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Foreword
The activities and results presented in this report have been carried out within the framework of the
DEEPWATER-CE project, with the aim of developing an integrated implementation framework for Managed
Aquifer Recharge (MAR) solutions to facilitate the protection of Central European water resources
endangered by climate change and potential user conflicts. This document has been compiled by the
Mining and Geological Survey of Hungary (MBFSZ) with the aid of Geogold Kárpátia Ltd. Further
contributions as well as inputs and revisions have been provided by TUM (see contributors list).
The project DEEPWATER-CE is funded by the European Regional Development Fund (ERDF) via the Interreg
Central Europe programme. This report reflects the authors’ view and the funding authorities are not
liable for any use that may be made of the information contained therein.
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1.Summary
This report documents the preliminary feasibility study of a Hungarian MAR pilot site evaluated within the
DEEPWATER-CE Interreg project. Partners from five countries participating in the project. In Hungary,
Poland, Slovakia and Croatia the feasibility of implementing Managed Aquifer Recharge (MAR) schemes
taking into account the socio-economic, geological, hydrogeological, technical, regulatory and human
health aspects for a specific region were investigated. The Hungarian MAR scheme investigated is an
underground dam, a novel approach in Europe.
The Hungarian pilot site is in the South-Eastern part of the Great Hungarian Plain, in the Maros alluvial fan
between the two largest tributaries of the River Tisza (River Körös and River Maros). The Quaternary
fluvial fan of the River Maros is one of the most characteristic distributive fluvial systems in the Hungarian
Quaternary succession. Quaternary sediment deposition started in the Upper Miocene when a delta
complex of about 2000 m thickness was formed in the South-eastern part of the Pannonian Lake, which
has been seismically investigated by Mattick et al. (1994). Based on sequence stratigraphic
reconstructions, the dominant direction of progradation was west and northwest.
Despite of its large catchment area, the water network of the Maros alluvial fan is sparse and except for
the artificially maintained channels, most of the surface waters are temporary. According to historical
meteorological data the region fits into the heavy drought - extremely heavy drought category (Pálfai
2002), with climate exposure models showing the region to be highly exposed to the negative effects of
climate change.
Given the exceptionally suitable conditions for agricultural production (approximately 90% of the total
area is agricultural land), agriculture is the main economic activity in the area. Since crop production
relies heavily on the availability and quality of irrigation water, satisfying irrigation water demand is one
of the core pressures of the area.
We have investigated the feasibility of an underground dam from different aspects, as a measure to
relieve the pressure on scarce water reserves.
As part of this activity, we have checked the relevant regulatory framework. National legislation is in line
with the European Union’s legislative framework regarding the implementation of Managed Aquifer
Recharge solutions. Core legal acts that are relevant to MAR schemes are the Water Framework Directive
(WFD), the Groundwater Directive (GWD) and the Drinking Water Directive. While this legislation does not
include specific MAR regulations, different provisions shape broad regulatory frameworks for MAR systems.
An in-depth fieldwork activity has been carried out, in order to ensure a sound, accurate, geological-
geophysical hydrogeological characterization of the pilot site. Electrical resistivity (ERT) measurements
were performed both perpendicular and parallel to the paleo river channels of the ancient River Maros
river. In addition to providing information on the shallow aquifer lithology and depth, these measurements
were used to help in defining the locations of the Geophysical Cone Penetration Tests (GCPT) and
groundwater sampling points. The GCPT measurements were performed to calibrate the ERT profiles and
contributed to the geological and hydrogeological interpretation of the sediment layers. Groundwater
sampling also supported the hydrogeological characterization of the pilot site and provided data for the
validation of the 3D hydrogeological modelling. Groundwater level data loggers have additionally been
installed, complementing the existing monitoring data in the pilot area. Detailed information about the
fieldwork activities and its results are documented in the project’s fieldwork report (D.T3.3.2,
DEEPWATER-CE 2021c).
A detailed interpretation of these complex data provided sufficient geological-hydrogeological knowledge
of the pilot site to support the hydrogeological modelling part of the preliminary feasibility study.
