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The Mediterranean region is suffering from increasing water scarcity, which is further 
exacerbated by climate change, high population density, and high water consumption 
by agricultural, industrial, and urban uses. Not only quantity but also quality is of 
increasing importance, e.g. due to intensive use of fertilizers and seawater intrusion. 
Meanwhile, large water quantities are lost to the Mediterranean Sea as surface runoff, 
river discharge, discharge of treated and untreated wastewater, and as discharge 
of excess water from various sources during periods of low demand.  This water can 
be used in principle for the controlled (re-)filling of exploited aquifers by artificial 
infiltration, referred to as Managed Aquifer Recharge (MAR).

MARSOL is an FP7 project which aims to demonstrate that Managed Aquifer Recharge (MAR) is a sound, safe and 
sustainable strategy that can be applied with great confidence. MARSOL aims to stimulate the use of reclaimed water 
and other alternative water sources in MAR and to optimize water resources management through storage of excess 
water to be recovered in times of shortage or by influencing gradients.

• Demonstrate at 8 field sites that managed aquifer recharge (MAR) is a sound, safe and sustainable strategy to 
increase the availability of freshwater under conditions of water scarcity

• Improve the state of the art of MAR application to enable low-cost, high efficiency MAR solutions that will create 
market opportunities for European Industry and SMEs

• Promote the advantages of MAR by tailored training and dissemination programme to enable and accelerate market 
penetration

• Deliver a key technology to face the challenge of increasing water scarcity in Southern Europe, the Mediterranean 
and other regions of the world

The Project

Project Objectives

Work Package Structure

22
PARTNERS

36
MONTHS

TOTAL BUDGET

€8 MILLION
EU CONTRIBUTION

€5.2 MILLION

SINCE 
DECEMBER 

2013
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Lavrion Technological & Cultural Park, Greece
Development and implementation of advanced 
sensors
Algarve and Alentejo, Portugal
River water infiltration at three sites
Arenales, Castilla & Leon, Spain
River water infiltration, soil aquifer treatment (SAT)
Llobregat River, Catalonia, Spain
River water infiltration basin
River Brenta Catchment, Vicenza, Italy
Forested infiltration area for aquifer storage and 
recovery (ASR)
Serchio River Well Field, Tuscany, Italy
River bank infiltration with an advanced monitoring 
network
Menashe Infiltration Basin, Hadera, Israel
Aquifer storage of surplus water from the Hadera 
desalination plant
South Malta Coastal Aquifer, Malta
Create a seawater intrusion barrier at a coastal 
wastewater treatment plant

Demo Sites

MARSOL Partners

TUDa Germany
Technische Universität Darm-
stadt, Darmstadt IWW Germany

Rheinisch-Westfälisches Insti-
tut für Wasserforschung 
gGmbH, Mühlheim an der Ruhr

UZF GermanyHelmholtz-Zentrum für Umwelt-
forschung GmbH, Leipzig

TARH TARH PortugalTerra, Ambiente e Recursos 
Hídricos, Lisbon

TEA ItalyTEA-Sistemi S.p.A., Pisa

Agricultural Research Organiza-
tion - Volcani Center, Beit Dagan. ARO Israel

Water Services Corporation, 
Luqa

WSC Malta

Paragon Europe, Mosta PRN Malta

LUCCA ItalyProvincia di Lucca, Lucca

AAWA Italy

Autorita di Bacino dei Fiumi 
Isonzo, Tagliamento, Livenza, 
Piave, Brenta-Bacchiglione, 
Venice

UAIg PortugalUniversidade do Algarve, Faro

ICCS Greece
Institute of Communication 
and Computer Systems, Athens

LNEC Portugal
Laboratório Nacional de 
Engenharia Civil, Lisbon

Tragsa Spain
Empresa de Transformación 
Agraria S. A., Madrid

UPC Spain 
Universitat Politècnica de 
Catalunya - BarcelonaTech, 
Barcelona

SGI ItalyStudio Galli Ingegneria Spa, 
Padua

SSSA Italy
Scuola Superiore di Studi 
Universitari e di Perfeziona-
mento Sant'Anna, Pisa

MEK IsraelMekorot, Israel's National 
Water Company, Tel Aviv

EPEM Greece
EPEM S.A. – Environmental 
Planning, Engineering & 
Management, Athens

EYDAP Greece
Etaireia Ydreyseos kai 
Apochetefseos Proteyoysis 
Anonimi Etaireia, Athens

SEWCU MaltaSustainable Energy and Water 
Conservation Unit

Ben-Gurion University of the 
Negev, Beer-Sheva

BGU Israel
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MARSOL Deliverables

