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1. Executive Summary

The National Meeting on Hydrogeology Day 1 Workshop took place on Wednesday 14"
June 2023. The Workshop provide d an opportunity to discuss the hydrological
characteristics of Malta  and enhance d opportunities for increase  d cooperation between
the Italian and Maltese hydrological communities

The Workshop was heldat5 -3N+8 @V5°84 8 ! 84 NY&« R N°G & 3N hVuae |[@P

Participants were able to sign up for the workshop through the link
https://water.org.mt/join -the -drops/6th -edition -flowpath/ , where they could fill in a form, or
by calling +356 2777 2777 ,or by sending an email to info@emcs.com.mt to register.

The ample pa rking spacesand ! 84 N Y Zeff@t location facilitated the attendance of the
participants. A seated lunch was organised for all attendees as well as two coffee breaks
where networking was possible

In total, 154 people attended this  Workshop . The attendees were made up of private and
public individuals, = PhD students , and different ministerial representatives . All attendees
registered their attendance at the registration desk. The Workshop was open to all, and
wal k-ins were also accepted on the day.

The Workshop slastedtill early in the evening and was hosted by Mr Keith Demicoli , awell -
known TV presenter and moderator . The workshop consisted of 21presentations delivered

by different experts in the sector. Throughout the report, one can find the presentations
that were used by the various speakers, as well as the key points of each speech .
Exhibition stands were set up next to the coffee facilities . Each partic ipant was given a bag

filled with merchandise and on each seat, a notebook, pen, and the agenda were set.
Various Water Be the Change campaign related merchandise items including pencils,

pens, notebooks and sticky notes were displayed together with the TV programmes
produced related to groundwater and geology of Malta at the exhibition stands
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2. Workshop Agenda

Date :June 14", 2023

Venue : Corinthia Hotel , 3N hV i aMalt@
Time

08:30 Registration

09:00 Opening Session

Department of Engineering and Geology University of Chieti -Pescara | Prof. Sergio Russi
Chief Executive Officer, Energy and Water Agency | Mr Manuel Sapiano
Chief Executive Officer , Water Services Corporation | Mr Karl Cilia

Keynote Speech 1 The (°n°d 5 ° N O xeiNe|@ J8 V 30+N°8 x &N 84 QODr8
David Macdonald

10:00 Coffee Break

10:30 Part 1

Session 1: Policies and Practices to Protect Groundwater | Conveners: Dr Stefania
Stevenazzi & Dr Ondine Gaerty

Keynote Speech 2:The EU Policy Framework for the protection of Groundwater | Dr Isaac
Ojea Jimenez

Optimization of Reservoir Operation Considering Lake -Aquifer Interaction and
Conjunctive Use of Surface and Groundwater | Dr Ata ollah Joodavi

A Reproducible Procedure to Elaborate L ong Groundwater Level  and Abstraction Rate
Time Series Acquired from Data Logger, a Present -Day Necessity | Ms Agnese Redaelli

Potential and limits of the Po Plain for the development of open -loop Groundwater Heat
Pump Systems (GWHPs) in Italy, the case study of Milan and Turin | Dr Alessandro Berta
Groundwater resources management in mountainous areas: a regional scale approach i n
Lombardy Region (Northern Italy) | Dr Stefania Stevenazzi

Assessment of Karst Aquifer Spring Potential by 3D Modelling Constrained by Geological
Maps and Densely -Space Airborne and Ground Geophysics: The Mountain Hydro Project |
Ms Alice Lucchelli

Urban Groundwater: How to Classify Cities by a Hydrogeological Point of View? | Dr
Francesco La Vigna

Unconventional Pumping Tests in Carbonate Aquifers, Without Interruption of Drinking
Water Exploitation | Dr Alessia Di Giovanni

The Use of Compound -Specific Isotope Analysis ( CSIA) to Allocate the Potential Sources
of Dissolved Chlorinated Solvents Contaminant in Large Urban Areas: Lessons Learned
from Few Case Studies | Mr Massimo Marchesi

13:30 Lunch

14:30 Part 2
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Keynote Speech 3: EDORA - European Drought Observatory for Resilience and

Adaptation. Relevance to Groundwater Management | Dr Dario Masante
Keynote Speech 3J E n°&did O x<iNe+|@ Ru38 0° ii Oa-+i 18 N&°8J
International Research Synergy | Dr Ariel Thomas

Keynote Speech 3: The Challenge of Developing a Freshwater -Salt Water Interface
Monitoring Network  on the Islands of Malta | Dr Kim Yongcheol

16:00 Part 3

Session 3: Special Session on Hydrogeological Studies in Malta | Conveners :Dr Sergio Rusi
& Mr Manuel Sapiano

Mapping Saltwater Intrusion via Electromagnetic Induction (EMI) Measurements in
Pwales Valley (Malta )| Mr Lorenzo De Carlo
Hydraulic Characterization of Pwales Aquifer in Malta Island | Ms Maria Clementina

Caputo
Hydro geological Modelling  of a Seawater Intrusion Barrier in The Malta Mean Sea Level
Aquifer (MSLA) Coastal/lsland Carbonate System | Mr Francesco Demichele

16:45 Coffee Break

17:15 Part 4

Numerically Enhanced Conceptual Modelling (NEC oM) Applied to the Malta Mean Sea
Level Aquifer | Dr Francesca Lotti
SIGMA: Seismic Imaging of Groundwater for Maltese Aquifers | Matthew Agius

COST Action ( OFF-SOURCE, CA2111» - Offshore Freshened Groundwater : An
Unconventional Water Resource in Coastal Regions? | Ms Hiba Wazaz
Optimising the Management of Groundwater Resources Through a Better

Understanding of the Role of the Vadose Zone: Case Study from Malta | Mr Luca Laudi

18:15 Poster Session and Social Event
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3. Detailed report of
Workshop proceedings

3.1 Opening Session

PROF. SERGIO RUSSI, DEPARTMENT OF ENGINEERING AND GEOLOGY , UNIVERSITY OF CHIETI-
PESCARA

Prof. Rusi started off his speech by thanking the Energy and Water Agency (EWA), the

Italian Council, and the entire scientific com mittee. He stated that the scientific community

has never experienced any serious political consequences. However, Prof. Rusi posited that

N 3eu|@Workshop is the answer: an international Workshop , open to international
contribution.

MR MANUEL SAPIANO , CEO, ENERGY AND W ATER AGENCY

X8 3¢58¢ @NeN° NYeN NY° Yu38 (i O&d-+0 = V &Nu & x+iNe 4@ 7VaAN° @ e«
Workshop would provide an opportunity to discuss the hydrological characteristics of

Malta. He put forth that the discussions and presentations can enhance opportunities for

joined common research activities and thus, increase cooperation between the Italian and

Maltese hydrological communities. He closed off his speech by thanking everyone who

helped make this event possible.

MR KARL CiLIA, CEO, W ATER SERVICES CORPORATION

Mr Cilia acknowledged that Malta is facing a significant challenge: drought. He stated that
Malta is the fifth densest population in the world, thus, making it even more difficult to

produce water. The speaker informed that groundwater is crucial for survival and the Water

Services Corporation (WSC) is the sole provider of water throu ghout the country. According

to Mr Cilia, the aim of the WSC is to achieve a net zero impact. The challenges Malta is facing

are significant. However, Mr Cilia assured that through working together and learning from

one another, these issues could be addre ssed.
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DR DAVID MACDONALD

KEYNOTE SPEECH 1. THE DEVELOPMENT OF MALTA b GROUNDWATER MONITORING
FRAMEWORK

Dr Macdonald noted that the implementation of a telemetered monitoring network for
groundwater in the Maltese Islands is a crucial step forward in add ressing the challenges
faced in managing groundwater resources. Groundwater, Dr Macdonald asserted, plays a
NdANel 8 ° & 0+N°8 @V55iu od4NYa NY° 8°04 K+« 3 NYV@K 4N 4@ & 5°8+Nan
guantity and quality are sustained. He further empha sised that, with the support of the
European Union and the leadership of EWA, a project to design and establish a
comprehensive monitoring network is being embarked on. Through this network, Dr
Macdonald established that the aim is to collect valuable data on groundwater levels,
spring flows, surface water flows, meteorology, and flood levels in at -risk areas. According
to the speaker, this data would provide vital insights for better water resource
management and effective flood risk mitigation strategies.

Dr Macdonald informed that significant progress has been made in the construction and
instrumentation phase of the network development. He elaborated that 22 new boreholes

Yeno «°° 383{(0°% ¢-28 @@ Xx*UNes ¢« 3 J ¢ |@ ©°¢ @° U°n°0 +7VAQAB@K ©° e« &
measurement of groundwater level and quality. Additionally, Dr Macdonald informed that

a series of spring water flow sites are being renovated as they are also essential
components of the monitoring network. Dr Macdonald highlighted aquifer
character isation as an important aspect of the project. He assured that geological logging

has been conducting for all the boreholes, with core samples being meticulously examined.

The hydrogeological properties of the core samples were also measured, and geophysic al
logging was performed. Dr Macdonald assured that through the collected data, a detailed

3D geological model was able to be constructed, and thus, providing a comprehensive
understanding of the subsurface conditions.

Regarding research opportunities, Dr Macdonald expressed enthusiasm about
collaborating with researchers to further enhance understanding and management of
groundwater resources. The British Geological Survey (BGS) and EWA, according to Dr

Macdonald, offer valuable datasets, tools, and infras tructure, including access to borehole
and spring sites, core samples, aquifer properties, and the 3D geological model.
Additionally, the speaker noted that the Sensoil -led project on the unsaturated zone
presents intriguing avenues for scientific investig ations.

In conclusion, Dr Macdonald reiterated that the goal is to make significant strides in
improving the management of groundwater resources in the Maltese Islands. Through the
establishment of this telemetered monitoring network, coupled with research
collaborations, he affirmed that the aim is to address the challenges posed by groundwater
guantity and quality while ensuring the sustainable use of this vital resource.
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Question : Have you started pumping tests in order to compare the data from the

landscape values? Have you designed some system to manage the water on the basis of
the data collected from monitoring?

Dr Macdonald _ stated that the plan is to ingest the data into water resource management
systems. He further el aborated that the sensors have the ability to set triggers, if necessary,
which in terms of groundwater, that may be so. Dr Macdonald acknowledged that
pumping tests are not being done as part of the project but rather as something that may

be planned int he future work of EWA.
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3.2 Partl

DR IsaAc OJEA JIMENEZ , DIRECTORATE -GENERAL FOR ENVIRONMENT , EUROPEAN
COMMISSION

KEYNOTE SPEECH 2: THE EU PoLICY FRAMEWORK FOR THE PROTECTION OF  GROUNDWATER

Dr Ojea Jimenez stated that the EU Policy Framework for the protection of groundwater is
a matter of utmost importance in preserving our water resources. In his speech, he
emphasised the significance of the Water Framework Directive (2000/60/EC) as the
cornerstone of EU water policy. Dr Ojea Jimenez highlighted that water is not merely a
commercial product but a heritage that must be protected, defended, and treated as such.

According to the directive, as acknowledged by Dr Ojea Jimenez, the EU focuses on
achieving good ecological potential and chemical status f or surface water, while aiming for
good chemical and quantitative status for groundwater. He further informed that specific
provisions relevant to groundwater include regulations for water used in drinking water
abstraction, strategies to prevent and contr ol groundwater pollution, and the
characterization of groundwater. The speaker also discussed Directive 2006/118/EU, which
establishes assessment procedures for chemical status, identifies upward trends, and
provides guidelines to prevent and limit polluta nt inputs. The directive underscores the
importance of quality standards applicable across the EU, with member states encouraged

to consider setting national standards based on threshold values.

Dr Ojea Jimenez highlighted the various activity groups inclu ding the Voluntary
Groundwater Watch List, Managed Aquifer Recharge (MAR), integration between the
Groundwater Directive and Drinking Water Directive, groundwater in the context of

climate change, and groundwater indicators to track progress towards achiev ing good
status. The speaker acknowledged that the situation regarding groundwater varies
significantly among EU member states, with only 75% achieving good chemical status. He

noted that the 2019 Fitness Check revealed two main problems within the policy
framework: the need to improve protection of ecosystems and human health from the risks

posed by chemical pollution, and deficits in implementation.

Regarding the first problem, Dr Ojea Jimenez emphasised the need to regularly update the

list of polluting  substances that are of EU -wide concern, considering cumulative and
combined effects of mixtures, and accounting for seasonal variations in pollutant loads. He
informed that the second problem highlighted the variation in pollutants and quality
standards am ong member states, resulting in incomparable data. Efforts are being made

to simplify reporting requirements and improve data management and reporting,
including electronic reporting. To address these issues, the speaker noted that a proposal

was made to a mend three directives: the Water Framework Directive (WFD), Groundwater
Directive (GD), and Environmental Quality Standards Directive (EQSD). He affirmed that
this led to integrated water management and the revision of surface water and
groundwater polluta  nts. Annex | of the proposal includes EU -wide groundwater quality
standards for pesticides and pharmaceuticals.
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Dr Ojea Jimenez also outlined several additional elements of the proposal, such as
streamlined procedures for updating the mandatory Watch List for groundwater and the
EQSD, simplified procedures through delegated acts to review annexes, the introduction

of effect -based monitoring using new techniques like remote sensing, scientific support

from the European Chemicals Agency (ECHA) to list substa nces and assess results, and an
Order Warning Clause for transboundary pollution incidents.

