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1. Introduction  

Within the DEEPWATER-CE projectõs work package T3, an activity A.T3.7 òPreliminary environmental impact 

assessment of the MAR on decreasing water resources and ecosystemsó is envisaged. The main subject of 

this activity is to assess the effects of the potential implementation of Managed Aquifer Recharge technology 

(MAR) within the designated pilot areas across CE (Hungary, Poland, Slovakia, and Croatia), which were 

identified within D.T2.4.3 Transnational Decision Support Toolbox for designating potential MAR locations 

in Central Europe.  

MAR is a term conceived by the British hydrogeologist Ian Gale and refers to a process by which excess 

surface water is directed into the ground ð either by spreading on the surface, by using recharge wells, or 

by altering natural conditions to increase infiltration to replenish the aquife r. Generally, MAR is important 

as one of the solutions aiming to facilitate the protection of water resources endangered by climate changes 

and user conflict, which are burning issues of our time.  

MAR encompasses a range of methods, which are increasingly used to maintain, enhance and secure 

groundwater systems under stress. MAR has application in sustaining and augmenting: 

Á groundwater quality (improvement of water quality in degraded aquifers, reducing the 

concentration of geogenic pollutants like arsenic or fluoride);  

Á groundwater quantity (to store water in aquifers for future use, to increase groundwater levels 

in over-exploited aquifers);  

Á in environmental management (to mitigate floods and flood damage, to control seawater 

intrusions, to prevent storm ru noff and soil erosion, to prevent environmental flows in rivers 

and streams, etc.).  

Potential reasons for MAR implementation differs from location to location, but certain similarities can be 

singled, such as (Grutzmacher and Kumar, 2012): 

Á declining groundwater levels;  

Á inadequate groundwater availability, especially in dry months;  

Á a substantial amount of aquifer has already been desaturated;  

Á aquifers show signs of seawater/saline intrusions;  

Á the site is adjacent to a leaky fault or semiconfined layer contai ning contaminated water or 

water of poor quality and;  

Á the aquifer contains water of poor quality and is highly heterogeneous or has a high lateral 

flow rate.  

Each CE country has its legal basis referring directly or indirectly to environmental impact asses sment (EIA) 

for MAR. Therefore, in this report, country -specific EIA reports are provided respectively, following a 

common structure that is easy to follow and allows a comparison between different environments and 

different technical solutions of MAR in C roatia, Hungary, Poland, and Slovakia.  
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CROATIA 

 

2. Project description - Managed aquifer recharge  

2.1. MAR technology  

MAR technology scheme planned for the island of Vis (Korita well field) is predominantly focused on the 

prospective method of infiltrat ion pond (Fig. 2.1). Infiltration ponds are constructed in areas with sufficient 

permeability and storage capacity of the targeted aquifer ( https://demeau -

fp7.eu/toolbox/introduction/basic -concepts/classification -mar/infiltration -ponds.html ). The pond can be 

either excavated or the source water is directly flooded on land surrounded by a confining ditch.  

 

Figure 2.1  Infiltration pond scheme (modified after Dillon, 2015)  

Advantages of this kind of MAR method are following:  

Á infiltration of large quantities of water at relatively low cost;  

Á maintenance and anti -clogging procedures are relatively simple;  

Á organic contaminants in source water are filtered out in the soil.  

On the other hand, constraints of this method are:  

Á that it requires a large permeable surface area;  

Á the potential for development of water -related disease vectors;  

Á the potential for water p ollution;  

Á the potential for high evaporation.  

 

  

https://demeau-fp7.eu/toolbox/introduction/basic-concepts/classification-mar/infiltration-ponds.html
https://demeau-fp7.eu/toolbox/introduction/basic-concepts/classification-mar/infiltration-ponds.html
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2.2. Variant MAR solutions  

A variant MAR solution considered for the island of Vis is the aquifer storage and recovery method (ASR). 

This technique is referring primarily to infiltrating water via injection bo rehole, which taps directly into 

aquifer, usually below the water table (Fig. 2.2). However, the most likely variant solution also requires an 

accumulation lake to enable the accumulation of source water.  

 

Figure 2.2  Aquifer storage and recovery scheme (modified after Dillon, 2015)  

 

Advantages of this kind of MAR method are:  

Á clogging is partially removed during the recovery cycle;  

Á infiltration of large quantities of water at a relatively low cost.  

Constraints of this method are:  

Á complex design and construction;  

Á complex decision on injecting well location and depth (especially in karstic terrains)  

Á complex operation and maintenance;  

Á intensive monitoring is required;  

Á high-quality requirements of source water.  

A suitable environment for this specific MAR metho d is confined or unconfined aquifers composed of 

unconsolidated rocks, however, the method can also be applied in fractures aquifers, given that the 

uncertainties are greatly reduced by an extensive research effort (e.g. geophysical research, well tests, 

aquifer tests, tracer test).  
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3. Environmental setting of the proposed project location  

Having a good baseline knowledge of the potentially affected environmental resources and communities 

located at or near the proposed project site is crucial for conduct ing every environmental impact assessment 

study. Thematic maps (e.g. land use and land cover, geological and hydrogeological map, map of nature -

protected areas, etc.)  

This chapter provides sufficient information so that decision -makers and reviewers unfami liar with the 

general location can develop an understanding of the environmental characteristics of the study area.  

 

3.1. Site description  

Korita well field in which MAR technology will potentially be implemented is located in the central part of 

the island Vis. Vis is a small remote island (total area of 89.7 km 2) located in the Adriatic Sea (Fig. 3.1) and 

belongs to the group of central Dal matian islands. The designated pilot site belongs to the regional self -

government of Split ðDalmatia County, the local self -government unit of the City of Vis, and the cadastre 

municipality of Vis.  

 

Figure 3.1  The location of the Croatian pilot site - Korita well on Island Vis (background: ArcGIS Elevation World 

Hillshade, Topographic Map of Republic of Croatia in scale 1:100 000 and 1:25 000) 

The Korita well field, constructed in the late 1960s, consists of five active wells and represents one of three 

islandõs water supply systems. The island itself is not connected to the mainland or any other island by 

water supply pipelines. Water is abstra cted from the karst aquifer from a depth of approximately 120 m, 

with a maximum pumping rate of 42.5 l/s (from all five wells).  

The Korita pumping site is positioned favorably in terms of implementing MAR technology because it has 

enough available land for  the potential construction of an accumulation structure, which would be used as 

the source of water for MAR. Other advantages of this location are available essential infrastructures such 

as road, telecommunication, electrical power, water distribution, a nd the high degree of security in terms 
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of potential pollution sources. This makes described site potentially very suitable for the application of the 

proposed MAR schemes. 

 

3.1.1. Proposed MAR site in relation to other spatial interventions  

According to valid spatial planning documents Spatial plan of the City of Komiĥa (Official Gazette no. 10/06, 

06/08, 01/10, and 02/15) and Spatial plan of the City of Vis Official Gazette no. (Official Gazette of City of 

Vis no. 1/10, 2/17, and 6/17), planned MAR locati on is surrounded (to the west and north) with the land of 

use category òother agricultural soil, forests, and forest landó (Fig. 3.2). To the south and east of the 

planned site, valuable arable and forest land are located. In the wider area surrounding the  planned MAR 

location, no industrial sites or urban development areas are planned.  

 
Figure 3.2  Planned MAR location in relation to other spatial interventions (background: Spatial plans of the 

City of Vis and City of Komiĥa).  

 

3.1.2. Compliance with val id spatial planning documentation  

Regarding the Croatian pilot site, the following spatial planning documents are relevant for the potential 

implementation of the MAR project:  

Á Spatial plan of Split -Dalmatia County (Official Gazette no. 1/03, 8/04, 5/05, 13 /07, 9/13, and 

147/15) and 

Á Spatial plan of the City of Vis (Official Gazette no. 1/10, 2/17, and 6/17)  

Á Spatial plan of the City of Komiĥa (Official Gazette no. 10/06, 06/08, 01/10, and 02/15). 
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Under section 4.1.2.6. and articles 26, 27, 28, and 29, the Spa tial plan of Split -Dalmatia County (Official 

Gazette no. 1/03, 8/04, 5/05, 13/07, 9/13, 147/15) provides the framework for the protection of drinking 

water sources (including karst springs, lakes, and reservoirs), by identifying water resources of strategi c 

importance for current and future drinking water supply as well as potential sources of drinking water, and 

by prescribing the delineation of protection zones.  

