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1. Summary

The transnational decision support toolbox was developed on designating potentially suitable MAR locations

in Central Europe within the DEEPWATERCE project (output O.T2.1, DEEPWATERCE, 2020b). Based on this

toolbox, pilot sites with applicable MAR types were identified (deliverables D.T3.3 -6.1-5). Furthermore, a

common methodological guidance for DEEPWATERCE MAR pilot feasibility studies (deliverable D.T3.2.5)

was proposed which was used in combination with the transnational decision support toolbox toi dentify the

potential of a MAR application. Based on this methodology, to investigate the MAR suitable areas the general

screening method was applied in the whole territory of Slovakia. The aim of screening selection criteria was

to find suitable areas for a specific type of MAR (i.e. Recharge dam in Slovakia). In the areas which were

selected as suitable ones from general screening, the specific selection cr i t eri a wer e impgpl i ed,
Ostrov area, which is the part of Podunajsk a Lowland.

To reveal possibilities of MAR site construction, the regulatory framework related to MAR sites construction
and water usage was summarised. Although similar systems are commonly used for drinking water supply in
Slovakia, they are not specified as MAR. Therefore, in Slovakia, in fact there is no legal framework for MAR
usage or monitoring. But on the other h and, there is an obligation to respect the rules related to water
management established by 2000/60/EC EU Water Framework Directive (WFD). It is transposed to nat ional
legislation in Act No. 364/2004 Coll. on Water and amendments of Slovak National Council Act No. 372/1990
Coll. on Offences as amended (Water Act), published in Journal of Laws 153/2004. At national level there
are several binding legislative docume nts related to groundwater replenishment, water abstraction, water
quality for irrigation, etc., which are ruled by the State Water Administration Authority, Department of
Environment, which is the respective authority at both national and regional levels. It specifies the
conditions of water usage in the Permit for Water Usage. Other state institutions involved in water
management are the Slovak Water Management Enterpri se
administrator of water courses; Slovak Hy drometeorological Institute (SHMU) registers the amounts of
abstracted water. The Slovak Environmental Inspectorate is responsible for water quality control at all
levels.

The Danube River created an extensive bQOdeown dhe ndguabt em o
character of the river was altered by embankments and equalizing parts of the  watercourse. The pilot area

i n  HAQstrow i roughly delineated by thetow ns anfor@ n, Dunaj s k § kdva. Itigbdrderednd Gab
primary channel SVIl (Gabn2-Koporn2ky channel) and s eckrnadfarnyy ,h c)h aanmde
VI (-duranmg, ). The dense network of irrigation channel
for regulation of water flow is a crucial point to create recharge ~ dam MAR type, i.e. accumulation of water

between closed sluices. The pilot area is agricultural land. It is located in the Slovak part of the Danube

Basin, occurring in north -western part of the Pannonian Basin System. The sedimentary in -fill of the

depression is represented by Neogene and Quaternary sediments. The thickness of Neogene sediments in

the Gab@ykmovedepression reaches more than 8 500 m (Kil®
overlain by up to 320 m thick Quaternary sedimentary cov e r (Gujan et al ., 2018) . B ¢
estimated the average values of the hydraulic conductivity coefficient Quaternary gravels and sandy gravels

in the wider area of the pilot site on 2.91*10 -3 ms* and the transmissivity coefficient on 2.96*10 2 m?s?. The

Quaternary sediments have mostly the phreatic groundwater table. Groundwater in Quaternary sediments

of the evaluated area can be generally characterized as fluviogenic water having origin of its chemical

composition in infiltrating water from  the surface water courses. The main cations are calcium and

magnesium, values of iron and manganese contents are often increased. The main anions are bicarbonates

and with lower values of sulphates. Presence of nitrites and nitrates indicates the anthropog enic pollution.

Groundwater is of middle to high mineralization. The basic distinct Ca -HCQ and basic non-distinct Ca-(Mg)

HCQ chemical types prevail.

Groundwater regime fromthelong -t er m poi nt of view was influenced by t
was constructed on the Danube River between Nu$8ovo and
The waterworks consists of the NuS8ovo Dam, Hrugov wate
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of 40 km?, the bypass channel (headwater channel and tailwater channel), and the series of locks on the

bypass channel (hydropower plants and navi eandseepagel oc k s)
channel, which is the water suppl y OstrowThechanrdelnetwockiofa n n e |
Hi taostovc onsi sts of six main, partiall-Yoporekr&kgnobahadl¢h
channel ;Hod@iKosdo hy chaiNeelgovAshah-Kem§r Nergbannel, and K
channel. The pilot site is locate d in the sub-basi n of -GapdphkdDky channel -(S VI |
channels- Vojka-Kr anany (A VLduyoagd (BuNahy .

The investigation work in pilot site started by desktop analysis of pilot site area. Within this analysis there
were summarised relevant available archive data used for pilot site area characterisation. Main
characteristic of the pilot area are geomorphology, climatic conditions, land use, hydrology, geology and
hydrogeology. Aspects of existing infrastructure and regulatory li mitations were also considered. The
information on geology and hydrogeology to characterise the pilot site were collected from archive data of
the State Geological Institute of Dionyz Stur. Desktop analysis collected and evaluated archive data in order
to plan the field work investigation properly to gain the remaining necessary information/data.

