network to the cloud platform for further processing and storage (Figure 6). In summary, the 

smart gateway has the following capabilities: 

• Data retrieval from sensor (water meter / flow meter / quality sensor) and transmission to 

ARTEMIS platform via the available network (GPRS, 3G/4G/5G, NB-IoT, LoRaWAN) 

• Remote configuration, customizing metering and transmission profiles to user preferences 

• Flexible sensor reading mode (supporting different protocols and technologies) 

• Intelligent operation, detecting critical situations locally (e.g., leakages, contamination) and 

adjusting measurement and transmission profiles accordingly (e.g., more frequent 

measurements / transmissions in case of alarm) 

• Remote device management functions (e.g., upgrading device firmware from the cloud) 

• Device tampering notifications 

 

 

Figure 6. Deployment of Smart Gateways in operational environments 
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10  Data acquisition and communication platform - Interconnection 

mechanisms and APIs 
Our data infrastructure will operate within a secure network environment established by a virtual 

private network (VPN), deployed through Netmaker, a trusted open-source solution. This VPN 

safeguards our data streams, ensuring that the Data Broker platform, alongside other key services, is 

accessible exclusively to authorized users and systems. To facilitate secure access to the VPN, 

credentials and instructions for setting up the VPN connection are shared with all partners involved in 

the collaborative network.  

The Kafka-based Data Broker, to be deployed on NINFA's virtual machine, will be accessible at a specific 

IP address and port, exclusively through the VPN. This Data Broker serves as a robust platform, capable 

of managing live data streams from factories and leveraging the robustness and scalability of Apache 

Kafka. It acts as a centralized hub for data ingestion, processing, and dissemination, capturing real-

time operational data from various factories. 

The Data Broker also processes optimization suggestions from multiple partners. Once validated, these 

suggestions are transmitted through the broker and disseminated to the appropriate dashboard and 

relevant services. The dynamic interchange of data and recommendations facilitated by the Data 

Broker fosters a collaborative environment, promoting continuous improvement and the refining of 

strategies based on real-time operational data and insights provided by partners. 

Supporting the efficient navigation and management of this data infrastructure, we will utilize Kafka-

ui,( https://github.com/provectus/kafka-ui) a free, open-source user interface designed for Apache 

Kafka. Kafka-ui will be located at a specific IP address and port, and similar to the Data Broker, it can 

be accessed solely via the Netmaker-deployed VPN. Kafka-ui enhances the user experience by offering 

a visually guided, straightforward interface for managing and understanding our complex data 

streams, proving invaluable for efficient and effective data management. 

10.1 Message Format 
The utilization of Kafka as our data broker brings with it the added advantage of a free option of schema 

per topic. This allows us to have flexible data models at each step of our data pipeline.  

Kafka will efficiently retrieve data from the defined topics, following the line protocol format. This 

structured format ensures organized and streamlined processing and analysis. For instance, the 

temperature data retrieved from the topic will adhere to the line protocol format, as shown in the 

following example (Figure 7): 

Example: 

 

Figure 7. Line protocol format in industrial applications 

The line protocol format includes key-value pairs, where each key represents a specific parameter (e.g., 

temperature) and its corresponding value. Additionally, the associated metadata, such as group, id, 

name, and serial, provides valuable context to the data point. This metadata is especially significant as 

it aligns with the attributes of our PostgreSQL entities, meters and groups. By adopting the line 

protocol format and leveraging Kafka's schema per topic feature, we ensure that our data models 
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remain adaptable, facilitating efficient integration and analysis of the diverse data streams flowing 

through our ecosystem. 

In the case of the AI and simulation models (Section 13), messages will be formatted in JSON. JSON 

provides a lightweight, human-readable data interchange format that is widely supported and easily 

interpreted by various programming languages. Each message sent by the Models will consist of key-

value pairs represented within JSON objects. These key-value pairs encapsulate the relevant 

optimization outcomes, suggestions, and any associated metadata required for contextual 

understanding (Figure 8). 

Example: 

 

Furthermore, the NINFA platform will incorporate numerous additional services that communicate in 

an event-driven manner through specific Kafka topics. These services extensively employ JSON format 

for data transmission, promoting a highly responsive and collaborative ecosystem. This event-driven 

architecture enhances the interoperability and flexibility of data exchange among different services 

within the platform, fostering a cohesive and efficient data ecosystem. 

 

10.2 Integration 
Integrating with the Kafka Broker is a straightforward process that allows seamless communication 

and data exchange within the ecosystem. To successfully integrate with the Kafka Broker, follow these 

steps: 

1. Configure the Kafka Producer: Set up a Kafka Producer in your application or service to publish 

data to the Kafka Broker. Configure the producer to specify the Kafka Broker's connection details, 

such as its IP address and port. Define the topic to which you want to publish data. 

2. Implement Data Publishing: Within your application, write code to generate or gather the data you 

want to publish. Use the configured Kafka Producer to send the data to the appropriate topic on 

the Kafka Broker. Ensure that the data is serialized in a format compatible with Kafka, typically as 

key-value pairs or JSON payloads. 

 Figure 8. Key-value pairs represented within JSON objects in industrial 
applications 
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3. Configure the Kafka Consumer: Set up a Kafka Consumer in your application or service to receive 

data from the Kafka Broker. Configure the consumer to connect to the Kafka Broker using its 

connection details. 

4. Implement Data Consumption: Within your application, write code to process and consume the 

data received from the Kafka Broker. Use the configured Kafka Consumer to subscribe to the 

desired topic and retrieve the data records published to that topic. Implement the necessary logic 

to handle and process the received data according to your application's requirements. 

5. Handle Error and Fault Tolerance: Implement error handling and fault tolerance mechanisms to 

ensure reliable and robust integration with the Kafka Broker. Consider scenarios such as network 

disruptions, failed connections, or data processing errors. Implement strategies like retry 

mechanisms, error logging, and monitoring to handle such situations effectively. 

By following these steps and implementing the necessary code and configurations, you can seamlessly 

integrate your application or service with the Kafka Broker, enabling efficient and reliable data 

exchange within the Kafka ecosystem (Figure 9). 

 

 

 

Figure 9. Efficient and reliable data exchange within the Kafka ecosystem 
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10.3 NINFA APIs 
The NINFA API provides a comprehensive set of endpoints to access and interact with the data stored 

in our Databases. This documentation outlines the future available endpoints, their functionalities, and 

example usage for seamless integration with our platform. 

This section introduces Authentication Endpoint 

• Endpoint: /authenticate 

• Method: POST 

The /authenticate endpoint is used to obtain an authentication token required for accessing other 

API endpoints. The request must include valid credentials (such as username and password) in the 

request body (Figure 10). 

Example usage: 

 

Figure 10. The /authenticate endpoint is used to obtain an authentication token required for accessing other API 
endpoints 

In order to be able to perform CRUD operations on API entities, include the authentication token in 

the request headers as follows (Figure 11): 

• key: Authorization 

• value: Token your_auth_token 

Example usage: 

 

Figure 11. Authentication token in the request headers 

Meters Endpoint 

• Endpoint: /api/meters 

• Methods: GET, POST, PUT 

The /api/meters endpoint retrieves information about available meters within the Databases (Figure 

12). 

