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1. Summary
This report documents the feasibility study for MAR schemes in karst geological conditions in the
semiarid karst region in Croatia conducted within the DEEPWATER-CE Interreg project.
Through the process of MAR site selection, the island of Vis was selected as the Croatian pilot
area. Vis is a small remote island in the Croatian part of the Adriatic Sea. The island’s area is
89.7 km2 and it is approximately 45 km away from the Croatian mainland. Favorable geological
and hydrogeological conditions enabled the formation of high-quality karst aquifers from which
the groundwater is abstracted, hence the island of Vis is not connected to the mainland or any
other island by water supply pipelines. With the increasing tourism activity, there is a
pronounced need for alternative solutions in the management of freshwater resources on the
island due to increased seasonal demands, climate change, and high variability of seasonal
precipitation.
The concept of applying the MAR scheme on the island of Vis is primarily focused on the two
most prospective methods: (i) infiltration pond (IP) and (ii) aquifer storage and recovery (ASR).
The island of Vis is suitable for the application of MAR according to all the criteria that are
analyzed in detail in the desktop analysis (document D.T3.6.1 Report on the Desk Analysis of the
pilot feasibility study for MAR deployment in fractured and karstified aquifers located in
semiarid karst areas; see Annex 2), as well as in field work report (document D.T3.6.2 Report on
the field work of the pilot feasibility study for mar deployment in Split-Dalmatia County; see
Annex 3).
These are other essential specifications of the island of Vis that make it an excellent example for
the implementation of the MAR pilot project in the Republic of Croatia:
 There is a significant water supply problem on the island, which cannot be solved by

connecting the island to another water supply system. The island of Vis is located 44
kilometers from the nearest mainland point (Vinišće on the Trogir coast) and 53 kilometers
from Split.

 The island of Vis has its groundwater resources in karstic aquifers. The water level is often
dangerously low in the summer months, which leads the island's water supply system to the
risk of water salination. Therefore, existing aquifers need to be protected, whereby managed
artificial recovery (MAR) is an option that needs to be explored.

 In the summer months in 2019 (this is the year the highest annual water consumption on the
island), the extraction of water from the existing aquifers achieved the maximum amount of
water currently available on the island.

 The island's future development (mainly tourism) depends on providing additional quantities
of drinking water available. On the island of Vis, there are continuous research and shooting
of the underground carried on to find new sources of drinking water. Connecting to the land
water supply system is extremely expensive.