The field measurements aimed at the quantification of infiltrated surface water from recharge dam MAR
scheme in order to replenish groundwater resources. The asse ssment and quantifying the possibilities of
aquifer recharge by (i) assessment of lateral range of infiltrated surface water impact on groundwater level
based on data of investigated hydraulic conductivity of soil; (i) modelling the surface water and
groundwater interaction and (iii) proposal of scenarios for technical regulation of water flow in channels to
ensure groundwater recharge in pilot area. Since long -term measurements were applied, all agricultural
seasons were covered, so it was possible to investigate time changes of water demand for crop irrigation.
The field measurements and their interpretation were done by PP6 (Water Research Institute) in cooperation
with the Slovak University of Technology, Bratislava. Field measurements covered flow meas urements in
channels, geometry of channels, groundwater table measurements, soil sampling and measurements of
soils/rocks hydraulic properties. The latter was done by the auger hole method in the field and the
measurement and evaluation of retention curves in laboratory. The soils samples were evaluated in the
laboratory in order to get input data to calibrate the numerical models (MODFLOW and HYDRLED).

Representative sites for soil sampling were located in vicinity of adjustable sluice gates, allowing co  ntrol of
the water table level in the channels to perform infiltration tests. Soil samples were measured in laboratory

to obtain the data on hydraulic conductivity of water -saturated soil (method of variable hydraulic gradient);
soil bulk density and its v ertical distribution and soil water retention curves (measurements and calculation).
The measured hydraulic conductivity of the surface rocks varies based on content of silty/clayey particles,
and in general, the top surface soil is less permeable than deeper parts of Quaternary sandy gravels. The
investigation revealed the differences in the hydraulic conductivity distribution in aquifer (350,20 cm/d);
sediment in channel (2,88 cm/d) and soil (6,24 cm/d). It is obvious that aquifer is the most permeable and
sediment is impervious (compared to aquifer). However, we should notice that dueto  form sedimentin fine
particles suspension on the bottom of channels, it is more permeable than expected.

Groundwater level measurements were performed at 3 points usi ng hand-drilled probes at the Jozefov site
where groundwater table in 2 probes oscillated in the depth around 1m below surface.

From evaluating the water chemistry of surface water and groundwater and assessing potential risks of
pollution by scattered e nvironmental loads and larger potential polluters (the industrial enterprises have
their own waste water treatment plants), it was found that they do not pose remarkable threat on water
pollution or produce priority substances. Therefore, these are suitabl e for MAR systems according to the
water chemistry as well as according to evaluation of ecological potential of surface waters.

Water demand is growing globally, and among economic sectors, agricultural production (especially crop
production) is one that mostly relies on the availability and quality of water. This challenge is exaggerated
by the changing climatic conditions that affect noticeably crop production and lead to the increased need

for irrigation water. It is essential to mention that due to lim  ited data available for the pilot study area
when calculating benefit values, we used data for the reference area o the northern part of Podunajsk a
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lowland, which is quite comparable in terms of the number of agricultural producers and hydrogeological
conditions. Also, climate conditions in the pilot study area are expected to converge to those in the selected
reference area over the project lifespan. Nevertheless, obtained CBA results should be treated as more
indicative and with a portion of cautiousness.

Annual operation and maintenance costs depend heavily on the amount of irrigation water demand and
water supply by the MAR scheme. Annual level of MAR scheme water supply and projected volume of annual
irrigation water demand in 30 years. The level of wat er supply is estimated under the condition of 3 new
sluices/weirs added, in other words, more water can be stored in recharge dams created along the channel
in order to increase the infiltrated water amount. The projected water demand in 30 years is evalua  ted in
the range - min 8,699,090 m® and max 15,004,000 m*® while the expected water supply in dry year is
11,967,985 m® and in wet year 15,042,745 m 3. The range of values of annual irrigation water demand is
estimated taking into account long -term climate f orecasts, anticipating that the pilot study area will be
vulnerable to droughts. The assumption behind the minimum scenatrio is that irrigation water demand in 30
years will be 20% higher than the current level in the reference area. When it comes to the ma ximum
expected irrigation water demand, its level is estimated based on a linear trend.

Water supply was assessed by mathematical modelling. The mathematical modelling by MODFLOW enabled
to model the potential amount of water infi Itrated water into groundwater. A numerical model was
developed using the MODFLOW program in the Groundwater Modelling System (GMS) environment, which
allows us to use the conceptual model approach. The modelled area was bounded by the left -hand side

seepage channelofthesuppl y channel of Gabnzkovo water structure

Hydrological Network of groundwater quantity monitoring of the Slovak Hydrometeorological Institute.
Three hydrological years have been selected for the data analysis, i.e. 20 08 as the year which can be
characterized as the precipitation normal year; 2010 as the wet year extremely (p recipitation above
normal); and 2018 with extremely low precipitation totals recorded in April, May, July and October. Then 2
scenarios (prognosis)have been examined on the A VII channel for above mentioned periods 2018 and 2010,
i.e. Prognosis 1 dwater level corresponded to the maximum levels at each weir when gate slides in the rkm
0.000 and 17.171 were closed; Prognosis 2 dwater level correspon ded to the maximum levels at each weir
when the gate slides on the rkm 0.0 and 17. 171 were closed and additional 3 newly proposed weirs in the
rkm 2.270, rkm 7.060 and rkm 12.530 were in operation (the height of each gate slide is 1.6 m). Zero variant
was the natural conditions dopen gates surface water level regime.

The results of modelling showed the potential infiltration amount of surface water to groundwater ain
Prognosis 1 it corresponds to 37910 [m®.d"] in wet year and 23598 [m 3.d"!] in dry year and in Prognosis 2 it
corresponds to 41213 [m3.d-Y] in wet year and 32789 [m 3.d*}] in dry year. It is evident that the amount of
water infiltrated into aquifer after operation on existing weirs (Prognosis 1) increased in both investigated
years more than 40 % (wet year 2010) and more than 60 % (dry year 2018). The infiltrated water amount
into groundwater can be increased by constru ction of additional three weirs  (Prognosis 2) up to more than
50 % (wet year 2010) and more than 75 % (dry year 2018) in compaison with the natural surface water level
regime (Zero variant). The present operation on water structures on the S VII channel system by Slovak
Water Management Enterprise enables the realisation of managed aquifer recharge.