According to the Land use map of the Spatial Plan of Split -Dalmatia County (Official Gazette no. 1/03, 8/04, 

5/05, 13/07, 9/13, 147/15), the area where implementation of MAR technology is planned (Korita) belongs 

to the category òother agricultural soil, forests, and forest landó. According to the Water management 

system map of the Spatial Plan of  Split-Dalmatia County (Official Gazette no. 1/03, 8/04, 5/05, 13/07, 9/13, 

147/15), the area where implementation of MAR technology is planned has an existing use as a water 

abstraction point and a pumping station.  

 

3.2. Climate characteristics  

Climate characteristics represent a key factor in selecting the most appropriate MAR technology, as they 

determine the need, dimensions, and type of required structure.  

According to Kºppenõs climate classification, Vis Island and surrounding archipelago belong to the Csa 

climate type, characterized by dry and hot summers and mild and short winters. Due to its position in the 

open sea, a strong maritime influence mitigates climate extremes and air temperature variations. A ccording 

to data from meteorological station K omiĥa, the average annual temperature is 16.9ěC. Throughout the 

year, only two months have the average air temperature below 10ěC and those are January and February. 

The minimum average monthly temperature is 9.5ěC. Four months of the year have an average temperature 

above 20ěC (June, July, August, and September). The average temperature in the warmest month (July) is 

25.7ěC (Table 3.1). 

Table 3.1  Absolute minimum, maximum and average monthly air temperature (ÁC) measured at the 

meteorological station Komiĥa in the period 1981 -2009 

Month  I.  II.  III.  IV.  V.  VI.  VII.  VIII.  IX. X. XI. XII. 

Minimum 

temperature 

(ěC) 

-3.30 -3.00 -3.10 0.70 8.20 11.70 14.80 12.60 10.10 5.40 2.40 -3.20 

Average 

temperature  

(ěC) 

9.70 9.50 11.60 14.50 19.10 22.70 25.70 25.50 21.60 18.30 13.90 11.00 

Maximum 

temperature  

(ěC) 

19.60 22.80 24.20 25.00 31.80 37.20 38.80 38.70 34.80 30.40 25.60 21.40 

 

The precipitation regime on the island of Vis is predominantly maritime with the largest values in the cold 

part of the year and with pro nounced summer dryness. Maximum precipitation occurs in late autumn and 

early winter with a minimum in July (Table 3.2). The average annual precipitation is between 600 and 700 

mm in the coastal areas and slightly higher in the central part of the island.  
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Table 3.2  The minimum, maximum, and average monthly values of precipitation (mm) measured at the 

meteorological station Komiĥa in the period 1981-2009 

Month  I.  II.  III.  IV.  V.  VI.  VII.  VIII.  IX. X. XI. XII. 

Minimum 

precipitation 

(mm) 

0.00 3.10 5.50 4.00 2.10 2.40 0.00 0.00 4.40 5.50 19.60 4.80 

Average 

precipitation 

(mm) 

75.40 62.60 0.50 58.40 28.20 42.10 20.20 39.00 52.30 53.00 95.80 107.90 

Maximum 

precipitation 

(mm) 

183.70 220.00 192.20 121.30 79.40 126.90 90.70 304.10 133.50 120.20 201.50 268.00 

 

3.3. Geological and hydrogeological settings  

Geological and hydrogeological settings are crucial for choosing the optimal location for MAR and defining 

the required amount of water to be recharged.  

The island of Vis is part of the Dinaric karst region and mezogeomorphological unit of the Central Dalmatia 

archipelago (Bognar, 1999). The main structural elements are oriented W -E, i.e. they differ from the typical 

Dinaric strike (NW-SE). The following rocks predominantly occur at the island surface: karstified  Cretaceous 

carbonates (limestone, dolomite), Quaternary sediments (terra rossa in karst poljes; breccia; aeolian sands; 

colluvial deposits), and a mixture of volcanic -sedimentary-evaporitic rocks (andesite, gypsum, dolomite, 

siltite, tuffite; hereafter re ferred to as VSE) forming the Komiĥa diapir.  

 

Figure 3.3  Geological map of the Korita well field (detail from Korbar et al., 2012)  

The island Vis has favorable geological and hydrogeological conditions that enabled the formation of a high -

quality karst aquifer from which the groundwater is abstracted. The aquifer in the central part of the island 
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is protected from seawater intrusions from the west by impermeable rock formations of the Komiĥa diapir 

and from the south by the fine grain infilling of the fractures and karst conduits that drain the Quaternary 

polje deposits, decreasing the permeability field of the underlying rock masses. Moderate permeability 

carbonate rocks (Fig. 3.4) are the mo st important hydrogeological unit as they are permeable enough to 

allow groundwater infiltration, accumulation, and flow, but are not too permeable to allow excessive 

penetration of seawater into the islandõs aquifer. Due to the presence of dolomitic and dolomitized rock 

mass and its characteristic weathering into sand -like sediment, this material fills in most of the karst and 

fracture voids within this rock mass, thereby reducing its permeability. This hydrogeological member 

consists of several formations  and members. Lithologically, these are laminated and bedded limestones with 

dolomitic beds/interbeds, bedded dolomites, even some dolomitic breccias in some places. 

Stratigraphically, they are of the Cretaceous age (K1, K2; from Barremian to Cenomanian).  

Besides the Korita well field, the water supply system on the island consists of Pizdica spring and K1 well 

(Fig. 3.4). Pizdica, a small coastal spring formed at a fault contact of permeable carbonates and 

impermeable VSE complex of Komiĥa bay, has an average yield of 3.3 l/s, and due to its position, it exhibits 

increased chlorides. Due to increased chlorides, water from Pizdica is mixed with water from Korita in a 1 

to 5 ratio before the distribution. K1 well has a maximum pumping yield of 1.5 l/s and it  is protected from 

seawater intrusions by the VSE complex. The pumping test in 2012 proved that catchment areas of Pizdica 

and Korita are not connected.    
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Figure 3.4  Hydrogeological map of the Vis island (Terził et al., 2022) 

In Korita, the average seasonal variation of the groundwater level (GWL) (minimum in August and 

September, maximum in January) in operational wells is a little over 4 m. Aquifer recharge usually starts in 

October and continues mostly until March. Infiltrati on in the close vicinity of operational wells is very fast, 

especially through highly permeable limestones. This aquifer is very heterogeneous and consists of voids of 

different scales that are interconnected by fractures, cracks, and even karst conduits.  

Hydraulic properties were determined from older pumping tests when the wells were being constructed 

(1960-1970). Terził (2004) utilized Thiemõs equation to obtain values of hydraulic conductivity and 

transmissivity for well BO5: T= 9ķ10-4 ð 2.3ķ10-3 m2/s,  and K=(2.3 ð 4.9) ķ 10-5 m/s.  

Newer research focused on detailed chemical analyses of groundwater samples from the most important 

springs and wells on the island of Vis. The dominant hydrochemical facies at Korita is Ca -HCO3 type as this 

is the typical c hemical footprint of groundwater from carbonate (limestone and dolomite) aquifer. During 

the dry season, only a slight increase in chlorine concentration was observed. Water quality is excellent and 

the water is not treated in any way (UV, ultrafiltration,  reverse osmosis) except chlorination.  
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3.3.1. Tectonic relations  

The tectonic unit of the island Vis is characterized by an anticline, whose center is made out of clastites 

with gypsum and eruptive rocks of Upper Jurassic age, while its limbs are composed out of Cenomanian-

Turonian to Senonian deposits. This structure is a result of tangential forces and strengthens with diapiric 

processes.  