The feasibility study was prepared for a basic and alternative option. The basic (proposed)
option represents the implementation of the pilot project according to the infiltration pond
method. The alternative option represents implementing a pilot project according to the aquifer
storage and recovery method (ASR). Both options are assessed at the same pilot location, i.e. at
the area of the Korita aquifer in the central part of the island of Vis. Given the appropriateness
of the methods at the selected pilot site, both methods were identified as technically
appropriate.
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Total investment costs, including VAT, are estimated at 3,142,851.20 HRK to implement the
pilot MAR pilot project on the island of Vis according to the infiltration pond method. According
to the alternative MAR scheme, i. e. the ASR method, the total investment for implementing the
pilot project is 4,689,559.70 HRK, including VAT, which means that the investment is about
50 % higher than the basic (proposed) option.
The infiltration pond method compared to the ASR method requires less intervention in the
natural environment, is less risky (but still high-risk), is less demanding in terms of capital
investment and operating costs, the required infrastructure intervention is smaller, the amount
of equipment installed is significantly lower, with the same final effect achieved. Therefore, in
terms of elaborating a feasibility study, the infiltration pond method was defined as the primary
and the ASR method as an alternative method.
The infiltration pond method proved to be justified in financial and economic (social) terms. On
the other hand, the ASR method is not financially justified, whereas, in social terms, it is, but
with lower economic NPV than the primary option. Given that investments in public
infrastructure must not only be seen in financial terms, but firstly in economic (social), the
financial non-acceptability of the pilot project under the ASR method should not be a reason for
rejecting the project. However, the Water Framework Directive (2000/60/EC) requires the
financial sustainability of all investments into water infrastructure, which entails the necessary
price alignment towards final beneficiaries in case of implementing a financially non-feasible
project. Given the already high water prices on the island, this option would be challenging to
accept by the inhabitants of the island of Vis.
By comparing the options among themselves, the conclusion is that the primary option, i.e. the
infiltration pond method, according to all parameters, is better.
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2. Introduction
Managed Aquifer Recharge (MAR) refers to a suite of methods that are increasingly being used to
maintain, enhance, and secure the balance of groundwater systems under stress. MAR techniques
offer promising solutions for water management, also with regard to tackling future climate
change impacts (Casanova et al., 2016; Dillon, 2005; Dillon et al., 2019; Sprenger et al., 2017).
Within the DEEPWATER-CE project, we investigate the potential to implement MAR schemes in
four partner countries: Hungary, Poland, Slovakia, and Croatia considering these socio-economic,
geological, hydrogeological, technical, regulatory, and human health aspects. In the frame of the
DEEPWATER-CE project during the previous work transnational decision support toolbox has
already been developed, which primarily addresses site selection (DEEPWATER-CE, 2020a) and
the guidance and methodology of the feasibility study of MAR schemes were described (D.T3.2.5,
DEEPWATER-CE, 2020b).
According to these methodologies, suitability maps were compiled for Croatia to designate
potentially suitable MAR locations (D.T3.1.2., DEEPWATER-CE, 2021a). Based on suitability maps
(general and specific level) and the realistic need for implementation of new solutions to
enhance fresh water availability, the island of Vis was chosen as the optimal location (i.e. pilot
area) for further investigations. Firstly, the pilot area was characterized by the desk analysis of
existing data (D.T3.6.1.; DEEPWATER-CE, 2021a). Detailed field investigations were carried out
in the period from September 2019 to September 2021, to collect geological, hydrogeological,
hydrochemical, and hydrological data (D.T3.6.2.; DEEPWATER-CE, 2021b). Furthermore,
comprehensive risk analyses were performed to evaluate risks during the construction phase and
the operational phase of the MAR facility on the island of Vis (D.T3.6.3.; DEEPWATER-CE, 2021c).
This feasibility study is prepared in the DEEPWATER-CE project as output O.T3.4, INTERREG
Central Europe Transnational Cooperation Programme 2014-2020.
The feasibility study is prepared for the selected pilot area on the island of Vis. Still, the
procedures and results can be applied to other MAR systems in aquifers located in similar areas,
i.e. karst areas of Croatia, with possible application also beyond. The financial and economic
analysis of the pilot project has taken into account prices on the Croatian market. They should
be adjusted to other markets if the study is applied to a different geographical area.
The purpose of this feasibility study is to get an insight into the total costs and benefits of the
pilot project establishing a MAR system in aquifers located in semiarid karst areas of Croatia,
specifically at the selected pilot site on the island of Vis, and to analyze the financial and
economic feasibility of implementing this pilot project. The feasibility study assesses the
feasibility of the MAR system on the island of Vis in two different technical options (the proposed
and an alternative option), checking the technical, financial, and legal feasibility of the project
and its social and environmental acceptability.
Firstly, the methodology of the feasibility study will be described. Then, relevant regulatory
frameworks regarding water management and MAR on EU, national, regional, and local levels will
be shown, as well as specific constraints related to MAR implementation in Croatia. After that, a
detailed characterization of the pilot site will be shown, followed by the risk management, and
ultimately, a cost-benefit analysis. The last chapter is a compilation of various Annexes that are
relevant for the feasibility study but are too large to be fully included in the presented work.