The model HYDRUSD is a mathematical, deterministic model simulating the transport of water, heat and

mul tiple solutes in variably saturated porous medi

applied as one dimensional (HYDRUSLD), as well as two and three dimensional ( HYDRUSD/3D). As input
data to the model hydraulic characteristics of soil (saturated/unsaturated hydraulic conductivities, soil
water retention curves, properties of plant canopy and atmospheric characteristics. These characteristic
were obtained mainly from fieldwork investigation. Groundwater table level change during aquifer recharge
by infiltration from channel can be calculated (by the model HYDRUS 2D). Infiltration of water from channels
was assessed in 3 scenarios:

0) channel is located in upper layer of quaternary sediments (gravel with silt) with different water
table level in channel. Modelling episode assumes immediately increase of water table in the channel, by
closing sluice gates. During quasi-steady state (QST), the infiltration rate is b etween 100850 m*® km™* day ™.
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The length of the channel system in pilot area is 100.86 km, which means, the total inflow into aquifers is

in between 10,000 8 35,000 m® day*, which corresponds to the data estimated by simulation model
MODFL OW ( Goll, 20213 Zhis éstaboat one tenth of the average daily evapotranspiration. During
initial state of infiltration this rate can be up to 25 times higher, than quasi -steady rates, but it is covering
narrow strip of soil around channels only. The particular r ate of infiltration depends on channel dimensions,
hydraulic properties of porous media, channel bottom sediments properties and height of water table in
channel. The most important factor influencing inflow rate is the water table level in the channel. Wa ter
table when sluices are open is around 0.5 m; the maximum water table is 2.0 m at closed sluices.

(i) channel in porous media and soil layer above the aquifer. Because soil saturated hydraulic
conductivity is significantly lower than the gravel layer, the rate of infiltration is significantly lower than it

is in an ideal case. The channels are located in the area covered by relatively impermeable topsoil layer
with thickness 1 -2.5 m. The thicker topsoil layer is, the lower rate of infiltration can be expected. The soil
layer (i.e. lower hydraulic conductivity than aquifers) can decrease the quasi -steady inflow rate about 10
percent, in comparison to channel without soil layer.

(iii) channel in homogeneous gravel layer with bottom sediments. The aim of modelling was to evaluate
guantitatively the role of bottom sediments on infiltration rate of water from channel. The infiltration rate

of water is indirectly proportional to the sediment thickness. Bottom sediments in channels are thick 0.5 -
1.0 m (lower value is more frequent). It was observed relatively low significance of the influence to the
thickness of the sediments on infiltration rate. The reason is in relatively high hydraulic conductivity of
saturated sediments (Kg) in comparison to the soil, or upper layer of aquifer clogged by small particles
transported during infiltration of water through bottom sediments. The bottom sediments have low density
and their particles are in the state of "floating” in water, i.e. relatively high hydraulic conducti vities.

Properly managed water retention in channels and consequent surface water infiltration from channels to
the aquifers (MAR), can significantly improve soil -water regime, especially during dry season. In this case,
the rate of water infiltration can  be expected higher due to higher hydraulic gradient. MAR as amethod of
groundwat er r e p |Ostrovcanbe padicularly usefil in sitiation, when water level of Danube
river (and discharge as well) will be extremely low, which can be a real s ituation in near future due to
climate change.

The risk assessment of MAR schemes recognized possible risks for the MAR system coming from
environmental and human health, technical, socio -economic, governance and legislative risks as well as
risks related to the sensitivity of MAR to climate -induced extreme situations.

Risks were assessed by combination of two methods; i.e. risks were identified according to the methodology
developed by MARSOL project (RodriguesEscalantes et al. 2018). Quantitative risk assessment was done in
with risk factor matrix by Swierc et al, 2005 (also mentioned as a method in the Australian guidelines)
(NRMMEEPHCAHMC, 2006; NRMMEPH@NHMRC, 2009where the likelihood and the severity of a risk is
interpreted by risk factor mat rix. According to MARSOL methodology, there were evaluated quantitative
technical and non-technical risks (social, economic, governance & legislation) during design, construction
and operational phases.

In Slovakia, the identified risks, i.e. risks related to environment and human health, technique, s ocio-
economic issues, governance, legislation, and risks related to the sensitivity of MAR to climate -induced
extreme situations; were evaluated in two phases & (i) design and construction phase; and (ii) opera tional
phase, where technical and non -technical risks were summarised.

As nonttechnical risks during design and construction phase, the lack of private/public funding was identified

as very high risk. Possible treatment is to disseminate and publicize the MAR schemes benefits to be able to
involve as many investors as possible. Within this group, two other risks were evaluated as high: low price
of water and high installation cost. Low price of water risk was evaluated in operational phase as well.
These risks can be overcome by additional support for the use of MAR facilities (state support, private
financial sources) in order to promote its financial viability.
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Evaluation of technical risks revealed several high probabilities of occurrence during design an d construction
phase: construction technical difficulties, risk of low water storage, hydrogeological setting. These risks can

be treated by preparation of specific technical project, and proper and detailed geological and
hydrogeological investigation. Du ring operational phase, high risks are represented by swelling clays,
nutrients, droughts and rainfall events periodicity, changes in water demand and supply. To treat this group

of risks there considered following issues accordingly: (i) detailed study on geological/rock mechanic
conditions of the channels banks; (ii) agricultural pollution can be avoided by applying of Good Agricultural
Practice and waste water pollution by centralised sewage system and WWTP; (iii) efficient manipulation
with water in cha nnels; (iv) proper regulation of water flow in channels and monitoring of water
quantity/quality.