Three main faults occur on the island Vis (from N to S: Okljuńna, Komiĥa-Vis, and Podģpilje-Rukavac faults), 

and the main water abstraction site Korita is located within/along the damage zone of the Komiĥa-Vis fault 

(Fig. 3.4).  

 

3.3.2. Seismic features  

The area of the island of Vis belongs to a relatively stable area in relation to seismic activities. Although it 

is located near a large tectonic fault, the so -called Middle Adriatic Pit (i.e. Jabuka Pit), it belongs to the VI 

earthquake zone of the Mercalli scale. No devastating earthquakes have been recorded previously.  

 

Figure 3.5  Korita well field location on the Eart hquake map zones of the Republic of Croatia, printed on 

an approximate scale of 1:800.000 (Herak, 2011)  

The maps in Fig. 3.5 show earthquake-induced horizontal peak accelerations of soil type A (agR), for return 

periods Tp = 95 years and Tp = 475 years, expressed in units of gravitational acceleration g (1g = 9.81 m / 

s2) (Herak, 2011). For the Korita well field the  horizontal peak accelerations is agR = 0.08 g (for Tp= 95 

years) and agR = 0.16 g (for Tp= 475 years). 

These maps are part of the National Supplement to the HRN EN 1998-1: 2011 / NA: 2011, Eurocode 8: Design 

of seismic resistance of structures - Part 1: General rules, seismic actions, and rules for buildings.  

 

3.4. Soil  

The dominant soil types in the wider  area of the Korita well field are the anthropogenic soil on karst and 

Terra rossa, while other present soil units are calcocambisol on limestone and dolomite, calcomelanosol, 

and colluvial soil (Fig. 3.6). Anthropogenic soil on karst is characterized by a  depth of 30 to 100 cm, a 

proportion of stone particles of 2 to 10% and is present generally in lower field areas. The hills surrounding 

the field are covered mainly with Terra rossa with the depth of 30 to 50 cm and a larger amount of stone 

particles of 1 0 to 20%. 
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Figure 3.6  Korita well field (wells and potential future infiltration pond) in relation to main pedological 

soil units (modified from Bogunovił et al., 1997) 

 

3.5. Water  

3.5.1. Surface water  

The interior of the island, the so -called Vis plateau  is characterized by a complete lack of a hydrographic 

network and hydrographic phenomena. There are no springs, neither occasional nor fluvial flows . This is 

because of geotectonic structures and highly permeable limestones that cover the majority of the island 

and cause rapid infiltration. Atmospheric water sinks into the depths and drains underground to outflow 

only in coastal zones at the contact of permeable and impermeable rocks in the form of smaller springs.  

According to the information given from C roatian Waters, the only water body that crosses the Korita well 

field is the water body JORN0012_001 categorized as a river of ecotype: lowland small occasional streams 

(16B). The length of this unaltered watercourse is 2.19 km + 6.66 km. It belongs to th e Jadran water area 

and sub-basin òislandsó and is part of the Dinarides ecoregion (Fig. 3.7). Additionally, by the information 

from Croatian Waters (Classification code: 008 -02/21-02/511, Registry Number: 383 -21-1, 28th August 

2021.), which is referring t o a state of waterbody JORN0012_001, load and impact analysis, its overall status 

is moderate. Ecological status is evaluated as moderate and chemical status as good.  
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Figure 3.7  The overall status of surface water body JORN0012_001, located in the wider area of Korita 

well field (Register of water bodies in accordance with the River Basin Management Plan 2016-2021. Classification code: 008-

02/21-02/511, Registry Number: 383-21-1, 28th August 2021.) 

 

 

3.5.2. Groundwater  

Korita well field (according to River basin management plan 2016. -2021. of the Republic of Croatia) belongs 

to the groundwater body called JGN_13 Adriatic islands ð Vis that stretches over an area of 90 km 2. The 

aquifer has a fracture -cavernous porosity and assessed medium intrinsic vulnerability. Moreover, it has an 

estimated groundwater recharge rate of 122x106 m 3/year, while utilization is around  3.22x106 m3/year 

(0.26% of recharge). The overall chemical status is estimated as good, but with low reliabil ity while good 

quantitative status is estimated with high reliability (Table 3.3). However, it is important to emphasize the 

shortcomings of these kinds of assessments where all islands are grouped into one single groundwater body, 

while the realistic cond itions vary significantly between each island.  

Table 3.3  Status of the groundwater body JOGN_13 Adriatic islands ð Vis (River basin management plan 

2016.-2021. of the Republic of Croatia)  

STATUS EVALUATION OF GROUNDWATER BODY STATUS 

Chemical status good 

Quantity  good 

Overall status good 

There are no springs in the interior of Vis island. The main hydrogeological objects on the island are Korita 

well field (pumping rate of 42.5 l/s) located in the central part of the island, K -1 well (pumping rate of 1.5 

l/s) located in the hinterland of Komi ĥa, and Pizdica spring (pumping rate of 3.3 l/s) located in Komiĥa bay. 

The groundwater abstracted at the Korita and K -1 sites is of high quality, while the groundwater on Pizdica 

coastal spring exhibits elevated chloride concentration as it mixes with the  seawater. The aquifer of Korita 

in the central part of the island is protected from seawater intrusions from the west by the impermeable 
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rock formations of the Komiĥa diapir and from the south by the fine grain infilling of the fractures and karst 

conduit s that leaches from the Quaternary polje deposits decreasing the permeability field of the underlying 

rock masses. Pizdica spring is formed at the contact of permeable Cretaceous carbonates and impermeable 

formations of the VSE diaper. K -1 well is construc ted in a dolomite aquifer of relatively low permeability 

behind the VSE barrier.  

Previous hydrogeological investigations (Terził, 2004) on the island of Vis included a water balance 

calculation, determination of hydraulic parameters of the aquifer from pum ping test data, a tracer test, 

and hydrochemical sampling campaigns. 

 

3.5.3. Floods  

The Korita well field is located in an area with potentially significant flood risk, as shown in Fig. 3.8 (data 

provided by Croatian Waters). The flooding and torrential fl ows occur periodically during heavy rain events.  

 

Figure 3.8  Flood risk area map according to the likelihood of occurrence (Water management plan 2022-2027, 

shapefile provided by Croatia Waters)  

 

3.6. Landscape features  

The planned MAR site is surrounded by dynamic hilly relief (up to 400 m a.s.l.). The area is generally covered 

with dense natural Mediterranean vegetation, while anthropogenic landscape elements are state road 117, 

the access road to well field, and well field infrastructure. There are no bigger settlements or villages in 

the vicinity.   

Korita well field does not belong to the area of valuable landscape features (protected by the Spatial plans 

of Vis and Komiĥa cities) and there are no significant panoramic vistas or landmarks (Fig. 3.9). In addition, 

there are no landscape areas protecte d by the Nature Protection Act. The nearest area of significant 

landscape features (protected with the Spatial plan of Vis) is located around half a kilometer to the 

northeast (Glavica area, according to the Spatial plan of Vis).  
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Figure 3.9  Korita well field in relation to areas of significant landscape features (background: Spatial plan of Vis 

and Spatial plan of Komiĥa in WMS provided by ISPU MGIPU, https://gis1.mgipu.hr/srv1/PPRasterZ17_Public/wms) 

 

3.7. Cultural heritage  

According to the Spatial plan of Vis and Spatial plan of Komiĥa, there are no archaeological, historical, 

ethnological, or memorial heritage monuments or areas at the planned MAR site (Fig. 3.10). The nearest 

archaeological site is located at around 800 m to the northeast and the south.  

 

Figure 3.10  Korita well field in relation to cultural heritage locations (background: Spatial plan of Vis and Spatial 

plan of Komiĥa in WMS provided by ISPU MGIPU, https://gis1.mgipu.hr/srv1/PPRasterZ17_Public/wms) 
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3.8. B iodiversity  

The project area is zoologically in the Mediterranean sub -area and geobotanically in eumediterranean zone. 