Deliverable 8.4 

Managed aquifer recharge (MAR) through induced river bank 
filtration at the Serchio River well field, Tuscany, Italy

The Induced River Bank Filtration (IRBF) scheme along the 
Serchio River in Sant’Alessio near Lucca (Tuscany, Italy) allows 
the abstraction of an overall amount of about 0.5 m3/s of 
groundwater providing drinking water for about 300,000 people 
of the coastal Tuscany area (town of Lucca, Pisa and Livorno). 
Water is pumped by ten vertical wells (four of the Sant’Alessio 
pumping station and six to the Pisa-Livorno main pipeline) 
inducing river bank filtration into a high-yield sand and gravel 
aquifer. A down-stream weir raises the river head and increases 
water storage in the aquifer along the river reach. Surface 
geology is characterised by unconsolidated silty to sandy 
sediments, while in the Serchio riverbed coarse clean gravels 
outcrop as well as sand bars. Knowledge developed prior to the 
FP7 MARSOL project (mainly developed within the LIFE project 
SERIAL-WELFIR) led to the setup of a steady state groundwater 
flow model of the Sant’Alessio plain.

After an initial activity of data collection from previous published 
and unpublished studies and databases, UFZ employed the 
MOSAIC (Model Driven Site Assessment, Information and 
Control) research platform for model supported near surface 
characterization, through a combination of non-invasive surface 
geophysical measurements, and minimum invasive direct push 
in-situ profiling technology providing extensive multi-scale data 
sets. MOSAIC provided a thorough subsurface investigation at 
the site based on: (i) geophysical surface methods (geoelectrics, 
GPR); (ii) advanced direct push technology (electrical 
conductivity profiling, injection-log, soil and groundwater 
sampling); (iii) in situ installation of monitoring equipment and 
installation of temporary or permanent groundwater monitoring 
wells using direct push technology; and (iv) hydrogeological 
methods (direct push slug test). Tracer tests using temperature 
and salts where run and allowed to increase the knowledge on 
the local hydrodynamics.

Based on the results of the subsurface investigations and tracer 
tests, an adapted monitoring strategy of the site was developed. 
Two different monitoring schemes were designed including 
both surface and groundwater monitoring points. A first 
network including almost the whole Sant’Alessio plain (Large 
Area Monitoring Network - LAMN) where discrete sampling 
for water quality and piezometric head was performed typically 
on monthly basis, and a second experimental area around 
Well 5 (Experimental Area Monitoring Network - EXAMN) of 
the Sant’Alessio well field, where in addition to the monthly 
monitoring, a continuous monitoring system was installed with 

six piezometer clusters.

All data gathered at the site were used to develop and implement 
a Decision Support System (DSS) that allows the operators of 
the site to monitor water quantity and quality on-line and to 
analyse different future scenarios for their decision making. 
The DSS is aimed at both, controlling and analysing measured 
parameters and managing and suggesting new scenarios for 
the well field. The paradigm for the DSS development was the 
application of only free and open-source software tools, which 
contributes to ensure an easy replicability of the selected 
architecture at different MAR sites, as well as a cost-saving and 
high customizable application.

Based on the results achieved, the Sant’Alessio IRBF system 
can then be considered as a scheme where non-relevant 
contamination presence can be buffered by a series of natural 
processes. The whole set of analysis performed demonstrates 
that the Sant’Alessio IRBF scheme - if appropriately managed 
and monitored - may be a robust MAR plant providing a 
reliable source of water in term of quantity and quality. They 
also demonstrate that, as contaminants are present within the 
MAR scheme area as a result of human activities, the set-up of 
a monitoring protocol is mandatory. This has to be based both 
on continuous data acquisition, but also on discrete monitoring 
activities. The latter in order to increase the information content 
that may be derived from advanced continuous monitoring 
systems. The continuous recording components of the 
monitoring system were connected through a Wireless Sensor 
Network (WSN), including measurement points in surface and 
groundwater.