To ensure effective functioning of the MAR system and to be informed about all risks mentioned above in
time, the thorough monitoring system of risks should b e put into operation. Recognized risks for the MAR
system are connected with climate change. It is apparent that there will be still more water needed in the
vegetation period for the agricultural plants because of greater differences between precipitation on one
side and evapotranspiration on the other, especially in vegetation period.

Economic assessment of projects checks whether the net
So, economic efficiency analysis is applied, and more specificall y cost-benefit analysis (CBA). An important

part of CBA studies is the incorporation of uncertainty in the analysis. To include this element in our analysis,

we developed scenarios with plausible variations of the main CBA parameters and checked sensibilit y of the

net present value (NPV) of the MAR scheme to these elements. The report also contains the expert
assessment of two dimensions of socio-economic risks associated with the MAR scheme: their probability

and magnitude of consequences.

The range of values of annual irrigation water demand is estimated taking into account long -term climate
forecasts, anticipating that the pilot study area will be vulnerable to droughts. The assumption behind the
minimum scenario is that irrigation water demand in 30 year s will be 20% higher than the current level in
the reference area. When it comes to the maximum expected irrigation water demand, its level is estimated
based on a linear trend.

To estimate both use and non-use (socio-environmental) benefits, a survey was conducted to explore the
maximum amount of money that local farmers and agricultural producers are willing to pay (WTP) to have
a stable supply of irrigation water, ensuring its quality and improvement of the ecological status of the
water body.

To conclude whether the MAR scheme is economically feasible, we compared direct costs and benefits
associated with it. We applied a financial discount rate of 4% to get the discounted value of the stream of
direct benefits and the present value of future costs and initial capital costs over 30 years project horizon.
Since the operation phase of the extension is expected to start in the 3rd year, values for the first two years
are negative, reflecting capital costs. Obtained positive differences between direct costs and benefits
suggest that the MAR scheme is economically feasible, having a positive expected NPV over 30 years of
project lifespan. Calculations of the NPV over 30 years for 3 scenarios (max, average, min) showed positive
results of project feasibility in  all cases.

WTP survey results provided useful insights on agricul!
regarding groundwater issues, and their perceptions. However, since the pilot area is quite small and we

obtained only 10 full survey r esponses, it prevents us from using regression techniques to estimate mean

WT P, controlling for farmersd characteristics. Thus, w
of the MAR scheme and make conclusions based on direct costs and benefits comparison. At the same time

survey results are helpful for defining policy recommendations.

The pilot area was deemed a suitable site for applying managed aquifer recharge (MAR) in the future to
maintain and restore groundwater resources.
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2. Introduction

DEFPWATER CE project focuses on 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 user conflicts.

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 futur e climate change impacts (Casanova et
al., 2016; Dillon, 2005; Dillon et al., 2019; Sprenger et al., 2017).

Within the DEEPWATERCE project, the partners implemented the transnational methodology Managed
Aquifer Recharge (MAR) techniques to increase long-term retention of water in aquifers and its subsequent
use in drier or increased demand periods. Originating from transnational toolbox for designating potential
MAR locations in Central Europe developed in the frame of DEEPWATER CE project (DEEPWATEEE, 2020a),
the MAR pilot sites in the project participating countries were identified, namely in Hungary, Poland, Croatia

and Slovakia. Within investigation of 4 pilot areas there were considered geological, hydrogeological,
technical, regulatory, socio -economic and human health aspects. Within DEEPWATER CE project the
guidance and methodology of the feasibility study of MAR schemes was developed and described in the
report (D.T3.2.5, DEEPWATERCE, 2020b).

Based on abovedescribed methods applied in the territory of Slovakia, the Podunajska Lowland, namely
Hi t Ostiov area, was chosen as pilot area for MAR scheme. From climatic models, this area is predicted to
be highly exposed to dry periods, from geologi cal viewpoint there are Quaternary sandy -gravel porous
aquifers and the area is intensively cultivated. Moreover, there is already existing  dense network of
functioning irrigation channels with technical tools for water flow regulation. The technical tools (sluices,
gates) enable to create recharge dam MAR type, i.e. to store surface water between closed sluices that
prolongs the period of surface water infiltration into groundwater. Above mentioned conditions qualified

the area as the appropriate pilot are a for recharge dam MAR scheme investigation in Slovakia. In the pil ot
area, roughl y athe,iDonajsk§ e 8t bg d & kavo downG, didddivérk involving the soil
sampling and measurements of soils/rocks hydraulic properties was performed in orde rto provide input data
for mathematical models calibration. The aim of mathematical modelling was to investigate interaction
between surface water level and groundwater table as well as calculate the potential infiltrated amounts

to groundwater.