In conclusion, Dr Ojea Jimenez emphasised the importance of the EU Policy Framework
for the protection of groundwater. He noted that the proposed amendments and

add itional elements aim to improve the protection of ecosystems and human health,
address implementation deficits, and streamline procedures for monitoring and reporting.
Through these efforts, Dr Ojea Jimenez maintained that the EU aims to safeguard this
valuable resource for future generations.

Question: How can the issue of delay be dealt with? Can something be done on an
institutional or national level to announce the sensitivity of this issue in order to prepare
the member states?

Dr Ojea Jimenez stated NY+N 5° 5(°|@ 5+8N&-45+Na & Worksloo@ iavery NYA @
NeliVe«il®P R° V 3°8@- 8°3 NY° & 5 8Ne =° O °-V8:04 0 °/@ o -V N8uN
in online workshops as well as try to translate to the government and authorities that more

tools are ne eded due to the rapid nature of the industry. The speaker acknowledged the

sensitivity of asking for more power from member states, however, in order to hurry up the

process, it is necessary.

DR ATAOLLAH JOODAVI , SANT'ANNA SCHOOL OF ADVANCED STUDIES

TITLE: OPTIMIZATION OF RESERVOIR  OPERATION CONSIDERING LAKE -AQUIFER
INTERACTION AND CONJUNCTIVE USE OF SURFACE AND GROUNDWATER

Dr Joodavi stated that the study aimed to optimize the management of water resources in

the Bar reservoir, considering its high s eepage losses and the need to meet water
demands. He elaborated that a methodology was adopted that combined numerical
groundwater flow simulation and reservoir operation optimization models.

According to Dr Joodavi, the first step involved conducting a d etailed hydrogeological
characterisation of the study area. This was followed by the development of a numerical
groundwater flow model using the MODFLOW -2005 code, which was implemented
through the FREEWAT software. Dr Joodavi highlighted that FREEWAT is a user -friendly
tool that provides an integrated interface for water resources planning and management.

He noted that FREEWAT allowed researchers to effectively store large spatial datasets,
manage and visualise data, and run various distributed modelling ¢ odes. Dr Joodavi also
mentioned that the software includes tools for conjunctive use of surface and groundwater,
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as well as WEFE nexus analysis capabilities. Dr Joodavi further explained that the
groundwater flow simulation model was calibrated and validat ed using groundwater head

levels from 26 observation wells in the study area. The simulation covered a specific period

of 328 daily transient stress periods, spanning from 14th February 2017 to 7th January 2018.
This allowed the researchers to accurately u nderstand the groundwater dynamics and
interactions in the area.

Regarding the optimisation aspect, Dr Joodavi described the use of a genetic algorithm
(GA) to determine the optimal release of water from the reservoir on a monthly basis. The
GA employed te chnigues such as tournament selection, truncation operators, arithmetic
crossover, and Gaussian mutation. The speaker affirmed that with a population size of 1000,
the GA aimed to find the best combination of monthly release amounts to maximise water

suppl y while considering various factors and constraints. Dr Joodavi emphasised that the
results of the management model provided valuable insights into the reliability of water
supply from the Bar reservoir. Dr Joodavi elaborated that the analysis, based on 66 years of

data, including inflow, precipitation, evaporation, and reservoir characteristics, indicated

that approximately 52% of the inflow consisted of seepage water, which could be stored in

the aquifer. Furthermore, the speaker asserted that the study f ound that an additional 40%
of the water demand could be met by extracting the recharge from the aquifer through

pumping wells. Only three months, namely July, August, and September, showed a small

deficit in meeting the demand solely from the reservoir. H owever, according to Dr Joodavi,
the conjunctive use of surface water and groundwater proved effective in fulfilling the

water requirements during those months.

In conclusion, Dr Joodavi highlighted the significance of this methodology, which
combined grou ndwater flow simulation and optimisation models, to manage and operate

the Bar reservoir. The study, as informed by the speaker, demonstrated the reliability of
conjunctive use of surface water and groundwater, particularly in water -scarce areas with
reser voirs experiencing significant seepage losses. He reiterated that the approach not only
improved water security but also created additional aquifer storage, providing sustainable

solutions for managing leaking reservoirs in various regions worldwide.

MS AGNESE REDAELLI , UNIVERSITY OF MILANO BICOCCA

TITLE: A REPRODUCIBLE PROCEDURE TO ELABORATE LONG GROUNDWATER LEVEL AND
ABSTRACTION RATE TIME SERIES ACQUIRED FROM DATA LOGGER, A PRESENT-DAY
NECESSITY

Ms Redaelli expressed the importance of developing a reproducible procedure for
analysing extensive time series data of groundwater levels and abstraction rates obtained

from data loggers. She emphasised the need for constant improvement of monitoring
networks, expansion of available data, and t he requirement for specific methods to
effectively manage future big data.
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Ms Redaelli focused on the study area, the Province of Brescia, and the role of Acque
Bresciane S.r.l. in managing the Integrated Water Service of 113 municipalities located in
dif ferent hydrogeological compartments. She emphasised the significance of data

management in this context and outlined four key steps:

1. Homogenization of data acquired from various sources and merging them
together.

2. Associating groundwater level data with corresponding abstraction rate
classes.

3. Eliminating major outliers to ensure data accuracy.

4, Extracting the semi -static trend and eliminating any additional possible
outliers.

Ms Redaelli presented both scientific and management results achieved through the
implementation of this reproducible procedure. According to Ms Redaelli, scientifically, the

analysis of different compartments' response to extreme weather phenomena, such as

drought, became feasible. She elaborated that the procedure also facilitated th e
identification of tapped aquifers and potential interconnections among different
compartments as well as enabling the evaluation of hydrodynamic behaviours of wells.

From a management perspective, Ms Redaelli asserted that the procedure proved useful

in assessing the efficiency and day -to-day management of monitoring networks. She
elaborated that it helped identify areas with malfunctioning equipment and evaluate the

effectiveness of well maintenance.

Ms Redaelli highlighted the significant amount of dat a collected over an 11 -year period,
comprising groundwater level and abstraction data from over 107 wells, resulting in
approximately 35.2 million hourly raw data points, yielded valuable insights and outcomes.

She emphasised the relevance of in -depth anal ysis and processing of high  -resolution
hydrogeological data from automatic sensors in the present context. The speaker
reiterated that long time series of groundwater levels and abstraction rates collected by

water suppliers have immense potential for inve stigating aquifers, especially those with
limited monitoring networks. Ms Redaelli concluded that reproducible and shared
methodology would benefit water suppliers, stakeholders, and the scientific community,

enabling more effective utilization of collecte d data and further advancements in
monitoring practices.

DR ALESSANDRO BERTA, POLYTECHNIC UNIVERSITY OF TURIN

TITLE: POTENTIAL AND LIMITS OF THE PO PLAIN FOR THE DEVELOPMENT OF OPEN -LOOP
GROUNDWATER HEAT PUMP SYSTEMS (GWHP S) IN ITALY, THE CASE STUDY OF MILAN AND
TURIN

Dr Berta's presentation highlighted the challenges encountered by urban areas in Italy in
their efforts to achieve targets for reducing CO2 emissions. He emphasised the significance
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of integrating renewable energy solutions, particularly grou ndwater heat pump systems

(GWHPS), into urban planning strategies. According to Dr Berta, Europe has set a goal of
reducing CO2 emissions by at least 40% by 2030, and Italy has established the Integrated
National Energy and Climate Plan to accomplish this objective. However, the speaker
maintained that Italian urban areas face a significant challenge due to their aging
infrastructure, with approximately 75% of buildings being thermally inefficient. He
underscored the importance of incorporating renewable en ergy solutions into planning
strategies in order to decrease energy demand and associated greenhouse gas emissions.

Dr Berta highlighted the importance of increasing the use of groundwater heat pumps
(GWHPS) to meet the renewable energy targets. GWHPS, pa rticularly open -loop systems,
are considered one of the most suitable technologies for heating and cooling buildings in
densely urbanized areas. In an open -loop geothermal plant, water from a shallow aquifer is
extracted, passed through a heat exchanger (h eat pump), and then returned to the aquifer
at a different temperature. Dr Berta emphasised the significance of regulations in realizing
open -loop geothermal groundwater heat pump systems. He mentioned the European
regulation 2000/60/EC, which promotes lon g-term water protection, and the Italian
Legislative Decree No 152 of 2006, known as the Environmental Regulations, which
specifically addresses water protection against pollution and the management of water
resources. These regulations play a crucial role in ensuring the sustainable implementation
of geothermal systems.

To compare the regulations applied to geothermal plant installations in different Italian

regions, Dr Berta underscored the importance of analysing authorization procedures. The

speaker ass erted that in Lombardy, the Water Protection and Utilization Plan ensures the
protection and qualitative safeguarding of regional water bodies. In Piedmont, as informed

by Dr Berta, the Water Protection Plan guides the authorization of geothermal wells,

including verification of the piezometric surface, chemistry, and overlapping effects.

However, he acknowledged that discrepancies arise at the provincial and municipal levels,

creating difficulties for professionals interested in investing in geothermal ene rgy across
different regions.

Dr Berta discussed the case study of Milan, which is located in the central -western part of
the Po Plain, has favourable hydrogeological conditions and simplified authorization
procedures, leading to its status as the largest Italian city using geothermal energy for
heating buildings. He also elaborated on the case study of Turin, which is situated in the
northwest of Italy, shares many geological and hydrogeological similarities with Milan.
However, the speaker noted that ther e is less information available regarding geothermal
plants in Turin, with only over 50 geothermal discharge permits submitted and no census

of geothermal wells in Piedmont.

Dr Berta emphasised the role of modelling in the future sustainable development of open -
loop geothermal plants. He stated that numerical models are powerful predictive tools

required by authorities. These models simulate the evolution of heat/cold plume
propagation in the aquifer, taking into account parameters such as the water body,
piezometric surface, thermal effect, and overlapping effects with other plants. The speaker
emphasised the need for modelling surface recharge, incorporating additional geothermal

plants, and simulating the effects of transportation infrastructure like metr o lines.
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Dr Berta reiterated the importance of the role of numerical modelling in the decision -
making process for urban planning. By utilizing predictive models, such as the model of

Milan city and the ongoing model of Turin, Dr Berta affirmed that researc hers and
authorities can assess the impact of geothermal plants on the shallow aquifer and make

informed decisions. The speaker expressed his commitment to further research, including

the modelling of surface recharge, the incorporation of additional geoth ermal plants, and
the simulation of the effects of transportation infrastructure. In the pursuit of a sustainable

future, Dr Berta maintained the importance of integrating renewable energy solutions and

optimizing their implementation through comprehensive regulations and advanced
modelling techniques. He concluded that through the development of open -loop
groundwater heat pump systems and effective urban planning strategies, Italy can make

significant progress in reducing CO2 emissions and achieving its re newable energy targets.

DR STEFANIA STEVENAZZI , UNIVERSITY OF NAPLES FEDERICO |l

TITLE: GROUNDWATER RESOURCES MANAGEMENT IN MOUNTAINOUS AREAS . A REGIONAL
SCALE APPROACH IN LOMBARDY REGION (NORTHERN ITALY)

Dr Stevenazzi stated that effective management and protection of groundwater resources

at a regional scale require the identification and definition of groundwater bodies (GWBS)

as hydrogeological reference areas. According to Dr Stevenazzi, these GWBs serve as a
basis for assessing the availability and quality of groundwater resources. In mountainous
areas, informed the speaker, such as the Lombardy Region in Northern Italy, groundwater

resources play a vital role in ensuring an adequate water supply for human consumpt ion
and preserving the functionality of water -dependent ecosystems. This significance, as
indicated by Dr Stevenazzi, is further heightened considering the expected increase in

water demand and the potential reduction of resources due to ongoing climate ch anges.

To tackle these challenges, the speaker presented a regional approach that can assist
public agencies and water companies in efficiently managing and protecting water
resources in mountainous areas. She explained that the approach involves the
devel opment of a 3D hydrostratigraphic model coupled with a water budget evaluation
and hydrochemical and isotopic fingerprints. The 3D hydrostratigraphic model, as
elaborated by Dr Stevenazzi, integrates available geological maps and cross -sections,
applying ¢ urrent classification criteria for hydrogeological mapping to the bedrock units
while respecting the geometry of their boundaries. To identify and delineate GWBs, Dr
Stevenazzi stated that the model is combined with other factors, including the location of
known springs, knowledge of groundwater circulation (e.g., speleological information),
hydrochemical characteristics, identification of recharge areas through isotopic analyses,
and groundwater budget evaluation.

The speaker elaborated that the study area focused on a sector in the Central Alps and
southern foothills facing the Po plain in the Lombardy region. She noted that the study
area encompasses two major geological and hydrostratigraphic domains: the Pennine and
Austroalpine metamorphic nappes. Dr S tevenazzi presented the findings of the study,
including the characteristics of groundwater bodies in the study area. According to the
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speaker, the southern sector exhibited a groundwater storage capacity four times larger
than the northern sector. Dr Stev enazzi maintained that overall, groundwater quality in the
study area was found to be excellent, qualifying it as an important Strategic Storage
Reservoir. However, the existing monitoring network was considered inadequate, with low
density and a heterogen  eous spatial distribution of monitoring points.