4

3. Feasibility study methodology
3.1. Application and adaptation of a developedDEEPWATER-CE MAR methodology

As part of the DEEPWATER-CE project, common methodological guidelines for developing pilot
feasibility studies have been developed. This methodology is a basis for analyzing the feasibility
of establishing a MAR system at all pilot sites in the DEEPWATER-CE project (D.T3.2.5 Common
methodological guidance for Deepwater-CE MAR pilot feasibility studies; 2020b)(MAR
methodology).
The developed methodological guideline (MAR methodology) relates to the specific areas of the
pilot project concerned, which are, due to their specificities, not covered in general guidelines
for the preparation of feasibility studies (Guide to Cost-benefit Analysis of Investment Project -
Economic appraisal tool for Cohesion Policy 2014-2020 (2014), with the latest updates: Economic
Appraisal Vademecum 2021-2027 - General Principles and Sector Applications (2021)).
MAR methodology has been developed for the specific needs of this project. It describes detailed
the specific procedures according to which we are addressing the following chapters of the
feasibility study:
- the legislative frameworks of the pilot project;
- desktop analysis of pilot areas,
- detailed definition of the pilot site, including detailed methodologies for supply and
demand analysis (existing situation and future projections);
- defining, analyzing, and managing risks;
- cost-benefit analysis;
- comparison of alternative options.
Additionally, the full intervention logic of the project DEEPWATER-CE can be seen in Annex 1.
MAR methodology proposes a 30-year reference period for the cost-benefit analysis, which has
been accepted and applied. This reference period is consistent with the reference period
recommended by the EU CBA methodology (EU, 2015) for water supply projects.
In the MAR methodology, different discount rates that have been applied in the various MAR
studies and projects are mentioned and are in the range between 3 % and 8 %. The EU CBA
methodology defines discount rates for projects in the EU Member States: 4 % financial discount
rate and 5 % economic (social) discount rate. We use the financial discount rate in the financial
analysis and the economic (social) discount rate in the economic analysis of the project. We
apply a 4 % financial discount rate and a 5 % economic (social) discount rate in this feasibility
study.
The MAR methodology defines the net present value indicator (NPV) as the main indicator in the
cost-benefit analysis. In this feasibility study, we calculate two more indicators in the cost-
benefit analysis in addition to the net present value, namely the internal rate of return (IRR) and
the benefit-cost indicator (B/C).
The MAR methodology proposes a “willingness to pay” method to calculate the social benefits of
the MAR project, which is applied in this study. To assess the willingness to pay, we have
performed a survey. The prepared survey from the MAR methodology was translated into the
Croatian language, and values were transformed into Croatian kuna. The survey was distributed
to the inhabitants of the island via the online form.
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3.2. Application and adaptation of the EU CBAmethodology
General guidelines for feasibility studies of EU-funded projects are given in the document Guide
to Cost-benefit Analysis of Investment Project - Economic appraisal tool for Cohesion Policy
2014-2020 (EU, 2015).
The 2014 general guidelines have recently been upgraded in the new document Economic
Appraisal Vademecum 2021-2027 - General Principles and Sector Applications (EC, 2021).
Since both documents together form a whole, we call them both together the EU CBA
methodology in the following text.
The EU CBA methodology defines a cost-benefit analysis approach in an open way that allows the
application of a general methodology to all kinds of projects. The EU CBA methodology is
sufficiently open and allows a complete adaptation of all the specific procedures foreseen by the
MAR methodology. This feasibility study is completely aligned with the EU CBA methodology.
In addition to general guidance, the EU CBA methodology develops a tailor-made approach to
cost-benefit analysis for specific areas that are most often funded by EU funds and which have
certain specificities. Among these specific areas, we can also find the area of water supply. The
tailor-made approach for the water supply area is completely applied in this feasibility study.
In this feasibility study, we use discount rates as they are defined by the EU CBA methodology:
4 % financial discount rate and 5 % economic (social) discount rate. Member States may define
national discount rates by themselves; the Republic of Croatia has not defined its discount rate.
Therefore, general discount rates determined in the EU CBA methodology are used for the
projects in Croatia.
The financial discount rate expresses the opportunity cost of capital. The opportunity cost of
capital is the cost resulting from the decision to invest in one project rather than another
(alternative). The loss on the first project compared to the second (alternative) represents an
opportunity cost. Conversely, the gain on the second project compared to the first represents an
opportunity gain of capital. Thus, the financial discount rate is used in the procedures for
assessing the benefit of a particular investment option.
We use the social discount rate in the economic (social) analysis of the project. Public
investment impacts GDP and the value of the social discount rate draws attention to the
necessary (or target) difference in future inflows and outflows to be achieved by exploiting
public investment. In this respect, the higher value of the social discount rate requires a greater
difference in future public inflows and outflows to justify the public investment. In comparison,
the lower value of the social discount rate requires a smaller future difference in public inflows
and outflows. Different countries apply different social discount rates, but most agree that it is
necessary to apply its lower value for developed countries. In comparison, developing countries
need a higher discount rate value. A method is based on the economy's long-term growth rate
and has been adopted in the European Union. The following parameters are used to calculate it:
the growth rate of public expenditure (g), demand elasticity (n), and the money time preference
rate (p), based on which the social discount rate (SDR) is calculated: SDR = ng + p.
For the new programming period, 2021-2027, the social discount rate has been recalculated.
Accordingly, the latest EU CBA guidance proposes to the Member States, which do not have
defined a national social discount rate, to apply a 3 % social discount rate to projects in 2021-
2027.
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Given the numerous assumptions and estimates that we had to use due to the uniqueness of this
pilot project, this feasibility study is prepared based on a previous, more conservative 5 % social
discount rate.