Example request: GET /api/meters/15.  
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Example response: 

 

Parameters Endpoint 

• Endpoint: /api/parameters 

• Method: GET, POST 

The /api/parameters endpoint allows retrieval of parameters associated with meters. Parameters 

represent the different measurement types of one meter, such as water consumption, temperature, 

etc (Figure 13). 

Example request: GET /api/parameters?meter=<serial>.  

Example response: 

Figure 12. Meters endpoint 

Figure 13. Parameters endpoint 
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Measurements Endpoint 

• Endpoint: /api/measurements 

• Method: GET, POST 

The /api/measurements endpoint retrieves measurements based on specified query parameters.  

The available query parameters for this endpoint are as follows: 

• step: Group your data based on time bounds (e.g., 30s, 1m, 2h). 

• parameter: Artemis-specific parameter (optional). 

• field: Measurement unit (e.g., m3, m3/h). 

• measurement: Set the measurement (e.g., consumption). 

• device_ids: Set the device IDs separated by commas. 

• serials: Set the serials separated by commas. 

• starts_after: Start date/time for the data range. 

• ends_before: End date/time for the data range. 

• group_by: Group the data by ID, serial, or name. 

• difference: Specify whether to return the difference between subsequent values (true or 

false, default: false). 

• force_raw: If true, no aggregation function is applied (default: false). 

• aggregate_function: Apply an aggregate operation to the values of all rows in the table. 

Supported functions: count, distinct, integral, mean, median, mode, spread, stddev, sum, 

max, min. 

 

Example request (Figure 14): GET /api/measurements?starts_after=2022-10-

05T08:01:14.000Z&ends_before=20221010T08:01:14.000Z&measurement=consumption&group_by

=id&device_ids=40.  

Example response: 
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11 Databases 
Our Databases will play a pivotal role in aggregating and managing essential data and knowledge across 

the ecosystem. To ensure efficient storage and retrieval of various entities and timeseries data, we 

intend to employ two different databases: PostgreSQL and InfluxDB, 

(https://www.w3schools.com/postgresql/postgresql_intro.php 

https://github.com/influxdata/influxdb) 

By utilizing PostgreSQL for entity storage and InfluxDB for timeseries data management, we create a 

robust and versatile foundation for our Databases. These databases, with their respective licenses, 

provide the functionality, performance, and scalability required to handle diverse data types and 

effectively support data-driven decision-making processes across the ecosystem. 

 

11.1 PostgreSQL 
PostgreSQL serves as the database for entities such as users, factories, meters, and messages within 

our Databases. It is an open-source relational database management system (RDBMS) that offers 

robust data storage capabilities and a wide range of advanced features. PostgreSQL is distributed 

under the PostgreSQL License, a permissive open-source license.  

Figure 14. Measurements endpoint 
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The PostgreSQL database allows for the structured storage of entities, enabling flexible querying, 

efficient data organization, and data integrity enforcement through relational constraints. It provides 

ACID (Atomicity, Consistency, Isolation, Durability) compliance, ensuring reliable transactional 

operations and data consistency. Additionally, PostgreSQL supports various data types, including text, 

numeric, JSON, and spatial data, offering versatility for storing different kinds of entity-related 

information.  

By utilizing PostgreSQL, we maintain a secure and scalable database solution for storing and managing 

entities within our Databases. Below is an improved representation of the current entities utilized by 

the PostgreSQL database in an ERD (Entity-Relationship Diagram) format: 

 

Table 7. Improved representation of the current entities utilized by the PostgreSQL database in an ERD (Entity-
Relationship Diagram) format. 

 

 

(Note: FK denotes foreign key) 

 

Entities such as "user," "groups," and "user_groups" exist in the database schema, but they are not 

detailed in NINFA. Similarly, there may be other entities in the database that are not utilized in the 

specific NINFA scenarios. To ensure complete alignment among the partners, the "serial" attribute 

contains, as a suffix, the abbreviation of the factory name, followed by a hyphen ("-"), and the 

respective SCADA tag. 

 

meter     parameter    

id id 

name type 

serial mu 

active offset 

lat factor 

lng last_value 

last_updated min_threshold 

status max_threshold 

group_id (FK) meter_id    (FK) 

gateway_id  (FK)  

master_id  (FK)  
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11.2 InfluxDB 
InfluxDB serves as the dedicated database for timeseries data within our Databases. It is an open-

source timeseries database built to handle high-frequency and time-sensitive data efficiently. InfluxDB 

is distributed under the MIT License, a permissive open-source license.  

Designed specifically for timeseries data, InfluxDB excels in storing and querying data points associated 

with timestamps. It leverages a specialized data structure that optimizes timeseries data storage and 

retrieval, providing high write and query performance. InfluxDB also offers advanced features like 

downsampling, data retention policies, and continuous queries to effectively manage large volumes of 

timeseries data. 

With InfluxDB, we can securely store and retrieve timeseries data, allowing us to perform advanced 

analytics, visualization, and monitoring of time-dependent metrics within our Databases.  

In InfluxDB, the data modelling is organized around "measurements," which are analogous to tables in 

traditional relational databases. Each measurement stores specific time-series data and consists of 

"tags," "timestamp," and "fields." 

 

11.3 Tags 
Tags are metadata attributes associated with each data point within a measurement. They are used 

for indexing and efficient data retrieval. Tags provide additional context and categorization for the data 

points. In the NINFA platform, tags include attributes such as "group," "id," "name," and "serial," which 

are aligned with PostgreSQL entities for consistent data representation. 

 

11.4 Tags 
Fields hold the actual numerical values or measurements recorded at specific timestamps (Figure 15). 

The combination of measurements, tags, timestamp, and fields enables efficient storage and retrieval 

of time-series data in InfluxDB. The use of tags for metadata alignment with PostgreSQL entities 

ensures consistency and seamless integration between the two data repositories, supporting the data-

driven decision-making processes within the NINFA platform (Figure 16). 

 

 

Figure 15. Fields hold the actual numerical values or measurements recorded at specific timestamps 
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Figure 16. Dashboard provided by InfluxDB 

 

12 Wastewater treatment technologies 
Innovative technologies for pollutant removal and resource recovery from contaminated water 

(wastewater treatment plant (WWTP) effluent and urban runoff) and from pig manure will be 

developed with the aim to prevent groundwater contamination and reduce groundwater exploitation 

needs. To achieve this, four (4) different technology trains will be evaluated under work package (WP)3 

at a final TRL of 5. The different KPI obtained from the different technologies will be set as an input for 

the DSS: 

  

12.1 Metal recovery through membrane concentration + chemical extraction + 

centrifugal and/or electromagnetic separation: 
  

A combination of membrane concentration, chemical extraction and centrifugal and/or 

electromagnetic separation will be employed for the recovery of heavy metals from urban runoff. The 

focus will be on selectively extracting neglected platinum group elements (PGEs) in addition to Cu, Ni, 

and Zn. A Membrane-based technology (electrodialysis) will be evaluated and optimized for 

concentrating the high added value metals present in road runoff. By means of chemical dissolution 

with membrane separation, the metals in ionic form will be removed while insoluble platinum group 

elements will be retained. Ionic species may be recovered and concentrated by electrodialysis, a 

technology that applies a voltage difference between two ion selective membranes increasing the 

concentration of the initial ions present in the feed. Non-ionic species will be in metallic form and thus 

can be concentrated by pressure driven membrane separation processes based on their size. This 
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concentrated effluent will be treated by centrifugation for the recovery of big particles or 

electromagnetic technologies for non-decantable ones, obtaining metals in solid form. 