By combining the 3D hydrostratigraphic model with meteorological, hydrological, and
hydrogeological information, Dr Stevenazzi highlighted the benefits of this approach, such

as enabling the identification of the most strategic storage reservoirs in terms of quality
and storage capacity, evaluation of current groundwater and surface water availability,
detection of areas for implementing groundwater monitoring networks, and recognition

of recharge areas for si  gnificant springs to implement resource protection strategies. She
concluded that the multi -scale hierarchic conceptualisation presented in this study can
serve as a useful framework for implementing localized groundwater models in complex
hydrogeological contexts.

Question 1 Has the clogging effect been considered with regard to the reservoir?

Dr Joodavi stated that it has not been considered.

Question 2: With regard to the approach applied for cleaning, exploring, and quality
checking, how much of it was manual and how much was advised by software?

Ms Redaelli expressed that there are differences between the trends of the shallow aquifers
and of the deeper ones.  Thus, she acknowledged that the best methods of elimination are
still under investigation.

Question 3: Is the subsurface purely for heating or is it also for cooling as well? Is there any
concern about long  -term increases in temperature of groundwater?

Dr Berta stated that his model is only for cooling . However, he acknowledged that in his
area of study , there are many others that use both cooling and heating .Dr Berta expressed
hope that in the future someone would help him create a model which is able to both heat

and cool .
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MS ALICE LUCCHELLI , UNIVERSITY OF MILAN

TITLE: ASSESSMENT OF KARST AQUIFER SPRING POTENTIAL BY 3D MODELLING
CONSTRAINED BY GEOLOGICAL MAPS AND DENSELY-SPACE AIRBORNE AND GROUND
GEOPHYSICS : THE MOUNTAIN HYDRO PROJECT

Ms Lucchelli stated that the aim of the MountainHydro project is to develop an integrate d
method for creating a groundwater flow model at a local scale in karst mountain areas,
with the objective of achieving sustainable water resource management. She explained

that the project will span three years and involve the collection of data from geo logical
maps, geological fieldwork, hydrochemistry, stable isotopes, discharge, and precipitation
measurements.

According to Ms Lucchelli, the focus in the first year of the project was on collecting data
from geological maps and conducting geological fie Idwork. The outcomes of this phase
included the harmonisation of geological maps, hydrostratigraphic characterisation of rock
volumes, and the definition of the 3D geological architecture. Moving on to the second year,

Ms Lucchelli mentioned that additiona | data was collected, including the harmonisation of
geological maps, hydrostratigraphic characterisation of rock volumes, and the definition of

the 3D geological architecture. The outcomes of this phase, as outlined by the speaker,
include the development of a resistivity model of the subsurface and the determination of
the geometry of the main rock volumes. In the third year, Ms Lucchelli explained that data
collection involved hydrochemistry and stable isotopes analysis, as well as measurements

of discha rge and precipitation. The speaker elaborated on the outcomes of this phase,
which include the estimation of the mean recharge area and the evaluation of the
groundwater budget.

Ms Lucchelli highlighted the interdisciplinary nature of the project, emphasis ing the
integration of geological, geophysical, and hydrogeological aspects. She also mentioned

that combining a 3D geological model with a resistivity model has proven to be a promising

tool for the mutual calibration of geology and geophysics. Furthermor e, she pointed out

that the integration of different geophysical surveys could help in imaging resistivity

contrasts at different depths. Furthermore, Ms Lucchelli emphasised that a groundwater

flow model at the local scale requires an interdisciplinary ap proach, as it is crucial in

obtaining accurate and reliable results.

One of the key findings outlined by Ms Lucchelli is the importance of combining the 3D
geological model with the resistivity model. This integration, according to the speaker,

allows for the mutual calibration of geology and geophysics, enhancing the understanding

of subsurface characteristics and groundwater flow patterns. By incorporating the
resistivity model, which provides information on the electrical properties of the subsurface,

th e speaker asserted that groundwater pathways can better delineated and potential

aquifer locations identified. Ms Lucchelli noted that geophysical surveys can offer valuable

insights into the subsurface resistivity contrasts at various depths. She further elaborated
that this information aids in mapping the hydrogeological properties of the area and

improves the accuracy of the groundwater flow model.
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incorporating geological , geophysical, and hydrogeological data, has proven instrumental

in producing a comprehensive groundwater flow model. She concluded that by integrating

3D geological modelling, resistivity modelling, and various geophysical surveys, the aim is

to enhance t he understanding of karst aquifer systems and contribute to the effective and

sustainable management of water resources in these complex environments.

DR FRANCESCO LA VIGNA,ISPRA GEOLOGICAL SURVEY OF ITALY

TITLE: URBAN GROUNDWATER : HOW TO CLASSIFY CITIES BY A HYDROGEOLOGICAL POINT
OF VIEW ?

Dr La Vigna stated that urban groundwater plays a vital role in the resilience and
sustainability of cities. In his presentation, the speaker highlighted that with 56% of the
world's population residing i n urban areas and this number projected to double by 2050, it
becomes increasingly important to understand and manage the groundwater resources
beneath cities.

According to Dr La Vigna, despite cities occupying only 3% of the Earth's surface, they
consume a significant portion of global resources, including energy, water, and food as well

as contributing to a substantial amount of greenhouse gas emissions. Therefore, Dr La

Vigna posited that comprehensively mapping, monitoring, and utilising the “invisible"
groundwater resources can contribute to making cities more resilient and sustainable,

ultimately benefiting the human population. Dr La Vigna highlighted that various aspects

of city life are closely connected to groundwater, making it an essential resour ce. However,
he acknowledged that groundwater -related shocks or stresses can trigger issues in cities

and have cascading effects. To better understand and categorise cities based on their
hydrogeological characteristics, Dr La Vigna introduced several clas sifications:

1. Alluvial Groundwater Cities (AGC): These cities develop in alluvial or sedimentary
depositional basins or areas with glacial deposits. The multi -layered geological
units influence the aquifers' geometry, and overexploitation of aquifers can lead
to subside nce issues.

2. Volcanic Groundwater Cities (VGC): These cities are characterised by aquifers
influenced by volcanic depositional activity, with permeability changing
abruptly. Thermalised and mineralised groundwater can be present, even in
dormant or inactive volcanic areas. There is also a possibility of natural
background contaminants due to the volcanic nature of rocks. Furthermore,
cities with a long history may have underground caves resulting from mining
activities, which can increase surface instability and pose a risk to groundwater.

3. Lagoon -Delta and Coastal Groundwater Cities (LDGC -CGC): These cities are
located in the transition zone where the seawater/freshwater interface is below
the ground surface. When situated on soft sedimentary soils, excessive
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groundwater extraction can lead to severe subsidence and increase coastal
hazards.

4, Hard -Rock and Karst Groundwater Cities (HRGC -KGC): These cities are
characterised by massive rocks, and their aquifers are predominantly fissured or,
in the case of carbona te rocks, can be karstic. Groundwater circulation can occur
even in degraded sectors of the rock mass. In karst areas, groundwater also plays
a role in the formation of sinkholes.

5. Arid Climate Groundwater Cities (ACGC): These cities have either very shallo w
groundwater systems that are highly sensitive to seasonal recharge events or
deep "fossil" groundwater resources, which are vast but non -renewable.

6. Cold Climate Groundwater Cities (CCGC): These cities often face challenges

associated with permafrost. Per mafrost acts as a barrier to natural aquifer
recharge, and the urban infrastructure and heat island effect contribute to
ground thawing, leading to ground instability.

By employing this hydrogeological classification, Dr La Vigna asserted that cities can b e
grouped and analysed based on their specific characteristics and challenges. It is worth

noting that many cities may fall into multiple typologies, highlighting the complexity of

urban groundwater systems. He emphasised that urban groundwater, often over looked, is
a critical resource that requires monitoring and management. Dr La Vigna reiterated that

by recognising the interconnectedness between urban life and groundwater resources,

cities can better address both challenges and opportunities related to t his invaluable
resource.

DR ALESSIA D1 GIOVANNI , UNIVERSITY "G. D'ANNUNZIO " CHIETI -PESCARA

TITLE: UNCONVENTIONAL PUMPING TESTS IN CARBONATE AQUIFERS, WITHOUT
INTERRUPTION OF DRINKING W ATER EXPLOITATION

Dr Di Giovanni's presentation focused on the topic of unconventional pumping tests in
carbonate aquifers, with a specific emphasis on conducting these tests without
interrupting the exploitation of drinking water. The primary aim of the study, as stated by

Dr Di Giovanni, was to estimate hydraulic conductivity (K) and transmissivity (T), as well as

the drawdown in pumping wells and observation piezometer s under operating conditions.
He assured that the influence radius and flow directions were also sought to be
determined. To achieve these objectives, Dr Di Giovanni outlined the various methods that

were employed. She elaborated that initially, the study area head distribution was
reconstructed, taking into account both static and dynamic conditions. The speaker further

explained that step  -drawdown tests were then executed according to a specific protocol:

1. Head measurements in wells and piezometers.

2. Observ ations of recovery after the cessation of pumping.
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3. Execution of the step  -drawdown tests, with each drawdown step lasting at least
24 hours.
4, Data analysis using steady -state and unsteady flow equations.
Additionally, Dr Di Giovanni noted that long -term obse rvations were conducted during the

period of maximum pumping rate.

Dr Di Giovanni reported that the step -drawdown tests results yielded significant insights,
such that drawdown decreased as the distance from the well field increased, indicating the
spatial impact of the pumping activity. Furthermore, the speaker elaborated that the
curves of observation points exhibited parallel behaviour, suggesting the presence of
homogeneous characteristics within the tested aquifer. He also noted that no drawdown

was ob served in the Cartignano piezometer.

In terms of unsteady flow analysis, Dr Di Giovanni informed that the initial pumping rate of

453 litres per second resulted in a rise in water levels across all wells after approximately
three hours. This phenomenon, ac cording to the speaker, was attributed to the high
transmissivity of the aquifer and the insufficiency of the initial pumping rate. In the third

step, the pumping rate was increased to 740 litres per second. Based on the findings, the
speaker concluded tha t drawdown was primarily limited to the well fields, with values
ranging from 1to 1.4 meters in S. Rocco and less than 1 meter in Piazzale. In her presentation,
Dr Di Giovanni affirmed that the study indicated that the flow directions remained relatively
unchanged, as the dynamic potentiometric map exhibited minimal deformation
compared to the static map, with long -term observations revealing only minor differences.

Dr Di Giovanni discussed the future implications of the study, noting that the high hydraul ic
conductivity and transmissivity values, coupled with the homogeneous characteristics of

the aquifer, suggest the potential for increasing the pumping rate. Additionally, the speaker
acknowledged that the aquifer was found to thicken towards the north, i ndicating further
possibilities for water exploitation. However, Dr Di Giovanni reiterated that the design of

new wells must take into consideration the superposition principle and the assessment of

the influence radius.

MR MASSIMO MARCHESI, ISOTOPE TRACER TECHNOLOGIES EUROPE SRL

TITLE: THE USE OF COMPOUND -SPECIFIC ISOTOPE ANALYSIS (CSIA) TO ALLOCATE THE
POTENTIAL SOURCES OF DISSOLVED CHLORINATED SOLVENTS CONTAMINANT IN LARGE
URBAN AREAS:LESSONS LEARNED FROM FEw CASE STUDIES

In his presentation, Mr Marche si acknowledged that diffuse pollution of organic
contaminants is a significant issue in large urban areas. To identify the responsible sources

of contamination, he highlighted the importance of compound -specific isotope analysis
(CSIA), which enables the  measurement of isotopic ratios of the contaminants. By
examining the isotopic composition, the speaker established that it becomes possible to
differentiate between different sources of contamination. Mr Marchesi also emphasised the
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complementary use of en  vironmental isotopes alongside CSIA. Environmental isotopes, as
informed by the speaker, can provide information about recharge and transport dynamics,
aiding in the understanding of contaminant migration within the system. He presented

case studies demons trating the application of CSIA and environmental isotopes in various
scenarios, with one such case study involving the characterisation of a site undergoing real
estate development. Mr Marchesi reported that isotopic values were found to be
particularly ¢ oncentrated in areas with high contaminant concentrations. He highlighted
that the isotopic composition could vary, providing valuable insights into the origin of the
contaminants. Mr Marchesi presented another case study which focused on the city of
Milan and faced diffuse contamination issues. He explained that before any remediation
activities could take place, it was necessary to differentiate between diffuse contamination

and localised sources and noted that the isotopic values played a crucial role in this
differentiation.

Mr Marchesi informed that in 2016, a conceptual model was developed for the city of Milan

to characterise contaminant plumes. He explained that environmental isotopes were

utilised to characterise the upper part of the aquifer, indep endent of the influence of the
river. According to the speaker, this approach allowed the initiation of a large -scale project
for the city, as the active sources of contamination were previously unknown. However, Mr

Marchesi acknowledged that interpreting the results at such a scale can be complex. He
further noted that the values obtained through CSIA were found to be compatible with the

pollution reaching the main pumping station, emphasising the significance of using

isotopic analysis to identify and all ocate contamination sources in urban areas.