3.3. Other methodological approaches
To develop this economic and ecological part of the pilot feasibility study, we have two high-
quality methodologies (EU, 2015; EC, 2021; i.e. EU CBA methodology) that complement each
other, covering all the elements of the feasibility study and cost-benefit analysis, including all
the specificities of the pilot MAR project.
In assessing the economic (social) costs and benefits, we have additionally used methodological
guidance “Evaluating the Impact of Nature-based Solutions - A Handbook for Practitioners” and
appendix to the manual: “Evaluating the Impact of Nature-based Solutions - Appendix of
Methods” (European Commission, Directorate-General for Research and Innovation, March 2021).
In addition, the study uses the insights from scientific papers that describe experiences and
provide data on individual projects and/or research results, for example:
 Damigos et al., 2016: Demonstrating Managed Aquifer Recharge as a Solution to Water

scarcity and Drought — Economic Analysis of MAR Technologies;
 Damigos et al., 2016: Revealing the economic value of managed aquifer recharge: Evidence

from a contingent valuation study in Italy;
 Dandy et al., 2013: Managed Aquifer Recharge and Stormwater Use Options: Net Benefits

Report;
 Khan et al. (2008): Estimating potential costs and gains from aquifer storage and recovery

program in Australia;
 Todd (1964): Economics of ground water recharge;
 Maliva (2014): Economics of Managed Aquifer Recharge;
 Megdal et al. (2015): Policy and Economics of Managed Aquifer Recharge and Water Banking;
 Hunt et al. (2006): Sustainable water supplies? A feasibility study for Birmingham Eastside;
 Ross et al. (2018): Factors affecting the cost of managed aquifer recharge (MAR) schemes.
Another study carried out as part of the MARSOL project was used as a methodological
framework: “Demonstrating Managed Aquifer Recharge as a Solution to Water scarcity and
Drought - Economic Analysis of MAR Technologies” (Final Report, Deliverable D15.2; 2016.).
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4. Regulatory framework
4.1. Legislative and strategic framework

EU level
 Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000

establishing a framework for Community action in the field of water policy,
 Decision 2455/2001/EC of the European Parliament and of the Council of 20 November 2001

establishing the list of priority substances in the field of water policy and amending Directive
2000/60/EC

 Commission Decision of 17 August 2005 on the establishment of a register of sites to form the
intercalibration network in accordance with Directive 2000/60/EC of the European Parliament
and of the Council (C(2005) 3140) (2005/646/EC)

 Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on
the assessment of the effects of certain public and private projects on the environment

 Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human
consumption

 Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020
on the quality of water intended for human consumption (recast)

 Directive 2006/118/EC of the European Parliament and of the Council of 12 December 2006
on the protection of groundwater against pollution and deterioration