From the information in the habitat map, Illyrian garrigues are a predominant habitat that alternates with 

evergreen forests and holm oak maquis scrubland in the surrounding area (Fig. 3.11). Garrigues usually 

consist of plant families Cistaceae ( Cistus, Fumana), Ericaceae (Erica), Fabaceae (Ononis minutissima, 

Coronilla valentina ) and Laminaceae (Rosmarinus officinalis ).  

Characteristic fau na for these habitats is smaller mammals such as eastern hedgehog (Erinaceus concolor), 

lesser white -toothed shrew ( Crocidura suaveolens), European hare (Lepus europaeus), wood mouse 

(Apodemus sylvatius) and, brown rat (Rattus norvegicus). Bats that can us e the habitats present in the 

project area (i.e. for foraging) include the common bent -wing bat ( Miniopterus schreibersii ), Geoffroy's bat 

(Myotis emarginatus ), greater horseshoe bat ( Rhinolophus ferrumequinum ), and Lesser horseshoe bat 

(Rhinolophus hipposideros). Mines Vora is the largest Rhinolophus ferrumequinum  hibernaculum in the 

Mediterranean biogeographical region in Croatia (SDF data from HR2000942 Otok Vis, Pavlinił and ŏakovił 

2010). 

Bird species that were recorded near the project area include ph easant (Phasianus colchicus), warblers 

(Hippolais palida, Slyvia cantillans, Slyvia melanocephala, Slyvia atricapila ), swift ( Apus apus), hooded 

crow (Corvis cornix), chaffinch ( Fringilla coelebs ), red -backed shrike (Lanius collurio ), Eurasian golden 

oriol e (Oriolus oriolus ).  

The habitats are also suitable for different herpetofauna, such as snakes ( Elaphe quatorlineata, Zamenis 

situla, no vipers ), lizards ( Podarcis situla, Podarcis melisellensis ), and the tortoise ( Testudo hermanni ). 

Only one species of amphibian, the green toad ( Bufo viridis ), was found on the island of Vis, in only two 

localities.  

Mine Knegla and cave Spila od vore (locality Bardorovica) are located less than 500 m north of the project 

area. In mine Knegla species from taxa Pseudoscorpiones were recorded (Kuńinił 2019) and Spila od vore is 

the type locality for Otiorhynchus radjai  (SDF data from HR2000942 Otok Vis). 

 

Figure 3.11  Korita well field in relation to habitat map (background: Habitat map Bardi et. Al 2016; Topographical 

map 1:25 000) 
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3.9. Protected areas  

According to the map areas protected with Nature Protection Act (OG 80/13, 15/18, 14/19, 127/19), the 

project area is not within the protected nature area (Fig. 3.12). The closest protected areas are significant 

landscape Cove Stiniva (surface area: 4.12 ha) and Island Ravnik (surface area: 27.30 ha), which are 

positioned around 3.9 and 7.4 km southeast from Korita well field, as well as nature monument Green cave 

on Island Ravnik located 7.7 km away from the pilot area to the southeast.  

 

Figure 3.12  Korit a well field in relation to areas protected under Nature Protection Act  

 

 

3.10. Ecological network  

By inspecting the excerpt from the Map of the ecological network of the project area (Fig. 3.13), it is 

determined that the project area is located within t he area of ecological network important for birds, 

species, and habitat types Site of Community Importance (SAC) HR2000942 Otok Vis, and within the area of 

ecological network important for bird conservation Special Protection Area (SPA) HR100039 Puńinski otoci. 

The list of species and habitats in these areas is listed below in the tables.  
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Figure 3.13  Korita well field in relation to areas protected under ecological network NATURA 2000  

Table 3.4 Target species and habitat types for HR2000942 Otok Vis  

Site of Community Importance HR2000942 Otok Vis  

Species Habitat types  

Miniopterus shreibersii  

Myotis emarginatus  

Rhinolophus ferrumequinum  

Rhinolophus hipposideros 

Elaphe quaturolineata  

Elaphe situla  

1210 Annual vegetation of drift lines  

1240 Vegetated sea cliffs of the Mediterranean coasts with 
endemic Limonium spp.  

2110 Embryonic shifting dunes  

3170 Mediterranean temporary ponds  

5210 Arborescent matorarral with Juniperus spp.  

6220 Pseudo-steppe with grasses and annuals of the Thero-
Brachypodietea  

8210 Calcareous rocky slopes with chasmophytic vegetation  

8310 Caves not open to the public  

8330 Submerged or partially submerged sea caves 

9320 Olea and Ceratonia forests  

 

 

  



 

 

 

Page 27 

 

Table 3.5  Target species for HR100039 Puńinski otoci  

Special Protection area HR100039 Puńinski otoci 

Species 

Calconectris diomedea, Caprimulgus europaeus, Circaetus gallicus, Circus cyaneus, Falco eleonorae, 
Falco peregrinus, Grus grus, Lanius collurio, Pernis apivorus, Phalacrocorax aristotelis desmarestii, 
Puffinus yelkouan  

 

3.11. Socio -economic conditions and  main end -users 

The water supply for around 3700 inhabitants of island Vis is provided by the abstraction of wells Korita and 

Pizdica spring, and the K1 well near Komiĥa. The majority of the population lives in cities of Vis and Komiĥa 

(Fig. 3.14), followed by settlements Rukavac, Okljuńna, Podhumlje, Podģpilje, Ĥena Glava, and Kostirna.  

 

Figure 3.14  Number of inhabitants of the island of Vis, 2001 -2019 (source: Croatian Bureau of Statistics / 

DZS) 

Economic potentials of the island of Vis are focused on traditional agricultural activities such as the 

revitalization of olive groves, producing wine and other fruits as well as fisheries through catching, 

processing, and fish farming. The most important economic branch on the island is tourism, especially 

nautical tourism, and today active tourism is developing more and more such as eco and agro -tourism. These 

activities require higher amounts of water, especially during summer periods so the project woul d provide 

a more reliable source of water.  
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4. Potential impacts of MAR on the environment  

4.1.1. Impact on the microclimate  

Water bodies can mitigate the microclimate of their surroundings by cooling and heating the local 

atmosphere during the day and n ight in summer and winter, respectively. The capability of water bodies to 

reduce daily and seasonal temperature fluctuation depends on the size of the lake itself and its 

surface/volume ratio (Pisello et al. 2015). Korita infiltration pond area will be ar ound 0.9 ha, so it is not 

likely that significant changes to microclimate would occur.  

 

4.1.2. Impact on the geology  

The impact of MAR on the geological conditions will be significant during the construction phase of the 

infiltration pond/accumulation stru cture. Most significant risks related to the disturbance of the surficial 

rock mass are connected with situations in which there would be leeks of motor oils and fuel from heavy 

machinery, which could potentially penetrate deeper layers and/or aquifer. Dur ing the operational phase, 

a considerable modification in the flow patterns can be expected in this carbonate aquifer within a short 

period. Changes are expected in the rock dissolution process along with fractures and conduits. Clogging 

with soil particle s could lead to lower infiltration rates.  

 

4.1.3. Impact on the soil  

The main expected impact on soil is related to the construction works and the change in land use, soil 

stability, as well as wetting and moisture content during the operation phase. Accor ding to the Spatial plan 

of Vis and Spatial plan of Komiĥa cities, the area is marked as òother agricultural landó and òother 

agricultural and forest landó. However, the Korita well field is already under the anthropogenic impact and 

is not used for agricultural purposes therefore, no agricultural land will be lost, but the category of òforest 

landó will change its function.  

The construction works with large machinery could potentially damage the soil structure and stability, as 

well as cause erosion on slopes, if not planned and handled properly. Within the construction zone, there is 

a chance for accidental spills and leaks (fuels, oil, paints, cooling fluids, etc.) which could infiltrate the soil 

and pollute it.  

The introduction of large volumes of "stan ding" water may cause soil erosion (e.g. aggregate destruction, 

compaction, and formation of crusts), and thus limit the water infiltration rate.  

During MAR òoperation phaseó soil will have a significant role in the purification of the recharged waters by 

enabling the elimination of pathogenic agents or potentially harmful substances. The microorganisms can 

grow on the recharging surface, form biofilms, and consequently, clog the soil.  

