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EXECUTIVE SUMMARY

The document AGood Practices Handbook on Ground\
been developed within the frameworkthe European CLEPSYDRA project, funded by the Interreg
EuroMED programme of the European Union. The project aims to design and test an intelligent and
integrated system for monitoring and interpreting hydrogeological data related to &gh#iour

with particular emphasis on groundwater quality in agricultural and irrigation contexts.

This handbook provides a comprehensive overview of the instruments and datasets available from
existing monitoring networks including meteorological stations, saturated and unsaturated zone
monitoring systems, and water sampéngcross four pilot sitesCampo de Cartagena (SE Spain),
Llobregat Delta (NE Spain), Aluvides do Tejo (Central West Portugal), and Malta Mean Sea Level
(Malta).

The assessment of these networks revealed significant variability in data availability and development.
While some sitebenefit from weHestablished systems, others show notable deficiencies. Given the
complexity of implementing sjpédic and feasible improvementsspecially when such actions fall
outside the direct control of stakeholders and require codioinamong mliiple authorities,this

document outlines a set of best practices to enhance monitoring efforts.

The national meteorological networks of Portugal and Spain provide the most complete and reliable
datasets. Expanding the number of stations could furtheroimpspatial coveige and data

representativeness in #ile studycase.

In Campo de Cartagena, pairs of soil moisture prblaee been installed to control everigation
events Although these do not support hydrochemical analysis, they offer valjsdoiitativeinsights
of infiltration rates Moreover, by monitoring water crops consumption, these tools allow to eptimi

the available resources, and mirsathe risk of leachate percolation into the groundwater.

At the Malta Mean Sea Level site, ltations have been deployed to endlméhreakttime monitoring

of vertical water flow, and punctual sampling for assessimgpntaminant transport through the
unsaturated zonat several depthdalta is the onlypilot site with an unsaturated zomaonitoring
network well developed highlighting to the other partnerdhe necessityto implement a
tool/probe/station with similar purposes to have a comprehensive understanding of the groundwater
bodies.



Llobregat Delta and Malta Mean Sea Level sitesufiead higher density of piezometers, while Campo

de Cartagena offers more remote data access points. In all cases, careful consideration must be given to
the characteristics of each monitoring water pdirg to several reasons. The main issue is relatbd w

the origin of the observation wells because not all of them were drilled expressly for monitoring
purposesConsequently, vergften building characteristic such depth of the borehole, screen pipe
locations and so on, are unknowriluencing the rkability of the measure, as well as the lack of

information about pumping periods (transient or steady state condition).

Sampling frequencies and procedures vary across pilot sites according to regional and local protocols.
However, the limited represetitgeness of the data reduces its reliability, making it difficult to identify
consistent best practice&imed by this concern, the activity 2.1 will design a protocol for the data

coll ection and the deliverabl e fthhe2.pli.llotGrsoiutnedswd

redacted.

The software programsised for hydrogeological modelsre widely adopted and scientifically
validated. Nevertheless, the limited availability and representativeness of observational data constrain
model performance. Dpie satisfactory calibration and low uncertainty, further improvements are
needed. These findings underscore the importance of enhancing data acquisition strategies to strengthen

model robustnes3.he aquifers of the Llobregat Delta are the Ibestielledof all the pilot sites.

The Clepsydra project aims to conduct comprehensive aquifer monitoring, focusing on both quantity
and quality. This effort will integrate meteorological data, moisture measurements from the root zone,

unsaturated zone, and satudatene ensuring the collection of reliable and consistent data.



INTRODUCTION

This document, titled AGood Practices Handbook
has been developed within the framework of the European CLEPSYDRA prbjgstis the WP1
deliverablef(WP1.Assessment of monitoring capacities in pilot areas and identification of key aps

aims to provide a comprehensive overview of the existing monitoring networks in four pilot areas

located in the partner countries: Spaing sites), Portugal, and Malta.

Theassessmeiid focussen the reliability, representativeness, and potential for improvement of these
networks, which include meteorological stations, saturated and unsaturated zone monitoring systems,
and groundwatequality control tools. Each CLEPSYDRA partner has characterized and inventoried

the tools available in their studyjte

In addition, eachpartner has provided one or more hydrological models at varying stages of
development and accuracy. These modalsetbeen tested to assess their ability to represent dguifer

behaviour with the primary goal of simulating groundwater flow and predicting pollutant transport.



1. CAMPO DE CARTAGENA ( SPAIN)

In the following sections, all monitoring networks that providata for the hydrological and

hydrogeological characterization of the Campo de Cartagena groundwater body are described.

Campo de Cartagena igphain covering 1,440 kmgl1,600 knt watershed)located in theSE of Spain
(Region of Murcia. It is borderedo the east by the Mar Menor and the Mediterranean Sea, while inland

it is surrounded by low mountain ranges.

Campo de Cartagena groundwater body include the sedimentary infill of this basin, mainly composed
of detrital, lowpermeability sediments (claysnéd marls) with permeable interlayered material

(limestones, sands and conglomerates).

The Clepsydra project involves two partners in this area, the GBI (research institutend the

irrigation community of Campo de Cartagena (CRCC).

1.1. Meteorological datacollection networks

IMIDA ! Institute,has 56 stations distributed throughout the regibNurcia, and in particular those

available for the study aré€@) are presented iRigure 1.
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Figure 1: IMIDA webviewer with the location of weather stations.

1 IMIDA (Institute for Agricultural and Environmental Research and Developmiehiurcia Regioi.
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These stations provide daily data @mecipitation, temperature, hours of sun, relative and absolute
humidity, dew point, accumulated and reflected radiation, wind speed and direction, medium vapour
pressuraleficit and evapotranspiration.

The CHS rainfall network (Segura River Basin Authoritywhose data can be directly downloaded
from the official websit€Figure 2)and report data of rainfall volume per hour.
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Figure 2: Data viewer of the Segura River Basin Authority.

Finally, the CRCC within the "Execution project for the implementation of precision agriculture
technologies and aquifer control in the irrigatmmmunity of the Campo de Cartagena (Murcsst
up a netwvork of 24 pluviometers distributed ahown inFigure 3 with data recordingvery five

minutes, operative since the second quarter of 2022.
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Figure 3: Network of rain gauges of the Community of Irrigators of the Campo de Cartagena.
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1.2. Monitoring of the unsaturated zone

1.2.1. Soil moisture probes (root zone)

To quantify the effects of irrigation, the CRCC installed probes to detect soil moisture and observe its
evolution with depth. Since 2022, accurate monitoring of irrigation rungll@sed for minimizing

the infiltration rate, thereby preventing excess water from entering the aquifer due-toigaton.