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Based on well-logs and GCPT data, log correlations were prepared with a targeted depth of investigation
of about 60 m, representing the Upper Pleistocene and the I and II regional cycles of the Middle
Pleistocene. Based on the log correlation, the regionally correlated sands at the top of the fluvial cycles
could have been identified in the pilot site, and isolated sand bodies could also have been detected in the
lower silty part of the cycles. Two upper, regionally correlated sand horizons have been delineated as
aquifers with different flow systems, separated by a silty-clayey quasi-impermeable layer. The upper is an
unconfined aquifer, a local recharge area with local flow path, greatly exposed not just to the effects of
climate change, but also to pollution, reflected in high nitrate and locally high sulphate, chloride,
strontium and bromide concentrations. The lower aquifer is semi-confined, with no or rare signs of
pollution. The aquifers used for drinking water supply can be found below this second aquifer. Preliminary
results show they contain Pleistocene infiltration. The second regionally correlated sand horizon in the
North-western part of the pilot site, might also contain Pleistocene infiltration, however, this preliminary
data must be checked by new, repeated sampling and analysis. Pleistocene infiltration at a depth of about
30-33 meters below surface would suggest no infiltration from the surface and very strong aquitard
characteristics for the overbank deposits, but even so, intermediate flow paths would be expected to have
“flushed away” the “original” porewater. The sedimentary sequence of these aquifers is very likely to be
hydraulically connected.
Determination of the amount of irrigation water and related demand was a difficult task. There is no
standard method to estimate future irrigation water demands. Measured volumes at registered wells,
licensed amounts and declared irrigation volumes or needs in statistical surveys show large discrepancies
when we have compared statistics from different sources. To assess the water demand at the pilot site we
collected and combined statistics from the Central Statistics Office of Hungary (KSH), the Water Resource
Fee (WRF) registry of the Hungarian General Directorate of Water Management (OVF), the agricultural
land use data and cultivation categories from 2010 (Corine Lan Cover), and the result of a survey on the
water demands and irrigation development needs in Hungary provided by the Institute of Agricultural
Economics (AKI) carried out in 2017 (AKI, 2018).
Since there is no permanent surface water in the pilot site the estimated irrigation water demand has to
be supplied mostly from groundwater. Although licensed and abstracted water amounts for settlements in
the pilot site are available, it is hard to give an exact value of the real need for irrigation water without
the abstracted amount from unregistered wells, which is supposed to be significant. In the case of
irrigation water only the authorized amounts and a rough estimate for illegal abstractions exist. According
to the estimation of the Hungarian Chamber of Agriculture (2019) the number of wells for irrigation was
between 10 000 and 100 000 all over in Hungary. Only 1% of farmers have a water right permit for
irrigation, despite the fact that the costs of using water for irrigation are negligible for farmers. The
weighted yearly average of irrigation water per hectare is estimated to be about 1229 m3.
In order to check the feasibility of a potential underground dam, a 3D finite element (FeFlow)
groundwater model was built and tested. With the help of it, the two upper regionally correlated sand
horizons were built into the model and the effects of different infiltration rates and dam properties have
been simulated. Net infiltrations of 5 and 10 mm, their 10%, 25% and 50% infiltration and underground
dam installed into the uppermost regionally correlated or to both sand horizons were simulated. Water
levels behind the dam increased by 0.3-0.2 m, and respectively decreased by 0.6-0.3 m in front of the
dam, depending on the different scenarios. The net groundwater volume (with 0.2 effective porosity)
varies in the range of about 540,000 – 1,570,000 m3.