This report summarises the work, done by PP6 in cooperation with Slovak University of Technology in
Brati sl ava, at pi QOswoyv: desk anadysisaof thee pilotifemsibHity dtudyifor MAR deployment
in porous aquifers in areas used for agricultural pu rposes (D.T3.5.1); field work of the pilot feasibility study
for MAR (D.T3.5.2); compiled check list for the application of risk management protocol during the field
works for MAR (D.T3.5.3); mathematical modelling, comparison of alternative solutions and Cost-Benefit
Analysis in Slovak Pilot Site prepared by Technical University in Munich. The overview information on
regulations framework was compiled on data from collection of national legislation and policies on MAR.
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3. Regulatory framework

In fact, in Slovakia, there is no legal framework for MAR. Rules related to water management are established
by 2000/60/EC EU Water Framework Directive (WFD), which is transposed to national legislation in Act No.
364/2004 Coll. on Water and amendments of Slovak National Council Act No. 372/1990 Coll. on Offences as
amended (Water Act), published in Journal of Laws 153/2004. The management of water extraction, water
sources protection, water quality, payments for water, etc. is controlled by several regulat ions and decrees
as Decree No. 418/2010 Coll. on performance of some clauses of the Water Act as amended by Decree No.
212/2016 Coll., which requires recording of data on amounts and water quality in respective water bodies;
Decree No. 247/2017 Coll. on specifics of drinking water quality, control of drinking water quality,
monitoring programme and risk management by drinking water supply as amended; Regulation No. 269/2010
Coll., setting up requirements to reach the good water status (in Annex 2); Regulati on No. 452/2019 Coll.
which amends Regulation No. 282/2010 Coll. on threshold values and list of groundwater bodies; Regulation
No. 755/2004 Coll. on amount of non -regulated payments, amount of charges and specifics connected to
payment for water use as amended by Decree No. 394/2016 Coll.; Decree of the Regulatory Office for
Network Industries No. 21/2017 Coll. on price regulation of production, distribution and supply or drinking
water by water supply network and waste water discharge and cleaning by public sewerage as amended by
Decree No. 204/2018 Coll.; STN 75 71 43 Water Quality, Irrigation Water; and others.

Related to above mentioned, the conditions for water abstraction are specified under the Water Act
(364/2004 Coll.), but not specifically on MAR although, in Slovakia, there are riverbank filtration types of
MAR sites. These are used as one of the most common methods to abstract water in the Danube lowland,

but also near other big Slovak rivers ( Hr onsible fovte , Hor
implementation of these types of MAR, since it is considered as a common technical solution to abstract
water from river fluvial sedi ments. The reason why 0MA

is to abstract high -quality gr oundwater for drinking water supply. This definitely shows the necessity to
include these solutions into the Slovak legislative framework; improve technical solutions of proper MAR
schemes and their financial evaluation; and to prepare the conditions to im plement them for various
purposes, for instance agriculture, during drought periods within the current climate change conditions.

Specific permission is required for the artificial increase of groundwater amount using the surface water,
according to the MAR related content of the National Law. For water quality implications the Water Act
requires recording of data on amounts and water quality in respective water bodies including their
influencing by human activities in places of artificial increase of groun dwater amounts.

Regulation on the prevention and remediation of environmental damage is applied. The operator is liable
to prevent the occurrence of environmental damage and imminent threat of environmental damage and
need to secure financial coverage of liability for environmental damage throughout the operational cycle.

Separate regulation lays down details on the definition of the river basin district, environmental objectives,
economic analysis and water planning. This includes also evaluation of the payback period and analysis of
cost effectiveness.

The sewage water and special water containing dangerous compounds are prohibited to be recharged into

groundwater. Sewage water or special water containing contaminants which are not dangerous, but

potenti ally risky for groundwater quality, can be released into groundwater body only under specific

conditions. Discharging of any kind of water into groundwater must be permitted by the State Water

Administration Authority, Department of Environment, which is the respective authority at both national

and regional levels. It specifies the conditions of water usage in the Permit for Water Usage. Other state

institutions involved in water management are the Slovak Water Management Enterprise, state enterprise

(SVP,g. p.) which is the administrator of water cour ses;
registers the amounts of abstracted water. The Slovak Environmental Inspectorate is responsible for WQ

control at both national and regional levels.
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There are no special national regulations in place concerning operational monitoring of MAR systems.
Anyway, existing rules of surface water and groundwater monitoring can be effectively applied for
monitoring of MAR system operation.

Surface water and groundwater mo nitoring is done under EC Directives, particularly the Water Framework
Directive (2000/60/EC), Groundwater Directive (2006/118/EC) and Nitrates Directive (91/676/EEC). Surface
water monitoring is performed in accordance with Act No 364/2004 Coll (Water Act ); Act No 201/2009 Caoll.
(on state hydrological service and state meteorological service); Act No 7/2010 Coll., (on flood protection)
and Government Regulation No 269/2010 Coll (on requirements to achieve good status of waters),
Government Regulation No 167/2015 Coll (on environmental quality standards in the field of water policy),
Government Regulation No 201/2011 Coll. (on technical specifications concerning chemical analyses and
monitoring of water), Government Regulation No 354/2006 Coll. (on drinking water standards) in accordance
with Decree No 418/2010 Coll. of the Ministry of Agriculture, Environment and Regional Development of the
Slovak Republic (on occurrence, monitoring and assessment of quantity and quality of surface water and
groundwater).

Groundwater monitoring relates to item 4 of Collection of Slovak Republic, Act No 364/2004 Coll (Water
Act), Act No 201/2009 Coll. (on state hydrological service and state meteorological service), Act No
569/2007 Coll. (Geological Act), Act No 7/2010 Coll. ( on flood protection), Government Regulation No
416/2011 Coll (on the assessment of chemical status of groundwater body) and Decree No 418/2010 Coll. of
the Ministry of Agriculture, Environment and Regional Development of the Slovak Republic. Surface water
and groundwater monitoring data are stored in the Slovak Hydrometeorological Institute.