In conclusion, Mr Marchesi highlighted that compound -specific isotope analysis, in
conjunction with environmental isotopes, provides valuable insights into the sources and
migration patterns of dissolved chlorinated solvents in large urban areas. The case studies
presented by the speaker illustrated the effectiveness of these techniques in characterising
contamination and guiding remediation efforts.

Question 1 Did you observe the recovery during the pumping test  being influenced by  the
flow ?

Dr Di Giovanni _ stated in the negative.

Question 2: From a forensic point of view, how is this data useful in determining who is
responsible for pollution?

Mr Marchesi stated one of the main uses is to prove the responsibility of pollution on some
actors . In his presentation , Mr Marchesi elaborated that there was a large -scale
contamination model and in the first example was to find an internal source . He
maintained that  these models are also used for legal and more forensic studies.
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3.3 Part2

DR DARIO MASANTE , JOINT RESEARCH CENTRE OF THE EUROPEAN COMMISSION

TITLE: EUROPEAN DROUGHT OBSERVATORY FOR RESILIENCE AND ADAPTATION . RELEVANCE
TO GROUNDWATER M ANAGEMENT

Dr Masante introduced himself and mentioned that he works for the European Drought
Observatory and for the Disaster Risk Management Unit, covering different hazards both

natural hazzards and human made hazzards. Dr Masante, along with his dedicated team,

do both research activity and they are service providers to the commission and the

member states with everything regarding risks for the European Union. Additionally, they

hold the managerial responsibility for the Copernicus American Sea management serv ices,
which serves as the primary platform for conducting most of the European Drought

.«@°8neN 8u|@ *-N&@nadN&a°@P

In 2003, Europe experienced a severe drought primarily caused by high temperatures,
resulting in numerous casualties. This event marked the re cognition of drought as a
significant issue within Europe. Simultaneously, global warming gained mainstream
attention, and efforts to address water scarcity and droughts gained traction. In 2007, the
European Commission communicated the importance of these issues, leading to the
establishment and funding of the European Drought Observatory. Drought occurrences
in Europe have been on the rise, not limited to specific seasons or regions. Over the past 5

to 6 years, there has been an increase in the frequency of drought events globally, some of
which have been particularly remarkable when considering their return period . The
presenter also mentioned that drought is currently intensifying in numerous locations
worldwide. In the mid  -summer of 2022, over 60% of  the European Union was either under
alert or expressing concerns due to drought conditions

Dr Masante explained that  the severe drought can be attributed to persistent and extensive
cyclonic conditions in the atmosphere, particularly over Northern Italy a nd France, which
deviated from the usual patterns. While climate change is a significant factor to consider,

it is currently challenging to definitively blame this specific drought on its effects. Recent
publications suggest a potential link between climat e change and larger or longer -lasting
droughts, indicating that climate change may have increased the likelihood of such a
magnitude of drought. However, further research is required to establish a conclusive
connection between this specific drought event and climate change.

Furthermore, the future projections for Europe, especially the Mediterranean region,
indicate a higher likelihood of increased frequency and severity of droughts. While there
remains uncertainty, it is essential to acknowledge this pote ntial scenario and be prepared
from a management perspective. The Mediterranean region is globally recognized as one

of the hotspots for drought -related concerns, necessitating proactive measures to address
this issue .

The speaker also highlighted that the increase in frequency and intensity of drought poses
significant challenges. Hydrologists recogni se that the impact of drought extends beyond
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the drought period itself, affecting the time required for a system to fully recover. When the

recovery period is  shortened, the actual impact becomes worse than anticipated.
Compounding effects play a crucial role, and current state -of-the -art models often
underestimate the impacts of drought due to their inadequate consideration of these

effect s. The compounding e ffects have highlighted the need for improved modeling
techniques to accurately capture observations. It is essential to address this issue as it
affects our understanding of drought impacts. On a positive note, advancements have

been made in predicting dr oughts both at the seasonal level and in terms of adapting
policies and measures

Seasonal forecasts have emerged as a crucial and highly discussed topic. They provide
insights into anticipated precipitation anomalies and expectations. To enhance the

acc uracy of these forecasts, one key focus area is the integration and fusion of data from
multiple systems. Combining different systems has proven to yield better results compared

to relying solely on individual systems . Water stress is a significant concer n, particularly in
the Mediterranean region. Existing policies already reflect water stress conditions, and the

addition of drought exacerbates the situation.

Successful drought policy entails more than just monitoring and early warning systems. It

necessi tates a comprehensive understanding of vulnerabilities, impact assessment, and
mitigation strategies. Adequate preparedness and response measures are also crucial. To

achieve this, data from various sectors beyond agriculture must be considered. Only by
combining these elements can effective mitigation strategies be implemented, and timely

responses be undertaken in the face of drought challenges . Moreover, i n addition to crisis
management, the European Commission emphasizes proactive approaches, anticipat ion,
and prevention when addressing drought -related challenges. A significant focus has been
placed on reviewing existing policies within the European Union to effectively manage

droughts. Notably, half of the member states have established drought managem ent
plans. However, it is worth mentioning that Malta does not currently have a specific plan in

place. Furthermore, 50 member states have implemented water allocation priorities to

ensure efficient water resource management

Dr Masante wenton to discussthat the EU adaptation strategy focuses on providing robust

data to inform all stakeholders, including authorities, institutions, and citizens. Recognizing

the importance of local -level adaptation, the strategy adopts a different approa ch that is
not only top -down but also cross -sectoral and community  -oriented. Ensuring that
information reaches all levels is critical for effective strategy implementation and fostering

local -level adaptation efforts. As part of the project, a review of ad aptation measures
against droughts was conducted, revealing variations from country to country. These
include:

x Effective low -cost soft adaptation options
X Nature based solutions (green options) provide multiple co -benefits

X Investment -intensive grey options  (desalination, recycling, efficiency) should be
measure by the contribution to reduce water imbalance at the basin scale. Risk of
maladaptation if rebound effect is not managed.
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X Measures dealing with the drivers/root causes are better

Dr Masante further highlighted the major constraints in dealing with droughts, including

the absence of appropriate governance arrangements, institutions, and financial resources.

He also discussed the concept of the Water -Energy -Food -Ecosystem Nexus, emphasizing
the importance of measures aimed at water savings. These measures include enhancing
irrigation efficiency, reusing wastewater, and reducing leakage. Drought risk presents
complexity due to its gradual onset and recovery, as well as the presence of compound
hazards such as heatwaves and fires. Indirect and cascading impacts on ecosystems,
delayed effects, and remote or diffuse consequences further contribute to the intricacy of

drought assessment. Challenges arise in modelling due to data limitations, particula rly
concerning groundwater. However, where data is accessible, valuable insights can be
gained.

A discrepancy exists between theoretical knowledge and actual available data regarding

drought cases. This arises due to the complexity of drought, as there is often a mismatch
between the drivers of drought and the resulting impacts, both in terms of geographical

location and time. Groundwater serves as a prominent example of the delayed effects of
drought. Additionally, the compounding effects and the challenge of disentangling various
components further complicate the model ling of drought risk. Within this project, a
combination of conceptual and data -driven models was employed to assess drought risk.

On the conceptual side, impact chains were constructed by co nsolidating expert
consensus across various sectors affected by drought, including ecosystems. Furthermore,
a data -driven approach was adopted, using machine learning techniques for quantitative

risk assessment.

Insufficient data for sectors other than a griculture was encountered in the project.
However, it was discovered that similar vulnerability profiles exist across regions in Europe,
indicating the importance of addressing drought challenges at a regional level rather than

solely at the national leve |. Despite limited data availability, the project utilized the most
extensive dataset on drought impacts in Europe. However, geographic biases in reporting
remain. To address this, an open  -source interface is being developed, slated for release by
the end of this year or early next year. This tool aims to foster the collection of drought
impact data and includes a proposed data model for successful implementation

Dr Dario Masante concluded his presentation by highlighting key challenges related to
human -water interaction in the context of drought risk. These challenges include:

X Quantifying human influence

x Understanding vulnerability, coping and adaptation

x  Quantifying drought risk from hazard kimpact relationships
X Modelling feedbacks

x Drought risk manageme  nt
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Question 1 Dr Alessandro Berta emphasized the significance of groundwater in climate
change preparedness and adaptation strategies. While ample groundwater reserves exist,

it is important to recognize the vulnerability of shallow groundwater systems to climate

change impacts. Adaptation strategies should go beyond surface water reservoirs and
consider the strategic importance of groundwater. Mr Berta emphasized the need to both
protect and utilize groundwater resources, including pumping during drought periods. The

final statement of the presentation held substantial significance, underscoring the
importance of groundwater management and utili sation .

Dr Dario Masante concurredwith (8 ©°8N pe@pective, acknowledging that groundwater

is a vulnerable aspect of  the current situation. Everyone is fully aware of the importance of
groundwater, both in terms of policy considerations and the challenges associated with

remote monitoring. However, Dr Masante did not have a good reply to dismiss Dr Berta .

Question 2: Another query was posed to Dr Masante regarding being more proactive in
relation to the significance of groundwater in assessing hazard impact relationships. He
inquired about the existence of any actions, modeling intiatives, or programes by Jersey

that could be joined or supported

Inresponse, Dr Masante mentioned the existence of a significant European Union program
and regional funding that supports research initiatives related to groundwater and hazard

impact relationships. He emphasi sed the high level of interest in this matter from the
European Commi ssion and EU policies, indicating numerous funding opportunities
available. Regarding Jersey specifically, Dr Masante explained that he is not directly

involved in the decision  -making process but highlighted their efforts to participate in water
sector pro jects as much as possible. He suggested contacting the European Drought
Observatory or individuals from Jersey, including the state representative, to explore
potential collaboration and opportunities in this domain

DR ARIEL THOMAS , UNIVERSITY OF MALTA

TITLE: UNVEILING MALTA b HYDROGEOLOGICAL FRONTIER: PAVING THE WAY FOR
INTERNATIONAL RESEARCH SYNERGY

Dr Ariel Thomas delivered this presentation on behalf of Prof Micallef who could not be
present on the day. The presentation will showcase a combinatio n of Dr Thomas's own
work and a compilation of various contributions from different researchers.

The presentation primarily focuses on offshore freshened groundwater, a globally
recognized phenomenon. Key points include the occurrence of offshore freshened
groundwater in shallow waters (less than 100m) within 55km of the coastline, primarily in
siliciclastic aquifers situated in passive margins. However, there are still significant
knowledge gaps regarding the extent and function of offshore freshened groun dwater, as
well as the mechanisms and timing of its formation. Another challenge is understanding

the connectivity between onshore aquifers and these offshore systems. To address these
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gaps, the utilization of isotopic tracers, jointly inverted geophysical data, and 3D
hydrological models can be valuable too l.

The speaker mentioned that u nderstanding offshore freshened groundwater systems is
crucial due to their potential significance in regions facing high water stress. Areas such as

the Mediterranean, sou thern Australia, and Asia exhibit substantial volumes or estimated
volumes of offshore freshened groundwater , coinciding with regions experiencing water
scarcity. The prevailing consensus is that offshore freshened groundwater systems can be
regarded as un conventional groundwater resources, offering diverse solutions to alleviate

water stress, particularly in coastal regions where access to fresh water is challenging.

To comprehend these systems, various tools and approaches are employed, including 3D

model ling, geostatistics, geophysical imaging, and high -performance computing. Over the
past five years, Malta has emerged as a prominent research hub in this field. Two notable
initiatives highlight this progress. Firstly, the MARCAN project, supported by  the European
Research Council, led to the identification of a new offshore freshened groundwater system

off the Canterbury Bight in New Zealand. The project aimed to investigate the role of

offshore freshened groundwater in the geomorphic evolution of she If margins.
Additionally, Malta hosted the inaugural international workshop on offshore freshened
groundwater research in June of the previous year, bringing together approximately 70
researchers and professionals for a two -day workshop.

Dr Thomas also hig hlighted their involvement in the Aquainfra Project, a significant

endeavo ur where they, along with their colleagues, serve as partners. The objective of this
project is to establish a virtual environment that incorporates FAIR multi -disciplinary data
and services. This virtual environment aims to provide comprehensive support to both on -
shore and off -shore marine and freshwater scientists, as well as stakeholders.

In recent developments, the Off -source COST Action, a four -year EU -funded grant, has
emerged as a significant initiative. This project focuses on establishing a scientific network
dedicated to exploring the potential of offshore freshened groundwater as an
unconventional source of portable water in coastal regions. The speaker also introduced
Research Rabbit, an intriguing Al tool discussed during the presentation. By utilizing this

tool, users can access information on connected authors and related papers, enabling a
comprehensive overview of the work conducted within the domain. Research Rabbit

serves as an efficient platform for researchers to delve into the body of knowledge
surrounding offshore groundwater research and discover relevant scholarly contributions

and collaborations.

Dr Thomas went on to mention a notheworthy discovery regarding freshwater offshore

Malta. The study presented a resistivity model wherein low resistivity values were
associated with rainfall, while high resistivity indicated the presence of freshwater.

Ad ditionally, numerical simulations were conducted to analy se sea level rise over the past
20,000 years, considering the impact of the last ice age. It was determined that sea levels

during the ice age were approximately 120 meters lower compared to the pres ent day.