L)
L5233

Figure 4: Map of installed probes in Campo de Cartagé@®CC network)

In 500farming plos, a pairof probeshave beernstalled their spatial distribution is shown Figure

4. The shallowprobeis 20-30 cm depth and theecond i50 cm for horticultural crog or 90 cmfor

trees Those pairs of probes are able to measahemetric humidity and electrical conductivity of the

soil. A mobile application allows stakeholders to visualize the data. It also has a series of alerts that
provide information on the need for water of the crop, taking into account the soil moisture a
according to thermaainfall data of weather forecast. When the humidity reaches a threshold value, it

warns for the interruption of irrigation.

Figure 5: Map with moisture probes project CREQPCT.
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Finally exist another netork (Figure 5 of 50 humidity probe installed by tHéPCT (Polytechnic
University of Cartagena) in collaboration with the CRAC.measuressoil humidity, electrical

conductivity and temperature every 10 cm to a depth of 60 cm.

1.3. Monitoring of the saturated zone

1.3.1.Groundwater level networks

Piezometric level databases have recorded data with annual or monthly frequency for decades. In recent
years, these records have been supplemented by several monitoring networks that provide continuous
data recorohg. The main of these was implemented by @S in December2019 with 19 points
locatedin the coastal zone of the Mar Mer{&igure € with records every five minutes. Thlatabase
is public and available for download #te SAIH websité. Those probegecord temperature,

piezometric levelelectrical conductivitysalinityand total dissolved solids
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Figure 6: Web viewer o€HSdataloggers in real time

Additional datalogger networks were established by the previously mentioned CRCC project (soil
moisture probes). This network includes 24 piezometers equipped with sensors to record temperature,
conductivity, and piezometric level every 30 minutes. Itheen operational since March 2QExure

7).In this case, 12 of th@iezometers were drilled for this projédtilled in pairs with different depths)

andremaining points are existing boreholes amls (private owners)

3 Segura River Basin Authity network visor fittps://saihweb.chsegura.es/apps/iVisor/index.php?saljo=11
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The AQUIFER projecthas 6 data loggers in private weglsgure 8 recording temperature, piezometric
level and electrical conductivity, operational since March 2022 with hourly data recording. Data are
automatically uploaded every 24 h on the Grafana server. Moreover,ré2iata loggers (LevelScout

2x; Diver) are installed whose data must be manually downloaded periodically by-ECSVE.
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Figure 7: Piezometric network of the project to implement precision agriculture technologies and conaglifez in the Community of
Irrigators of Campo de Cartagena.
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Figure 8: Continuously operational piezometric level log networks spreading in Campo de Cartagena groundwater body.

1.3.2.Quality networks

Quality networks over the groumdter body Campo de Cartagena managed by CHS, is sh&igune
9. It is composed by 56 points (blue dots wells/borehole/piezometers with discrete sampling) and Mar

Menor dataloggers network (red crosses).

41GME-CSIC website Geological and Mining Institute of Spdittp6://www.igme.ep/
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Figure 9: CHS wehviewer with visible shapefiles of groundwater body boundaries (polygons) and quality network points.

Figure 10 shows the location of the 137 private wellsd boreholesampled monthlypy CRCCfrom
2019 The sampling isarried out with the aim of measugimitrate concentratigralso electrical
conductivity and water consumption aezorded for each on&hechemicalanalyss arecarried out
by a certified laboratoy. These data are reported to CHS and available with his own data in the

repository of watequality”.

* Andaluciense
* Cuaternario
* Plioceno

Figure 10: Distribution of CRCOmonthlysampled wells/boreholesassified for each aquifer

1.3.3.Hydrogeological models

Campo de Cartageragjuifershad been the subject of study for many years, attracting the interest of

various research institutions focused on modelling the regional aquifer.

5 www.chsegura.es/es/cuenca/redescontrol/calidaden-aguassubterraneas/
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This basin, located in the eastern part of the Betic Cordillera, contains a sedimentary record that extends

from the Miocene to the present, ab2000 metersf thicknesgAragon et al., 2011).

Severalregional flow models have been developed to better understand groundwater dynamics.
However, among these models, threemerical modelstand out as the mostliable and widely
referenced in current research.

1.3.3.1. Alcolea et al. (2Q9)

The study developed a thrdanensionalmodel to analyse densityriven effects at the interface of
unconfined aquifers and lagoon, using 8RHY (Spatial Processes in Hydrologypdel. It quantifies

daily surface water balance components and soil moisture dynamics at discrete layers. The root zone
water balance is primarily influenced by soil moisture, precipitation inflows, and losses from
interception and actual evapotranspimtiall affected by vegetation, root depth, water storage, and soil

texture.

Dueto the ared gentle topographywhere90% of slopes are less than lgéeral fluxesn the vadose
zone are ignorednaking capillary forces the main driver of vadose floWse study also calculates
the portion of precipitation exceeding soil storage as potential recharge to the shallow(ERaguifer
11).

0 25 5 7.5 10km
_-—

e

~= Taibilla Channel + Meteo. stations + Pilot points
Tajo-Segura Water Transfer @ Calibration boreholes

Existing drains * \Validation boreholes

Figure 11 (a) The model saip ; (b) Detail of the fine model discretization in the vicinity of existing drains; (c) 3D view of model
discretization (vertical exaggeration factor x1®lIcolea et al., 2019)

The SPHY model incorporateboth static(slope and soihydraulic properties) and dynamfclimate
data and satellitbased vegetation data NDMhputs Outputs include evapotranspiration losses and
aquifer recharge, feeding into the 3D variatdsity nodel. Groundwater flow is anakyg using the
SUTRA finite elements code, with aquifer pevties calibrated through the regularized pilot points
method andPESTsoftware.
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Figure 12: Localized and htributed management scenarios

The Campo de Cartagenau&ernary aquifer covers 1,1k8n2 andit extends under the Mar Menor
lagoon and it has beeamodelled in 3D with 500 x 500 m cells. It comprises sand, silt, clay, and
conglomerates, with a thicknessnging from50 to 150 m. An underlying aquitard is excluded from

the model due to miniai natural fluxes to deeper aquifers.

The 3D model uses irregular finite elements for horizontal discretization, refining around areas with
steep topography, the coasd, and drainage networks. It consists ofertical layers based on aquifer
thickness, totading 8million elementgFigure 12).

The model simulates a Igear period (October 2000 to December 2016) that encompasses various

hydro-meteorolgical conditions, including wetverageand dry periods.