Here we introduce selected project deliverables which represent a cross section of MARSOL 
work and achievements. All public deliverables can be downloaded as full texts from the 
‘Results’ section of the MARSOL website – www.marsol.eu

Sant’Alessio weir at Corte Piaggesi, near the city of Lucca, Italy

Authors: Rudy Rossetto, Alessio Barbagli, Giovanna De Filippis, Chiara Marchina, Silvia Di Bartolo, Enrico Bonari, Tiziana Sabbatini, Federico Triana, 
Cristiano Tozzini, Laura Ercoli, Eleonora Annunziata (SSSA), Iacopo Borsi, Daniele Picciaia (TEA), Thomas Vienken, Manuel Kreck (UFZ), Giorgio Mazzanti, 
Marco Nardi (LUCCA).
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MAR, like any other economic activity, has to be economically 
feasible; otherwise chances for its implementation would be low. 
The economic feasibility of MAR projects depends upon a number 
of parameters affecting the costs of the project, such as capital 
expenses, operating costs (labour, energy, maintenance, etc.) 
and its revenues (the latter being mostly derived from the sales of 
water for a variety of uses). Besides its economic value, water has 

also social and environmental values that are difficult to quantify 
in terms of the market. This means that the benefits of MAR 
projects cannot and should not be based solely on the market 
revenues. MAR projects could improve the quality of lives of the 
people by several ways and, thus, the total economic value of the 
recharged water, which includes its abstraction value plus in-situ 
use and non-use values derived from groundwater being in place, 

Authors: Dimitris Damigos, George Tentes, Varvara Emmanouilidi (EPEM), Clemens Strehl, Jill Selbach (IWW)

Authors: Christine Kübeck, Martin Nottebohm (IWW)

MARSOL Deliverables

Deliverable 14.4 

Deliverable 15.2 

Guideline for water quality requirements at managed aquifer 
recharge (MAR) sites

Economic analysis of managed aquifer recharge (MAR) 
technologies

Quality aspects of water sources used for MAR, such as treated 
waste water and surface water, are of major concern in MAR 
system application. In particular, direct MAR methods comprise 
a high risk of contamination as water is applied directly into the 
underground. For example, a major concern is the occurrence 
of pharmaceuticals in waste water, and, through the discharge 
of treated waste water, in surface water bodies. At present, 
most often found are carbamazepine (antiepileptic drug) 
and the analgesics diclofenac and naproxen. The capacity 
to retain pollutants in indirect MAR techniques, however, 
differs considerably depending on site specific hydraulic and 
geochemical factors. The objective of Deliverable 14.4 was to 
outline aspects most important to water quality in MAR and 
to provide an overview on recent regulations and frameworks 
incorporating these aspects. 

The Australian Guideline is a successful example that provides a 
generalized framework to assess potential risks to human health 
and environment posed by MAR. In this framework, water quality 
criteria of the water source are primarily based on beneficial use 
such as drinking water or water for irrigation. At the same time 
all environmental values that are met by native groundwater 
quality need to be protected. Quality requirements based on 
beneficial uses and environmental values are legally prescribed 
or subject to corresponding guidelines. The framework lists 
potential hazards related to specific beneficial uses and their 
origin from source water for recharge, native groundwater, and 
aquifer minerals reacting with recharge water. Source water 
such as wastewater may include a multitude of pathogens and 
organic micropollutants such as pharmaceuticals depending on 
each water’s origin and technical treatment.

The Australian Guideline suggests that in the best case source 
water quality comply with quality requirements of the intended 

end use. If the source water does not meet water quality 
requirements the reliance on attenuation of hazards within the 
subsurface has to be analyzed based on risk assessment. The 
rigour of assessment shall commensurate with the level of risk 
posed by the respective MAR scheme.

In particular, the percolation through soil (unsaturated zone) in 
surface spreading methods is applied in MAR to reduce or remove 
dissolved and suspended contaminants as well as pathogens. 
However, attenuation capacity may vary considerably depending 
on site-specific conditions. A mobilization of heavy metals may 
occur within the aquifer as a consequence of water recharge. 
Soil column and batch experiments are a good method to test 
natural attenuation and emission potential of soil and/or a 
potential destabilisation of the aquifer matrix under laboratory 
conditions. As general precaution measures pH and redox status 
of the infiltrated water should always be adjusted to conditions 
in the aquifer, and the concentration of labile organic carbon 
should be reduced.

A more holistic approach is given by the European Water 
Framework Directive WFD. The directive prescribes that 
surface water bodies are required to meet “good ecological and 
chemical status” and groundwater bodies “good chemical and 
quantitative status”. In this context, the WFD mentions MAR as 
a possible supplementary measure to achieve these objectives. 
Artificial recharge and augmentation of groundwater require 
previous authorization and periodical controls ensuring that 
no deterioration in water status occurs. In this concept, water 
quality requirements of the water source are primarily oriented 
towards the status of the receiving environment and, therefore, 
may vary considerably at different locations for a MAR scheme. 
MAR schemes must be thoroughly monitored to ensure that 
they are consistent with the intent of legislation.
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should be estimated. The latter are based on people’s willingness 
to pay (WTP) an amount of money in order to avoid degradation of 
groundwater and its consequences on health, amenity, economy, 
etc. or their willingness to accept compensation in order to suffer 
the impacts incurred. The economic value to society of a good or 
service is the aggregate of the WTP of all individuals. It is evident 
that the economic value of water is not a fixed value; rather it is 
affected by the circumstances (e.g. scarcity of water resources 
due to drought or over-pumping), and individual preferences.