   

12.2 Modular NBS + ad hoc AOPs: 

Modular-prefabricated NBS combined with innovative AOP system will be implemented in order to 

remove hydrocarbons (HC) and microplastics (MP) removal from urban runoff. The NBS system will be 

developed incorporating low-cost/recycled adsorbent materials and testing different plant species and 

configuration designs, keeping subsurface water flow to avoid the appearance of mosquitoes (vector-

borne diseases). Their combination with AOP will be evaluated for the maximization of hydrocarbons 

removal and water disinfection. The treated water will be considered for indirect aquifer recharge or 

other uses such as street cleaning, irrigation, etc., thus reducing aquifer exploitation depending on the 

quality. Solar photo-Fenton will be evaluated as AOP using a compound parabolic collector (CPC) 

reactor, able to concentrate up to 10 suns through its geometric reflective shape in the case where the 

NBS effluent is reused. The reaction will be carried out at neutral pH, considering the use of organic 

chelating agents (e.g., ethylenediamine-N,N'-disuccinic acid or nitrilotriacetic acid) to increase Fe 

solubility and avoid its precipitation. In case that the NBS effluent will serve for indirect aquifer 

recharge, UV-assisted TiO2 photocatalysis will be evaluated for the removal of hydrocarbons, while soil 

infiltration will be evaluated to determine the capacity of soil to further remove suspended particulate 

matter, MP, nutrients (N and P), and heavy metals. 

12.3  Combined Advanced oxidation process (AOP) + Activated Carbon (AC) + 

Biofiltration (BF): 
A combination of low cost AOP, AC and BF for the removal of contaminants of emerging concern (CECs) 

and MPs as well as evaluating the fate of antibiotic resistant genes (ARGs), present in WWTPs will be 

evaluated.  

Photo-Fenton treatment will be implemented and optimized as AOP, considering the use of raceway 

ponds instead of CPC to decrease costs. The utilization of AOP unit process serves as a means to oxidize 

non-biodegradable CECs originating from the secondary treatment of WWTPs. In fact, AOP can lead to 

the formation of simpler compounds that could be easily adsorbed on AC and potentially further better 

biodegraded. Additionally, the AOP unit serves as a disinfection operation, allowing for the evaluation 

of the removal or inactivation of ARGs. Refractory pollutants will be removed by adsorption on AC. The 

efficiency of using a combination of various AC types will be assessed, including AC derived from urban 

biomass, aiming to enhance circularity in the treatment process while simultaneously reducing costs 

and environmental impact.  The activated carbon fixed bed could be used separately or coupled with 

a BF process which will combine the adsorption phenomenon and the regeneration of the activated 

carbon through microbial degradation. Finally, a filtration step (slow sand filtration) will be evaluated 

to assess its capacity to remove the rest of pollutants (e.g., MP). 

12.4  Solid/liquid separation + membrane filtration + AOP + hydrothermal 

carbonisation -HTC-+ inoculated biochar + wood chip bioreactor: 

NINFA will undertake the development of a series of technologies aimed at reducing the leaching of 

nutrients, pesticides, and various pollutants (such as metals and antibiotics) from manure into GW. 

This will be achieved by enhancing the quality of the resulting products, such as safe organic fertilizers 

and inoculated HTC-biochar. Additionally, the application conditions of these products in crops will be 
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optimized at pot/field scales. Parameters such as nutrient content, safety, and impact on soil quality 

will be taken into account. 

The manure treatment process will begin with solid/liquid separation. The liquid fraction will undergo 

several treatment steps, including microfiltration for nutrient concentration and removal of particulate 

solids, stripping with membrane contactors to obtain ammonium salt solution, and AOP employing 

solar photo-Fenton in a raceway pond configuration for disinfection, removal of antibiotics, and 

potential inactivation of ARGs. This process will result in the production of a safe liquid fertilizer. 

The solid fraction of the manure will be transformed into high-performance biochar using HTC 

technique. To enhance plant nutrient uptake and minimize nutrient leaching, the obtained biochar will 

be inoculated with plant growth-promoting bacteria. This approach will reduce the required dose of 

fertilizers. The resulting high-performance biochar, along with the fertilizers obtained from the liquid 

fraction, will be subjected to pot tests to determine the optimal dosage for plant growth and evaluate 

their impact on soil quality parameters such as pH, salinity, texture, organic matter content, and 

microbial biodiversity. These tests will also assess the reduction in nutrient/pesticide leaching 

compared to existing methods, particularly the use of manure, which is a common practice that 

contributes to soil and groundwater contamination.  

Finally, the implementation of wood chip bioreactor and a bioelectro wetland will be evaluated in 

parallel for the removal of nitrates from the upper layers of groundwater.  To decrease environmental 

and economic impacts, local recycled materials from the agricultural area will be evaluated. 

  

12.5  Development plan  
The technologies will be developed and optimized at lab scale by M24 and further validated at pilot 

scale at the selected case study sites by M36. 

 

13 Models 
We consider the following AI and simulation models: 

Table 8. ΑΙ Surrogates for Groundwater Quality models 

Title AI Surrogates for Groundwater Quality 

Overview Deltares will develop a spatial (and potentially temporal) model to predict the 
physical phenomena, required by the model and to answer the risks posed in 
the case studies. 

Responsible 

partner 

Deltares 

Inputs The commencement of this component and work subpackage is 
dependent, and awaits, on those coordinating the case studies, risk 
assessments and likely scenarios and questions posed within the case 
studies. 
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Outputs The output will be model results, corresponding to the risk parameters 
assessed in the case studies. This could either be direct physical results (e.g. a 
contour map of pollutant concentrations) or more direct risk indicators. 

Methods used These methods will be based on common ML techniques for solving PDEs. 

Datasets used As this is a surrogate model, it will use the data from the models generated 
in the Work Packages for the case studies. 

Language Likely to be driven by Python in the research phase, although after weights 
are determined this could be language agnostic. 

Modules PyTorch, Tensorflow. 

Deployment To be defined 

Development 

timeline 

Difficult to quantify, still awaiting case study models. 

 

 

Table 9. GW flow and transport model 

Title GW flow and transport model 

Overview The groundwater flow and transport model are under development for the 
main two case studies (CS1 Achterhoek, Nederland, and Mar Menor, Spain). 
The software selected for flow and transport simulation is Groundwater 
VISTAS, a commercial software largely used for groundwater simulation. It is 
based on the USGS MODFLOW, but it has been implemented with other 
modeling tools, with particular reference to graphical and mapping pre- and 
post-processors, and especially with MT3D, a code to be used for transport 
modeling. The model will be used both in steady state and transient 
conditions. 

By this software, we will be able to simulate groundwater flow, and its 
interaction with surface water network, taking into account external drivers 
as natural or induced recharge, pumping and withdrawals, changes with time 
at daily, seasonal or multiyear scale. 

Responsible 
partner 

ROMA is the partner developing the simulation models for groundwater flow 
and transport. 