Nitrate discharge into the lagoon is calculated by multiplying groundwater discharge by monitored
concentrations, assuming stability along its path due to the oxic conditions of the aqué#owing
for relevant denitrification process@sgure 13).
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Figure 13: (a) The spatial distribution of hydraulic diffusivity after calibration shows a mean diffusivity of approximately 5@6rmz2/d
existing drains, which is not displayed to maintain the colour scale. (b) compositeafqastandard deviations of the estimated
parameters.
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Recharge varies significantly daily and seasonally, influencedédogiarid rainfall patternsand
agricultural practices that can lead to peaks due to the region's shallow topography. The mean annual

recharge is approximately 73 mragy, with higher values of aroun800 mm/yr in irrigated areas

(Figure 19.

8

o
S

Bl Actual evapotranspiration
W interception

O )
S5 o o

Water balance (mm)
8 o

Figure 14: (a) Spatial distribution of estimated mean annual recharge (mm/yr); (b)monthly averaged water massduatgpureents for
the study period (200@016.

Hydraulic heads exhibit a ndimear gradient increasing from west to east, with minimal fluctuation
during dry and wet period&igure 15-16). The model reveals that most discharge occurs in the central
lagoon sector, with northern segments experiencing slightly higher discharge duegher

concentration opumping in the south.
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Figure 15: Contours of the hydraulic heads from the calibrated model at date 15/03/2004, afteyaawitydro-meteorological average
period
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Figure 16: Spatiattemporal distribution of discharge of groundwater and nitrate into the Mar Menor lagoon. The perimeter of the lagoon is
divided into 15 segments with length ~2 km. Fohesegment, the discharge of groundwater (solid lines) and nitrate (dashed line with
same colour) are presented. Periods of average (grey), wet (blue), and dry (redstedarological conditions are highlighted. The table
contains, for each sector, thenqgentage of the mean discharge of grouatdw (%H0O) and nitrates (%Ng) for selected hydro

1.3.3.2.

CHS (2020§

meteorological periods.

This model was developed for a coastal strip around the Mar Menor, reyéséabical modebf the

superficial aquiferof the Campo de Cartagarbased omew geophysicalsurveysconsisting of71

SEVS, 5 electrical tomography and 22 lithological columns from drillings (plusetfiew of existing

datgd. The Quaternary aquifer in this regioansists of varied sedimeritgluding clays, silts, sands,

gravels, and conglomerates typical of alluvial and colluvial environments, as well as coastal and lagoon

sediments like marls and limestones. The averagertbgskof the aquifer 82 m, withvariations

This study identifies fougeological layersKigure 17; levels 1, 2, and 3a form the main aquifer

section, while levels 3b, 3c, 3d, and 4 act as aquitards. Over 90% of groundwater, flows toward the Mar

Menor through the upper layers.

6 cHs (2020 Cuantificacion, control de la calidad y seguimiento piezométrico de la descarga de agua subterrdnea del acuifero cudgbozampo de

Cartagena
https://www.chsegura.es/si@marmenor/DescargasMarMenorCuaternarioCampoCartagena.zip

al

mar

Menod.

Modelo

de

flujo del Acuifero

Cuaternario

del

Campo de Cartagena.
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Figure 17: Geological profiles of the study ar¢@HS, 2020).

A thickness map of the aquifer has been developed using data from 109 geological beigemetry
of the aquifer at the discharge edge to the Mar Menorthesadjusted to reflect the position of the

saltwater wedge.

Figure 18 Conceptual model (left) and finite element mesh used in the flow model, with details of refined areas in the mesh (right).

The GhybenHerzbergformulation was used to determine the depth of the fremsaltwater
interface (Figure 18), assuming horizontal freshwater flow and no saltwater flow or mixing.
Additionally, the Hubbert correction was applied to account for vertical flows in the discharge area due
to a gradual reduction in the freshwater lmyifsection to the sea.

The TRANSIN codethen, calculates transmissivity (T) as the product of hydraulic conductivity (K)
and aquifer thickness, witinap zoninghased on data from pumping tests, piezometersgantbgical
information(Figure 19. A storage coefficient of S = 0.02 was estimated from data obtained during the

pumping tests.
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The model considers aquifer recharge from rain infiltration, irrigation returns, and lateral groundwater
inflow. The amount of precipitation recharge was edtitiaising data from meteorological stations
CA73 and TP22, with infiltration percentages ranging from 1.7% to 6.9%, based on results from the
SIMPA model. Irrigation returns recharge rate was calculated based on Agricultural Demand Units
(UDA) in the studyarea, utilizing CORINE Land Cover maps and field observations to identify crops.
A temporal function was developed to implement this parameter in the model, linking UDA, crop type,
and nearby meteorological stations. The land was classified into fivegraips: rotational crops,

woody crops, urban land, salt marshes, andauitivated areas.
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Figure 19: Transmissivity map implemented in the model

Finally, model calibratioradjusted thestimated recharge values, increasiregrthn certain areas and

decreasing them in others, with the highest inflows occurring in rotational crop zones.

The conceptual model identifies several outputs, including pumping from wells, evaporation from salt
marshes, discharge from the aquifer toR@nbla del Albujon, and groundwater discharge to the sea,

with the latter being the model's main objectiF&ure 20).

The model incorporates data from the Quaternary aquifer, derivedafinanitial inventory of control

points. The extraction volumessigned to these points come from the SICA sysiterapresert the

major concessions extracting between 4% and 19% dlibeated volume in 2028019, resulting in

an estimated extraction volume of 3 hm3/year for the aquifer. Evaporation outputsaitamarshes

are calculated based on the estimated groundwater demand in the basin plan, proportionate to the area

of each marsh.
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Figure 20: Discharge to Mar Menor from the Quaternary Aquifer of Campo de Cartagena (in hm3$talceegments

TheTRANSIN code facilitates calculating inflow ratessgiecific nodes along a specifiow boundary.
The western edge of the model is segmented into 12 vataigé sections. Those correspotadthe
watersheds draining into the Mareor, allowing for detailed quantification of groundwater inflows
to the Quaternary aquifer. Feimulating discharge from the lattieto the Mar Menor at the eastern

boundaryit is used fixed level condition (Np3et at sea leveBy dividing this ede into 11 sectors it
was possible tanalyse the discharge distribution.