In a research conducted off the New Jersey Shelf, USA, a comprehensive electromagnetic
survey was carried out, visualized as yellow in the presented data. The study revealed the
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existence of an extensive freshwater body, potentially extending up t 0 100 km from the

coastline. The utilization of various data types and approaches in our research revealed
significant findings. The seismic data, depicted in yellow, indicated higher resistivity, which

typically corresponds to freshwater. The presence of a complex distribution of layered
reservoir systems, represented in white, suggested the existence of intricate emplacement
mechanisms.

Significant comparisons were drawn between resistivity anomalies derived from a
geophysical survey and salinity distribu tion based on simulated Paleo -reconstruction
scenarios. They are also working to create new tools for the East China Sea since an issue

with these geophysical surveys is how much moblisation is required. The aim i s to create
tools that are lighter and more portable in order to be able to  model and comprehend
systems more effectively. In this case, a 200,00 -year numerical simulation was used to
examine the distribution and determine how deep the system is as well as how far offshore

it might expand.

The spe aker also highlighted another project which is an international collaboration, led by

an ltalian colleague. This project deals with looking at development of a controlled -source
electromagnetic system prototype for mapping submarine groundwater particular ly in
this transition zone. This field of research has expanded the domain of interest for
hydrologists into the off -shore. The team's objective is to design a new CSEM system
capable of accurately detecting offshore freshened groundwater and submarine
groundwater discharge, utilizing both time and frequency domains . The reason why they
are going to do this is:

X To bridge the existing geophysical data gap between onshore and offshore
groundwater systems;

X To create alow -cost system for near -coastal appications;
X To obtain a modular system for adaptable applications.

This will be done primarily by sensitivity analysis to determine the best offset and
frequencies capable of observing the presence of freshwater in the first 250 metres of the
sub seafloor, and assessing the available technology to develop a conceptual design of an
appropriate CSEM method.

The last project, Off -Ground, is also led by another colleague Lorenzo. The objective is to
explore the potential offshore and coastal bodie s of deep fresh/brackish groundwater in
carbonate aquifers which is a challenge on its own. They are looking at the Malta Plateau

and Southern Sicily. They plan to identify certain local aquifers, check for the presence of
any fresh or brackish ground flu ids, and then replicate the architecture, geology, fitness,
permeability, and other characteristics of the reservoir. In order to map and model the
existence and features of deep ground water, 3D modelling and geostatistics are now
being used.

Dr Thomas co ncluded his presentation by giving a couple of quick take -aways:
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ffshore freshened groundwater represents a new hydrogeological frontier that expands
the boundary of traditional hydrogeology into the offshore domain. z

ynterdisciplinary collaboration, i nvolving hydrogeologists, geogphysicists, geologists, and
other relevant stakeholders is crucial for understanding the occurence, dynamics, and
@V@N+a *«d08Nu O netVe«ii® O8°@Y0+*N°8 8°@°8n°@ke

Question 1 A query was posed to Dr Ariel Thomas regarding th e understanding or
knowledge regarding the quality of offshore groundwater to Dr Ariel Thomas.

Dr Ariel Thomas explained that there is limited data available regarding the quality of

offshore groundwater. In the few cases where water samples have been obta ined, they
typically exhibit a range of characteristics. While some samples contain nearly potable

water, others have a brackish composition. To better understand the distribution and

potential uses of this water, a collaborative effort involving water tre atment engineers,
hydrogeologists, and other experts is underway. This interdisciplinary approach aims to

assess the various levels of treatment required for different uses, such as potable water,
agricultural irrigation, or industrial purposes. The spectr um of offshore groundwater quality
spans from fresh to brackish

Question 2: Dr Thomaswas also questioned whether there are any possibilities for offshore
groundwater to be operationally viable and competitive with other unconventional water
resources in Europe. The question focused on  whether it could become a practical solution

Dr Thomas acknowledged the r elevance of this question and emphasized that the
feasibility of offshore groundwater as a practical solution depends on the specific location.

Factors such as reservoir extent, porosity, and existing infrastructure play crucial roles. He

noted the scarcit y of data but mentioned ongoing efforts to characterize offshore
groundwater through dedicated surveys and expeditions. Dr Thomas concluded that the
feasibility and competitiveness of offshore groundwater are situation -dependent and that
further research w ill provide more conclusive answers in the future

DR KIM YONGCHEOL , KOREA INSTITUTE OF GEOSCIENCE AND MINERAL RESOURCES

TITLE: THE CHALLENGE OF DEVELOPING A FRESHWATER ISALTWATER INTERFACE
MONITORING NETWORK ON THE ISLANDS OF MALTA

In the introduction D  r Kim Yongcheol presented a project led by EWA in Malta, which
encompasses four key stages: data collection and network development, monitoring
network setup and deployment, time series analysis and forecasting, and commissioning

of monitoring and training

Dr Yongcheol's presentation highlighted the project implementation strategy, which
encompassed three main components. The first phase involved conducting a
comprehensive analysis of various datasets and existing data pertaining to hydrology,
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hydrogeochem istry, geology, and water utilization in the Maltese islands. This analysis
included the examination of the Mean Groundwater Level of MSLA between 2000 and 2019,
enabling the generation of groundwater level data for the mean sea level aquifer of Malta
and Gozo. The comparison of groundwater levels during dry and wet seasons was
presented, revealing a slightly lower level during the dry season.

The presentation then delved into the results of borehole logging, showcasing the analysis
conducted for three diff  erent periods: 2006, 2016, and April 2021. Furthermore, a map
displaying the locations of pumping and private wells in Malta as of 2019 was presented,
providing insight into the significant number of private wells (2,009) and total water
extraction (1.4 M m?3/year), as well as the presence of 97 public pumping wells, seven

galleries, and stations with an extraction rate of 7.8 m Slyear.
The second phase of the project involved the construction of three -dimensional density -
dependent groundwater models for Malta and Gozo. These models were calibrated to

assess the dynamics of saltwater intrusion. The presentation showcased spatial distribution
maps of simulated groundwater levels and normalized salinity before and after 30 years of
gallery and pumping well o peration. The normalized salinity distribution and transition
zones in the mean sea level aquifer were also compared.

Lastly, the development of a vulnerability risk map for saltwater intrusion was addressed.

Two criteria were utilized: Intrinsic Groundwat er Aquifer Location of Diminishing Intrinsic
Vulnerability and Transmissivity) and a modified version thereof. The vulnerability zones
were classified into low, moderately, and highly vulnerable categories based on these
criteria. The results revealed the percentages of each vulnerability zone category in relation
to the total area, highlighting areas with different levels of vulnerability to saltwater
intrusion.

Furthermore, he provided an overview of the ongoing Monitoring Network Setup phase.

He discusse d the Electrical Conductivity profiles measured by EWA in Malta and
highlighted the installation depths determined based on these profiles. Additionally, he
showcased three videos demonstrating the movement of an Upper InterfacEgg,
showcasing its behaviour  in fresh water, saline water with an EC of 15.7 mS/cm and a density
of 1.003 g/mL, and saline water with an EC of 36.9 mS/cm and a density of 1.012 g/mL.
Furthermore, two videos displaying real -time movement of an Interface Tracker were
presented, showing its behaviour in both freshwater and saline water with an EC of 15.7
mS/cm and a density of 1.003 g/mL.

The speaker presented a schematic diagram illustrating the borehole and wellhead design
for the monitoring wells. Key points highlighted included:

X The surface casing should extend 300mm above ground level ;

X The total depth of the ground casing depends on factors such as the presence of
unconsolidated material, the blue clay formation, and the depth to hard/stable
rock. As a minimum, it shoul  d be 6m below ground level ;
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X The total depth of the borehole should correspond to approximately 20 meters
from the bottom of the transition zone

He also covered the design details of both well head type 1 and type 2.

Dr Kim Yongcheol discussed future wor k and expectations, concluding with the following
key points:

X Time series analysis and forecasting: Utilizing techniques such as autocorrelation
analysis, frequency analysis, and cross  -correlation analysis, as well as
implementing machine learning models | ike artificial neural networks or long
short -term memory for time series modelling;

x Early identification of changes in local groundwater status: Enabling the timely
recognition of shifts in groundwater conditions and facilitating the
implementation of corr ective management actions to ensure sustainable
utilization;

X Establishment of a short  -term real -time prediction system: Leveraging data
science and digital transformation to develop a system capable of predicting
changes in water resources in Malta, facili tating proactive decision  -making.

Question : An attendee posed two questions. The first one inquired whether the
monitoring system presented had been tested or used in other areas, indicating interest in

its potential applicability. The second question as ked whether flow rates, specifically
discharge rates, could be deduced from the monitoring dat a.

Dr Kim Yongcheol responded by stating that the monitoring system discussed is a part of

previous studies that he has conducted. He mentioned using a borehole ¢ amera to capture
24 -hour videos, which allowed for observation of movement and changes in various types

of interfaces. Dr Yongcheol emphasized that the frequency of these changes varies
depending on the specific type being studied

In response to the secon d question, Dr Yongcheol explained that they have various
monitoring setups available. When focusing specifically on the aquifer, they can assess
both input and output. Dr Yongcheol noted that the monitoring system operates rapidly,
enabling the mode Iling of complex systems. With advancing technology, he expressed
optimism that intricate mode lling can be effectively addressed in the near future. This
technology allows for the analysis of water forecasts, including flow rates, on a daily and
hourly basi s.



AR h A IATT -4 r EU funds
NEEEr WATER F4A 5 s
FOREUROPEAN FUDS BE THE CHANGE b okl 20142020

3.4 Part 3

MR LORENZO DE CARLO, W ATER RESEARCH INSTITUTE, NATIONAL RESEARCH COUNCIL

TITLE: MAPPING SALTWATER INTRUSION VIA ELECTROMAGNETIC INDUCTION (EMI)
MEASUREMENTS IN  PWALES VALLEY (MALTESE ISLAND )

Mr Lorenzo De Carlo began the presentation by stating that the current activity is part of a
project involving IRSA and EWA in the Pwales Valley, located in the northern region of the
Maltese island. The valley boasts a dual identity, being suitable for both agriculture and
tourism, wi th notable attractions like the Simar Natural Reserve and Golden Bay Beach. The
management of water resources plays a pivotal role in ensuring the environmental
sustainability of this area . He also outlined the objectives of the geophysical survey which
are as follows:

X Hydrogeophysical characterisation of the pwales aquifer for planning a pilot
managed aquifer recharge (MAR) scheme.

x Coastal groundwater body within the Upper coralline limestone formation
bounded at the bottom by Blue clay formation.

x Electromagnetic Induction (EMI) survey has been carried out to:
o Detect the freshwater/saltwater interface;
o0 Identify the top of the Blue Clay Formation.

The speaker also provided a bief overview of Electro Magnetic Induction and highlighted
sever al key EMI parameters. These parameters include the apparent electrical conductivity,
skin depth, sensitivity, and induction number.

In the study area, a total of 22 transects were surveyed using the on -the -go EMI technique.
This method allowed for data collection while walking, facilitating coverage of a large area.

Over 20,000 measurements of apparent electrical conductivity were obtained, covering a

distance of more than 40 k  m. The substantial dataset acquired provides valuable insights

into the electr ical properties of the study area.

In the presentation, images of the EMI survey activity were shared, showcasing the usage

of the CMD DUO device for data collection. The survey involved a circular coil, with separate
cables connecting the transmitter and receiver to enhance the depth of investigation. Each
transect was repeated six times to account for three different keyholes and two
configurations, allowing for maximum depth exploration. Additionally, a specific code was

utilized to invert each profile, enabling the creation of a 3D model of the surveyed area
Mr De Carlo discussed some inverted EMI cross -sections, demonstrating the east  -to-west
movement along a transect close to the sea. The cross -sections revealed two prominent

layers: an upper highly ¢ onductive layer and a lower conductive layer. As indirect
techniques were employed, calibration was necessary. However, due to limited direct
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measurements available in the area, calibration was challenging. Fortunately, some
measurements from Terracore Geo Service in 2007 were available and utilized to calibrate
the obtained results.

In certain sections of the EMI survey, the conductive layer was found to be interrupted by a

less conductive structure. Consultations with our Maltese colleague suggest a possible
association with a paleochannel containing buried freshwater springs. These sections
consistently exhibit three layers, with the less conductive layer consistently positioned at

the bottom

Isovolumes of high conductivity clearly shows the lens -shape saltwater intrusion from east

to west of the valley - we did comparison between ec maps (DIVER and EMI). The
isovolumes representing high conductivity levels vividly illustrate a lens -shaped intrusion
of saltwater from the east to the west of the vall ey. To validate these findings, a comparison

was conducted between EC maps obtained from DIVER and EMI techniques.

Mr De Carlo concluded his presentation with the following remarks:
X EMI technique has accurately identified the extension of the saltwater int rusion;

X The EMI results are confirmed by the DIVER map by providing additional
information in terms of thickness of the salinized aquifer and geological
peculiarities of the investigated subsurface, otherwise undetectable with other
techniques;

X The highl y conductive nature of the investigated subsurface reduced the reached
depth of investigation, less than the expected one;

X The uncertainty in the attribution of the lower conductive layer to the Blue Clay
Formation, due to  lack of direct information (stra tigraphic data) in the investigated
area, suggests additional surveys in order to improve the geophysical modeling
and its interpretation.