To assess the sensitivity for extreme climate events of the underground dam MAR system sets of selection
criteria were collected to simulate extreme situation cases and a site-specific cause-effect chain was
identified. This cause-effect chain evaluation process originates from climate extreme events which
induce hazardous events. The hazardous events might cause specific negative effects on the MAR schemes
described in the form of cautions to MAR systems as end results of the sensitivity analysis according to the
methodology described in the “Transnational decision support toolbox for designating potential MAR
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locations in Central Europe” DEEPWATER-CE project report (D.T2.4.3; DEEPWATER-CE, 2020a). The
cautions listed in the report provide suggestions which should be taken into account during MAR scheme
implementation. The cautions for both climate extremes (wet and dry periods) relate to risks of structural
damage to any MAR infrastructure, water quality and water quantity problems. This MAR specific checklist
comprises the relevant criteria which should be taken into consideration in evaluating sequential and
combined effects induced by extreme climatic events on underground dam MAR systems with an ultimate
purpose to identify the potential risks posed to them.
To decrease the possibility and severity of any harm which might cause injury or damage to human health,
or damage to property or the environment, a risk management plan has been developed to cover
underground dam MAR systems.
Our risk analysis methodology is based on suggestions in the Australian guidelines (NRMMC-EPHC-AHMC,
2006; NRMMC–EPHC–NHMRC, 2009), where the likelihood and the severity of a risk is examined and their
joint interpretation — based on a risk factor matrix — indicates the total magnitude of a risk. We have also
incorporated a list of risk events of the MAR-specific study of Rodríguez-Escales et al. (2018) which
compiles the risk events of literature reviews of 51 MAR facilities. Additionally we have slightly modified
this list to better fit the underground dam MAR type, resulting in a risk identification list of 82 different
possible risk events. Risk analysis was carried out in 2 temporal phases, separately for the design and
construction, and for the time of operation phase of the MAR facility, respectively. From a list of possible
risks, 46 events were assessed as of low risk, 21 as of moderate risk, 14 as of high risk and 4 as very high
risk
A very high risk category was assigned mainly to non-technical (economic) risks in the design phase, like
low price of water, high installation costs and lack of private/public funding. One technical event of very
high risk was determined to be the risk of low water storage. High-risk events in the design phase could be
the lack of coordination, the lack of commitment of stakeholders, fear of behavioural changes of the local
society, construction difficulties, risk of low recharge rates, or an improper hydrogeological setting. In the
operational phase high-risk events include a low price of water, the effect of swelling clays, decreased
amounts of usable water due to high levels of metal content or nutrients, and drought-rainfall periodicity
change. Expected results include significant changes in current water demand and supply, any effect on
protected drinking water bases, and the risk of negative changes in the position of the groundwater table
due to the MAR operation. In summary, the design phase of the MAR system is mostly affected by non-
technical risk events, while operation is depends more on the successful preparation for technical issues.
To limit the possibility of a risk event, some risk treatment methods have been suggested for all 111 risks.
In addition to hydrogeological considerations and assessment of institutional feasibility, MAR projects
require an economic appraisal, which in most cases aims to check whether the net benefit of the project’s
implementation is positive. To meet this objective, economic, efficiency analysis is applied, and more
specifically in this report cost-benefit analysis (CBA).
Among the many potential benefits of MAR schemes, the major ones include increased sustainable water
supply and ensured water quality. Despite all potential advantages, it is still important to perform an
economic evaluation to ascertain that the benefits of the underground dam MAR scheme can justify
anticipated costs. In this report, we outline the methodology and results of the CBA study for this pilot
site. This study investigated whether the introduction of an underground dam MAR solution in the pilot
site is economically feasible and whether the total economic value of the MAR scheme’s extension (which
includes both use and non-use benefits) meets or exceeds the costs of putting this system in place and
maintaining it.
Accounting for uncertainty is an integral part of CBA studies. In order to incorporate, we have tested
scenarios with plausible variations of the main CBA parameters and checked how sensitive the net present
value (NPV) of the MAR scheme is to them. An important section of this report is the assessment of two
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dimensions of socio-economic risks associated with the MAR scheme: their probability and magnitude of
consequences. Based on the conducted analysis, we provided policy recommendations for the
implementation of the MAR scheme in this pilot site from a socio-economic perspective.