Surface water monitoring is partially performed by the Slovak Water Management Enterprise and Water
Research Institute, other monitoring activities are covered by Slova k Hydrometeorological Institute. Within
the River Basin Plan of Slovakia, framework programmes of water monitoring covering 5 years are prepared.
The framework programme of water monitoring in Slovakia for the period 2016 62021 can be found at:

http://www.vuvh.sk/RSV2/download/02 Dokumenty/26 Ramcovy program monitorovania vod/RPM 201
6 2021.pdf
Moreover, there are other documents relevant for water policy in Slovakia such as the (i) Flood Risk

Management Plans; (ii) Strategy on climate change adaptation in Slovak Republic (2018); (iii) Water is value
dAction plan on drought and water scarcity im pacts (2018) and (iv) Slovak Water Policy (2021).

Direction 2011/92/EU Environmental Impact Assessment (EIA) Directive is transposed to Slovak legislation
in the Act No. 24/2006 Coll. on environmental impact assessment as amended, published in Journal of Laws
13/2006. The rules on Environmental Impact Assessment stipulate that wells enabling the abstraction of
groundwater or artificial groundwater recharge, with a water abstraction capacity of not less than 10 million

of m®year, are classified as projects that can always have a significant impact on the environment and
require an EIA report. On the other hand, wells enabling the abstraction of groundwater or artificial
groundwater recharge with a water abstraction capacity from 3 million m  3/year to 10 mill ion m®year, are
classified as projects that may have potential impacts on the environment and should undertake the process

of determining whether the projects shall be made subject assessments.
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4. Characterization of pilot sites

4.1. Pilot site description
4.1.1. Geomorphological and climatic conditions

T h e FOstrom &ea is located in the south -western part of Slovakia, on the border with Hungary. In the
south-west, its boundaries are formed by the banks of the Danube, in the north by the branches of the Little

Daru b e , and on a short stretch in the east, it i's bol
geographically to the Podunajska (Danube) Lowland. According to the geomorphologic division (Landscape
Atlas of SR, 2002), the pilot area is situated in the geom or phol ogi ¢ unit call ed Danub

rovina) and is a parwnot . NiT Oeowhkstamdiptikal shape, ssuebgth is 84

km, the width ranges between 15 and 30 km, andithitshe t ot
di mensi on s Qstravis the l&Fgest rivir island in Europe. The pilot site area is situated in the middle

part of ®slravanH it dovers around 226 km2 (see Fig.1.).

The topography of the pil ot sK@seov,ae ®lelandareswitmowislape t o t h

and small di fferences between elevations aUstovaeasea | e\
| ocated near Gamor2?n (134 m above sea |level), and the
&Vel 2skov§, 2017). The altitude of the terrain in the
the area is up to 1A,

The most common soil types in the area arechernozems, mollic fluvisols.and fluvisols. According to the
texture classification, soils are mostly loamy, clayey - loamy and sandy o loamy (Landscape Atlas of SR,
2002).

0375 75

[ Sources Esi, HERE , Gannin, Interf8g, increment P Com ., GEBCO, USGS, FAO, NP S, NRCAN, GeoBase,
§ < » s Ay AROVARL AR 3 sel@N, Kadaster NL, Ordnance Survey, E sri Japan, METI, Esti China (Hong Kong), (c) OpenStreetMap
Wz MOSON - contributors; andthe GIS User Commiunitys (s

BO0E

FiglPi l ot site Ostroea in HitnkK

Page 18



imiterreg

CENTRAL EUROPE e

The climatic conditions of the area are determined primarily by geographical factors, by its latitude,

longitude and altitude. According KonnekEs Qstlovareais situatetl as si f i
mostly in warm region (Climate Atlas of Slovakia, 2015). Pilot site area is situated in warm, very dry sub -

region with mild winter. The average annual airt emperature (for the period1961 -2 010) i s hi gher tF
During spring and autumn the average air temperature i s
in summer (April to October) ranges from driéd198920200 AC. T

vary between 600 8551 mm in the major part of the pilot area, and between 550 8522 mm in the southern
part of our study area. These amounts are the lowest in Slovakia and are typical for areas in the south of
Slovakia. Total precipitatio n in the summer period (April -October) vary in the range 350 & 307 mm. The
lowest values are typical for winter, ranging between 40 and 21 mm. The mean annual potential
evapotranspiration (for the period 1961 -2010) is higher than 700 mm (Climate Atlas of Slovakia, 2015).

From an agricultural point of view, the district belongs to the suburban region of Bratislava, to the maize
agricultural production area and to the | owland warm a

The area is located in the reg ion where climate change in Slovakia has been manifested in recent decades,
the climate has changed from warm and dry to warm and very dry compared to the second half of the 20th
century (Mello et al., 2010).

4.1.2. Hydrology

The Danube River <created an extensi ve bOswondhie nduabt em o
character of the river was altered by embankments and equalizing parts of the watercourse. This has also

changed the natural hydrological conditions:the Danubeds branches and meanders w
main stream by the embankments. The current hydrological conditions are strongly affected by building the
Gabn2kovmpowgdrwat er structure (VD Gabn?2 kOstiowcpnsistsiohsek c hanr
main, partially interconhegdrn? kcyhammaend el ,Ga®hidoliafierv oy c h
Kosi hy chawreelgovAshah-Kem8&r Ner gbannel, and Kom8§rSanskK
covered by the current drainage system i s 1469 kn?. The area of drainage with a built -up channel network

is 1252 km?. The total length of the channel network is almost 1000 km. Its density is about 1 km/1.25 km 2.

The most i mportant channels in the dr ai-i;apecer n2yksyt earh aanrne
which flow into the Little Danube ( Bluogpeockr n& kY e lcchsaknanwe§ ,,
stretches in our pilot site area is interconnected with the Danube River by an inflow structure and leads to

the KIlI8tovskKLbtahehDahubéde( Mal K Dunaj) . According to
bel ongs to the cat chme 1) amlsub-tatcrenent & the LRtie Danube (-Ma | & Dunaj
(No.4-21-17, from Nierna v od a soutberndaundaraaf gu) pilot Sltehaeea issitisated on

the border of two catchment s: Danube and V8h Rivers, f
Hrusov Reservoir.