DR MARIA CLEMENTINA CAPUTO, W ATER RESEARCH INSTITUTE, NATIONAL RESEARCH
COUNCIL

TITLE: HYDRAULIC CHARACTERISATION OF PWALES AQUIFERIN MALTA ISLAND

In her opening speech, Dr Caputo introduced the MaltaMAR Project, an Italian -named
service agreement between the Water Research Institute and EWA (Environmental Water

Authority). The project's primary objective is to establish a pilot plant for Managed Aquifer

Recharge in the Pwal es Valley. Due to extensive agricultural activities in the valley, there

has been a significant depletion of the shallow groundwater in terms of both quantity and

quality. The Malta MAR Project aims to address these challenges by implementing
sustainable g roundwater management practices in the Pwales Valley , and aims to obtain
detailed hydraulic characterisation of the Pwales valley. The project activities primarily
revolve around geophysical investigations, laboratory tests on rock samples, and field
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hydr aulic characterizations. These combined efforts provide a comprehensive
understanding of the area and establish a crucial database for implementing a numerical
model. Additionally, ongoing laboratory tests are conducted on rock cores obtained from
well dri lling, further contributing to the project's objectives.

Dr Caputo explained that nine rock blocks were received from different locations within

the valley, including four from Mellieha, two from Ghajn Tuffieha, and two from San Martin.

All of these blocks were obtained from the upper coralline limestone layer. The rock blocks
exhibited distinct textures, which significantly influenced their hydraulic characteristics. In

the laboratory, various measurements were performed, and samples were extracted.

Howeve r, extracting core samples from the crumbly -textured rock blocks from San Martin
proved to be challenging. Hydraulic characterization was a key focus of the laboratory

testing, specifically examining the behavio ur of the rocks under unsaturated conditions. It
should be noted that these tests are time -consuming due to their complexity

Despite ongoing efforts, experimental measurements in the project continue to pose
challenges, as there is a lack of comprehensive information regarding hydraulic
characterist ics in the existing literature. In the laboratory, various techniques are employed

including the use of the dewpoint potentiometer, suction table, and quasi -steady
centrifuge. The experimental water retention curves were generated and analy sed using
the LA BROS SoilView Analysis software. This software provides the capability to fit the
experimental data using various models. In our study, we attempted to fit the data using

both unimodal and bimodal formulations from the van Genuchten and Peter Durner Iden

m odels.

However, it was observed that the majority of the experimental data yielded the best fit

with the bimodal model. The process of fitting the experimental data enables the
determination of fitting parameters that are crucial for implementing a numeri cal model.
These parameters are obtained through actual measurements conducted in the laboratory

and subsequent fitting procedures. It is widely acknowledged that finding a single
parameter to accurately describe the water retention curve is challenging.

Analy sing the hydraulic conductivity function posed greater challenges compared to the

water retention curve. The Quasi -Steady Centrifuge (QSC) method was the sole technique
allowing direct measurement of hydraulic conductivity. Despite the scarcity of data points,
the fitting process indicated that the unimodal formulation of the van Genuchten model

provided an excellent fit. To gain a comprehensive understanding of the hydraulic
behavio ur in the area, field infiltrometer tests were initiated to directly me asure the
saturated hydraulic conductivity. A large infiltrometer ring was installed on the side using

a flexible material. It was crucial to adapt the ring to the field conditions, and initially, a

larger ring with a diameter of approximately 2 meters was used to account for the
heterogeneity of the outcrop rock

The speaker went on to discuss the experimental set up of infiltrometer test and shared

the results. The trend line analysis revealed an average infiltration rate of approximately 4.8

meters per day. Additionally, the field saturated hydraulic conductivity values, obtained
from the data collected by the two probes, ranged between 4.15 and 4.13 meters per day
respectively.
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In her concluding remarks, Dr Caputo highlighted the following points:
x Textural difference  among the tested samples, belonging to the same
geological formation but to different members, reflects different hydraulic

behavior interms of water retention and hydraulic conductivity characteristics ;

X Infiltrometer test resulted an effective tool to determine how fast the water flows
in the subsaoil ;

X Saturated hydraulic conductivity values, Ks, measured in laboratory for seven
different samples (ranging from 8.39 m/d to 2.20 m/d) are of the same order of
magnitude of field saturated hydraulic conductivity, Kfs, derived by field infiltration
test (4.8 m /d and 4.43 m /d);

x Overall, the bimodal PDI model better fitted the experimental water retentio n
data while vG model  worked well to fit the hydraulic conductivity data ;

X The fitted water retention and hydraulic conductivity functions provide the
eq uation parameteres which are crucial for modelling  the unsaturated water flow
in the subsoil ;

X  Site -specific hydraulic characteristic functions, obtained through several
laboratory tests and field infiltrometer test, together with the geophysical
characteri zation of the studied site, constitute a critical data base to develop a
local groundwater -flow numerical model inorderto simulate the real behavior of
the Pwales coastal groundwater body, preparatory for designing of MAR plant.

Finally, she discussed t he next step, which involve utilising the data to implement
numerical model to visualise differnt environmental scenarios such as the effects of MAR
plant in the coastal pwales groundwater.

MR FRANCESCO DEMICHELE , EMDP LTD.

TITLE: HYDROGEOLOGICAL MODELLING OF A SEAWATER INTRUSION BARRIER IN THE MALTA
MEAN SEA LEVEL AQUIFER COASTAL / ISLAND CARBONATE SYSTEM

Mr Demichele's introduction to the presentation provided a concise overview. He outlined

three main points: the conceptualizati on of the Malta Mean Sea Level Aquifer system, the
development of the Malta Mean Sea Level Aquifer groundwater flow numerical model
based on this conceptualization, and the conclusion, which will involve presenting the most
feasible scenario for the Malta Mean Sea Level Aquifer MAR Scheme Network.

Mr Demichele explained that the Malta Mean Sea Level Aquifer system encompasses a
study area of approximately 216 square kilometr es, assuming the impermeability of the
Victoria Fault. The geological formations w ithin this carbonate aquifer system follow a
vertical sequence consisting of the Upper Coralline Limestone, Greensand, Blue Clay,
Globigerina Limestone, and Lower Coralline Limestone. He then displayed a generic
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conceptual diagram, which highlighted a blue clay barrier supporting a perched aquifer in
the northwestern region of the island. The mean sea level aquifer is located beneath the
perched aquifer and extends over the entire island.

More than that, the freshwater body owes its presence to a straightfo rward phenomenon:
the accumulation of modest rainfall during winters, contributing to underground storage.

The average annual precipitation value is approximately 550mm, sustaining the
replenishment of the aquifer. The freshwater body serves as the primary source for the
national water supply, accounting for approximately 60% of the total. However, the current

situation indicates overexploitation. A simple water balance assessment revealed that the
abstracted flow rates significantly exceed sustainable yiel ds. This imbalance is attributed to
around 50 public abstraction boreholes located across the island, with average flow rates

ranging between 50 and 500 cubic meter per day. Additionally, pumping stations play a

role in transporting freshwater through a ra dial tunnel system, with an average annual
abstraction flow rate of approximately 10 million cubic meter.

A qualitative assessment of the Malta Mean Sea Level Aquifer system was conducted by
averaging nitrate and chloride measurements from 2009 to 2020 an d analy sing the
resulting trends. The findings indicate that the groundwater within the system exhibits a

poor water status. However, it is worth noting that the concentration of nitrate has been

decreasing cumulatively over the years. In contrast, the isl and faces a significant challenge
due to seawater encroachment, and the objective is to reverse the upward trend in chloride
concentration . On the other hand, the quantitative status of the Malta Mean Sea Level
Aquifer system was assessed by incorporating  the third dimension into a two -dimensional
numerical model using a symmetrical solution based on the Ghyben -Herzberg Theory. The
following assumptions have been made:

X Hydrostatic conditions

X Two stationary immiscible fluids of different density in  equilibrium
X Sharp interface

X Same water pressure on both sides of the sh ape interface

In addition, through the analysis of longitudinal and transversal cross -sections, a
comparison and evaluation of the current conditions of the mean sea level aquifer s ystem
were conducted. The findings indicate a considerable loss of approximately 20 meters of

fresh water over the past 70 years

Mr Demichele went on to discuss one of the proposed solutions to address the issue. He

stated that one of the solution is w ater reuse but this is not a topic in my phd. Managed
aquifer recharge is the intentional recharge of water to aquifers for subsequent recovery or

°na8 ©° Neii «° °0aNP AY©° « «0°358 -°@@ @@V8°@ 58 N°-N4&
environment. Aquife rs are recharged by direction of water into wells or infiltration of water
through the floor on basins, galleries or rivers. By considering site  -specific conditions and
mode lling various scenarios, a proposal has been put forth for the most viable Managed

Aquifer Recharge Scheme Network targeting the mean sea level aquifer system. The
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primary objective is to enhance the quantitative and qualitative status of the groundwater.

The proposed Managed Aquifer Recharge Scheme Network consists of two key techniques

Firstly, an infiltration gallery will be established in the central region of the island to facilitate
enhanced recharge by diffusing water through the unsaturated zone. Secondly, an
injection borehole located in the southeast of Malta will serve as a ba rrier against saltwater
intrusion. The water source will undergo thorough filtration using reverse osmosis and
advanced oxidation processes, locally referred to as 'new water'

The speaker also emphasised that through mode lling the complete implementation of the
Managed Aquifer Recharge scenario and comparing it with the current conditions, it was
determined that this solution is effective in restoring the unexploited state of the aquifer

system, even in the face of increased abstraction rates . Mr Demichel e further emphasized
the importance of conducting comprehensive testing before implementing the Managed

Aquifer Recharge (MAR) scenario in Malta's drinking water supply. This testing process

serves as a justification for the extensive efforts undertaken by the Consiglio Nazzionale, led
by Maria Caputto and Lorenzo De Carlo. The Pwales Valley has been identified as the ideal

pilot area for the MAR scheme

In conclusion, Mr Demichele highlighted the folowing key points during his presentation:

X MAR is considered the main solution to enhance the conditions of Malta South
aquifer system, coupled with potentially water reuse for agricultural purposes.

X A key -point to determine the success of a MAR scheme is the cost -effectiveness.
For this reason, the inc lusion of a cost -benefit analysis is a crucial requirement to
be carried out as an integral part of the MAR scheme project development.

X The contribution expected from MARSoIUT project aims at developing a regulatory
framework on the management of the MSL A, alignedto x<UNe|@ 5 GUd-u VNU g « 3
WFD requirements.

Question : An individual expressed curiosity regarding the level meter measuring the
mean sea level of the aquifer located in the middle of the island.

Mr Francesco Demichele responded by stating that previously, the aquifer's mean sea level
was around 5 -6 meters. However, intensive abstraction and increased flow rates have
caused a significant change in these conditions. Currently, the mean sea level stands at
approximately 3 meters in the middle of the island. It is important to consider the strong
seasonal variability between winter and summer, especially due to the lack of rainfall
during the summer period.
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DR FRANCESCA LOTTI, SYMPLE

TITLE: NUMERICALLY ENHANCED CONCEPTUAL MODELLING (NECOM) APPLIED TO THE
MALTA MEAN SEA LEVEL AQUIFER

Dr Lotti commenced h is presentation by stating the objective of the Groundwater
Modelling Project, which was the development of 3D -Numerical Groundwater models for
the Malta Mean Sea Level, Gozo  Mean Sea Level, and Pwales Coastal aquifer systems. The
project also aimed to provide training on model development, calibration, and utilization

to the personnel involved. Additionally, she highlighted that the Energy and Water Agency

of the Government o  f Malta initiated a new project to review existing groundwater models

for five significant aquifers (Ghajnsielem Perched, Gozo Mean Sea Level, Malta Mean Sea
Level, Mzieb Mean Sea Level, and Pwales Coastal) as part of the implementation of the 2nd
River Ba sin Management Plan. The project's focus was on developing new numerical
models to determine the sustainable yield of these aquifer systems, with particular
attention to the issue of salini sation .

The speaker proceeded to provide the hydrogeological contex t, outlining the following
information:

X The Maltese islands are geologically made up of a core of clays and marls, the
Blue Clay and Globigerina Limestone formations, placed between two permeable
limestone formations, the Upper and the Lower Coralline Lime  stones.

X Two elevated blocks (Gozo and Malta islands) are separated by a graben stretching
between southern  Gozo and the northern part of Malta.

X The oldest formation, the Lower Coralline Limestones which is the main host of the
Malta MSLA, is of Oligocene Age and rarely outcrops across the islands.

A probability density function was derived to represent the transmissivity of the aquifer,
incorporating diverse sources of information. This enabled the determination of the spatial
distribution of transmissiv ity within the aquifer. Furthermore, factors such as recharge and
boundary conditions were considered for the numerical model. The transient model
captured various snapshots of the system at different time periods. It began with
qualitative data from histo rical documents, representing the situation before the 1940s.
Subsequently, the model incorporated data up to the 1960s and then recent years. As the
timeline progressed towards the present, the time discretization was refined for more
accurate representat  ions.

More than that, a calibrated parameter distribution was derived, and during the process,
several biases were identified. These biases were further utilized to formulate hypotheses.