One aim was therefore to analyze the MARSOL demonstration 
projects from a socio-economic point of view by means of a 
cost-benefit analysis (CBA). For the scope of the project both 
primary and secondary approaches were used. As regards primary 
valuation research, a stated preference approach, namely the 
contingent valuation method (CVM) was applied to selected 
MARSOL demonstration sites, namely Lavrion (Greece), Brenta 
(Italy), and Algarve (Portugal). The secondary approach was 
based on the benefit transfer method, a common approach for 
completing a cost-benefit analysis.

A detailed financial analysis has been made for six out of eight 
MARSOL sites. Even though some of the demonstration sites 
have common technical features, their boundary conditions and 
financial characteristics are quite peculiar, therefore tailored 
financial analyses had to be applied to each single site. In some 
cases the purpose of the analysis was to figure out the financial 
profitability and sustainability of the project as implemented (three 
sites), while in some other cases it was to evaluate the hypothetical 
larger scale project able to reach the defined target (three sites). 
The demonstration sites belonging to the first group have been 
proven financially profitable (i.e. positive indicators) in two out 
of three cases, and unprofitable in one case, the demonstration 
sites belonging to the second group have been proven potentially 
profitable in two out of three cases (provided that an increase in 
tariffs is applied), and always unprofitable in only one case. The 
main reason beyond the projects’ unprofitability are in one case 
the high initial investment costs, in the second case the absence of 
direct users, i.e. the impossibility to charge someone and generate 
revenues. However, care has to be taken in 
interpreting these results, as investment 
costs might scale with the number of 
implemented installations and it is not 
always the intention of an installation to 
generate immediate revenues.

Comparing the available MAR schemes 
(grouped by the relevant objectives and 
beneficiaries) not only to the financial 
performance indicators (NPV, IRR), but 
to the related unit costs of infiltrated/
recovered water (€/m3) as well reveals 
that the reference average cost for the 
life-long cost of MAR schemes referred 
to the quantity of managed water is 
between 0.15 and 0.30 €/m3, which seems 
to be highly competitive.

A more general MAR evaluation 
framework was developed to support 
water policy makers, water utility 
managers or municipal officers through 

the process of deciding whether a MAR solution is feasible for 
their specific case or not. It proposes a step-by-step procedure 
which is straightforward for decision making. The guiding idea is 
to use the Economic Net Present Value (ENPV) as a criterion to 
evaluate the sustainability of a solution and to use the result for a 
ranking, if there is more than one solution possible in the decision 
case. Thus, the framework can also be used to compare a MAR 
with a non-MAR solution. The proposed procedure is structured in 
5 steps as illustrated in the Fig. 26.

This step-wise approach includes: 1) Definition of decision case: 
this action should set the basis for the decision case. It should 
clarify the problem which needs to be solved and gather all 
relevant information to inform stakeholders of the decision. 
2) Define MAR and non-MAR solutions: an essential part of the 
evaluation is to define the objectives of the evaluation itself, 
the solutions. Those can be either one or more alternative MAR 
solutions (e.g., using different but for the case technically feasible 
recharge assets or using different sources of infiltration water) 
and/or non-MAR solutions technically enabling to fulfil the same 
objective as defined in step 1. 3) Calculate ENPV as key figure 
for the ranking: this step covers the calculations necessary for a 
well-grounded decision about the implementation of a solution. 
The actions to be done are mandatory in order to rank alternative 
solutions by their sustainability degree. 4) Apply decision rule: this 
step covers the formal foundation of the decision. The analyst 
specifies the preferences, sets the threshold(s) of the decision 
criteria a solution should fulfil and reviews all potential solutions 
for the ranking by checking if they meet the threshold(s) or not. 5) 
Interpret results, draw conclusions: this final step should be used 
to reflect and question the formal results of the applied decision 
rule from step 4 and draw the final decision if and which solution 
should be implemented. For this it is recommended to visualize 
the single effects composing the ENPV in a ‘spider diagram’.

This framework offers a blueprint how to structure a decision case 
for a policy maker how to rank alternative options, especially to 
compare MAR solutions to non-MAR solutions. It can be applied 
with flexibility and tailored to the solution evaluated.