It is essential to mention that there are currently no operating underground dams in Hungary or in Central
Europe, meaning estimates of costs are quite rough with a wide range of possible values. Also, survey
results suggest that a noticeable share of individual farmers currently don’t normally irrigate crops,
thereby direct benefits were estimated under a few assumptions using very limited data. Thus, CBA results
should be treated as more indicative and with an amount of cautiousness.
The results of the groundwater modelling indicate that changes in the morphology of the buried riverbed
in the study area have a major impact on the flow directions. The modelling was used to investigate the
boundaries of the buried riverbed, whether it is directly connected to the infiltration area or not. The
model response was significantly different in both cases, so this should not be neglected in further works.
The measurements carried out in the framework of the project and the available data did not provide
sufficient information to answer this question, so this can only be verified by further field studies. In the
3D hydrogeological model runs, we investigated the movement of particles starting from the area before
the dam and travelling with the groundwater flow. The model runs resulted in particle tracking times of
approximately 500-900 days in the first aquifer. These results correlate well with the results from the
groundwater residence time studies, which show that the first aquifer has water ages generally less than
10 years, so that the recharge of the uppermost regionally correlated aquifer is highly dependent on the
recharge from precipitation. In all the model variants tested, the increase in water volume due to the
groundwater dam exceeded the required irrigation water use.
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2.Introduction
Managed Aquifer Recharge (MAR) refers to a suite of methods that are increasingly being used to maintain,
enhance, and secure the balance of groundwater systems under stress. MAR techniques offer promising
solutions for water management, also with regard to tackling future climate change impacts (Casanova et
al., 2016; Dillon, 2005; Dillon et al., 2019; Sprenger et al., 2017).
Within the DEEPWATER-CE project, we investigate the potential to implement MAR schemes in four
partner countries: Hungary, Poland, Slovakia and Croatia considering these socio-economic, geological,
hydrogeological, technical, regulatory and human health aspects. In the frame of the DEEPWATER project
during the previous work transnational decision support toolbox have already been developed, which
primarily addresses site selection (DEEPWATER-CE, 2020a) and the guidance and methodology of the
feasibility study of MAR schemes was described (D.T3.2.5, DEEPWATER-CE, 2020b).
According to these methodologies suitability maps were compiled for Hungary to designate potentially
suitable MAR locations (D.T3.1.2., DEEPWATER-CE, 2021a), a pilot area was characterized at the Maros
alluvial fan and based desk analysis and preliminary field investigations pilot site was selected in the
vicinity of Csanádapáca and Medgyesbodzás for underground dam MAR scheme (D.T3.3.1., DEEPWATER-CE,
2021b). Detailed field investigation was carried out in several measurement campaign (D.T3.3.2.,
DEEPWATER-CE. 2021c). The aim of the present report is to examine the preliminary feasibility of a
theoretical underground dam MAR solution in the identified pilot site and to test how this MAR scheme can
be adopted in alluvial fun environment. It is important to mention, that the result of this feasibility
assessment will not followed by direct implementation of the MAR establishment, but describe the
possibility and difficulties of such.
The main components of this report are (a) Consideration of the regulatory framework; (b) Desktop study;
(c) Pilot site characterization, including the determination of water demand and supply, (d) Risk
management, (e) Cost-Benefit Analysis, and (f) Comparison of alternative solutions.
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3.Regulatory framework
In Hungary the Minister of Interior is responsible for legal and administrative organisation of water policy
and water governance including the implementation of Water Framework Directive (WFD). The 12
Regional Water Directorates implement the water policy which is coordinated, supervised and controlled
by the General Directorate of Water Management, as a central governing body operating under the
direction and supervision of the Ministry of Interior.
The national legislation of Hungary is in line with European Union legislative framework for
implementation of Managed Aquifer Recharge solutions. Core legal acts that are relevant to MAR schemes
are the Water Framework Directive (WFD), Groundwater Directive (GWD) and Drinking Water Directive.
These legislations do not include specific MAR regulations, but their provisions shape broad regulatory
frameworks for MAR systems.