Inputs We received inputs from previous studies, and also previous flow models 
realized in both study areas. For CS1, the existing model is AMIGO developed 
by Deltares on iMOD platform. The conceptual model of groundwater flow 
has been derived by this model and also the existing information (dataset) 
has been extracted from this model and converted into the new model under 
Groundwater VISTAS platform. Additional information derived by previous 
experiences done by WETSUS, while local stakeholders like VITENS (drinking 
water supplier) and WRIJ (basin water board) have been contacted and they 
provide additional data and information, side to their expectation from the 
modeling effort. Public dataset on groundwater levels, on surface water 
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levels and on meteorological data are available and used as input for the 
model. Water quality data referring to the pumping wells are also available. 
The observation period from 2000 to 2020 has been preselected, with the 
possibility to extend until 2023 where possible.  

For CS2, a simulation model for groundwater flow has been developed by the 
Geological Survey of Spain (IGME) based in Murcia, under the project 
AQUIFER recently ended. With the help of IGME, the conceptual model of the 
groundwater flow and the main problems to be faced have been identified. 
To not overlap with existing activities, the focus of the NINFA models will be 
the urban and suburban area of the coastal city of Los Alcázares (the 
Municipality is partner of NINFA), possibly with reference to some emerging 
contaminant. At this stage, data transfer is ongoing and the groundwater flow 
model will be prepared in few months. 

Outputs The output of the model will be useful for the activities of all partners, firstly 
inside WP2 and in detail also for WP1, WP3 and WP4. In addition, results will 
be transferred to the local stakeholders, to improve their knowledge of the 
water system and to give them information for optimizing their activity in 
terms of water consumption, aquifer vulnerability and resource protection.   

Methods used As the aquifer system is heterogeneous, anisotropic, complex, and very 

sensitive to external stresses, the physical based saturated three-dimensional 

numerical mathematical model is planned for both the case studies. The finite 

difference approach will be followed in which the proposed area is intended 

to be discretized into the grids of various sizes as per the requirements. The 

physical behavior of the aquifer will be assigned to each grid either by using 

block center nodes or by mesh center nodes. The inbuilt commercial codes 

will be enabled at each grid. The behavior of grids which indirectly a 

representation of the aquifer system will be assumed, estimated, analysed, 

and predicted based on the data input and by applicable source and sinks. 

Datasets used The accuracy of groundwater model is depending on the quality and extent of 

data with respect to space and time. Once the aim and objective is arrived, the 

model development requires the basic information that are applicable to 

physical framework such as areal extension of subsurface layers, surface 

features such as topography, geology, geomorphology, land use, and areal 

extension of surface water bodies, spatial and temporal distribution of 

groundwater head, spatial and temporal distribution of solute parameters, 

aquifer properties, solute transport properties, boundary condition, etc., All 

the above data can be normally collected from primary and secondary sources. 

We are also using both the approach in order to get the data set with enriched 

clarity. The physical framework of the model domain, aquifer parameters, 

meteorological data set, groundwater pumping, horizontal and vertical 

distribution of solute parameters, aquifer and solute transport properties are 

planned to extract from the available borehole logs, geophysical logs, 

literatures and data sets provided by partners like Deltares, WETSUS, VITENS, 

etc., There are also a real time monitoring system to monitor the 

meteorological characteristics, groundwater and surface water system. For the 
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case study 2 (Mar Menor, Spain), additional borehole drilling is requested to 

understand the physical behavior and property of the aquifer. 

Language FORTRAN is the language used in Groundwater Vistas 

Modules Three modules involved in this study are: i) Modflow and ii) MT3D (including 

RT3D package). Both the modules are derived with functionality on the basis 

of Darcy’s Law, a law that describes the flow of groundwater in a saturated 

porous medium. 

i. Modflow 

Modflow simulates the flow of groundwater. Modflow is developed by USGS 

in 1984 which is widely used for the groundwater flow simulation and 

predicting the groundwater flow system and also to analyse the interaction 

between surface water and groundwater all in terms of quantity. It enables to 

understand the flow direction and flow budget. 

j. MT3D 

MT3D simulates the behavior of solutes. MT3D is first released in the year 

1990, followingly there are several packages have been improved and add on 

to it in order to understand the behavior of solute characteristics. RT3D, a 

package deals with the reactive solute transport behavior. It enables to 

simulate the interspecies reactions and parent daughter chain reactions. Both 

are accommodating the Modflow code in which the simulation of solutes will 

be carried along with the groundwater flow which runs using the Modflow 

code. MT3D helps to understand the movement of solutes, reactive product 

and solute budgeting. 

Deployment To be defined 

Development 
timeline 

The process of implementation of the two models for CS1 and CS2 is previewed 
as follow:  

CS1: - flow model in steady state conditions ready for October 2023  

- flow model in transient conditions at monthly/seasonal scale ready for 
January 2024  

• Flow model in transient conditions at daily/weekly scale for selected 
areas (e.g. puming walls, main rivers) will be ready for Spring 2024  

• Non-reactive transport modeling will be prepared for late spring/early 
summer 2024.  

• reactive transport modeling will be ready for fall 2024.  

CS2: - flow model in steady state conditions will be prepared for February 2024  

• - flow model in transient conditions at monthly/seasonal scale ready 
for late spring 2024   

• Flow model in transient conditions at daily/weekly scale for selected 
areas (e.g. pumping walls, seawater intrusion) will be ready at the end 
of Summer 2024  
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• Non-reactive transport modeling will be prepared before the end of 
2024  

• reactive transport modeling will be prepared in early 2025 

 

Assumptions, 
dependencies, 
and constraints 

The representativeness of the simulations is strongly depending from the 

abundance and the quality of the available data. For CS1 and CS2, existing 

previous studies and numerical models are a solid background. We assume 

the existing models developed by other subjects are good, as adopted at 

regional scale for different purposes.  

The second significant constraint is the real data availability and their update 

until 2023; many of the available data are related to periods before 2020. 

Validation of the models requires more recent data, to build significant future 

scenarios. 

Use case studies The flow and transport modeling will be applied to CS1 and CS2, but they can 

represent a good basis for the other CSs 

Additional 
documentation 

For CS1: 

Balduino (Master’s Thesis) Preventing hydrological drought in the Pleistocene 
uplands, Utrecht University 

Feng Miao and Sun Yaxin (Bachelor Thesis) The influence of the land use on 
the groundwater quality in Achterhoek, Vitens 

J. Roelsma ,R.F.A.Hendriks , Comparative study of nitrate leaching models on 
a regional scale, Science of the Total Environment 499 (2014) 481–496 

AMIGO Model, Deltares 

For CS2: 

José Luis García-Aróstegui, Andrés Alcolea, Sergio Contreras, Johannes 
E.Hunink, Joaquín Jiménez-Martínez. Hydrogeological modelling for the 
watershed management of the Mar Menor coastal lagoon (Spain). Science of 
the Total Environment 663 (2019) 901–914 

D. Rubén Moreno González (PhD Thesis) Fuentes y Distribución de 
Microcontaminantes Orgánicos Regulados y Emergentes en la Laguna Costera 
del Mar Menor, Universidad de Murcia 

Miguel Ángel Pérez Martín. Servicios de consultoría y asistencia técnica para 
la simulación bajo distintos escenarios y mediante modelo hidrológico, de la 
evolución del contenido en nitratos de la masa de agua subterránea 070.052 
Campo de Cartagena. (TTMM: Varios. Provincias: Murcia y Alicante), 
UNIVERSITAT POLITÈCNICA DE VALÈNCIA, INSTITUTO DE INGENIERÍA DEL 
AGUA Y MEDIO AMBIENTE  

  

 

Table 10. Data correlations between variables that characterize GW quality 

Title Data correlations between variables that characterize GW quality 
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Overview An in-depth analysis of data from Case Study 1 & Case Study 2. Define 
correlations between variables that characterize GW quality. Afterwards, map 
and create clusters of variables that have an immediate effect on each other.  