MARSOL Deliverables

Deliverable 15.2 

MAR economic evaluation framework
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MAR in Water Management

Essentials on Managed Aquifer Recharge 
(MAR) for policy makers and water 
managers
Water scarcity is one of the key issues our society faces today. 
Although there is enough freshwater on our planet, it is 
unevenly distributed and often not properly managed. Despite 
uncertainties in global climate projections, the anticipated 
reduction of renewable freshwater resources can be as high 
as 50% within the next 100 years hitting regions that already 
suffer from water scarcity and droughts. At the same time, large 
water quantities are lost to the sea as surface runoff and river 
discharge, discharge of treated and untreated wastewater, or 
discharge of excess water from various sources during periods 
of low demand. These alternative water resources in principal 
can be used to increase water availability in general, in periods 
of high demand, or as a strategic reserve.

Water sources for MAR and technical 
solutions
Available water sources for MAR include stormwater, surface 
runoff, treated waste water, water from streams and lakes, 
groundwater from remote aquifers, or desalinated water. These 
water sources have different qualities and require different 
technical solutions for infiltration and recovery. Various technical 
designs are available and a vast experience with the operation of 
such sites has been gained. In principle, direct injection of water 
through wells, or indirect infiltration through surface ponds, 
infiltration basins, ditches, wetlands, river beds, or shafts are 
applied. Operational times of installations range from 50 years 
in the case of the Menashe site in Israel, where runoff water is 
infiltrated, to recent installations. It was demonstrated that the 
technical solutions are well understood, operate efficiently, and 
are cost effective.

Water quality issues
Quality aspects of water sources used for MAR are of major 
concern. Especially the presence of micropollutants, such 
as pharmaceuticals, in treated waste water and in receiving 
surface waters has to be considered. In particular direct MAR 
methods using such waters, i.e. injection of reclaimed water 
through wells directly into the saturated zone, may have a high 
risk to contaminate native groundwater and typically require a 

thorough pretreatment or long retention times in the aquifer 
before recovery. By infiltrating water through the unsaturated 
zone, MARSOL could show that natural attenuation processes 
for contaminants can substantially improve water quality. 
The capacity to retain pollutants in indirect MAR techniques, 
however, differs considerably depending on the hydraulic and 
geochemical factors on each specific site.

Legal framework
The Water Framework Directive (2000/60/EC) considers ‘artificial 
recharge’ of groundwater as one of the water management 
tools that can be used by EU Member States to achieve a good 
groundwater status. It has to be ensured, however, that the 
necessary regulatory controls are in place to warrant that such 
practices do not compromise quality objectives established 
for the recharged or augmented groundwater body. It is also 
acknowledged by the Groundwater Directive (2006/118/EC) that 
it is not technically feasible to prevent all input of hazardous 
substances into groundwater, in particular minor amounts which 
are considered to be environmentally insignificant and thus do 
not present a risk to groundwater quality. For such cases the 
Groundwater Directive, under Article 6(3)(d), introduces a series 
of exemptions. Artificial recharge is considered as one of these 
exemptions.

MARSOL suggests a Regulatory Framework based on risk 
assessment, control mechanisms and monitoring as a tool 
which can facilitate the application of the Water Framework and 
Groundwater Directives on MAR. This three-tiered assessment 
structure has also been developed with the aim of harmonising and 
integrating the regulatory requirements of the Water Framework 
and the Groundwater Directive with the Environmental Impact 
Assessment Directive. The proposed regulatory assessment can 
be considered as an Environmental Impact Assessment tailored 
for MAR schemes. This approach further extends the application 
of the Water Framework Directive’s environmental objectives 
to groundwater bodies. It is the intention of such a regulatory 
framework to provide clear guidelines to Member States on the 
application of MAR techniques. We recommend that a specific 
action on MAR technical solutions should be established under 
the WFD CIS to provide clear guidelines to Member States on the 
application of MAR techniques, as it was tested in their 3rd River 
Basin Management Plans, in line with the requirements of the 
Water Framework and Groundwater Directives.

Proposed regulatory scheme for the implementation of a MAR scheme
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MARSOL and Beyond

It is MARSOL’s intention to promote the idea of Managed 
Aquifer Recharge and to foster the implementation of MAR 
sites in Europe also beyond the life-time of the project. For this, 
MARSOL developed different strategies for a lasting impact:

• MARSOL dissemination activities were tailored to different 
target groups, e.g. local communities, authorities, end-
users, technology developers, scientific community…

• MARSOL field sites are showcases of MAR technologies and 
in all cases are still in operation and used for demonstration 
purposes, technology development, or educational and 
training activities.