The WFD (2000/60/CE), particularly Article 11(3) (f)) consider MAR schemes as a supplementary measure
which needs “controls, including a requirement for prior authorization of artificial recharge or
augmentation of groundwater bodies. The water used may be derived from any surface water or
groundwater, provided that the use of the source does not compromise the achievement of the
environmental objectives established for the source or the recharged or augmented body of groundwater.
These controls shall be periodically reviewed and, where necessary, updated”. Thus, WFD is aimed to
ensure that basic measures are in force to safeguard application of MAR system against causing any harm
to the quantitative and qualitative status of the groundwater bodies.
Regarding Groundwater Directive (2006/118/EC), its core objective is the protection of the groundwater
against pollution through the requirement to identify the chemical status of groundwater. To achieve this
aim GWD establishes limit values for a series of chemical parameters. At the same time GWD, under
Article 6(3)(d), states that particular exemptions, including artificial recharge, from the established
measures are possible since it might be technically infeasible to eliminate all inputs of hazardous
substances, especially those that are environmentally insignificant and do not pose a danger to
groundwater.
In line with the European regulation Act LVII of 1995 on water management supports the recharge of
underground aquifers by artificial recharge and reinjection. Although there is no specific regulation for
artificial recharge and MAR systems, the “Government Regulation 123/1997. (VII.18.) on the protection of
vulnerable water supplies” concerns their protection measures and the criteria of protection zones for
groundwater abstraction sites, especially for drinking water reserves. The “Government Decree 219/2004.
(VII.21.) on the protection of groundwater” regulates the artificial recharge and reinjection in order to
preserve the quality and quantity of the underground water resources. This regulation also sets out
conditions and makes it subject to official water protection authorization.
Groundwater utilization for irrigation purposes is limited by the “Governmental Decree No. 147 of 2010
(IV.29.) on general rules regarding activities and facilities serving for the utilization, protection and
prevention of damages of waters”. This also contains that groundwater can be applied for irrigation
purposes only the case of lacking of surface water supply possibilities, where requisition of shallow
groundwater resources is desirable. Considering the protection of the neighbouring drinking water reserves
is mandatory.
Despite of the strict regulation illegal wells are used very often for irrigation purposes. Approximately only
1% of farmers have a water right permit for irrigation.
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4. Characterization of pilot sites
4.1.Description of the pilot site
The Hungarian pilot area is located in the South-Eastern part of the Great Hungarian Plain, on the Maros
alluvial fan between two largest tributaries of River Tisza (Körös and the Maros), where the Ancient-Maros
River entered from the mountain area into the lowland (Figure 1). The special geographical settings
(climate exposure, low relief, etc.) determine the land use, water demand and possibilities in water
supply (deliverable D.T3.3.1, DEEPWATER-CE 2021b).

Figure 1. Location of the pilot area and the pilot site

The region of the Maros alluvial fan forms a flat area emerging a little bit from its surroundings. The
region is situated between 96.6 m and 106.8 m above sea level, slightly inclining to the direction NW. The
average relative relief is very small, only 1 m/km2, reaching values above 2 m/km2 only in the southern
parts.
Despite of its relatively large catchment area, the water network of the Maros alluvial fan is sparse and
characterized by low surface runoff. Most of the watercourses are temporary, except those channels
which are artificially maintained. All the watercourses belong to the drainage network of the Tisza River.
The climate is warm-dry, the number of hours of sunshine per year is extremely high, varies between
2000-2020 hours, about 810 hours in summer and is about 190 hours in winter. The annual rainfall varies
between 550-620 mm, the average during vegetation period is approx. 340 mm. According to historical
meteorological data the region can be classified to heavy draught and extremely heavy draught category
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(Pálfai 2002).
Given exceptionally suitable conditions for agricultural production (approximately 90% of the total area is
agricultural land), agriculture is the main economic activity in the area. At the same time, the area where
the pilot site is located is one of the warmest regions in Hungary during the summer period and
temperatures are expected to increase further due to climate change. Since crop production relies heavily
on the availability and quality of irrigation water, especially under increasing temperature levels,
satisfying irrigation water demand is one of the core pressures for the area. After the wet periods, water
shortages appear in the summer, which affect most of the region, causing serious damages since the
agricultural activity. After the wet periods, water shortages appear in the summer, which affect most of
the region, causing serious damages since the agricultural activity (D.T3.3.1).