The overall impact on soil is categorized as long -term, direct and nega tive.  

 

4.1.4. Impact on the water  

4.1.4.1 Impact on surface water  

The implementation of MAR technology will not affect the surface water bodies, as there is only one surface 

water body in the area (river JORN0012_001), however, it is dried out and can occu r only in case of intensive 

and long rain periods.  
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The positive impact could be seen in the collection of water runoff from surrounding terrain in the 

accumulation pond that will be built as part of the MAR infrastructure.  

 

4.1.4.2 Impact on groundwater  

The planned MAR technology envisaged the treatment of collected water before its discharge into the 

aquifer. Therefore, no negative impact is expected on water quality, given that the strict regime regarding 

the quality of the source water is respected. Th is may include various methods of pre -treatment to remove 

any unwanted pollutants and/or suspended particles that would eventually cause clogging. However, in case 

of non-compliance with appropriate procedures during construction works spills and leakages are possible 

(solvents, fuel, lubricants, etc., which may infiltrate into the soil, and ultimately reach groundwater). These 

potential negative impacts can be avoided by compliance with applicable legal regulations and adequate 

organization and proper mana ging of construction works.  

Due to anisotropic and heterogeneous properties, carbonate aquifers can show high dissipation of recharged 

water. Together with soil protective layers epikarst represents the area where geochemical and 

microbiological processes might enable the purification of the recharged water. However, large fractures 

and conduits represent relatively fast pathways for infiltrated pollutants (e.g. pharmaceuticals, pesticides, 

metals, PBCs, etc.). Therefore, a clear understanding of flow direc tion (especially preferential flow 

directions) is a prerequisite for the identification of potential pollution sources.  

The positive impact of the planned project will be the replenishment of the islandõs aquifer i.e. improved 

water balance of currently en dangered by climate change and growing water needs, especially during the 

dry period of the year.  

 

4.1.5. Impact on the landscape  

To assess the potential impact of the planned MAR site on the landscape the analysis is conducted based on 

existing spatial documentation and cartographic materials (satellite images, topographic map of Republic 

of Croatia in scale 1:25 000, Corine land cover).  

The location chosen for the implementation of MAR technology does not belong to a protected significant 

landscape area. Change in vistas, morphology, land cover, and overall perception of the area is expected 

with the construction of an artificial pond, w hich is a landscape form that did not exist before in the wider 

area. However, the area is not populated or frequently visited by locals, and will not be visually exposed 

from the local road. Also, if the slopes and area surrounding the artificial accumula tion will be planted with 

local autochthone plants, after the construction, this new landscape element could visually be harmonized 

with its surroundings. Therefore, the overall impact is assessed as long -term and neutral.  

 

4.1.6. Impact on the cultural he ritage  

No impact (during construction or operation) is expected on cultural heritage as there are no archaeological 

or memorial sites within the planned MAR location.  

 

4.1.7. Impact on the biodiversity  

The main direct impact of the project will be loss of  garrigue habitats and change to permanent surface 

standing waters. Since garrigues are widely distributed on the island and are a result of a succession of 

pastures and degradation of forests, the impact of habitat loss is expected to be acceptable. Befor e 

removing the top layer, the area should be checked for nests of endangered species to minimize the 
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disturbance effect. Removing of the top layer should be carried out in winter periods since the activity of 

most animals is lower at this time.  

In the oper ation phase, a new water body will be present. In addition, there are not any water bodies 

present on the island because of the soil permeability), so this will be an attractive site for many species 

like bats, birds, insects, herpetofauna, etc. In the vic inity (less than 1 km) there are known bats 

hibernaculums and other bat species are present on the island so there is a medium risk of causing 

disturbance from noise and vibrations during the construction phase. It is expected that the bats will use 

the ar ea as a water source.  

 

4.1.8. Impact on the protected areas  

The planned MAR location of the Korita well field does not belong to an area protected by Law on Nature 

Protection (OG 80/13, 15/18, 14/19, 127/19), therefore no impact is expected on protected a reas. 

 

4.1.9. Impact on the ecological network  

Most target species from the SPA area HR100039 Puńinski otoci are species that reside close to the sea and 

coastal areas. Species Caprimulgus europaeus and Lanius collurio  could be found on habitats present in the 

project area. According to The Decree on conservation objectives and conservation measures for target bird 

species in the areas of the ecological network (OG 25/20, 38/20), for Caprimulgus europaeus the 

conservation objective is to preserve enough garrigues and suitable habitats (extensive agricultural areas) 

to sustain 50-100 pairs. For species Lanius collurio the conservation objective is to preserve mosaic habitats 

to sustain 500-1000 pairs. For species Lanius collurio  there is a small risk of negative impacts since the 

project area is small and it is not mosaic. For Caprimulgus europaeus, if the construction work is carried 

out in winter or early spring time, the risk of negative impacts is minimal since the spe cies is not present at 

the site then.  

Habitat types from SAC area HR2000942 Otok Vis are not expected to be at the project area, so the risk of 

negative impact is low. On the other hand, target species Zamenis situla  and Elaphe quatuorlineata  must 

have 9040 ha of habitats as conservation objectives according to the beforementioned Decree. The project 

area is a suitable area for these species, so more detailed research should be carried out before the 

construction phase to analyze if these species are presen t in the project area so the risk of negative impacts 

is medium. Other target species for this area are bat species and the conservation objective for  Rhinolophus 

ferrumequinum is to preserve underground shelters, especially hibernation colonies in Vora mi nes which 

are less than 1 km from the project area. There is a medium risk of disturbing the colonies if the construction 

will cause vibrations or noise strong enough to reach the mines. There is also a possible positive impact of 

an infiltration pond form ation in terms of becoming a source of water for bat species.   

 

4.1.10. Socio -economic impacts  

Properly planned investment in groundwater management can be seen as an investment in public health. 

The main expected benefit from the implementation of the M AR project at island Vis is the enhancement 

of the drinking water supply, which will indirectly positively affect the quality of life. Another positive 

indirect impact could be new job opportunities at the MAR site. Moreover, the planned intervention could  

potentially contribute to the future spatial development of this part of the Vis.  

However, the development, implementation, and maintenance of MAR can be a substantial and continuous 

investment and as such represents a significant challenge for local poli cy-makers. A key to addressing these 

financial challenges is finding funding and investment opportunities.  
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4.2. Cumulative impacts  

The selected MAR location is not part of future spatial interventions as it is a state -owned drinking water 

protection zone.  In the near future, the only new infrastructure will be related to water abstraction, 

purification, and distribution to the water supply network. Therefore, no cumulative impacts are expected.  

 

4.3. Overview of recognized impacts  

The following table shows  the grade for each particular impact.  

Table 4.1  Overview of recognized impacts - Croatia  

Grade Description  

-1 Negative impact  

0 There is no impact  

1 Positive impact  

ENVIRONMENTAL COMPONENT  IMPACT CHARACTERISATION 

DIRECT/ 

INDIRECT/ 

CUMULATIVE 

SHORT-TERM/ 

LONG-TERM 

POSITIVE/ 

NEUTRAL/ 

NEGATIVE 

GRADE 

Climate  indirect  long-term  neutral  0 

Geology  direct  long-term  neutral  0 

Soil direct  long-term   negative -1 

Surface waters indirect  short -term  positive  1 

Groundwater  direct  long-term  positive  1 

Landscape direct  long-term  neutral  0 

Cultural heritage  - - - 0 

Biodiversity  

Terrestrial 

habitats  

direct  long-term  negative -1 

Underground 

habitats  

Protected areas - - - 0 

Ecological network  direct  long-term  neutral  0 

Population  indirect  long-term  positive  1 
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5. Conclusion and summary / Croatia  

The presented Environmental Impact Assessment aimed to evaluate the impact of two MAR methods (i. e. 

infiltration pond and aquifer storage and recovery) on various components of the environment and society 

in the Croatian pilot site on the island of Vis. In particular, EIA was conducted specifically for the Korita 

site, where the infrastructure related  to water abstraction, purification, and distribution already exists. As 

the island faces a potential water shortage during the dry period, which coincides with the highest 

freshwater demand due to increased summer tourism, the main objective of the two pr oposed MAR methods 

is to increase groundwater levels by artificially recharging the aquifer during the wet season (October -

March). The source water is represented by precipitation, storm, and floodwaters, captured in the 

accumulation or infiltration pond.  