• MARSOL is actively engaged in the EU EIP Action Group on 
Water 128 to create market opportunities within and outside 
Europe.

• MARSOL project partners have been successful in applying 
for follow-up projects with related research topics and 
with research activities at the MARSOL field sites, and are 
involved in new proposals for MAR research.

The ISMAR conference
ISMAR - International Symposium on Managed Aquifer Recharge 
- is the most prominent international conference dedicated 
to MAR. At the ISMAR 9 conference in May 2016 in Mexico, 
the ISMAR steering committee selected Madrid as the venue 
for ISMAR 10 in 2019, out of four cities that were interested in 
hosting this event. EIP Water supported this candidacy that 
was presented by the MARSOL project through its partner 
Tragsa, and several MARSOL partners committed themselves to 
contribute to the conference. This will help to further promote 
MAR as a key water technology in Europe and will also increase 
the visibility of MARSOL even after the project ended.

New projects
Several MARSOL partners are already working in follow-up 
projects, and more proposals are in preparation. At present, 
funding is received for two directly related projects:

• The Italian MARSOL partner SSSA is coordinating the 
Horizon 2020 project “FREEWAT - Free and Open Source 
Tools for Water Resource Management” in the “Water 
Innovation Call: Boosting its value for Europe”, including 
the MARSOL partners SSSA, TEA, TUDa, and Paragon. This 
project is developing open source software tools for water 
resources management that can also be used to manage 
MAR sites, or can be used to implement MAR sites into a 
larger water management strategy. Website: www.freewat.
eu.

• The project “MAR-DSW - Aquifer Recharge as Sustainable 
Storage Solution for Desalinated Water” by MARSOL 
partners from Israel and Germany (Mekorot, ARO, BGU, 
TUDa) is funded by the Israeli Ministry of Science and 
Technology (MOST) and the German Ministry for Education 
and Research (BMBF). Research is directed to elaborate the 
formation of chlorination by-products during infiltration 
of chlorinated desalinated seawater, to study the fate of 
such by-products in the field, and to develop strategies to 
minimize by-products formation at all.

Besides the research related to MAR, an additional major benefit 
of these projects is that the field sites that have been installed 
and equipped throughout MARSOL, are further used in these 
follow-up projects. In addition, typically research work continues 
at all sites and sites are used by the partners as showcases, 
especially for the training of young scientists.

MARSOL on LinkedIn
On LinkedIn, follow us in the “MARSOL - Managed 
Aquifer Recharge Solutions” group
www.linkedin.com/groups/7453856

MARSOL on Facebook
On Facebook, the project continues to maintain 
the following page: “Marsol - Managed Aquifer 
Recharge”
@marsolproject

MARSOL on Twitter
On Twitter, follow us on “MARSOL EUProject”
@MARSOL_Project
www.twitter.com/MARSOL_Project

MARSOL on Vimeo
Videos from the MARSOL project can be found on 
the “MARSOL Managed Aquifer Recharge Solutions” 
Vimeo channel 
www.vimeo.com/channels/marsol

MARSOL Website
The website will be maintained by the coordinator (TU Darmstadt) even after termination of the actual project. The website is 
available under the following URL:

www.marsol.eu

MARSOL on the Web
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Final project meeting
The final internal meeting of the MARSOL project took place in 
Leipzig, Germany, on 17. to 19. of October, 2016, on the premises 
of the Helmholtz-Zentrum für Umweltforschung GmbH (UFZ) in 
Leipzig, Germany. The purpose of the meeting was to critically 
review all the work done in the course of the project and to 
initiate the preparation of the final reports and other final 
activities. In total, 45 persons participated in the meeting. As 
representatives of MARSOL’s Expert Advisory Panel (EAP) the 
consortium was pleased to welcome Prof. Jeff Camkin from 
the Centre of Excellence for Ecohydrology, The University of 
Western Australia, Perth, and Dr. Yongcheol Kim from the Korea 
Institute of Geoscience and Mineral Resources (KIGAM), to the 
meeting who both gave invited key lectures and contributed to 
the discussion and evaluation of the project’s results.

In total 25 presentations were given including guest lectures 
by members of the External Advisory Panel (EAP) and 
representatives of the hosting institution UFZ. All work package 
leaders were requested to present the results of the work tasks. 
The meeting concluded with a final open discussion, summary 
statements and outlook by the project coordinator, and some 
informal review remarks by the members of the Expert Advisory 
Panel.