 

Create an Artificial Intelligence model with features that will be based on the 
conclusions from the data analysis. Feed a Decision Support System which will 
assess risk / warn / propose actions. 

Responsible 
partner 

WINGS 

Inputs The user will provide as inputs the data from the chemical analysis / sensor 
measurements, that will be conducted in the GW body. 

Outputs Users will be given a risk assessment based on the values of the inputs. 

Depending on variables with higher values than normal, the user will be given 
a list of other possible affected variables and probable causes. 

Methods used Data analysis, variable correlation, clustering, Artificial Intelligence. 

Datasets used Data to extract correlations / conclusions from CS1 & CS2. 

Language Python 

Modules Some of the libraries used are:  

- Pandas – data analysis 
- Math – calculating correlations. 
- Tensorflow – artificial intelligence model 

Deployment Deployed as a Docker container. 

Development 
timeline 

First prototypes are already implemented – to be refined with more data 

Assumptions, 
dependencies, 
and constraints 

N/A 

Use case studies Data to extract correlations / conclusions from CS1 & CS2. 

Additional 
documentation 

N/A 

 

14 Decision support/alert systems 
The aim of the NINFA Decision Support System (DSS) is to inform and support the users on decisions 

related to aquifers status, in terms of water quality and quantity at any time and how water reuse 

practices enhance the aquifer status. The NINFA DSS is the “brain” of the NINFA platform. It comprises 

a number of cognitive components that consume (see section 13) that consume data either from the 

Databases or the Data Brokerage platform, analyse the data and transform it to tailored to the user a) 
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information, b) recommendations, and c) configuration/actuation on the field equipment. Some 

indicative outputs of the NINFA DSS can be found hereafter: 

1. AQUIFER STATUS: location and extent of the aquifers (km2), water quality (TOC, COD, nitrate, 

TSS, CE, T, pathogens (e.g. E. coli), CECs (e.g. carbamazepine and sulfamethoxazole)); 

2. EARLY WARNING of a selected group of toxic pollutants and pathogens. 

3. FORECAST (simulation based): forecast on enhancement of aquifer status (in both quality and 

quantity) due to the water reuse practices applied (the user should be able to select different 

technologies for different water reuse) and economic evaluation of the selected technologies. 

4. CONFIGURATIONS/ACTUATIONS for optimally configuring the water treatment technologies 

in the field to address the user requirements. 

The DSS is accompanied with a user-friendly graphical user interface (GUI), visualizing plots with 

historical data of aquifer status and/or social acceptance, graphic simulation of aquifer status 

enhancement due to the selected novel technologies for water reuse, and the early warnings/alarms 

of a selected group of toxic pollutants and pathogens, etc. 

What is more important is the ability of the NINFA DSS to combine all the rest of the NINFA components 

in tailored data flows that provide services to the user under the context of well-defined case studies 

or independently of the latter. 

For instance, we will provide some representative examples based on the CS2. CS2 is the Campo de 

Cartagena aquifer in Los Alcazares, Murcia, Spain. This aquifer is formed by multiple layers, with the 

lower layers being overexploited for decades, while the upper layers are contaminated by saline 

intrusion from the Minor Sea (Mar Menor) and filtrations from agriculture and torrential rains leading 

to the presence of pesticides, nitrates, and other nutrients in concentrations exceeding the thresholds 

values established by the Water Framework Directive.  

➢ ENVIRONMENTAL PROBLEM OF CS2: 

These pollutants end up in Mar Menor, which also receives the brines from desalination of the brackish 

water from the aquifer. These continuous contributions for years have caused eutrophication 

problems in Mar Menor, especially during water runoff events. In recent years (2016, 2019, 2021), the 

lagoon has experienced several critic anoxic episodes, causing environmental catastrophes with the 

death of flora and fauna. 

➢ CS2 AS KEY CASE STUDY: 

The Campo de Cartagena aquifer was selected as one of the main case studies of NINFA Project 

because it is an area of great vulnerability since Mar Menor (that is a coastal saltwater lagoon with a 

surface area of 135 km2 connected with the upper layers of the Campo de Cartagena aquifer and with 

the Mediterranean Sea by a sandbar of 22 km) is preserved as a natural park, Special Protection Area 

for Birds (Natura 2000), and includes some wetlands of international importance (RAMSAR). 

➢ NINFA SOLUTIONS FOR CS2: 

NINFA project aims at addressing such severe environmental problem in CS2 by: 

▪ Optimizing and validating at TRL5 a train of technologies for obtaining safe liquid fertilizer 

from the liquid fraction and biochar from the solid fraction of the manure, with the aim of 

reducing nutrients and pesticides leaching up to 80% and decreasing the need of external 
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chemicals up to 95 % → WP3. The safety of liquid fertilizer and solid biochar obtained by the 

proposed train of technologies will be assessed measuring all those parameters that are 

defined by the EU and local (Spanish) legislation on water fertilizing products, collected in 

WP1. The measurements will be offline (sampling and analytical measurements) and inline 

(MONITORING STRATEGY: developed in WP2 and based on existing sensors + novel sensors 

that will be implemented in WP2 as described in the next point). 

▪ Validating at TRL5, a cost-efficient monitoring strategy based on the integration of existing 

sensors and analytical approaches with the innovative tools proposed by NINFA project such 

as the ‘HyGenTox Chip’ for detection and quantification of the genotoxic potency of 

hydrophilic pollutants, and Distributed Sensors based on fibre optics for measuring GW flow 

and changes in the chemical composition, with the main aim of measuring locally (1 m 

resolution) and real-time water flow (±10% deviation) and salinity (±10% deviation) → WP2. 

The parameters that need to be measured are defined according to the normative framework 

defined in WP1 and the parameters needed to assess the efficiency of the proposed train of 

technologies (WP3). 

▪ Testing and validating hydrogeological and reactive transport models for nutrients, pesticides, 

and salinity at TRL5 and forecasting 6 future scenarios evaluating the effect of drought and 

flood, sea level increase and prevention/mitigation measures for the improvement of the 

status of the aquifer that will be used for risk assessment analysis in WP4 → WP2. 

▪ Performing risk assessment focused on the effect of prevention/mitigation measures, 

especially water reuse and aquifer recharge → WP4. 

▪ Assessing the economic (Life Cycle Costing, LCC), environmental (Life Cycle Assessment, LCA) 

and social (sLCA) impacts, to create evidence on the benefits of the implementation of NINFA 

strategy for efficient GW management and protection versus current situation → WP4. 