According to the SR Government RegulddoponnNby2¢hca20656b
its tributaries, channels Vojka o0Kr afnany adJdurCGouvr8 nayr e consi dered as signif
watercourses. Based on the second River Basin Management Plans (2018021), one artificial surface water

body: SKW00230P1M- Ga b n 2-K o p oy wa3 ilentified within the pilot site area. Based on evaluation

results (monitoring period 2013 82018) the water body has moderate ecological potential and does not reach

good chemical status. Slovakia has an exception for this water body according to th e Article 4(4) for an

extension of the deadline to reach good chemical and ecological status beyond 2027.

Pilot site area is a part of Quaternary groundwater body SK1000300P Intergranular groundwater body of
Quaternary sediments of the central part of the Danube Basin, which reaches good chemical and quantitative
status. Neogene aquifers in the area belong to Pre -Quaternary groundwater body SK2001000P Intergranular
groundwater body of the central part of the Danube Basin and its folders and reaches bad che mical (NOst )
status with a high degree of reliability, and good quantitative status. The results of groundwater monitoring

in 2019 show overcoming of limit concentrations of iron and manganese (compared to limits values in the
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Regulation of the Ministry of Health of the Slovak Republic No 247/2017 Coll.). These higher concentrations
influence only organoleptic properties of the water and they do not represent any danger for health.

Directive 2007/60/EC on the assessment and management of flood risks (EU Floods Directive, FD) came into
force in 2007. The first Flood Risk Management Plan for the Danube River Basin District (2015) assessed the
areas of (1) flood hazard and (2) flood risk from several points of view, e.g., population or economic
activities. The first preliminary evaluation of the flood risk for Slovakia was done by the Ministry of
Environment of the Slovak Republic in 2011, and the updated version was published in December 2018 (Anon,
2018; https://www.minzp.sk/voda/ochrana -pred-povodnami/manazment -povodnovych-rizik).The location
of main Slovak streams with flood hazard and flooding scenarios is in Fig. 2.

., Olomauc el ¢
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Z ;
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6 /5 LOVAKI
’:E (- a
(A ~0D @ ﬁued
5/{ Bratis| s & = '
‘\ S a islaya /S ; | sxoo§;§
o o Ipel .
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Fig. 2 Flood Hazard and Flooding Scenarios & Fig. 3 Territory within the pilot site area with
Detailed view on Slovakia (Flood Risk Management existing important flood risk ( Anon, 2018)
Plan for the Danube River Basin District, 2015)
Within the pilot site area there exists the areaain Bak
Danube River Basin District (Fig.3). In Baka the length of the river course at risk (4 -21-17-554 § Baka
Gabnzkovo) is 2.4 km. I n Gabnzkove2lidmse7oGahgt-hopdbrnhe&y)i

is 4.4 km. T-HTeo pG@a binfazlkkypoeto f | ows i n cadastr al areas of Gz
floods are the result in long -lasting precipitation, when the groundwater table rises above the ground level.

4.1.3. Recharge dam MAR type in pilot area

Nowadays, aft er hydroppwenpant GaPPfiAtdkoperationin 1992, the system of irrigation

channels was cut off the Danube River and it is supplied by water from the seepage channel of the GHPP

(Fig. 4). This process enabled the second dvery important function of the chann el dto supply the aquifer as

well as supply the unsaturated zone with water by usin

The hydrological conditions of pil ot are strongly aff
Structure. Afterconstructi on of the Gabn2kovo Water Structur e,
adjacent area of the Danube River was observed and the groundwater regime as well as water levels in

drainage channels changed. To improve and control the groundwater reg ime in the floodplain area, a

seepage channel on the left -hand side of the inlet channel of the water structure was constructed. The

seepage channel is the primary source of water into an artificial water supplying branch system and

consequently intoground wat er ( Si kora and Slota, 1992; Golt®sz, 20«
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The pilot area is roughly delineated by the towns of Samorin, Dunajska Streda and Gabcikovo. To be more

preci se, it is bordered pr-Tonaaoyn 2ckhya ndsedonddyg ¢thahnes i \Bla b n 2 k c
(Vojka-Kr anany, ) anéed uB owl8l, )( QuFriagny4) . The dense network of
technical tools (sluices, barriers) for regulation of water flow is a crucial point to create recharge dam MAR

type, i.e. accumulation of water between closed sluices. Potentially infiltrated amount of surface water

from recharge dam and its storage within the aquifer was investigated by numerical modelling for the

subsequent use as irrigation water during dry periods. The pilot area is used for agricultural purposes.

L\ VELKY MEDER

g

Z 2 g ol 7 V\} : ,,L" M
Fig.41 | l ustrati on o®strav aren ofunterest in Sldvakia fokMAR purposes

4.2. Geological-hydrogeological characterisation
4.2.1. Geology

The pilot site is located in the Slovak part of the Danube Basin , occurring in north -western part of the
Pannonian Basin System. The shape of the Slovak part of the Danube Basin is the result of complex process

associated, with polyphase back-ar ¢ r i fti ng, post rift ther mal subsi den
2021). The complicated development manifests itself in several, tectonically different depocenters
(depressions) . The | argest, andcydeae pdeesptr ecsfs i tolme m wihs chh

bordered by the Mal ® KarpatgstMasubiant Rangwestn bhetbeas
Ri gnovce and Komjatice depressions i-@y grhed eprréeshs i(o/m srse
the study area for the pilot site.