Advanced Study Course in Barcelona, Spain
As one of the final activities of the project, MARSOL’s Advanced 
Study Course (ASC) on “Managed Aquifer Recharge: Water 
Quality and Reactive Modelling” took place on 7 - 9 November 
2016 at the Universitat Politecnica de Catalunya (UPC) in 
Barcelona, Spain.

The overall objective of the Advanced Study Course was to 
contribute to the training of students as well as young scientists 
and professionals on scientific and technical issues of MAR, 
building on the outcomes and experiences achieved in the project. 
The course focus was laid on water quality issues and reactive 
transport modelling techniques for MAR sites. Participation was 

limited to 25 participants. For application, candidates had to send 
a brief CV and a motivation letter to the MARSOL coordinator. 
Participation in the Advanced Study Course was free of charge. 
However, all travel and accommodation costs were to be covered 
by the participants. A certificate of participation was issued at 
the end of the course to each participant.

In total 24 participants from 13 different countries (Afghanistan, 
Bangladesh, China, Columbia, Germany, Greece, India, Israel, 
Italy, Nicaragua, Peru, Spain, and USA) attended the course. 
One participant has a doctoral degree, 5 are PhD students, 5 
are master’s students, one has a bachelor’s degree (working 
in an international water company for many years), and the 
remaining have master’s degrees and work in companies or 
at universities. Most of the participants have an educational 
background in geosciences and hydrology, some in engineering. 
Incorporating a field site visit and modelling exercises, the 
course had a strong combination of theory and practise. With 
the diverse backgrounds of the participants, contributions came 
from different perspectives, making it an extremely interesting 
course. The class was filled with interactive contributions which 
increased awareness and technical knowledge of managed 
aquifer recharge solutions in different countries and settings.

MARSOL Closing Workshop in Lucca, Italy
A workshop on “Managed Aquifer Recharge in Italy in the new 
legal context; opportunities and perspectives” was organized on 
28. November, 2016, in Lucca, Italy, by the MARSOL partners 
Scuola Superiore Sant’Anna (SSSA) and Provincia di Lucca. The 
goal of the workshop was to discuss, two years after the previous 
conference held in the frame of the GEOFLUID conference in 
Piacenza, the state of the art of the application of Managed 
Aquifer Recharge techniques in Italy in light of the recent Decree 
100/2016 of the Ministry of Environment (regulation containing 
criteria for granting authorization to recharge or to increasing 
artificially groundwater bodies). Based on the activities carried 
out as part of projects co-financed by the European Union 
(MARSOL, WADIS-MAR, AQUOR, WARBO, etc.) and pilot 
projects at national scale, technical and environmental and 
regulatory aspects and market potentialities of this technique 
were discussed. During the day aspects related to natural 
water retention measures, passive treatment systems and 
methodologies for the design and management of such systems 
were presented. The event was held in Italian language, and 
participation was free.

MARSOL Events

The MARSOL group at its final meeting in Leipzig, October 2016

Participants of the MARSOL Advanced Study Course in 
Barcelona
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MARSOL Closing Workshop in Patacão, 
Faro, Portugal
The general objective of the Portuguese workshop on 
“Management of the Aquifer Recharge: European Solutions 
Developed in the MARSOL Project for Water and Drought 
Scarcity Mitigation”, held in the Algarve, Dec. 15th, 2016, was to 
present MARSOL’s results of the research, practical experience 
of characterization, monitoring and modelling of groundwater 
resources as well as innovative ideas related to water quality 
issues in MAR activities, thus contributing to the training of 
stakeholders, not only the stakeholders directly involved in the 
water sector, industry and SME end-users and authorities, but 
also researchers, teachers and university students. The workshop, 
held in Portuguese language, counted with 20 participants, 
including the pro-active sponsorship and participation of 
Águas do Algarve, the Portuguese Environment Agency and 
the Regional Directorate for Agriculture and Fisheries, besides 
participants from SMEs and farmers. The workshop was also 
sponsored by the EIP Action Group AG 128 MARtoMARket and 
the Regional Directorate for Agriculture and Fisheries, in which 
auditorium the workshop was held.

The workshop addressed not only the characterization of 
infiltration capacities in the study areas of the Algarve (Querença-
Silves and Campina de Faro aquifers) but also the MAR 
installations built in the Algarve, techniques and demonstrative 
tests carried out from January 2013 to December 2016 and 
mathematical modelling that aimed at the analysis of scenarios 
and solutions to mitigate water scarcity and droughts in the 
Algarve. Another addressed objective was the recovering in a 
near future of the water quality good status in agreement with 
the Portuguese legislation and the Water Framework Directive.