The addition of the MAR facility (pre -treatment facility, accumulation structure, and infiltration 

pond/injection well) to the Korita site and its operation would exert a neutral impact on climate, geology, 

landscape, cultural areas, protected areas, and ecological network. A negative impact is expected on the 

soil, as the construction of the MAR infrastructure would require its disturbance or removal. However, this 

effect is localized. Furthermore, a negative impact is expected for the terrestrial habitat  of garrigue, but 

since garrigue is widespread and almost dominant all over the island, this negative impact is not considered 

as significant. A positive impact is expected for surface water, groundwater, and population. Risks related 

to the implementation  of MAR in the karstic aquifer (e.g. aquifer dissolution, degradation of water quality, 

increased marine discharge of groundwater) must be minimized by conducting detailed and high -resolution 

investigations (e.g. 3D flow and transport models, geochemical m odeling, tracer test, hydrogeochemical 

investigation, etc.). In particular, the positive effect is represented by the formation of a surface water 

reservoir (i.e. source water) and revitalization of old river beds in Korita, and by increasing groundwater 

levels, which would improve the safety and resilience of the water supply during dry summer months. The 

beneficiaries of conducting safe and sustainable MAR are the islandõs community that could continue to 

improve urban and social infrastructure, as well a s tourists, whose freshwater demand could be met during 

the surging summer season. 
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HUNGARY 

The objective of this Preliminary Environmental Impact Assessment (EIA) is to examine and evaluate the 

possible environmental impacts of a theoretical underground dam in the Hungarian pilot site. The wider 

Hungarian pilot area is the Maros alluvial fan, which is the most important agricultural region in Hungary. It 

is in the southeast part of Hungary (in B®k®s County) between two major rivers Kºrºs and Maros. Irrigation 

has special importance due to the climatic conditions that can be supported mainly from groundwater. From 

a geological point of view, the pilot area is situated in the territory of B®k®s Basin, which is one of the 

deepest sub-basins of the Pannonian Basin, filled with several thousand -meter -thick Neogene porous 

sediments. The Pleistocene sediments are represented by the alluvial fan formations deposited by the 

ancient Maros River. The surface of the extensive Maros alluvial fan is densely covered by pa leo-channels. 

This region is characterized by rural land use therefore a big amount of irrigation water demand occurs.  

Within the 3rd Work package of the DEEPWATER-CE project, we carried out a MAR suitability mapping to 

find the best places for the constru ction of an underground dam (UD) in Hungary. The selection of a specific 

pilot site, where we can perform a preliminary MAR feasibility study was a crucial step of the DEEPWATER -

CE project. To find the appropriate place, we have carried out a preliminary s uitability mapping based on 

the 8 selection criteria specified within the 2nd Work package of the project (DEEPWATER -CE, 2020a). This 

mapping process highlighted several sites within the Maros alluvial fan, characterized by high suitability. To 

choose the final location, additional data was required, which can be collected by field observations and 

measurements. 

Based on our preliminary examinations we chose the area between Csan§dap§ca and Medgyesbodzs§s as our 

final pilot site for further investigations.  

The chosen MAR technology is the underground dam (UD). The most common geological environment of the 

underground MAR scheme is related to alluvial sediments. These aquifers are situated along the recent and 

ancient flow direction of main river courses, som etimes forming large, extended alluvial fans. During the 

construction, structures (slurry walls) are installed in streambeds, and therefore it does not interfere with 

land use. With the help of the slurry walls, the intensity of the groundwater flow will d ecrease horizontally 

so the level of the groundwater will increase, and the water can be stored in the aquifer for later use.  

There is no specific regulation for MAR systems in Hungary but based on the EU Directives there are some 

general national regulat ions about groundwater protection, groundwater management, and monitoring 

activity: Government Regulation 123/1997. (VII.18.) on the protection of vulnerable water supplies concerns 

their protection measures and the criteria of water protection zones. The Act LVII of 1995 on water 

management regulates the recharge of aquifers by artificial recharge and reinjection. The Government 

Regulation 219/2004. (VII.21.) on the protection of groundwater regulates the artificial recharge and 

reinjection in order to pre serve the quality and quantity of the underground water resources. The 30/2004. 

(XII. 30.) KvVM Decree on rules of monitoring of groundwater regulates the monitoring of quality and 

quantity status of groundwater bodies. The 201/2001. (X.25.) Government Reg ulation has a focus on quality 

requirements of drinking water and regulates respective monitoring.  

  



 

 

 

Page 34 

 

2. Project description - Managed aquifer recharge  

2.1. MAR technology  

The chosen MAR technology to be used on the Maros alluvial fan is the underground dam. An underground 

(or subsurface dam) dam is a facility that stores groundwater in the pores of strata and sustainably uses 

groundwater. This edifice is very similar to a regular dam operating on the surface in a way that it also holds 

back water on the sid e of the water flow direction, but in contrast to surface constructions, this dam holds 

back groundwater and for this reason, its viability requires a special geological setting. In such an 

environment a layer of high -permeability sediments (aquifer) must be present, underlain by a coherent, 

very-low-permeability aquitard layer, which must also surround the aquifer from the sides. An underground 

dam is built in the aquifer, in a way that its walls would also reach deep enough into the horizontally and 

verti cally present aquifer, and ð in the most optimal case ð to be perpendicular to the groundwater flow 

direction. This way groundwater levels will rise behind the dam to be optimal for production (Fig. 2.1).  

 

 

Figure 2. 5 Schematic il lustration of an underground dam  

 

The planned underground dam facility in the pilot site, based on discussions with a company (B®k®s Dr®n 

Ltd.) being expert in the implementation of such edifices, would be comprised of numerous different 

elements (Fig. 2.2):  

1) The underground dam  itself woul d serve as a vertical impermeable wall.  

2) The drainpipe (s) run at the bottom of the aquifer, going through the foot of the dam and being parallel 

to the groundwater flow direction. This pipe facilitates subsurface water migration and drives a certain 

amount of groundwater to the other side of the dam, to maintain groundwater supply.  Its material is 

usually PVC or PE plastic, wrapped in geotextile.  

3) The gate of the underground dam . This element is a sluice installed in a shaft, reaching the drainpipe, 

and is used for water governance. It provides the possibility to regulate the amount of water going 

through the dam via the drainpipes and to make the groundwater reachable for production via the 

shaft. It is made up of concrete and metal elements.  

4) Surface ditc hes take and transport the water extracted at the gates along the area of interest behind 

the dam. These 2-3 m wide concrete ditches are easily accessible for farmers and let them use their 

water for irrigation.  

5) Intermediate water -governing structures are similar to the gate in both function and material. They 

provide water -access points and control to the groundwater at certain, approx. 2 km long intervals of 

the system.  

6) Monitoring wells are used to oversee the changes in the groundwater level. The numbe r and location 

of wells depend on the aims and budget, which defines how dense the monitoring network will be used.  
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The applied theoretical underground dam facility for the pilot site is supposed with a minimum of 10 m deep 

and 200 m long, a maximum of 20 m deep, and a 2 km long dam wall. Though the spatial extents of the 

underground dam might seem to be large, most of this construction is situated below the ground surface, 

thus they do not interfere with surface land use and are out of sight. This hidden n ature of the facility 

provides the number one advantage of such an installation: the decreased possibility of environmental 

impacts due to the protection of geotechnical solutions or the minimized evaporation.  

 

 

Figure 2. 6 Illustration of an underground dam system  
(Source: modified illustration of DELTA organization (D®l Alfºldi T§lentum Akad®mia, 2021)) 

 

2.2. Variant MAR solutions  

MAR solutions, which use surface water (e.g. infiltration ponds, induced river or lake bank in filtrations, 

recharge dams, etc.) are not considered optimal solutions in the area due to the lack of surface water. For 

this reason, the usage of underground dams ð which are designed specifically for trapping groundwater ð are 

highly viable.  