Finally, the numerical model was calibrated by adjusting parameter values to replicate observed water
levels using a combination of manual and automatic methods. The mean absoluteasrf.76 m,

supporting the hypothesis of preferential groundwater flow zones, both areal and linear, associated with
channels opaleeochannels
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Figure 21: Monthly mass balance with system inputs shown in warm capositive values) and outputs in cool colours (negative values)
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Figure 21presents a monthly mass balance for the considered period, showing that system inputs align
with three major periods of intense precipitation, which also lead to increase aquifer storage. In contrast,
discharge to the sea remains constant and rises maft¢énsecharge peaks. This indicates that the

fluctuations in recharge, affect the discharge to the Mar Menor despite these effects are moderated by

changes in aquifer storage.

1.3.3.3.  Project AQUIFER numerical flow model (2023Y

The conceptual model is based thve following considerations (more information can be found in
Deliverable 2.1.1 "Hydrogeological Report and Model afpo de Cartagerdar Menor"):

- The Quaternary and PHQuaternary aquifers in the southern sector are modelled, connected to the

Mar Menor lagoon, assuming a disconnection from the lower aquifer units.
- Rechargenly comes from rainwater infiltration and irrigatioeturns

- Discharges occur towards the Mar Menor lagoon, southward through the Cartagena sector, and
through extractins (wells and boreholes).
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Figure 22: Temporal evolution of measured and calculated levels from 1920 to 2020

" GarciaArostegui, J.L., Roblearenas, V.M., Pool, M., Mas, R., Sampietro, D., Abarca, E. (2023). Informe y modelo hidrogeolégico del Campo
de CartagenaMar Menor.AQUIFER Project (SOE4/P1/E10%5.19 p.
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The flow model has been developed usiM@DFLOW software with the graphical interface
Groundwater Vistas version 8.28WV8). For the numerical model, the MODFLGOWSG calculation

engine has been employed. It allows for mesh refinement in specific areas \itifs anstructured,
minimizing balance errors. The model successfully reproduces the level measurements, with all
observation points showing perfect alignment between measured and simulated values. This is
illustrated in theFigure 22shows the temporal evolution of measured and calculated levels from 1920
to 2020 for several observation wells. The piezometric aisaklsows a westast preferred flow

discharging into the lagoon, with higher hydraulic potential in elevated areas.

Both the 1920 and December 2020 simulations reveal higher levels in the central sector compared to
the 1960s, a period marked by maximunrastion from the Quaternary aquifer that caused widespread

level declines and marine intrusion near the coast.

The water balance indicates rain infiltration and irrigation surpluses as system inplutayevage
recharge estimated af2 hm3/year over thsimulation period (1922020). Major outputs include
discharge to the Mar Menor (averaging 34 hm3/year) and pumping extractions (31 hm3/year), along with
a minor discharge of about 8 hm3/year towards Cartagena. Notably, discharge to the lagoon may be

undeestimated due to umodelled groundwater transfer to lower aquifers.

Since the simulation began, the storage variation has been negative, with discharges and extractions
exceeding recharge. The 1980s saw increased recharge and decreased pumpingjmesasiing

storage variation. By the end of the simulation, both recharge and extraction decreased, nearing zero
storage variation. Although the aquifetosis signs of recovery, it hasnéached its pr&920 natural
equilibrium. Calibrated parameters @ii with previous models, showing consistent patterns in
permeability and drainable porosity. Some sectors exhibit high permeability values, possibly indicating
geometric errors. Velocity distributions reveal slower speeds (0.3 to 1.5 m/day) in the ardtral
northern areas, while particle transport simulations indicate transit times ranging from 35 years in the
north to 225 years in the south, with faster pathways in the central coastahveraging around 15

years.

1.4. References
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2. LLOBREGAT DELTA (SPAIN)

The Community of Water Users of the Lower Valley and Delta ofLlbbregat (CUADLL) is a
corporation that includes all groundwatiserdocated within tis specified territorial area. It represents

the interests of supply, industrial, and agricultural sectors.

The Lower Llobregat valley is a free alluvial aquifer, fexrby several fluvial terraces. At the delta
splits into two parts separated by a wedge of silt. The upper aquifer is shallow and covers much of the

delta, while the deeper aquifer lies beneath the silt wedge and is confined.

A

e — .

Figure 23: Service viewer meteocat.cat with the location of weather stations

2.1. Meteorological datacollection networks

METEOCAT (Meteorological Catalan Service) has 208 stations, 3 located in the pilot site in the
Llobregat plain Figure 23. These stéons provide daily data omrecipitation, temperature, hours of

sun, relative and absolute humidity, dew point, accumulated and reflected radiation, wind speed and
direction, medium vapour pressure deficit and evapotranspiratorc or di ng t @lsokFh&O. The
AEMET? (State Meteorological Agency) rainfall network, although only one station is available for the

study area, | ocated in Barcelonads Airport.

8 AEMET (StateMeteorological Agency) rainfall network websitattps://opendata.aemet.es/centrodedescargas/productosAGMET
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2.2.  Monitoring of the saturated zone

2.2.1.Groundwater level networks

In Llobregat pilot site, there argeveral piezometric networks coexisting in order to have a greater
knowledge of the aquiferF{gure 24). Piezometric level databases are being completed with the
existence of several monitoring networks with continuous registration. In total, there are 163

piezometric control points.

Legend

» ® ACA
CUADLL
Users

BH

BCN's Port
Molins Ponds
SVH Ponds
Wetlands

Figure 24:Piezometric networks in Llobregat pilot site

TheCatalan Water AgenéyACA) official piezometric network is made up by 87 control points, which
are represented rigure 25. Level measurements are carried out monthly since 1970, and as you can
see in the picture below, 6 users control points are measured weekly since 2012 to complement aquifer

piezometric control.

CUADLL implemented monitoring network with continuous level registration to expand the
groundwater control. These are 7 monitoring points, 6 of those are managed by CUADLL, and only 1

monitoring point is managed by ACA. In all cases, dataloggers recording4tierys Figure 26.

9 ACA (Catalan Water Agency) official piemetric network icacions.aca.gencat.cat/sdim21/

10 CUADLL (The Water Users Community of the Llobregat Delta) webditigps://www.cuadll.org/
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Figure25: ACA and userso6 piezometri.c network exist in LIo

Moreover, to groundwatdevel, they record temperature, and some of them electrical conductivity too.

The points began to be apé&onal in 2018.

In addition to monitoring the pilot site, there are other several piezometric networks in order to control

a specific aquifer zone, such as the possible im
artificial recharge systes contr ol i mpl emented in this aquifer
works Figure 27), piezometric control has been carried out monthly, since 2007.