▪ Developing and validating an integrated early-warning DSS that taking into account the 

outputs of all the other WPs (above listed) will provide an efficient and holistic GW 

management and protection that will provide enhanced detection of GW pollution incidents 

by means of deterministic and robust AI-based systems and will recommend the best 

prevention/mitigation strategies → WP5. 

It must be noticed that, for sake of completeness, the agricultural and urban uses of reclaimed water 

from municipal WWTP and of urban runoff treated by the specific train of technologies proposed in 

NINFA Project (WP3), have also been considered (in addition to solid/liquid separation of manure for 

liquid fertiliser and biochar production). The only scenario that is not avisaged is the aquifer recharge 

because according to the preiliminary data collected at CS2 it won't probably be a desirable solution 

(to be confirmed). 

Just for simplicity, we will split the overall data flow in three (3) parts in order to zoom in better the 

data flow, the role of each component in the data flow and the final outcome to be offered as a service 

to the user. 

A) MONITORING AND CONTROLLING WATER TREATMENT OUTCOME 

We start the description by enumerating the data that is available in the database and in the 

offline/online analysis of physico-chemical and biological parameters of the two products derived by 
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the water treatment technologies, namely the water to be reused and the nutrients recovery to be 

used as fertilizer (Figure 17). 

In the database, the following data are stored: 

1. Pesticides/Metal/Inorganic/Organic/Physical parameters and climatic data 

a. Sampling (2-3 times per year) 

i. Aclonifen, Alachlor, Alpha-Hexachlorocyclohexane (alpha-HCH),  Aldrin Nickel, 

Arsenic, Atrazine, Beta-Hexachlorocyclohexane (beta-HCH), Bicarbonate, 

Bifenox, Boron, Bromophos-ethyl, cadmium, Calcium, Carbonate, 

Chlorfenvinphos, Chloride, Chloropyrifos-methyl, Chlorpyrifos, Chromium, 

Cis-chlordane , COD, Conductivity (in situ), Copper, Cybutryne, Delta-

Hexachlorocyclohexane (delta-HCH), Diazinon, Dichlorvos, Dicofol, Dieldrin, 

Disolved oxigen (saturation) (in situ), Dissolved oxygen (in situ), Diuron, 

Endosulfan (sum of isomers), Endosulfan I (alpha-endosulfan), Endosulfan II 

(beta-endosulfan), Endrin, Endrin ketone, Fenclorfos, Fluoride, Fonofos, Free 

carbon dioxide, Gamma-Hexachlorocyclohexane (lindane), Heptachlor, 

Heptachlor epoxide, Hexachlorobenzene, Hexachlorocyclohexane (sum of 

isomers), Imazalil, Inorganic total phosphorus, Iron, Isodrin, Isoproturon, Lead, 

Magnesium, Manganese, Mercury, Methoxychlor, Metolachlor, 

Metribuzin,itrate, Nitrite, op'-DDT, Parathion, pH (in situ), Phosphate, 

Potassium, pp'-DDD, pp'-DDE, pp'-DDT, Quinoxyfen, Redox potential, 

Selenium, Silica, Simazine, Sodium, Sulfate, Sum of DDTs (sum of op'-DDT, pp'-

DDT, pp'-DDE and pp'-DDD), Temperature, Terbuthylazine, Terbutrine, Total 

ammonium, Total cyanide, Total nitrogen, Total pesticides (OCPs + OPPs), 

Trans-chlordane, Triazophos, Trifluralin, Zinc. 

b. Sensors, continuous measurements 

i. Level, Conductivity, Salinity, Total dissolved solids, Climatic data. 

2. Surveys (Semi-structured interview grids developed around 5 main themes) 

a. Sociological profile of respondent integrating gender dimension. 

b. Uses of water: respondents' personal uses (private or professional) and the uses of 

other actors (uses for the local community, for industry, for agriculture, etc.). 

c. Origin of water used (drinking water distribution system, individual or collective wells, 

other: water collectors, individual treatment systems). 

d. Different framings use to describe the water problem (technological, economic, 

political, social, ecological). 

e. Perception of reclaimed water and its uses (Do they know of any technologies for 

reducing direct water withdrawals? Have they ever heard of REUSE?, In their opinion, 

what are the expected benefits, risks and limits associated with water reuse). 

3. Groundwater characterization 
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a. Topography, elevation of layers, spatial distribution of initial head, aquifer properties 

(hydraulic conductivity, storage coefficient), river conductance, observation well 

location and pumping well location. 

 

 

In the offline/online analysis of physico-chemical and biological parameters, the following data are 

generated: 

1. Water to be reused. 

a. Parameters to be measured according to specific regulation (Regulation EU 2020/741, 

Spanish Royal Decree 1620/2007) 

i. Biochemical Oxygen Demand (BOD5), Total Suspended Solids (TSS), E.coli, 

Sodium Adsorption Ratio (SAR), Boron, Arsenic, Beryllium, Cadmium, Cobalt, 

Chrome, Copper, Manganese, Molybdenum, Nickel, Selenium, Vanadium, 

total coliphages/f specific coliphages/somatic coliphages/ coliphages, 

clostridium perfringens spores/spore-forming sulfate-reducing bacteria, 

legionella, intestinal nematodes, Taenia saginata and Taenia solium. 

b. Additional parameters that will be determined 

i. Nutrients (C,N,P,K), Nitrates (NO2- and NO3-), Total Organic Carbon (TOC), 

Chemical Oxygen Demand (COD),  DIURON as model pesticide, 

OFFLINE (SAMPLING & MEASUREMENTS) AND ONLINE (SENSORS) ANALYSIS OF PHYSICO-CHEMICAL AND BIOLOGICAL PARAMETERS 

DECISION VARIABLES FOR water 
treatment 

MICROBIOLOGY RISK

DATA BROKERAGE 
PLATFORM

DATA 
MANAGEMENT

DEVICE 
MANAGEMENT

D
A

TA
B

A
SE

DATA CORRELATION TO IDENTIFY 
SINERGISTIC EFFECTS + LCA

DECISION SUPPORT SYSTEM

In-line time data

Historical data

PRODUCT: BIOCHAR+LIQUID 
FERTILIZER+AMMONIUM SALTS

PRODUCT 1:
AMMONIUM SALTS 
SOLUTIONS

PRODUCT 2:
LIQUID FERTILISER

MEMBRANE 
CONTACTORS

SOLAR PHOTO-
FENTON

SEPARATION 
LIQUID/SOLID 

FRACTION

HYDROTERMAL 
CARBONISATION

PRODUCT 3:
BIOCHAR

WATER TREATMENT TECHNOLOGY

PRODUCT: 
WATER TO BE 
REUSED

SUDS
SOLAR PHOTO-

FENTON

WATER SOURCE 1:
URBAN RUNOFF

WATER TREATMENT TECHNOLOGY

AC/BF
SOLAR PHOTO-

FENTON

WATER SOURCE 2:
WWTP EFFLUENT

WATER TREATMENT TECHNOLOGY

PRODUCT: 
WATER TO BE 
REUSED

PRODUCT: WATER TO BE REUSED

WP3

WP3

WP4

WP5

WP1

WP5

WP2

RISK ASSESSMENT FOR GW 
MANAGEMENT

WP5

TOXICITY RISK

CHEMICAL RISK EN
V

IR
O

N
M

EN
TA

L 
R

IS
K

S

H
EA

LT
H

 R
IS

K
S

DASHBOARD

WP5

Figure 17. MONITORING AND CONTROLLING WATER TREATMENT OUTCOME data flow 
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SULFAMETHOXAZOLE and CARBAMAZEPINE as model CECs, ESBL-E.coli as 

model antibiotic resistant bacteria, INTL-1 as model antibiotic resistant gene. 

c. Costs 

i. euro per m3 of treated water (including operational and investment costs). 

d. Sensors, continuous measurements 

i. Diuron, Sulfamethoxazole and ESBL-E.coli 

ii. GW flow and changes in chemical compositions 

iii. Turbidity, Conductivity, NO2
- and NO3

- 

2. Biochar+Liquid fertilizer+Ammonium salts 

a. Parameters that will be determined 

i. % Reduction of nutrients, nitrates and pesticides leaching due to biochar 

application. 

ii. Fertilizer and biochar production per m3 of pig manure. 

iii. Costs (euro per m3 of pig manure). 