The underground dam, which is planned for the geological setting of the pilot site, depending on the 

different technical solutions and locations within the alluvial fan, can vary greatly in extent, therefore in 

the magnitude of stored water as well. The option, which is studied in the Cost -Benefit Analysis (CBA) as 

well, aims to construct a dam until the bottom of the first aquifer, thus trapping the uppermost groundwater 

table. However, this one is not optimal for human consumption but is ideal for agricultural usage,  which is 

the aim of the application. This construction can be realized by a 10 m deep, 200 m long dam and would 

store groundwater in an area of 2 km length behind the dam itself. Nevertheless, if the aim is to provide 

drinking water, then deeper aquifers are needed to be aimed with the dam, but for that a new study is 

needed, focussing on deeper geology. 

Not only the simple dimensions of the dam are extendable in the light of needs, but several separate 

underground dam facilities can be connected in a ôcascade-likeõ manner. As mentioned in the previous 
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chapter, the MAR facility can be supported with a so -called ôintermediate water-governing structureõ. These 

edifices can serve as joining points of two underground dam systems, put perpendicular to the direct ion of 

the groundwater flow path to retain it. With a thorough water governance idea, the groundwater can be 

controlled in extensive areas and provided for a wide number of water users. This MAR solution of an 

underground dam requires huge costs, and it is  considered viable only in those regions where the use of 

water is inevitable, and due to water scarcity, its price would be extremely high.  

 

3. Environmental setting of the proposed project location  

Having a good baseline knowledge of the potentially aff ected environmental resources and communities 

located at or near the proposed MAR site is crucial for conducting every environmental impact assessment 

study. Thematic maps (e.g. land use and land cover, geological and hydrogeological map, map of nature -

protected areas, etc.) served as basic data for the definition and characterization of the effects.  

This chapter provides sufficient information for decision -makers and reviewers about the geographical, 

geological, and hydrogeological settings of the location  of the selected pilot site of an underground dam 

MAR system. 

 

3.1. Site description  

The pilot area is situated in the southeastern part of the Great Hungarian Plain (in B®k®s County) between 

the two largest tributaries of River Tisza (Kºrºs and the Maros) along the national border. The pilot area 

covers the territory of two micro -regions: Csan§d Ridge and B®k®s Ridge (Dºv®nyi, 2010), and is situated in 

one of the largest fluvial alluviums in Hungary ( Figure 7.1). The special geographical  settings (climate 

exposure, low relief, etc.) determine the land use, water demand, and possibilities in the water supply.  

 

Figure  7.1  Location of the Maros alluvial fan (Fiala and Juh§sz, 2015) 
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In the frame of the 3rd Work package of the DEEPWATER-CE project, we carried out a MAR suitability 

mapping to find the best suitable places for the construction of an underground dam in Hungary. Based on 

mapping different limiting parameters as constraints , like some geological -hydrogeological criteria (slope, 

depth of the groundwater table, lithology of the shallowest aquifers), climate exposure, and need for a 

sustainable source of water, the Maros alluvial fan was selected as a pilot area (DEEPWATER-CE, 2020a). 

The selection of a specific pilot site was a crucial step of the DEEPWATER-CE project, where a preliminary 

MAR feasibility study was performed. To find the appropriate place, we have carried out a preliminary 

suitability mapping based on the 8 sele ction criteria specified within the 2nd Work package of the project 

(DEEPWATER-CE, 2020a). This mapping process highlighted several sites in the region of the Maros alluvial 

fan, characterized by high suitability. To choose the final location, additional d ata was required, which can 

be collected by field observations and measurements.  

Based on our preliminary examinations the area between Csan§dap§ca and Medgyesbodz§s was chosen as a 

final pilot site for further investigations ( Figure 3.2).  

 

 

Figure 3.2  The location of the Hungarian pilot site  

 

3.1.1. Proposed MAR site in relation to other spatial interventions  

The actual and valid urban development plans for Medgyesegyh§za and Csan§dap§ca are available on the 

websites of the settlements ( http://www.csanadapaca.hu ; https://www.medgyesbodzas.hu/). These plans 

provide a very good overview of th e current land use of the urban and periphery area of the towns. Fig. 3.3 

shows the land use structural plans and the border of the pilot site.  

The pilot site is situated mainly in the administrative area of Medgyesbodz§s and barely touches the 

administrat ive area of Csan§dap§ca in the West. This small area of Csan§dap§ca is mainly a common 

agricultural area but there is an industrial area as well. Also, a mid -to high-pressure gas pipe runs from NW 

to SE.  

About 90-95 % of the pilot site is situated in the administrative area of Medgyesbodz§s. In this territory, the 

main land use is agricultural with a small percentage of forest and pasture. In addition, there are lines of 

forests as buffer lines. The local water reserve is situated at the SE of the marked p ilot site.  

Based on the Urban Development Plan from 2010 in Medgyesbodz§s the only planned spatial intervention 

was the unburdening of the main road with a bypass road. As written in the Urban Development Plan (2019) 

Boundary of the shallow 

 porous groundwater body 

Selected pilot site 

http://www.csanadapaca.hu/
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for Csan§dap§ca, a wastewater treatment plant was planned in the western corner of our pilot site, and 

eventually, the plant was built.  

At this point based on the information from the municipalities, there are no other spatial intervention plans 

for this area.  

Because the MAR scheme in this pilot site is very theoretical, in the case of planning the installation of the 

MAR system in the future the other respective spatial plans must be considered.  

 

Figure 3.3  The pilot site with the valid georeferenced land use structural plans  

purple  ð industrial area; light brown  ð agricultural area; green ð forest; green with stripes  ðforest buffer zone; grey  
ðspecial area (graveyard); red  ð small -town residential area; orange  -town residential area; blue  ð mixed town 

center area  
(The maps are georeferenced and the base mapõs source is the Open Street Map) 

 

 

3.2. Climate characteristics  

The climate of the pilot site is warm -dry and moderately warm. The number of hours of sunshine per year 

is extremely high, and varies between 2000 -2020 hours, about 810 hours in summer, and is about 190 hours 

in winter (RBMP, 2015).  

The average annual temperature is 10.3 -10.5 ÁC and the average temperature during the growing season is 

between 17.3 -17.5ÁC, according to most of the projections of different climate models, temperatures are 

expected to increase further due to climate change. The frost -free per iod begins in April and ends in October 

and lasts about 196-198 days (Dºv®nyi, 2010). In winter, the land is covered with snow for 28-35 days, with 

an average maximum snow thickness of 18-20 cm (RBMP, 2015). 
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The annual rainfall varies between 550 -620 mm, t he average during the vegetation period is approx. 340 

mm. According to historical meteorological data, the region can be classified into heavy drought and 

extremely heavy drought categories (P§lfai, 2002).  

The most common wind directions are NE and SE; the average wind speed is slightly below 3 m/s (Dºv®nyi, 

2010). 

 

3.3. Geological and hydrogeological settings  

The pilot site is located in the Quaternary fluvial fan of the Maros River, which is one of the most 

representative distributive fluvial systems i n the Hungarian Quaternary succession. These fluvial deposits 

reach 450ð500 m of thickness. Stratigraphically correlated sand bodies have been identified and are in line 

with the results of modern research on the geology of alluvial fans (Weissmann et al.,  2013). Well-

documented braided and meandering channels can be observed and were reported (S¿meghy et al., 2013) 

on the top of the distal fan. The pilot site is situated on one of the distal lobes of the fan abandoned due to 

the changes in the flow directi on of the Maros River during the Holocene.  

The fluvial sediments deposited in channels, point bars, islands, and incised valleys of the fan act as 

aquifers, while fine -grain silts and clays, derived from floodplain environments, represent the aquitard 

layers. Although the entire alluvial complex forms a hydraulically connected aquifer system, in the 

conceptual hydrogeological model of the focus area (within the upper 60 m) of the pilot site four hydro -

stratigraphical units were distinguished according to th e analysis of the fluvial cycles.  