Figure26: ACA and user s6 moni t orpiezogetriwnetwhrk exist m Liobregabpiossite. e gi st rati on
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Figure 27: Barcel onads harbour works piezometric networ

In artificial recharge systems, dataloggers are installed to control piezometric level continuously. In the
case of hdraulic barrier against sea intrusi¢fiigure 28), data records every day since 2018. Sant
Viceng dels Horts recharge pon@sgure 29) are registered every 10 minutes, since May 2024, and in
AQUIFER SUDOE Molins de Rei ponds, data records every 4 hosirsse 2021. In addition to
groundwater, temperature and electrical conductivity are measured in the most of control points.

Finally, a piezometric network to control wetlands and their interaction with the aquifer is represented
in Figure 30. Dataloggersra installed in several piezometers around two of three wetlands to control
them, which logger data every hour. The first points began to be operational in January 2020, remaining
all installed in the first quarter of 2022. The third wetland, which leestrol is measured manually,

is has beenarried out monthly since 2010.
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Figure 28: Hydraulic barrier piezometric network.
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Figure 30: Wetlands piezometric network.

2.2.2. Quality networks

Below several quality networks are full important database avail@ADLL collects all the
information from the different qualitpetworks,and this allows to know imletail the quality of
groundwater, mainly chlorides and nitrates. Others parameters are analysed, such as majoritarian anions
and cations, some metals, microorganisms, organochlorines, other organic compounds, BTEX,
pesticides and emergent compourkdgure 31 show several quality networks distributed in such a way

as to obtain the maximum information about the aquifer. In total, 186 well points and piezometers
conformed this global network. Timely data collected from water samples depends on the objective of
guality control. It can be quarterly, sewnnually or annually. Below, these networks have been

explained in detail.
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ACA has a surveillance plan designed in order to determine aquifer dteguse(32. In addition,
CUADLL has designed a quality netwdhat complemented the official one. And finally, groundwater
users also have their own quality networks, whose data they provide us to add to the global aquifer
knowledge. In total, 150 control points are included in this global quality network. Mosblopoitnts

are sampled annually, and users networks the controls are more periodic, such as quarterly.

Legend

' ACA
CUADLL
Users
BH
BCN's Port
FGC
SVH Ponds

Figure 31: Quality networks exist in Llobregat pilot site.

In addition to monitoring the pilot site quality, there are otleresal specific quality networkso
control specific aquifer zones, such as the poss
railway drainage watgFGC) or active artificial recharge systems control implemented in this aquifer.

In the firg case, Bar c el oFigaré 33), 15 avatdr samples Wave deen cqrried out
qguarterly, since 2007. Most of this networkos pi
measure continuously, every 4 hours; pressure, temperature anda&leotnductivity, with the aim to

monitor saltwater intrusion. Data collects is quarterly. In the case of railway drainage water control
(FGC), 6 water samples are analysed annually. In this case, the operator has been working hardly on

the waterproofing bthe railway tunnel, so perhaps the number of control points will end up being

reduced.
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Figure32 Of f i ci al quality network (ACA), CUADLL and usersbd

Legend

0 1 2km @ @ FGC
—_— @ Barcelona's Port

Figure 33: Barcelona harbour works and railway drainage (FGC) quality control networks.

Artificial recharge systems are implemented in pilot zone, hydraulic barrier and recharge ponds. In both
cases, in addition to continuous monitoring control, which are contrphessure, temperature and
electrical conductivity, water samples are collected to control other chemical parametgdraulic

barrier fFigure 34), 7 automatic sensors data are collected pressure, temperature and electrical

conductivity every day, sin@018, and 15 water samples are collected-semually, since June 2023.
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Figure 34: Hydraulic barrier quality control network.

In Sant Vicenc dels Horts artificial recharge porfgre 35), 5 automatic sensors data aotlected
pressure, temperature and electrical conductivity every 10 minutes, and 5 water samples are collected

every month and a half. This sampling time depends on the reclaimed water infiltrated volume.

Figure 35: Artificial r echarge ponds quality control network.

2.2.3. Hydrogeological mode$

In 2002, the Groundwater Hydrology Group of tbatalonia Polytechnic UniversitfJPC) drew up,

on behalf of théACA, the "Baix Llobegat Aquifer Management PrografviazquezSufié et al., 2002)
The aim was to restore it to its good status and determine the optimal degree of exploitation for its

sustainable use.
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The main tool of this program was the development of a numerical model of water flow and chloride
transport in order to study marine intrusion in the Llobregat Delta aquifegsiously to the numerical

model, a geological and hydrogeological study and updasecarried out which included: theigdy of
geological data and aquifers definitidhe evision of piezometric series and hydraulic parametbes

study of historical extractionshydrochemistry the nass balancéwater inputs and outputs to the
aquiferg considering lateral inputs, recharge, artéractions with rivers and se€ehe numerical mael

was based on the conceptual model derived from previous studies, integrated all available data, gave
coherence to the conceptual model, and became a tool for aquifer management. This model was built
with Visual Transin(Figure 36) and with data from 1966 to 2001, with data partly provided by the
CUADLL.
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Figure 36: Example of modelling levels the main aquifer through Visudransin

Geometrically, ACA-UPC model is twelayered: the upper layer represetiie surface aquifer (only
present in deltaic zone), while the lower layer simulates the main aquifer (defined as the Cubeta de Sant
Andreu, the Vall Baixa, and the delta deep aquifiér)s a finite element model, where all available
properties and datare assigned, such as contours and boundaries, hydraulic parameters, recharge,
extractions, piezometric levels and chloride concentnatidt was made with the Visudlransin
numerical code, developed by the UPC itself. This code allows solving thedimaorlinear inverse

problem, in one, two and three dimensions.

The model covers a region of 120 krhas about 50 years of time series, 100 transmissivity and 14
recharge zones, more than 100 extraction wells, some witttithe functions, more th&®00 chloride

data and many more piezometric levels. Once the geometry and geology of the model is built, the time
functions derived from the conceptual model are implemented. Then the model calculates and gives as
a result of piezometric level values atmhcentration of chlorides at each point and each unit of time,

as well as the mass balance icleaell or region of the model.
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Figure 37: Water balance of Transit model.

If the results are not consistent enough withotheervables (measured piezometric levels and chlorides,
and mass balance of the conceptual model), then the calibration phase is started, which consists of
modifying the input data to the model until the results are sufficiently aenswwith the obsendes

ones.

The model has been updated, accompanied by improvements and recalibrations, validated by ACA.
During this period, ACACUADLL meetings were held in which the numerical model was used for the
"Technical bases for the drafting of Baix Llobregaufers exploitation rules"The mass balance,
coinciding with the conceptual model, is summarizeéigare 37. This balance gives an idea of the

dimensions of the flows invoéd with respect to the aquifer.