With a few exceptions the main source of irrigation water for farmers in the area is supplemented by
groundwater. According to experiences illegal wells are used very often for irrigation purposes. These
wells are usually drilled without considering any regulation and technological guidelines. Therefore they
can endanger the drinking water aquifers to pollute or can abstract water from the same aquifers.
Considering this situation applying MAR systems for irrigation can have significant environmental benefits
even in the case they are more expensive.
The introduction of the underground dam MAR scheme is a potential solution that allows to reduce
groundwater flow and, as a result, to increase the amount of groundwater stored behind the dam.
The main objective of the MAR scheme is to secure the supply of irrigation water during periods of water
scarcity, while provide increasing security for the adjacent drinking water reserves.

4.2.Geological - hydrogeological - hydrogeochemical
characteristics of the pilot site

4.2.1. Geology
4.2.1.1. Physiographic setting of the pilot site
The Quaternary fluvial fan of the Maros River is one of the most representative distributive fluvial systems
in the Hungarian Quaternary succession. The related catchment area of 30 700 km2 is extended to the
southern part of Transylvania, including parts of both the Southern and Eastern Carpathians, which were
significantly affected by Quaternary mountain glaciations and permafrost developments. The deposition
was started in the Upper Miocene when a delta complex of 2000 m thick was formed in the South Eastern
part of the Pannonian Lake, which was investigated seismically by Mattick et al. (1994). Based on
sequence stratigraphic reconstructions, the dominant direction of progradation was west and northwest.
4.2.1.2. Quaternary development of the fluvial fan
The Quaternary, terrestrial part of the distributive fluvial deposit reaching 450–500 m in thickness, was
also a target of geophysical and geological investigations due to its hydrogeological importance. As a
result of this regional mapping, three fully cored and paleontologically investigated parameter boreholes
of 500 m depth (Franyó 1992) (Figure 2). Using the data of these parameter boreholes, dip and strike
oriented log correlations of the Quaternary succession were performed (Figure 3 and 4). To ensure
Quaternary geochronological framework, in Figure 3 the succession of the fluvial fan is correlated to the
parameter boreholes of the Körös Basin. In this correlation, the magnetically confirmed and
chronologically interpreted “early postglacial magnetic susceptibility episodes” are considered (Püspöki et
al. 2021).
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Figure 2. Topography (elevations based on Shuttle Radar Topography Mission (SRTM) data, publishedOptically Stimulated Luminescence (OSL) data (Kiss et al. 2014), well and boreholes of the cross-sections

The most important sedimentological feature of the presented log correlations is the existence of
stratigraphically correlated sand bodies on the top and sometimes within the regional cycles. This
observation is in line with the results of modern researches on the geology of alluvial fans (Weissmann et
al. 2013). According to the interpretations, these “stratigraphically correlated” sand bodies in Figure 3
and 4 can be considered as stratigraphic units representing the “glacial recession” periods of the
Carpathians in the Quaternary succession of the Maros fluvial fan. These “glacial recession” periods can be
correlated to the also “early postglacial magnetic susceptibility episodes” reconstructed in the Körös Basin
(Püspöki et al 2021), thus the stratigrapchic correlation with the regional magnetic susceptibility cycles
has also climatostratigraphic reasons.
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Figure 3. Dip oriented log correlation of the Maros fluvial fan (Section 1)
(for the position of the correlated boreholes see Figure 3)
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Figure 4. Strike oriented log correlation of the Maros fluvial fan (Section 2)
(for the position of the correlated boreholes see Figure 3)

The Late Pleistocene stage of the fluvial development can be investigated based on the topography and
geomorphology of the area. The high resolution Shuttle Radar Topography Mission (SRTM;
https://srtm.csi.cgiar.org/) model on terrain elevations (Figure 2) indicates that recently the source-
proximal, most elevated part of the alluvial fan is situated in Romania right at the margin of the Great
Hungarian Plain (GHP), while the Hungarian part represents the distal lobes of fluvial accumulation
differentiated from the mostly alluvial parts of the distal basin centre.