The thickness of the uppermost aquifer ð with regionally correlated sand bodies - varies but it is mostly in 

the range of 5 -15 m in the pilot site, representing the uppermost part of the Upper Pleistocene fluvial cycle. 

The shape of this sand body roughly follows the surface manifestation of the fluvial belt towards the depth, 

elongated in an E-W direction and laterally thinning. The groundwater table is at a depth of 1.5 -4.5 m below 

the surface. The direction of the regio nal groundwater flow is SSEñNNW. 

The underlying layer, the lower part of the Upper Pleistocene fluvial cycle, with fine -grained sediments is 

considered the first aquitard layer in the conceptual hydrogeological model of the pilot site. It consists of 

clay,  silty clay, and silt in different proportions, usually with a significant thickness of 15 -25 m. Where the 

first aquifer is missing or wedges out, the aquitard layer outcrops on the surface. Locally isolated sand 

bodies can also be detected within this lay er. Where the thickness of this first aquitard is higher (more than 

20 m), it can hydraulically separate the neighboring aquifers, but due to heterogeneity, semi -permeable 

behavior can be dominant, and locally hydraulic connections cannot be excluded betwe en the uppermost 

and the lower aquifers.  

The second aquifer below the surface ð with regionally correlated sand bodies - from the upper part of the 

Middle Pleistocene represents climatic cycle I. This aquifer has a greater thickness than the first aquifer,  

with values between 10 -20 m. This confined layer with varying proportions of silt content can be identified 

all over the pilot site.  

The lower, the second aquitard separates the near -surface aquifer from the deeper situated drinking water 

aquifer layers.  It also has significant heterogeneity as a result of the combined effect of the location, 

variable width, and heterogeneity of the fine -grained layers. A direct hydraulic connection cannot be 

identified between the shallow aquifer layers and the drinking water resources of the pilot sites, however 

indirect hydraulic connection cannot be excluded.  

The hydrochemical facies of the groundwater in the shallow uppermost sand horizon varies over a wide 

range, both regarding its cation and anion composition. The d ominant cations are Ca2+ and Mg2+, but higher 

Na+ and K+ concentrations can be observed in the Csan§dap§ca region. Besides the HCO3
--CO3

2- dominance, 

high SO4
2- can also be detected. Different infiltration conditions can exist locally, which are reflected by a 

wide spectrum in the water types in the upper two sand horizons. The nitrate concentration covers a wide 
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range, from below detection limit up to more than 100 mg/l, reflecting the effects of the agricultural 

activity. High concentrations can be detected in the topmost sand layer.  

 

3.3.1. Tectonic relations  

Tectonic structures are identified in the basement formations that are situated more than 2000 m dep th in 

the territory of the pilot site. Some of these tectonic structures are supposed to continue in the overlaying 

Neogene sediment series, but active neo -tectonic elements are very uncertain in the Quaternary layers. 

However, their hydrogeological import ance is negligible in the porous groundwater body.  

 

3.3.2. Seismic features  

Hungary is situated between the seismically active Mediterranean region and the nearly aseismic East 

European platform. The ongoing deformation process was verified by GPS geodet ic data by Grenerczy et al. 

(2002). However, seismic activity of the Pannonian region can be characterized as moderate, while the 

seismicity rate is lower in the territory of Hungary.  

Seismic hazard assessment was carried out using a probabilistic approach where the uncertainties were 

taken into account by logic tree methodology (T·th et al., 2006). The seismic hazard map compiled in the 

frame of this assessment describes expected shaking with a 475-year return period in terms of peak ground 

acceleration (F ig. 3.4).   

 

 

Figure 3.4  Seismic hazard in the Pannonian region. Expected peak ground acceleration in m/s 2 (T·th et 

al., 2006)  

(10% probability of exceedance in 50 years, 475 year return period)  
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3.4. Soil  

The most common soils in the Hungarian pilot site are the dark Chernozems (Fig. 3.5) that were developed 

predominantly in lowland areas in loess and loess -like sediments under ancient grasslands. Highly productive 

soils that are used for agriculture, Chern ozems have a deep, dark, surface horizon that is rich in organic 

matter. They carry favorable physicochemical properties, such as a good granular structure, high porosity, 

good infiltration, and water storage and nutrient holding capacity. These characteri stics ensure good yields 

for almost any crop type that is grown in them. The only limitation to agricultural production is the 

availability of water. A typical Chernozem soil profile will exhibit a 40 -60 cm deep topsoil that is soft and 

rich organic matter , overlaying a subsoil containing calcium carbonate -rich parent material. There is usually 

a transitional horizon between the two. Chernozems are sensitive to mismanagement and can lose several 

of the highly sought -after properties mentioned above if care is not taken. Compaction, structural 

degradation, and erosion are the most common issues. Compacted soils have reduced porosity and 

infiltration causing increased runoff, erosion, and less storage of soil moisture. With appropriate soil 

management practice s, the organic carbon content and the biodiversity of the soils can be maintained or 

even enhanced. Chernozem soils contain between 5 and 15 percent of 'mild' humus with a high proportion 

of humic acids and a C/N -ratio that is typically around 10. The surf ace horizon is neutral in reaction (pH 

6.5-7.5) but the pH may reach a value of 7.5 -8.5 in the subsoil, particularly where there is an accumulation 

of lime. Chernozems have good natural fertility; the surface soil contains 0.2 -0.5 percent nitrogen and 0.1 

to >0.2 percent phosphorus. In Chernozems, the humus contents are lower (4 -5 percent) and consequently 

also the cation exchange capacity: 20 -35 cmol(+)/kg dry soil (Stefanovits, 1981).  

 

Figure 3.5  The main type of soils in the Hungarian pilot site  

 (Source: AGROTOPO (1991)) 
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3.5. Water  

3.5.1. Surface water  

Despite its large catchment area, the surface water network of the Maros alluvial fan is sparse, and except 

for artificially maintained channels, the surface waters are temporary in the pilot are a. It has to be 

mentioned that not all surface waters are classified as water bodies. In total, 3 out of the 7 surface water 

bodies are artificial, while 4 are heavily modified water bodies (Fig. 3.6). The result of the status assessment 

of all 7 surface w ater bodies is moderate according to the 3rd River Basin Management Plan launched for 

public debate in the summer of 2021 (not yet finalized). There is one water body, the Hajd¼®rðOttlaka 

channel or ditch, which goes through the pilot site, in its Northern  part. Its moderate status is the result of 

moderate biological and ecological, poor physico -chemical, good hydromorphological, and specific pollutant 

(metals, pesticides) status.  

 
Figure 3.6  Surface waters in the Hungarian MAR pilot area  
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3.5.2. Groundw ater  

Both the study site and the whole study area can be found in the shallow porous Maros alluvial fan, the so -

called sp.2.13.1 groundwater body (GWB) ( Figure 3.7). Its quantitative status was good within the framework 

of the 2 nd River Basin Management Plan (RBMP), while its quality status was good, with a risk to reach poor 

status. The 3 rd River Basin Management Plan launched for public debate in the summer of 2021 (not yet 

finalized) shows that the quantitative status of this groundwater body is good, with a risk of degrading to 

poor status due to the result of the water budget assessment and the status of groundwater -dependent 

terrestrial ecosystems. The quali ty status was evaluated as poor, due to NH 4
+, NO3

-, Cl-, SO4
2- pollution in 

the drinking water protection zone. Additionally, the NO 3
- and SO4

2- concentrations also show a negative, 

worsening trend. The deeper, confined porous aquifer (p.2.13.1) is in good  qualitative status at present, 

but with a risk to reach poor status due to concentrations above reversal points for Cl - and SO4
2- within the 

drinking water protection zone. This is a negative change since the assessment of the 2 nd River Basin 

Management Plan when this GWB had good chemical status. The quantitative status of this deeper GWB was 

evaluated as good within both the 2 nd and the 3 rd RBMP. 

 
Figure 3.7  Groundwater bodies on the pilot area  

  














































































































