Due to the growing interest in having an updatad functional model, it was decided to migrate the

model to commercial software, in this c&e~LOW, which conains a powerful visualization.

This migration has been carried out by the Institute of Environmental Assessment and Water Research
CSIGIDAEA', whose staff created the first modeVisual Transinwhen they were at the UPThe

new migrated model corresponds to the period 198850, and was delivered to Catalan Water Agency

in June 2021The model, in this new code, has made it possibleaioage future changes in the study

area more quickly, such as the implementation or modification of infrastructures, pumping updates,
time series updates, etc. without limitations of the code used in terms of spatial and temporal

discretization.

1 CSIGIDAEA website (Institute dnvironmental Diagnosis and Water Studiebjtgs://www.csic.es/esfebic/organizacion/institutesentros

y-unidades/institutale-diagnosticeambientaly-estudiosdelagug).
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Figure 38 FEFLOW2d model. Map of main aquifer hydraulic conductivities.

SubsequentlyiEFLOW 2D model Figure 38 has been transformed into a 3D modegure 39 by

the CSIGIDAEA group who are the same authors of the migration ofgg@mnal model in Transito

the FEFLOW code, implementing the digital terrain model and the geological model. The resulting
model is made up of 42,413 elements, 22,267 nodes, 7 layers, incorporating information from more
than 360 geological surveys, mattean 40,000 observed piezometric level data and aro@D 9,
chloride concentration daf&igure 40. This model was shared and accepted by Catalan Water Agency
in July 2024.
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Figure 39: Update of 3D numerical model of La Cube®Sant Andreu and Llobregat Lower Valley, made by GSKEA.
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Figure 40: Conductivity model and example of chloride concentration if-EELOW3D Model.
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3. ALUVIOES DO TEJO (PORTUGAL)

The Tagus Nitrate Vulnerable Zone (TVZ)lixated in the catchment of the river Tagus in Portugal
(Figure 414d). The initial designated TVZ area (Ordinance 1100/2004) comprised 19 000 ha but was
subsequently extended (Ordinance 1433/2006) to 100 000 ha. Another extension (Ordinance
1366/2010) incrased the TVZ to 241 686 ha. Currently the TVZ contains 60% of total NVZ area in
Portugal. It comprises 72 parishes organized into 20 municipalities. Agriculture accounts for the
majority of land use and is of great economic importance in the aredJtiltzed Agricultural Area

(UAA) is on average 52%, slightly above the national ane2Blaverages.

3 nz_Tagus
[0 unconfined aquifer
"i\ NVZ_Tagus . [ confined aquifer
’ [ Portugal limits - Google Satellte
Googie Satellite

— Tagus and tributaries

Figure41: a) Tagus Vulnerable Zone location in Portugal; b) aquifers in Tagus Vulnerable Zone.

Nevertheless, it varies between 686 &83% among the municipalities in the TVZ. Irrigated land in the
municipalities varies between 30 and 90% of the UAA, well above the national and-2@ d&ldrage.

These figures highlight the importance of irrigated intensive agriculture in the stualy.r&gout 14%

of the UAA is occupied by small farms with areas between 5 and 20 ha, 12% by farms with areas
between 20 and 50 ha and 62% by farms larger than 50 ha.

Alluvial formations
(Aluvides do Tejo aquifer)

w Tagus River E
ol
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Figure 42: Cross section of Tagus sedimentary basin showintptiation of the Aluvides do Tejo aquifer and the formations of Tejo/Sado
underlying aquifers.
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Long term daily minimum and maximum air temperatures are 13 and 29 °C, respectively. About 90%
of the landscape is flat and only in 6% of the territory theeensld slope. The TVZ extends over a
hydrogeological complex arekiure 41b), comprising two layered aquifers separated by an aquitard,
i.e., a geological layer with reduced permeability. Above the aquitard, in the upper aquifer (2 to 14 m
below soil suface), 55% of the monitoring wells record nitrate concentrations higher theng/40

This is considered a greater threat than the lower aquifer due to its proximity to the soil surface which

makes it react rapidly to agricultural management.

ThePortuguese pilot site corresponds to the area associated with the unconfined upper aquifer: Aluvibes
do Tejo Figure 41b) in orange and its geological section is representédgiare 42 (Cameira et al.,
2019)

3.1.Meteorologicaldata collectionnetworks

The Portuguese Environment Ageriéy(APA) has a nationwide meteorological network that was
launched in 1980, although some stations have since been deactiigted.43 shows the statian
covering the pilot site. Them@re two types of stations: climatologi¢d) and udometrig2). This first

type provides measurements of daily precipitation, temperature, hours of sunshine, relative and absolute

humidity, wind speed and direction. Udometric stations only provide ailly grecipitation records.

Arddometric
climatological

Figure 43: Meteorological (climatological and udometric) stations in the Portuguese pilot site: Aluvides do Tejo (blue area).

2 APA (Portuguese Environment Agency) websditigpg://apambiente.pt/
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3.2.Monitoring of the unsaturated zone

To this day, there is no official monitoring of the unsaturated zone. Within the scope of the Clepsydra
project, equipment to monitor water and nitrates in being installed in the root zone and bellow in the

pilot site.

3.3.Monitoring of the saturated zone

APA is the institution responsible for the groundwatenitoring network and monitoring protals
nationwide. It § also responsible for the publishing the monitoring results. Monitoring takes place in
wells owned by farmers. There are two different momitpnetworks, the piezometric network and the
guality network. Groundwater monitoring information databases are available in the national system
for water resources information (SNIRH in Portuguek#épé:/snirh.apambiente.pt/The locations of

the monitoring wells in the Portuguese pilot site are presenteigume 44.

‘q'uantity
o quality

Figure 44: Location of the monitoring network managed by the Portuguese Environmental Agency.

3.3.1.Groundwater level networks

The wells belonging to the piezometric monitoring network are showkigure 44. There are 23
monitoring points in the aquifer Aluvides do Tejo, the first ones installed in 1981. However, in 2024
only 11 are active. The water level measurata are carried out once a morfilgure 45 shows a print

screen from th&NIRH platform.
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As part of the Clepsydra project, divers have been installed in four wells and measurements are being

taken continuously with hourly registration, the data of Whscdownloaded regularly.

"
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o 4 o Cancelhos, NAY=15. 1 : o :
o wes Linhas de Agqua — m T7 - ALUVISES DO TEJO ‘x . }
6290 M\ oo Gistema Aquifero 'nm:x " sl

Profundidade média do nivel de &gua no ano hidroldgico 2023/24.