As far as concerns the actual data flow, it starts with the offline/online analysis of physico-chemical 

and biological parameters, in which the monitoring data are generated. 

In order to derive Alarm warnings for microbiology, toxicity and chemical risks (that relate to 

environmental and/or health risks), the monitoring data are analysed by the Data Correlations 

models in the Decision Support System. The aim is to identify and exploit correlations between 

the parameters selected as indicators of microbiology risk, toxicity risk, chemical risk, etc. and 

the parameters that can be easily measured by sensors and by offline measurements (e.g., 

TOC, BOD5, COD, etc..). These correlations have been derived by analysing the data available 

in the Database. Then, the Risk Assessment for GW management models derive the 

microbiology, toxicity and chemical risks (that relate to environmental and/or health risks), 

which are visualized as Alarm warnings. 

Once the risks are identified, the Decision Support System acts on the Decision Variables for the water 

treatment. Indicatively: 

1. Decision variables for SOLAR PHOTO-FENTON water treatment 

a. Treatment time 

b. Fenton reactants dosage 

c. Liquid Depth 

d. pH adjustment 

2. Decision variables for ACTIVATED CARBONE /BIOFILTRATION FIX BED water treatment 

a. AC characteristics 

b. Hydraulic retention time 

c. Number of stage 

d. pH adjustment 

3. Decision variables for UNBALANCED N/P/K BIOFERTILIZER water treatment 

a. Struvite crystallization: Mg source (reagent dosage) 

b. Ammonium stripping: Acid dosage, contact time. 

c. Ultrafiltration: water recovery decrease 
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The DSS can also check if online measurements of dissolved oxygen and redox can be used to monitor 

photo-Fenton efficiency and hence avoid microbiology and toxicity risks modelling the chemical 

process. 

 

B) EVALUATING THE AQUIFER SYSTEM UNDER VARIOUS SCENARIOS AND STRATEGIES 

 

 

The data flow starts with the Hydrogeological and Reactive Transport Models. This component takes 

the following inputs from the: 

1. Input from the Database 

a. Groundwater characteristics (as in the previous data flow, A - MONITORING AND 

CONTROLLING WATER TREATMENT OUTCOME) 

b. Meteorological data 

i. Precipitation 

ii. Evapotranspiration 

c. Groundwater extraction /injection 

d. Chloride concentrations for density-dependent groundwater flow 

e. Contaminant (e.g., nitrate): 

i. Input concentration 

ii. Adsorption 

iii. Decay/biodegradation 

iv. Chemical reactions 

2. Input from the user through the Dashboard 

a. Land use characteristics translated to the leaching of contaminant (input of 

contaminant) 

Based on these inputs, the Hydrogeological and Reactive Transport Models produce the following 

outputs: 

1. Groundwater levels/fluxes 

Concentration of 
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2. Concentration of contaminant 

The outcomes of the Hydrogeological and Reactive Transport Models are becoming inputs for the AI 

models of the Risk Assessment for GW Management. More specifically, the Risk Assessment for GW 

Management takes the following inputs: 

1. Concentration of the contaminant (e.g., nitrate) from the Database 

2. Concentration of the contaminant from the Hydrogeological and Reactive Transport 

Models 

3. Groundwater levels/fluxes from the Hydrogeological and Reactive Transport Models 

4. Climate change scenarios 

a. Droughts / increased seasonality difference 

i. Precipitation 

ii. Evapotranspiration 

b. Sea level rise 

i. Chloride concentrations 

5. Anthropogenic pressure scenarios 

a. Increased groundwater extraction 

b. Land use change (-> increased contaminant input) 

6. Strategies (some examples) 

a. Land use change due to legislation (-> decreased contaminant input) 

b. Decreased groundwater extraction 

c. Groundwater injection (MAR) 

Then, the Risk Assessment for GW Management produces the following output, which is visualized in 

the Dashboard: 

1. Concentration of contaminant 

We should note here that the AI model will be used to get a quick insight into the effect of climate 

change and anthropogenic pressure scenarios. The user will be able test some strategies to minimize 

the negative effects of these scenarios. The model won’t have any real time prediction of the 

contaminant leaching in CS2. It can only be used to get an understanding of the system under various 

scenarios and strategies. 

 

C. GROUNDWATER MODELLING SCENARIOS AND GENERATED ALARMS 

This data flow considers the execution of groundwater modelling scenarios by the user. This involves 

the execution of the Hydrogeological and Reactive Transport Models, after using the available data in 

the Database (available data is explained in detail in the data flow A - MONITORING AND CONTROLLING 

WATER TREATMENT OUTCOME in Figure 19). The execution of the Hydrogeological and Reactive 

Transport Models involves the use of two kind of models: 

• Hydrogeological models of groundwater flow, based on already existing numerical models; in 

detail, there is the availability of the existing numerical model developed by IGME during 

AQUIFER project for CS2. 

o Software used for NINFA models: Groundwater Vistas, using the MODFLOW code. 
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o One of the main outputs of the GW flow modelling is the WATER BALANCE (or better 

the WATER BUDGET of the modelled area) 

•  Transport models of nitrates and some CECs (e.g., carbamazepine and sulfamethoxazole are 

good candidates, as also some PFAS; pesticides as Atrazine can be included too)2; transport 

modelling will be developed for CS2, for selected contaminants, by a two-steps approach: non-

reactive transport modelling and, in selected areas and some specific contaminants, by 

reactive transport modelling: 

o Software adopted for NINFA models: MT3D modules (e.g., RT3D) included in 

Groundwater Vista; possibly, other transport and/or geochemical models would be 

used for specific compounds. 

Numerical models will be developed in steady-state conditions (independent from time) and in 

transient conditions (time-dependent); time-steps for modelling are established at monthly scale for 

the whole domain, with focus on specific sensitive sub-areas with shorter time-steps (e.g., weekly to 

daily, subject to data availability). Specific simulations will be developed for extreme climate 

conditions, as droughts and/or floods, and for dry and wet years. 