Based on topographic models, well documented braided and meandering channel plan-forms can be
observed and were reported (Sümeghy et al. 2013) on the top of the distal fan. The shapes and positions
of the paleo-channels clearly follow the topographic elevation of the Battonya Ridge (Figure 2), which
reflects that the relative elevation of the Battonya Ridge in the Late Pleistocene could affect the shape of
channels and the spatial trend of channel and lobe switching events.
A drastic change of fan development occurred at 5.3–7.1 ka when one of the small rivers south-westward
of the Battonya Ridge formed and incised valley (DEEPWATER-CE. 2021b) through the ridge and captured
the Maros, resulting the abandonment of the fluvial belts in the main lobes of the distal fan. This event is
also documented by published OSL data by Kiss et al. (2014) (Figure 2).
4.2.1.3. Setting, stratigraphy and sedimentology of the pilot site
The pilot site of the recent project is situated on one of the distal lobes of the fan abandoned due to the
Holocene capture of the Maros (Figure 2). The focused site (Figure 5) is a fluvial belt detected on SRTM
topography and presenting the already mentioned bending shape caused by the Late Pleistocene relative
elevation of the Battonya Ridge.
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Figure 5. SRTM topography and research objects of the Pilot site

Based on well-logs andGeophysical Cone Penetration Test (GCPT) data, a log correlation section is
presented along the axe of this bending fluvial belt (Figure 6). The targeted depth of investigation is
60 m, representing the Upper Pleistocene and the I and II regional cycles of the Middle Pleistocene. Based
on the log correlation, the regionally correlated sands at the top of the fluvial cycles can be observed in
the pilot site, and isolated sand bodies can also be detected in the lower silty part of the cycles e.g. in
the Upper Pleistocene cycle at the places of GCPT-5 and GCPT-2i.
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Figure 6. Log correlation of the Pilot site and the stratigraphic position of the water samples (for the positionof the correlated boreholes and GCPT probes

Experimental geoelectric sections were measured perpendicular to the axis of the bending river belt and
thus perpendicular to the log correlation section, touching the stratigraphically interpreted GCPT points
(Figure 7). The occurrence of the Upper Pleistocene fluvial sand of high resistivity and its sharp contact
towards the underlying silty materials of low resistivity is marked in the upper, high-resolution parts of
the geoelectric sections. The lateral termination of this high resistivity zone to North and South in sections
and its continuous occurrence on sections parallel to the log correlation section can be identified. These
sections prove the existence of the Upper Pleistocene river belt suggested by the SRTM topography.

Figure 7. Stratigraphic and facies interpretation of the geoelectric sections in combination with GCPT logs

Below the silty material of the Upper Pleistocene fluvial cycle, another layer of high resistivity can be
detected on the lower, moderate-resolution parts of the geoelectric sections. This can be interpreted
responsibly as the occurrence of the regionally correlated sand at the top of the regional cycle I in the
Middle Pleistocene. In the vicinities of CPT-5 and CPT-2i the geoelectric sections indicate that the Upper
Pleistocene and Middle Pleistocene correlated sandy units are joined by sandy material of high resistivity,
which can represent an occasional sand body in the lower part of the Upper Pleistocene cycle, and may
cause hydrodynamic communication between the mostly separated sand layers.
4.2.2. Hydrogeology and aquifer characteristics
Aquifer characteristics are determined by the depositional environment of the Quaternary sediment
series. The fluvial sediments deposited in channels, point bars, islands, and incised valleys of the fan act
as aquifers, while fine grain silts and clays derive from floodplain environments representing the aquitard
layers. Although the entire alluvial complex forms a hydraulically connected aquifer system, in the