One such hypothesis explored the presence of high hydraulic conductiv ity surrounding the
gallery. It was speculated that this parameter may serve as a surrogate, compensating for

the potential underestimation of discharge in the model.

Different scenarios for the groundwater -seawater interface were developed using various
approaches. The classical approach and the sharp interface simulation with SWI2 did not
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yield satisfactory results. However, the analytical approach (SAA) proved to be the most
effective. This was because the parameters affecting the seawater interface were not
adequately constrained by the available prior information at the time, resulting in

significant uncertainty. Notably, the uncertainty related to the seawater inte rface was
found to be equivalent to the uncertainty prior to mode lling. Specifically, comparing the
probability density function of the interface depth before and after mode lling revealed that

the width of the Gaussian distribution remained unchanged.

To improve the assimilation of information, there are several approaches that can be
considered. These include:

x Density -dependent models take too long torun, and aretoo numerically unstable,
to undergo satisfactory  history -matching and predictive uncertain ty analysis.

x Compromises must therefore be made if numerical simulation is to support
management  of coastal groundwater systems.

x Ifarelatively simple model can provide accessto important information through
its ability to assimilate site data, then the uncertainties can be reduced
and quantified at least for the main decision -critical model predictions.

This study serves as a test of an approach previously applied in Portugal. The objective was

to couple different models a nd conduct uncertainty analysis and optimization
simultaneously using the PEST software. PEST is a code that aids in parameter estimation,
uncertainty analysis, and optimization. In this case, a MODFLOW 6 model was coupled with

a recharge model, allowing f  or various calculations. The approach incorporated prior
information that could be adjusted based on data simulation, along with a 2D model
implemented using SEAWAT.

In order to develop a fresh worked example and exercise for SYMPLE, he said in closing tha t
they are currently looking for another case to test the Model -based Assessment of Coastal
Aquifer Management Options. It is crucial to remember that all of the data utilised in this

procedure will be available to the public and open, encouraging openness and open
sharing of information.

MR MATTHEW AGIUS

TITLE: SIGMA : SEISMIC IMAGING OF GROUNDWATER FOR MALTESE AQUIFERS

In his presentation, Mr Agius introduced the Sigma project, which is a research and
innovation project funded by the Energy and Water Agency. Over the past year, he and his
colleagues, Luca Laudi, Prof. Pauline Galea, and Prof. Sebastiano D'Amico, have been
working on this project. Their contributions and efforts were acknowledged during the
presentation.

x8 O0av@ °t5u+a °3 {3°53@440|xa-C@4a 50° N°8 @sdmidN ¥maging°s a non -
invasive, geophysical technique that utilises seismic energy to determine rock properties

EU funds
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of the subsurface. He also mentioned thatt  ypically Seismic Imaging is based on seismic
velocities and that in SIG MA they determine the changes of seismic velocities with time.

Furthermore, he emphasised that there is a permanent seismic network in Malta,
consisting of around 8 peramenent stations strategically located across the island. These
stations primarily serve  the purpose of detecting earthquakes near the islands. However,

the seismic data collected can be utilized for various studies, including the example
presented. Temporary networks were also deployed in the past, such as during the period

of 2007 -2008. The se temporary stations were less sophisticated and more cost -effective
compared to the permanent ones. They were easier to deploy and did not require
dedicated locations. The setup for permanent stations involved digging holes, constructing

rooms, providing  power supply, and real -time data transmission. In the case of Sigma, the
objective was to compare data from both permanent and temporary instruments. This
comparison is valuable for future deployments, such as setting up a temporary network

around Pwales.

The seismic network in Malta consists of multiple seismic stations that capture seismic

data, resulting in seismograms. Of particular interest is the analysis of ambient seismic

noise, which refers to the continuous seismic signals recorded by the instrum ents
operating 24 hours a day.  During the presentation, Mr. Agius shared a cartoon to illustrate

the application of a technique using the recorded seismic signals. The example
demonstrated the vibrations and waves propagating through the ground between two

stations. Any variations observed in these waves as they travel from one station to another

can provide valuable information about the water content within the rocks.

Furthermore, he stated that ambient seismic noise primarily originates from a
phenomenon known as primary microseisms. These microseisms are a result of the
interaction between ocean wave energy and the seafloor as waves approach shallower
water. Given th at Malta is an island surrounded by the sea, there is an abundance of such
seismic noise, particularly during winter storms when the energy generated by the waves

impacts the rocks, which is then recorded in the seismic data

Mr Agius went on to discuss a technique using two stations, Xlendi and Rabat (Gozo). He
explained that 30 minutes of noise data were collected simultaneously from both stations.

By cross -correlating the signals between the two stations, a cross -correlation function was
obtained, repre senting the response of the ground between the stations. This technique

has the advantage of also being applicable to a single station. By correlating the recorded

noise with itself, the impulse response of the ground beneath that particular station can be
determined.

When pairing each station in the network, a comprehensive coverage of the entire island

is achieved. The correlograms, sorted by distance on the y -axis and time on the x -axis,
enable the detection of changes over time. Through regular applicat ion of the technique,

it is observed that correlograms may exhibit slight shifts rather than remaining consistent.

An example is provided to illustrate this phenomenon. In the presence of rain and increased

pore pressure, seismic wave speed decreases, caus ing a shift in the correlogram.
Conversely, in the absence of rain or water, a decrease in pore pressure leads to an increase

in seismic wave speed, resulting in a different change in the correlogram over time. When
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considering two stations with a fixed di stance between them, the primary factor that

changes is time, directly impacting the velocity

The speaker also showcased various examples of the technique employed in different

stations across Malta. Single station examples included Msida, Mellieha, Comi no, and Wied
Dalam, while examples of two stations consisted of Wied Dalam kBurmarrad, Msida  k
Siggiewi, Comino k Mellieha, and Qala k Comino. The significant advantage of this
technique is the ability to analy se historical data, with recordings availabl e as far back as
1995 in the case of Wied Dalam. This extensive data history can be valuable for filling data

gaps and enhancing models, providing insights that date back to 1995

The main conclusions draw from these results were:

x Proof of concept: Changes in the water level of Maltese aquifers can be detected
seismically by measuring the seismic velocity changes over time.

X This is the first time that such a technique has been tested on a small island.
X The method can be run in real-time and fully automat ed.
X No need of drilling, easier to maintain.

X Broadband seismometers provide best results/sensitivity.

X Short -period (cheap) seismometers too can provide good results kvery easy to
deploy.
Furthermore, in his concluding remarks, Mr Agius presented two fo  llow -up ideas. Firstly, he

highlighted the significance of monitoring controled recharge in the Pwales area, as it

would provide an opportunity to establish a relationship between changes in velocity and

the volume of water. Secondly, he suggested explorin g the possibility of investigating
connections between onshore and offshore observations, aiming to identify any similarities

in seismic behavio ur. These ideas open avenues for further research and exploration in the
field of seismic monitoring and aquifer dynamics.

MsHIBA W AZzAZ , UNIVERSITY OF MALTA

TITLE: COST ACTION (OFF-SOURCE, CA21112)kOFFSHORE FRESHENED GROUNDWATER :
AN UNCONVENTIONAL WATER RESOURCE IN COASTAL REGIONS ~ ?

In her introduction Ms Wazaz provided an overview of offshore freshened groundwater,

which refers to the relatively less saline pore fluids found in seafloor sediments and rocks.

She outlined that offshore freshened groundwater has multiple origins, includ ing
precipitation, ancient and relict groundwater aquifers formed during the Pleistocene age

(>12,000 years ago), glacial water injection during the Ice Age, and chemical reactions
resulting from clay transformation and gas hydrate processes



JIM \RV OR THE ENVIRONMENT, ‘ A’A . L
ERGY

AND ENTERPRISE

r
([ oo | memmnesany, vv/\l E I'\ O
PARLIAMENT ARYS CR L\A AT OI Malta

FOR EUROPEAN FUND BE THE CHANGE b okl 20142020

She further h ighlighted that  offshore freshened groundwater has the potential to serve as

a freshwater source in coastal regions facing water scarcity. However, she also emphasized

that offshore freshened groundwater can pose environmental concerns, such as the spread

of land -derived contaminants and heavy metals pollution into offshore areas. Additionally,

she mentioned that deep -sea biodiversity may rely on chemicals from offshore freshened
groundwater as an energy source. These insights underscore the dual importance of
understanding and managing offshore freshened groundwater potential impacts on both

water resources and marine ecosystems.

The Cost actions, funded by the European Cooperation in Science and Technology, serve as
valuable networking opportunities for re searchers. These actions not only act as a gateway

to other funding sources but also foster new collaborations and contribute to long -term
societal impact . Cost actions encompass various activities categorized into four types.
These include Short Term Scie ntific Missions, which facilitate exchange visits between
institutions to foster collaboration and enhance knowledge and skills. Training schools are
organized to provide specialized education on offshore freshened groundwater (OFG)

topics, covering areas  such as numerical mode  Iling, marine geophysics, borehole sampling
and logging, and geochemical analyses. Workshop grants are awarded to young
researchers to support their participation in international Workshop s and present their
OFG-related work. Lastly, workshops are conducted to establish common grounds,
workflows, and databases. The ultimate objective of Cost act ions is to bridge the gap
between academia and policy makers through strong multidisciplinary collaboration,

working towards a shared goal

The action brings together 130 participants from 33 countries worldwide and is organized
into five working groups

X WGIL: Assessment

X WG2: Innovative technologies

X WG3: Utilisation

X WG4: Challenges

X WG5: Training and dissemination

The speaker claimed that they are in Group 1, led by Michela Giustiniani and Davide
Gamboa, which focuses on the identification and quantifica tion of offshore freshened
groundwater (OFG). The group is part of a four -year project, currently six months into its
timeline. Their primary objective is to create a comprehensive and open -access database
by compiling existing data and literature on OFG b odies in European waters. This
endeavo ur aims to overcome the fragmented nature of current OFG knowledge by
incorporating onshore and offshore geological, geophysical, and hydrogeological data. The
compilation will be utilized to develop a 3D geological mo del and apply numerical models

to estimate the occurrence and quantity of OFG in specific locations

During the presentation, Ms Wazaz discussed the Short Term Scientific Mission s work
conducted by Damiano, who visited Malta for data analysis. Damiano exam ined 10 deep
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well composite logs and associated drilling reports from the Gela formation. He organized

a database containing essential elements such as formational tops, thicknesses,
stratigraphic facies, geographic positions, ground level values, and tota | drilling depths. The
structural surfaces of the Top and Base Gela Formation were further utilized to construct a
preliminary 3D geometrical model, incorporating stratigraphic layering.

Group 2, led by Prof Katrin Schwalenberg and Johanna L ofi, focuses on innovative
technologies in the study of offshore freshened groundwater systems. The group's
objectives include reviewing existing instrumentation, methods, and approaches

employed worldwide in studying OFG, encompassing geophysics, geochemistry, geology,

and numerical model ling. Through this analysis, they aim to identify gaps and overlaps,
providing insights into areas that require new developments and knowledge. The group

will also develop best practices for OFG exploration and provide guidelines for dat a analysis
and interpretation, drawing upon the expertise and tools available within the OFF -SOURCE
community.

Group 3, led by Dr Ariel Thomas and Dr Lukasz Janowski, focuses on identifying feasible
applications for offshore freshened groundwater and addre ssing existing feasibility gaps.
The group aims to determine potential water resource applications where offshore
freshened groundwater could be beneficial or viable by addressing technological and
economic feasibility challenges. In addition, they seek to expand the network by involving
non -academic participants, including civil engineers, water treatment specialists, and
economists specializing in the water sector. It also provides solution to the open questions
around offshore freshened groundwater util isation such as:

X Testing the hydrological and economic feasibility of existing offshore freshened
groundwater  sites

x Determining the infrastructure needed kDo we use existing infrastructure? Is ther
e aneed for new technological development?

X Environmental monitoring and biological effects? What are the potential impacts
of offshore freshened groundwater exploitation ?

Group 4, led by Elizabeth Quiroga  -Jordan and Yanic Edery, focuses on the legal and policy
aspects of o ffshore freshened groundwater (OFG). The group aims to identify the
challenges associated with the sustainable and responsible exploitation of OFG. They will

compile a comprehensive database assessing the economic and technical viability and
sustainability of OFG. Additionally, they will review existing regulations related to the use of

natural a -biotic offshore resources and adapt them for OFG resources. The group will
develop a list of recommendations for policies, action plans, protocols, and legislation at
local and international levels. They will also provide guidelines and recommendations for

best practices in the utilization of OFG resources.

She concluded her presentation by giving an example of their activite ~ s. She mentioned
that Dr Ariel Thomas a  nd his colleagues recently organized a training school on numerical

model ling. The school attracted participants from 13 different countries. In addition to

formal training activities, the group also engages in informal activities such as school
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outreach a nd public speeches. A colleague from Bulgaria conducted a talk to raise
awareness about water scarcity, the significance of offshore freshened groundwater (OFG),

and the ongoing research and goals of the OFF -SOURCE project. The talk covered research
guesti ons, geographical scope, and organizational aspects of the project.