Inputs of each model:  

• For GW flow modelling: topography and hydrographic network (including surface water 

measurements), vertical distribution in layers, spatial distribution of initial head (piezometric 

maps from previous data), aquifer properties (hydraulic conductivity, storage coefficient), river 

conductance (for surface water-groundwater interaction), observation well location and data 

(piezometric measurements), pumping well location and rate (exploited water volumes and 

their distribution with time), recharge from rainfall (to be validated by a conceptual 

groundwater model) 

• For transport modelling: concentration of pollutants in selected observations well (monitoring 

points) and surface water rivers and streams; distribution of pollutants with time; location, 

duration and mass of contaminants released in surface waters/groundwater if any (e.g., 

outflow of WWTs, nitrogen loads, etc.) 

Outputs of each model: 

• For GW flow modelling: water budget of groundwater system (including surface-groundwater 

exchanges, well withdrawals, recharge rate, inflow and outflow from groundwater 

boundaries), piezometric map and changes respect with reference maps/conditions;  

o These results will be obtained for known conditions (calibration/validation phase) and 

for future scenarios, as low flow conditions, drought/flood conditions, sea level 

changes, alternative pumping strategies, effects of mitigation measures, water 

reuses); these scenarios will be limited in number (at least 3 basic scenarios for the 

entire domain + specific local scenarios where necessary/recommended) 

• For transport modelling: distribution of pollutants with times in subsurface, expected rate of 

degradation with time. 

o These results will be obtained for known conditions (existing databases) and for future 

scenarios (expected distribution changes based on mitigation measures, remediation 

 
2 the exact list of contaminants to be considered will be definitely assessed in the next period with WP1. 
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activities, etc.); number of scenarios will be limited and developed on specific 

requests/locations. 

The outcomes of the Hydrogeological and Reactive Transport Models will be leveraged in the 

Dashboard by the user in three potential manners: 

1. Outcomes can be used for comparing existing conditions (e.g., severe drought occurring in 

a moment) with the developed scenarios. So, the simplest use of the GW model (flow and 

transport) is the comparison of a developed scenario with new real conditions. This basic 

result is guaranteed by our models in NINFA. 

2. We can explore the possibility for the users to develop “new” independent scenarios, by 

running the model in a future real condition. To do this, the basic simulations will be 

installed inside the Decision Support System, and the operators can use the model 

inserting a limited new set of data for producing a new simulation representing the current 

conditions (not previously simulated by the model). 

3. A third possibility is to fix some thresholds based on the results of the developed 

simulations, to be used as alarms/notifications to the operators. For example, we can fix 

piezometric levels as thresholds for representing the drought scenario, or the sea level rise 

scenario, or a concentration limit of pollutants. These threshold values can be adopted as 

warning values in the Decision Support System and can be set either statically or 

dynamically by the user through the Dashboard. 

 

 

 

 

15 GW Knowledge Observatory and citizen engagement tools 
NINFA will collect all the existing knowledge gathered in the Databases and the built knowledge related 

to pollution sources, pathways, synergistic effects and impacts in one digital interactive knowledge 

platform and database (the GW Knowledge Observatory) that will last beyond the project duration. It 

will be an online platform, coupling the learning questions of the project’s case studies (challenges), 

to the associated GW pollution evolution with time and space, risk assessment and synergistic effects, 
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best practices, strategies and guidelines, technologies and innovative sensors to allow integrated GW 

quality management. The requested information will be able to be retrieved by a classic search engine, 

applying principles of playful interface.  

To increase the engagement of citizens in the knowledge building process, a social game mobile 

application will be developed based on the analysis of citizen conditions, to inform the NINFA Platform 

on events that may be relevant to the GW management. 

Surveys will be carried out as part of the citizen engagement tools. The main objectives of the surveys 

will be to study citizens' representations of water stress and climate change, and of the sociological, 

economic and political dimensions involved in: 

- their evaluation of the quality of water resources  

- their knowledge of the water management 

- their understanding of the issues involved in using recycled water, reducing water consumption or 

the effects of certain everyday behaviors on the “degradation” of water consumed (use of plastics, 

pharmaceutical products, etc.). 

We want also to identify the uses for which reclaimed water would be acceptable. 

Initially, a series of 30 semi-structured interviews will be carried out during the first quarter of 2024 

with the aim to test out and modify the survey approach if necessary. We will be focusing on a specific 

semi-rural area in Vendee (France) with people of different profiles (male/female; living in a house or 

a flat, with municipal sewage or not; with a well or not...) and with different uses of water (domestic, 

professional). Then, surveys will be performed in Los Alcázares (case study 2), Terrassa (case study 3) 

and Case study 4* and will be completed by the end of 2024. The case study 4 initially planned in Butry-

sur-Oise could be replaced by a study in another area in Vendee (Which also has a REUSE project and 

which have more challenges: tourist area, shellfish farming, rivers and streams, reservoir lake…). 

The main results of this qualitative survey are used as input for the application. 

 

16 Conclusions 
This document defines and introduces all NINFA components (sensors and monitoring equipment, 

water/wastewater treatment technologies, AI and simulation models, decision support/alert systems, 

GW Knowledge Observatory and citizen engagement tools, data acquisition and communication 

platform, including interconnection mechanisms, APIs, and databases) that will be part of the NINFA 

platform. It also presents the NINFA software platform architecture that will be used to connect and 

integrate the different components among them. In addition, it includes the definition of the candidate 

data models that will be used for the communication between the components and the storage of the 

associated data. One important component is the ARTEMIS platform (developed by WINGS), which will 

be the basis for the design and development of the NINFA platform. 

Special focus is given to the the NINFA Decision Support System (DSS). The DSS aims to inform and 

support the users on decisions related to aquifers status, in terms of water quality and quantity at any 

time and how water reuse practices enhance the aquifer status. The NINFA DSS is the “brain” of the 

NINFA platform. Some indicative outputs of the NINFA DSS comprise notifications about the aquifer 
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status, early warning and alarms about toxic pollutants and pathogens, forecasting and simulation 

scenarios for the aquifer status including the possibility to apply different potential strategies, and 

configurations/actuations to optimally configure the water treatment technologies in the field to 

address the user requirements. 

One important investigation of the current document is the logic of the NINFA Decision Support 

System. This logic is used to connect the different components, in order to offer to the users tailored -

to their interests - services. In that respect, three representative scenarios under Case Study 2 and the 

associated data flows have been used to showcase how the different data are used by the different 

components, which are the data inputs and outputs of each component, how the data is flowing 

among the components and what are the final outcomes and services that are becoming available 

from the Decision support/alert system to the users. However, the outcomes of the different 

components can be offered to users as independent services as well. 

The DSS is accompanied with a user-friendly graphical user interface (GUI), visualizing plots with 

historical data of aquifer status and/or social acceptance, graphic simulation of aquifer status 

enhancement due to the selected novel technologies for water reuse, and the early warnings/alarms 

of a selected group of toxic pollutants and pathogens, etc. 

The next steps after D5.1 is to design and develop the individual components and then to integrate 

them under D5.2 Software platform and then to validate the NINFA platform under D5.3 Validation 

results, together with the specifications and guidelines of the GW Knowledge Observatory and citizen 

engagement outcomes. The most immediate action will be to investigate and analyse the most 

important scenarios of the rest of the Case Studies (e.g., CS1), so as to define all the logic and data 

flows of the NINFA architecture and the corresponding data flows, as was representatively done for 

the CS2. 
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