Figure 45: Print screen of the SNIRH platform showing the average groundwater depth in the Aluvides do Tejo aquifer relative to March
2024 (https://snirh.apambiente.pt/).

Isovalores nédios (2.4 camparha ~ Jul a Dez,) de Nitratos em 2023, Isovalores nédios (2.3 campanha ~ Jul a Dez.) de Condutividade em 2023,

Figure 46: : Print screen of the SNIRH platform with the results of nitrate and electrical conductivity monitoring in the Aluviégs do
aquifer(December 2028ttps://snirh.apambiente.pt/
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3.3.2.Quality networks

The wells belonging to the quality monitoring network of the unconfined quaternary aquifer Aluvides
do Tejo are shown iRigure 44. The number of monitoring wells reached 54, but currently (2024) only

25 wells are active.

The collectionof groundwater samples started in 1989. Two water samples per year are taken from the
wells and analysed for nitrates and electrical conductifityure 46 shows a print screen from the
SNIRH! platform.

3.3.3.Hydrogeological modes

The Tagus alluvial aquifer, "Aluvides do Tejo," is described as a multilayer, primarily unconfined
aquifer formed by Pleistocene and Holocene deposits, including alluvial and terrace formations. It
covers approximately 1,113 km? along the Lower Tagus Basiactly connecting with the Tagus
River. Its sedimentary layers include sands, gravels, silts, clays, and basal conglomerates, with
considerable horizontal and vertical hydraulic variability due to the complex internal structure. The
primary source ofecharge is direct precipitation, estimated to contribute between 210 and 220 hms3 per

year, which is about 30% of total precipitation.

Additionally, recharge can occur from underlying aquifers (Tejo/Sado right and left margins), suggested
by hydrogeochemal data. In the oveexploited areas, there is also upward leakage from the deeper
Miocene formations. The alluvial aquifer interacts hydraulically with the Tagus River and receives
discharges from the Pliocene and Miocene aquifers. Under natural cosditienTagus River and

tributaries serve as discharge zones for the aquifer.

However, due to current levels of groundwater exploitation, this natural flow can be reversed, with the
Tagus River now recharging the aquifer in certain areas.-&ueaction &o alters the natural flow
between aquifers, leading to flow inversions between the alluvial and Pliocene layers and between
Pliocene and Miocene layers. The aquifer is also influenced by tidal effects near the estuarine border,
where ovetextraction hagacilitated saltwater intrusion. This is a significant concern for the southern
estuarine boundary, especially near coastal areas and urban regibag.ejo alluvium region, various
studies have utilized both hydrological and hydrogeological modeladerstand and manage water
resources effectively. These models are crucial for addressing both surface and groundwater

components, which is essential for the corhpresive study being undertaken.

13 SNIRH (N#ional Water Resources Information System) platfohttps:/snirh.apambiente.jt/
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The hydrogeological midel used for the Tagus alluvial aquifer in the context of the BINGO H2020
Project is a numerical groundwater flow model baseBERLOW software, which was selected for its

ability to simulate complex groundwater systeREFLOWis a finiteelement computerogram from

DHI-WASY GmbH, able to simulate regional problems with a high number of elements. It can simulate
interactions between rivers and aquifers, saltwater intrusion, saturated and unsaturated flew, multi
species mass transport (pollution problemsand tr ansport controlled by

chemical kinetics, amongst other groundwater issues.

- bingo tejo 30 VI_MDEPSbomEPALsconstrl :3 - 3D

Figure 47: Multilayer wells boundary conditions in the model.

Key features of this model include:

Conceptual Model Developmenthe aquifer system was defined as a multilayer, mostly
unconfined aquifer comprising alluvial, Pleistocene, and Holocene formations. These are
interconnected with nearby aquifers in the Lower Tagus Basin. This conceptual model
incorporates the hydraulic connection between the Tagus River and the aquifer, considering both
recharge from rainfall and possible hydraulic interactions with surrounding aquifers.

Data Integration:ite model incorporates climate simulation outputs ftoenMiKlip model for

climate projections and uses BALSEQ_MOD for recharge estimation. This enables the analysis
of recharge variability under different climate scenarios. Hydraulic properties, such as
transmissivity, porosity, and specific storage, weriaioled from previous studies and Tagus

Watershed Plans, allowing for accurate calibration and input parameter definition.

4 Novo et al (2020 https://repositorio.Inec.pt/jspui/handle/123456789/1012984
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FEFLOW Numerical Model Structure: threedimensional mesh was created to represent the
aquifer geometry, divided into multiple layeasid slices to capture variations in hydraulic
properties and thickness across the aquifer.

Boundary conditions, such as flux boundaries and river interactions, were defined to simulate
t he T a g unflueriRé on grouddsvater levels

Scenarios and Simations: he model runs simulations across various recharge and drought
scenarios, from extreme high and low recharge conditions to permandnarsidnt droughts

(1, 3, and Sear durations).

Results showed anticipated responses, with water levels tisugy high recharge scenarios and
decreasing during droughts, particularly in areas with high hydraulic gradients. This model serves
as a tool to evaluate the impacts of climate change on groundwater availability and to inform water
management stratexsin the Lower Tagus Basirrigure 47).

3.3.3.2.SWAT Flow Model (2021)(Costeira et al., 2021)

Costeira (2021), study involved a hydrological study of the Alenquer basin using the Soil and Water
Assessment Tool (SWAT) tonprove the delineation of Nitrate Vulnerable Zones (ZVN) in the Tejo
region. This study aimed to enhance the hydrological balance analysis of the Alenquer basin and

identify major runoff flows pantially transporting nitraté={gure 48).

L1 1 1
Agricultura Aveia Trigo
= Genérica : j
I Batateiras ] Vinhas !
Arrozais - Macieiras - | Zona nio Rega (mm/ano) Taxa de N-NO3 aplicado (kg/ha)
Arozais agtco L
- wino v L —
I Olivais 0 301 602 ¢} 141 282

Figure 48: Spatial distribution of: a) crops, b) annual irrigation allocation, and c) nitrogen application rate in the AlenquerBRisierin
2012.

The SWAT model was calibrated for the Barnabé and Otabasims using meteorological,
hydrological, land use, and agricultural practice data. The model achieved high efficiency (Nash
Sutcliffe coefficients of 0.83 and 0.93) for downstream flow simulations and responded well to different

boundary conditions and agronomic practices.
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The results indicated that approximately 5% of percolated water from the root zone reached the confined
aquifer, withthe majority contributing to the recharge of the phreatic aquifer. This recharge averaged
220 mm in wet seasons and 93 mm in dry seasons over 30 years. The study concluded that the Alenquer
basin significantly impacts the surface waters of the ZVN, suiggegiture work should focus on

aquifer recharge and runoff estimates rather than administrative boundaries modellinge ViRthoth

Zone Water Quality ModdFigure 49).