The sedimentary in-fill of the depression is represented by Neogene and Quaternary sediments. The
thickness of Neogene se-Gymentdepresshen Gab@aéhesomore t
&Gef ar a, 1989; Hr ugeckKkK, 1999), and is overlain by wup
et al., 2018). In the deep structure of the basin the Neogene sediments discordantly overlie the Palaeozoic
granitoid rocks (Fus8n et al ., 1987), and Neogene inti
Kr 8rovs8 volcanic field; Hr ugekovo-Gysioeepr Pepbobent sbartaed
Badenian B8&8hoS§ formati on, and-rifivghase. ahe sedimenta areerepresentedh t h e
by inner to outer shelf calcareous mudstones and sandstones of the epicontinental Central Paratethys Sea.

The deposition continues with shelf break -slope mudstones and brackish deltaic sandstones of Sarmatian

age ranked to the Vr §if)l A theFend ohthe Saomatian &3 proticiyced erosional

unconformity is recorded, and most likely connected, wi th the cessation of marine seaways into the area
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and onset on the extensive Lake Pennon. This process is most likely controlled by the transition from the
3rd to the 4th and last basin syn -rift phase. Thus, the beginning of the late Miocene (Pannonian), it is still
affected by rifting, what resulted into deposition of deep basin calcareous mudstones, turbidite sandstones,
and shelf break-slope mudstones of the lvanka Formation. These are overlain by the sandy deltaic deposits
of the Beladice Formation, whic h include thin lignite layers. The upper Miocene deposition ends with the

sedi mentati on of Vol kovce and the Pl iocene Kol 8rovo
subsidence and basin inversion, respectively. These formations are dominated by alluvi al mudstones, with
rare sand and gravel channel-b e | t units (Gujan et al ., 2016, 2018, 20

Pliocene sediments are covered by thick accumulation of fluvial Quaternary succession. The lower -

Pl ei st ocene sedi me)nateseprésboed byucyclically aldegnating sandy - gravely layers
intercalated by layers of silty clays. Mindel sediments create the basal part of the large fluvial fan of the

Danube built by gravels, sandy gravels and sands. The thickness of the sediments reaches up to 100 m in the

area of the Gabn2kovo depression. Ri ss sedi &®mthick, are s
mostly discontinuous layer of clayey -sandy silts representing the Holstein interglacial. The Riss sediments

with the thic kness up to 50 m are represented by coarse gravels, sandy gravels and coarse-grained sands.

The upper-most Pleistocene - W r m sedi ments have the thickness over 5
gravels. The upper-most (Holocene) layer consists of alluvial sediments dsilts, silty sands, sandy gravels to

gravels (Maglay et al., 2017). The flood silty sediments cover the whole Holocene sedimentary complex.
Fluvio-organic, organic and palustric sediments occur in the buried ox -bow fillings. Specific type of

sediments are the recent anthropogenic deposits occurring in the urban areas.

4.2.2. Hydrogeology

The pilot site is the part of the hydrogeological rayon (region) Q 052 Quaternary of the south -western part
of the Danube Lowland ( Gu& aMi h §1 ). According & Bhe Common Implementation Strategy of the

Water Framework Directive (2000/60/EC) a distinction was made between Pre -Quaternary groundwater
bodies and overlying Quaternary groundwater bodies in the process of groundwater b o d i delsdation in
Slovakia. Third layer of geothermal groundwater bodies was also produced from existing hydrogeological

data. The upper two layers of groundwater bodies differ from the geothermal one since  they contain fresh
water.

Due to complicated geological settings in the Danube basin, all three layers of groundwater bodies can be
identified within the wider surroundings of the pilot site area. The upper -most groundwater body is the
Quaternary groundwater body SK1000300Rntergranular groundwater body of Quaternary sed iments of the
central part of the Danube Basin (Decree of the government No. 282/2010 Coll., time version valid since
January 1, 2020) with the area of 1668.112 km 2. Prevailing groundwater aquifers are alluvial and terrace
gravels, sandy gravels and sands. Neogene aquifers in the area belong to Pre-Quaternary groundwater body
SK2001000P Intergranular groundwater body of the central part of the Danube Basin and its fold ers (Decree
of the SR Government No. 282/2010 Coll., time version valid since January 1, 2020) with the area of 6248.370
km2. Prevailing groundwater aquifers are limno -fluvial sediments, mostly sands, gravels and clays.
Agricultural land, including arable land, grassland, pastures and permanent crops plantations, shares 83,38
% of total groundwater body area, rest of groundwater body area land cover is represented by forests, semi -
natural land, surface water tables and artificial surfaces. The third layeri  mplies geothermal waters which
belong to geothermal groundwater body SK300240PF Geothermal waters of the Central depression of the
Danube Basin(Decree of the SR Government No. 282/2010 Coll., time version valid since January 1, 2020)
covering the area of 3426.870 km?. The main aquifers of the groundwater body are Neogene sands and
gravels.

Hydrogeological situation in the pilot site wider area is conditioned by geological and tectonic structure of

the area, morphological, hydrological and climaticconditt ons. The pil ot site area, bei
Ostrov, geomorphologically belongs to the Danubi-&gshowl a
depression 0 part of the Danube Basin.
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Fig. 5 Lithostratigraphic scheme of the Danube Basin and Seismic line 551/82-83 showing basin fill on the

central Gaybsnr? kdoevpor essi on according Gujan et al., 2021

The wh ol @stroiardaiskovered by Quaternary sediments with the thickness ranging from 12 m to
approximately 320 m in the areaofthe Gabnz kovo dEe@ujea i e h. Quaternary sedifentd )
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