MR LUCA LAUDI, ENERGY AND W ATER AGENCY

TITLE: OPTIMISING THE MANAGEMENT OF GROUNDWATER RESOURCES THROUGH A BETTER
UNDERSTANDING OF THE ROLE OF THE VADOS E ZONE : CASE STUDY FROM MALTA

The speaker began by introducing himself, stating that he is an officer within the Water

unit of the Energy and Water Agency. Mr Laudi along with his colleague have been working

on a new project, that optimises the management of groundwater resources thro ugh a
better understanding of the role of the vadose zone in Malta.

He explained that the vadose zone serves as a crucial connection between the root zone
and the saturated zone. It plays a significant role in modifying the quality of percolating
water thr ough various physical, chemical, and biological processes before it reaches the
groundwater. Consequently, it is essential to gain a deeper understanding of the vadose
zone's significance as a vital component of the hydrological cycle

Mr Laudi then provid ed a thoroughly explanation of the Vadose zone Monitoring System,
stating that it is a comprehensive setup comprising a flexible sleeve installed in slanted
boreholes without casing. It includes multiple monitoring units positioned at different
depths, equ ipped with Flexible Time Domain Reflectometry sensors for continuous
sediment water content measurement. Vadose zone Sampling Ports allow frequent

collection of pore -water samples. The Vadose zone Monitoring System ensures
undisturbed monitoring of the ent ire unsaturated zone, secured by a filled high -density
sleeve. With nine units distributed vertically and laterally, the Vadose zone Monitoring

System enables comprehensive monitoring up to a depth of approximately 19 meters. It

offers continuous monitorin g of water quantity and quality, encompassing diverse
agricultural land uses, soils, and geologies. The Vadose zone Monitoring System network,
along with weather stations, ensures high spatial representativeness of rainfall data,
enhancing its effectivenes  sThe speaker then presented an overview of the available
stations, showcasing a diverse range of crops under cultivation. Each crop employs
different irrigation practices, including artificial irrigation, rainfed, or a combination of both

artificial irriga tion and rainfed methods. This demonstrates the wide array of agricultural
practices being monitored within the Vadose zone Monitoring System network.

Four selected stations within the Vadose zone Monitoring System network were presented,
representing the  main agricultural land uses in Malta. Two vineyards, located in Siggiewi

and Burmarrad, were showcased. These vineyards employ a combination of artificial

irrigation and rainfed practices, with varying geologies. The other two stations, Mgarr
Aubergines a nd Zebbug, were chosen to highlight the differences in irrigation practices.

Mgarr Aubergines represents a greenhouse with solely artificial irrigation, while Zebbug

station relies solely on rainfed conditions. Notably, the Burmarrad vineyard station featu res
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two shorter sleeves, approximately 4 meters in depth, representing two distinct fields
within the site.  The benefits of this site is there are two boreholes and not one, which could
give information about two fields in this case.

In addition, t he soil ports in the Vadose zone Monitoring System demonstrated high
responsiveness to the main irrigation events in 2021. Significant increases in volumetric

water content were observed throughout the soil profile following major rainfall events in

Septem ber and November 2021, with noticeable impacts recorded even at a depth of 19.17
meters .In 2022, which experienced lower rainfall, there was less deep infiltration compared

to 2021. The 4.42 -meter deep sensors did not exhibit a significant increase in volumetric
water content . The dormant state of the crops during winter facilitated quicker infiltration

to deeper ports, while in the spring/summer months, root uptake of irrigation water
dominated, resulting in minimal deep infiltration. Additionally, the reduced rainfall in
summer limited infiltration to deep ports

The speaker elaborated on the findings by explanaining that Notably, at a depth of 4.42
meters, volumetric water content showed a significant increase, potentially indicating
contact with the  capillary fringe, considering the groundwater depth at approximately 9
meters in this site. Efficient summer irrigation practices were suggested as the irrigation
water in summer was likely being promptly absorbed by root uptake. It was observed
that the Burmarrad site exhibited more preferential flow due to the presence of
fragments, whereas Siggiewi demonstrated a higher influence of matric flow in the
vadose zone dynamics.

Mr Laudi proceeded to discuss the Siggiewi vineyard, emphasizing that the soll ports
showed high responsiveness to the main irrigation events of 2021. Following the

significant rainfall event in November 2021, there was an increase in %VWC throughout

the soil profile, including a rapid increase at the 19.17 -meter depth. In 2022, cha racterized
by reduced rainfall, deep infiltration was lower compared to 2021. Mr Laudi provided an

example to demonstrate how the system can offer valuable insights on the mechanisms

involved in groundwater recharge. Moreover, during the big rainfall even ts (e.g. around
45 mm rainfall), an increase in volumetric water content at 19.17 -meter depth was
observed.

Due to the crop's dormancy in winter and activity during spring/summer, irrigation in the

latter period was not recorded as deep infiltration. Root uptake of irrigation water
dominated during these months. The dormant winter season allowed for quicker

infiltration to deeper ports. Moreover, the limited rainfall in summer resulted in no

infiltration to deep ports. The efficiency of summer irrigation w as discussed, suggesting
that the irrigation water might be efficiently used up by the plants or withheld to

enhance the sweetness of the grapes.

He went on to explain the Mgarr Aubergine Greenhouse, highlighting that rainfall does

not significantly impac  t water infiltration in this setting. During the growing phase of the
aubergine plants, the shallow soil ports responded to irrigation events, while deeper ports
remained unaffected due to water uptake by plant roots. However, in June 2022, when
there were no plants present, an irrigation event was observed, influencing some of the



T e b AI AT 'E - EU funds

GOVERNMENT | MINISTRY FOR THE ECONOMY, " \ I h F + -
%‘“m’k OF MALTA EUROPEAN FUNDS AND LANDS fOI Malta
FOREUROPEAN FUNGS BE THE CHANGE b ke o 20142020

deeper ports at specific depths (4.67m, 6.72m, 8.76m, 10.81m, and 12.86m). The system also
enables the examination of water quality by extracting water from each port and

observi ng how its quality changes over time and at different depths. An example was

shown, demonstrating the variations in nitrate levels at different depths in the Siggiewi
vineyard.

In conclusion, the speaker emphasized that the Vadose zone Monitoring System p lays a
crucial role in enhancing our understanding of groundwater recharge. It achieves this by

considering various factors, including seasons and rainfall events, the type of crop being

grown, associated irrigation practices, and the underlying geology.

Question 1: Mr Matthew Agius was posed an important question regarding methods to
enhance investigations and tailor approaches for achieving precise outcomes in translating
velocity changes across different stations and aquifers

In response to this question, Mr Agius highlighted the significance of accurately
quantifying recharge amounts in aquifers to achieve precise results. He emphasized the
importance of considering the local geology, particularly at the mean sea level, and the

need for cautious inter  pretation when working with multiple stations. Mr Agius suggested
that focusing on single stations would yield better correlations and results. He
acknowledged that a universal formula for translating velocity changes across all stations

and aquifers may n ot be feasible, and customization for each location would likely be
required. Mr Agius concluded by emphasizing the need for further investigation in this field,
considering the abundance of research opportunities.

Question 2: Mr Luca Laudi was asked about the methodology employed to measure the

nitrate concentration. Mr Laudi explained th at they employ a technique that involve
extracting water samples from specific depths using nitrogen. These samples are then

taken to the laboratory for analysis. He also stated that such process could be time -
consuming.

Question 3: One of the attendees reminisced about visiting Malta 40 years ago and
expressed his observation of significant urbanization on the island in recent years. He
inquired whether this urbanization could potentially impact the qualitative aspect,
specifically the relationship betwe en saltwater and freshwater.

Accordingto  Mr Manuel Sa piano's response, the significant urbanization in Malta over the
past 40 years has had an impact on both the quantitative and qualitative aspects of the

water resources. With the population doubling ove r the past two decades and an increase
in water demand, efforts have been made to improve water efficiency. Despite the
population growth, the increase in water demand per person has been relatively small.
However, urbanization has led to the expansion of urban areas, resulting in challenges
related to pollutants and contaminants such as pharmaceutical residues and personal care
products .
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Furthermore, he went on to explain that the reduced areas available for water recharge
due to urbanization have affected groundwater recharge. To address this, the government

is actively promoting the greening of urban spaces and creating permeable areas to
facilitate percolation. The urbanization process has put pressure on both the quantitative

and qualitative aspects of water resources. Malta's water policy focuses on diversifying
water supply sources, recognizing the limitations of groundwater availability based on
factors like rainfall and recharge. As a result, the country is exploring options such as
desalination, wat er reuse, and rediscovering traditional water harvesting practices. The
goal is to establish a flexible and sustainable water resource base that can meet both the
guantitative and qualitative water needs of the population
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Motivation

T Groundwater is a major component of water
used within the Maltese Islands
groundwater
T Groundwater resources are under stress with
challenges both in terms of quantity and qual
T Improvements required in amount, timeliness I _

and use of data gathered on groundwater lev
and quality

T Need to meet the requirements of
groundwaterrelated EU Directives

total water use
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Network development

T Project ongoing to design and implement a telemetered monitoring network to
collect data to improve management of water resources and flood risk

T EUfunded, led by Maltese Energy and Water Agency (EWA)
T Lead contractort British Geological Survey
T Due to complete summer 2024

T Monitoring network to incorporate:
¥, Groundwater level and quality
¥4 Spring flows
¥, Surface water flows
¥4 Meteorology
¥4 Flood levels and flows in-aisk areas
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Status of WFD groundwater bodies
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Groundwater network design

T Network components

T 22 newly drilled boreholes to measure groundwatel
level and quality in Malta and Gozo Mean Sea Lev
Aquifers

T 6 catchments: water balance assessmergarface
water flow sites (including separate low flow sites)
and AWSs

T 12 sites to measure spring water flows/groundwate
level from Perched Aquifers

T Sites telemetered S S} JvP S IE==
new WRM system e

T Construction and instrumentation ongoing
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Aquifer characterisation

T 22 cored boreholes (3.7 km)
T all core geologically logged

T hydrogeological properties of the
core measured

t all boreholesggeophysicallyogged
£ 3D geological model constructed = /g
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Aquifer characterisation
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3D Geological Model:
top of Lower Coralline Limestone
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Updated groundwater level
contours using new and
existing monitoring
boreholes
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Research opportunities

TEWA Infrastructure, datasets & tools

tBGSed project

T boreholelsWAWS/spring sites
T core, core descriptions, aquifer properties
T 3D geological model

T KIGAMled project onfw-swinterface
tSensoiled project on unsaturated zone

TEWA keen to collaborate with researchers

WATER

BE THE CHANGE




Thank you

dmjm@Dbgs.ac.uk







The EU Policy Framework for the protection of

Groundwater




The EU water legislation

Water Framework
Directive (WFD)

Follow -up to Water Fitness Check
New legislation

Floods Directive

Daughter Directives

Basic measures

Water Reuse
Regulation

Groundwater
Directive

Environmental
Quality Standards
Directives

Urban Waste Water
Treatment Directive
(UWWTD)

Overview

Strategic approach to
pharmaceuticals in the
environment

Sewage Sludge

Directive

W™

Nitrates Directive

Drinking Water

Directive

Bathing Water
Directive

Marine Strategy
Framework Directive



The Water Framework Directive (2000/60/EC)

TCornerstone of the EU water policy

TReferral 1 - Water is not a commercial product like any other but, rather, a
heritage which must be protected, defended and treated as such

TArt. 3: Integrated approach ZERIiver basin

TArt. 4 (Objectives) and Art. 8 (Monitoring)
(SW) Good Ecological Potential (Quality Elements) and Chemical Status
(GW) Good Chemical and Quantitative Status

TArt. 4(4) -4(7). Progressive implementation calendar (Exemptions until 2027)

TArt. 9: Cost-recovery principle Economic aspects in water planning and water
management (Polluters pay principle):
I




The Water Framework Directive (2000/60/EC)

Other specific provisions relevant for Groundwater:
TArt. 7. Water used for abstraction of drinking water
TArt. 17: Strategies to prevent and control pollution of groundwater

TAnnex |l: Characterisation of Groundwater




Directive 2006/118/EU

TArt. 3 and 4: Assessment and procedures for chemical status

TArt. 5. ldentification of upward trends and starting points for trend reversals
TArt. 6: prevent/limit inputs of pollutants

TAnnex | : Quality Standards (EU-wide)

TAnnex Il : Threshold Values (MS to consider setting a national standard)

Part B: Arsenic, Cadmium, Lead, Mercury, Ammonium, Chloride, Sulphate,
Trichloroethylene, Tetrachloroethylene, Conductivity (salinity)



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02006L0118-20140711

Directive 2014/80/EU amending Annex |l to GWD

Annex I, Part B, Point 1.
- Addition of nitrites and Phosphorus (total)/Phosphates to the list of pollutants
- MS to establish Threshold Values.




Directive 2014/80/EU amending Annex |l to GWD




WFD Common Implementation Strategy
(Work Programme every 2 years)

WFD

Working Group
Water Reuse

Ad-hoc Task Group
Water Scarcity &
Droughts

Working Group
Economics




Activity groups within the Groundwater WG

TMandate: Tasks, Deliverables and Lead

1) Voluntary Groundwater Watch List*

2) Managed Aquifer Recharge (MAR)

3) Integration between Groundwater Directive and Drinking Water Directive
4) Groundwater in the context of Climate Change

5) Groundwater indicators to show progress towards good status




Relevant CIS meetings and technical work
f 43" Plenary WG Groundwater, 19-2