3.3.3.3.RZWQM (2007)

Studies regarding the water and nitrate balances inrts&turated zone have been performed using the
Root Zane Water Quality Model (RZWQMjleveloped by the USDA. The model requires as input
irrigation, fertilisation and other crop management practices and produces as a result water and nitrate

fluxes out of he root zonédCameira et al., 2007)
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4. MALTA MEAN SEA LEVEL (MALTA )

The Energy and Water Agency (EWA), the Clepsydra projeth@afrom Malta, it$ a Policy Agency
entrusted with the development of national policies for the ersrdywater sectors. In this role, EWA
is also the National Competent Authority for the implementation of the EU Water Framework Directive

(WFD) for inland waters in Malta.

Malta's groundwater is stored in three main aquifers: Mean Sea Level (MSL), pemnthedastal. The
MSL aquifer isthe project pilot sitdt is the largest and most sustainable, covering a significant portion

of southern and central Malta.

4.1. Meteorological datacollection networks

5 weather stations are operational close to ZNS mamjtaretwork. More details are provided in the

following section.

4.2.  Monitoring of the unsaturated zone

The Unsaturated zone monitoring network was set up with Sensoil Innovations Ltd and is composed of
a total of 16 stations; 12 of which are within the reghaarea of the Malta Mean Sea Level Aquifer
(MSLA). These stations are all located in an agricultural setting around Malta, with 5 of these stations
having an accompanying weather station. The monitoring of the unsaturated zone enables the
assessment ofi¢ qualitative characteristics of recent recharge to groundwater. Moreover, this network
aims to understand the volumes of water which will end up percolating through the unsaturated zone as
a result of the seasonal variations in rainfall events, irriggtiactices, and the impact of different soil
types. Moreover, the different geological formations will also provide information on the recharge
velocity occurring at that particular location. Malta's geology is primarily composed of five distinct
layers:Upper Coralline Limestone, Globigerina Limestone, Blue Clay, Greensand, and Lower Coralline
Limestone. The surface layer is generally covered by soil or Quaternary deposits. These geological
formations are not uniformly distributed across the island, heidt presence varies in depth and
thickness; in some areas, certain layers may even be absent altogether. The unsaturated zone network
is predominantly situated in regions where the geological sequence begins with Globigerina Limestone
and extends downwasdo the older formations, reaching a maximum of the younger member (Mara

member) of the Lower Coralline Limestone formation.
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Each station in the unsaturated zone monitoring network consists of a slanted borehole, approximately
20 m deep, angled between335. This design is intended to effectively capture water percolating
through the area of the field being monitored. Each borehole is equipped with a sleeve containing
multiple Vadose Zone Pore Water Sampling Ports (VSP) andbldekime Domain Reflectometry
(FTDR) sensors at various depths, distributbbughout the unsaturated zonEhe sensors are
positioned along the sleeve, with two in the soil (aroundn@.Beep) and nine along the various
geological formations. Thgensors are connected to a control panel which allows for interaction with

the VSP sensors and facilitates water sampling from the unsaturated zone.

Water content data from unsaturated zone stations
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Figure 50: Water saturation being detected in the rock during increased rajmfiatl during irrigation periods.
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The VSP sensor creates hydraulic continuity between sediment pore water and a sampling cell that
allows for water sampling. This is done by having a porous interface between the unsaturated zone and
a sampling cell. Therare up to 11 different sampling ports which enable sampling from different
depths. At each depth, the system allows the sampling of a volume of water which can then be analysed
for selected parameters at the lab. In the case of Malta, given the focusaba thie following
parameters have been analysed: nitrates, ammonia and nitrite. Whilst electrical conductivity, pH and

dissolval oxygen are analysed on site.

Whilst the FTDR sensor enables continuous measurement of water content and temperatui@n Data f
all the monitoring stations is remotely sent to an online portal, called Grafana, which displays the water
saturation of the rock at that specific depth. Variations in the values of this water content can provide
information on the hydrogeological imgteof periods of rainfall and/or irrigation on the water content
and recharge presses in the unsaturated zoRig(re 50).

The Clepsydra project shall focus on monitoring within the Malta MSLA. The unsaturated zone
monitoring network has 12 stations lted thoughout the Malta MSLARigure 51). The agricultural
setting varies, covering a range of situations including perennial plants, permanent plants

(orchard/grapesyain fed irrigated, greenhouse, and open field setups.
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Figure51: Unsaturated Zone Monitoring stations within the Malta Mean Sea Level Aquifer.

The analysis will also aid in understanding the rate of recharge waters through the various rock
formations and the eventual impact and degradation process of nititgteraslates through the upper

horizons of the unsaturated zone.
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activities. The results of a 2012 stu@yeaton et al., 2012)sing isotopic source tracing indicated that

over application of fertilisers in agriculture are the main source of nitrate contamination. This also
explains why this innovative approach to the monitoring of the quality and quantity aspects of recharge
waters has been adopted for the unsaturated zone. The results generated from this monitoring network
will provide the opportunity to collaborate with other governmental entities and the agricultural

community to educate and optimise their agricultural inputs

4.3. Monitoring of the saturated zone

4.2.1.Groundwater level networks

The first groundwater level data available for the Malta Mean Sea Level Aquifer is from 1944. This
data set was collected every couple of months throughout that same year from a numbeduofajesu
sources. At the time, only manual water level measuring instruments were available, and this method
was utilised to measure groundwater level in 40 groundwater sources spread across Malta only, given
a spatial resolution of 5 stations per squal@ketre. This data set for groundwater level is mainly used

to calibrate a steady state groundwater model, meaning when the aquifer was in a more natural state,

with limited groundwater abstraction occurring.

Monitoring between the 1960s and early 1990s dane in the same manner. However, during this
period, groundwater level monitoring was more sporadic and not the same groundwater sources were
utilised routinely for monitoring. As a result, the time series of some of these groundwater level
monitoring $ations presents multiple gaps, and at times, changes in their use from a gauging to an
abstraction station, led to the loss of such monitoring stations.
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Figure 52 Quantitative data availability for the Malta Mean Sea Leaglifer.
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Figure 53: Yearly Average groundwater level data from 1944 to 2023 for four monitoring stations.


































