MAR2FARM Workshop in Cuéllar 

(Segovia), Spain
MAR2FARM has been the name adopted for the last workshop 
organised by Tragsa Group within the MARSOL project´s 
dissemination and technology transfer activities. Focused at 
regional level, the workshop addressed most of the outcomes 
achieved in the frame of the project regarding MAR as a technique 
for rural development, MAR to combat aquifer overexploitation 
caused by irrigation, and MAR to combat climate change adverse 
impacts. The workshop, held in Spanish language, has been 
specifically designed and directed to groundwater end-users of 
Los Arenales aquifer. Stakeholders from all the different parts of 
the aquifer area attended it. The workshop took place in Cuéllar, 
Segovia, Spain. This locality is located next to the area where the 
most extensive activity on MAR in Spain is developed. It should 
also be noted that located in this city there are some ecological 
groups critical of artificial recharge, and it was considered a key 
factor to receive opinion on the constraints and the critics on the 
activity, in order to improve the MAR technology.

The workshop had between 40 and 50 attendants, with the 
presence of members from the local irrigation communities, 
civil servants from the regional government and the river 
basin authorities, and a small number of representatives of the 
group that claims the recharge is damaging certain ecological 
values. Ten presentations were given and the ensuing debate 
facing different perspectives was really instructive for all the 
attendants. As a general conclusion the pros of MAR in the area 
overcome the cons and the river basin authorities are having 
severe problems to satisfy both parties.

MARSOL Events

At the MAR2FARM Workshop in Cuéllar, Segovia, Spain

At the Portuguese group’s MARSOL Closing Workshop in Faro, 
Portugal



Issue 06 ¦ Page 11

www.marsol.eu

The MARSOL Newsletter

MARSOL Statements

MAR is a sound, safe, and sustainable strategy for climate variability preparedness that can be used with great confidence, and 
through MARSOL and its demonstration sites the awareness and the acceptance among stakeholders for MAR solutions has been 
greatly increased.

Dr. Enrique Fernández Escalante (Tragsa, Spain)
We have realized that nowadays MAR is a wide and most capable activity to frontally face climate change 
adverse impacts. MAR is powerful by itself, but its interaction with other water resources management 
techniques such as water transfers, the never arriving low-cost desalination, etc. we permit achieving 
its full potential. We have realized the technique is powerful and a good reaction to water scarcity and 
drought impacts. Thanks to MARSOL, I have the feeling the message has been disseminated around 
and not only to scientists and practitioners but to the whole population.

Mr. Manuel Sapiano (SEWCU, Malta)
MAR is a widely adopted water management technique in countries like Australia and the United 
States, where policy and regulatory frameworks manage the potential risks associated with MAR but 
encourage it as an important component of their approach to integrated water resource management. 
The project recommends the development of common regulatory controls, necessary to ensure the 
application of good MAR practice in all EU Member States where the application of MAR schemes is 
required.

Dr. Joseph Guttman (Mekorot, Israel)
We gained a lot of experience at the many different MAR demo sites and therefore we think it is 
possible to bring it to other countries. In MAR processes the unsaturated zone cannot replace industrial 
pre-treatment. It was found that the models set up are very useful, and that good information was 
achieved on infiltration behaviour; e.g., relatively low amounts of water are no problem to infiltrate, 
but high amounts of water lead to a sharp decrease in infiltration rate after certain time.

Dr. João Paulo Lobo-Ferreira (LNEC, Portugal)
We have demonstrated at the Algarve field sites that we are able to use excess water in wet years 
putting them into the ground through basins and recharge wells so that later in dry years we are able to 
collect them and then to provide agriculture, industry and human supply.

Prof. Dr. Christoph Schüth (TU Darmstadt, Germany)
During the MARSOL project we gained a lot of experience how to operate MAR sites most effectively 
to infiltrate different water qualities. However there are still some questions that we have to look into 
for the future; one is related to the quality of, for example, infiltrated treated waste water of emergent 
pollutants as pharmaceuticals, the fate of these pharmaceuticals in the subsurface is hard very to 
predict; and the second is the regulatory framework that has to be implemented to use MAR safe and 
sustainable.

The main objective of MARSOL is to demonstrate that MAR is a sound, safe and sustainable strategy that 
can be applied with great confidence. With this, MARSOL aims to stimulate the use of reclaimed water 
and other alternative water sources in MAR and to optimize WRM through storage of excess water to be 
recovered in times of shortage or by influencing gradients. Widespread application of MAR can help address 
water security problems to stimulate economic development, improve public health and well-being, and 
maintain ecological functions and biodiversity. The use of MAR technologies can substitute the need for 
other, more energy-intensive water supply options, such as seawater desalination.
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