National level
 Water Act (OG 66/19, 84/21)
 Law on Water for Human Consumption (OG 56/2013, 64/15, 104/2017, 115/18, 16/20)
 Regulation on water quality standards (OG 96/19)
 Ordinance on conditions for determination of wellfield area sanitary protection zones (OG

66/11, 47/13);
 Ordinance on limit values of wastewater emissions (OG 26/20)
 Ordinance on compliance parameters, methods of analysis, monitoring and safety plans for

human consumption, and procedure for keeping a register of legal entities performing public
water supply activities (OG 125/17, 39/20)

 Ordinance on sanitary, technical and hygienic, and other conditions to be met by water
supply facilities (OG 44/14)

 Regulation on cost-effective criteria for water suppliers (OG 112/10)
 Regulation on the minimum basic price of water services and the type of costs covered by the

price of water services (OG 112/10)
Strategic framework
EU level
 Europe 2020 strategy;
 The Green Deal;
 The European Union Recovery Plan (Next Generation EU);
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 Communication from the Commission to the European Parliament, the Council, the European
Economic, and Social Committee, and the Committee of Regions – forgoing a climate-resilient
Europe – the new EU Strategy on Adaptation to Climate Change; Com(2021) 82 final,
24.2.2021.

National level
 National Development Strategy of the Republic of Croatia up to 2030;
 National Recovery and Resilience Plan of the Republic of Croatia 2021-2026;
 Spatial Development Strategy of the Republic of Croatia (2017);
 Water Management Strategy (2009);
 Climate change adaptation strategy in the Republic of Croatia for the period up to 2040 with

a view to 2070;
Another crucial strategic framework will be the Operational Programmes 2021-2027, but they
have not been adopted yet. At its session on 5 November 2020, the Government of the Republic
of Croatia adopted a Decision on Operational Programmes related to Cohesion Policy for the EU
programming period 2021-2027 in the Republic of Croatia and the authorities in charge of their
preparation:
 Operational Programme (OP) Competitiveness and Cohesion 2021-2027; funded by the

European Regional Development Fund and the Cohesion Fund,
 Operational Programme (OP) Efficient Human Resources 2021-2027; funded by the European

Social Fund Plus,
 Integrated Territorial Programme 2021-2027 (ITP) funded by the European Regional

Development Fund, the Cohesion Fund, and the Just Transition Fund.
OP Competitiveness and Cohesion 2021-2027 and OP Efficient Human Resources 2021-2027
represent a continuity from the previous programming period. The establishment of the
Integrated Territorial Programme 2021-2027 (ITP) in the new programming period brings new
possibilities to financing local and regional initiatives according to the identified needs. The
main characteristic of this programme is the focus on regional growth and development.
In addition, a Partnership Agreement for the programming period 2021-2027 between the
Republic of Croatia and the European Commission is under preparation.
The pilot project is also aligned with the following national strategic frameworks from the
previous programming period, which are still relevant due to the delay in adopting the new ones:
 The Regional Development Strategy of the Republic of Croatia for the period up to the end of

2020,
 Strategy for the development of entrepreneurship in the Republic of Croatia 2013-2020,
 Industrial Strategy of the Republic of Croatia 2014-2020,
 The Tourism Development Strategy of the Republic of Croatia up to 2020 (the Sustainable

Tourism Development Strategy for 2030 is under development).
Regional and local level
 Development strategy of the city of Vis 2021-2027;
 Strategic Development Programme of the city of Komiža for the period 2015-2020;
 Komiža - Smart City, Smart City Development Strategy (draft, the final version of the

document is under development);
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 Strategic documents of water supply company on the island of Vis (Vodovod i odvodnja otoka
Visa d.o.o.);

 Development and business strategy of the company Vodovod i kanalizacija d.o.o. Split for the
period from 2019 to 2030.
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5. Characterization of the pilot site
Under the DEEPWATER-CE project, a transnational toolbox to support decision-making on
identifying potentially suitable MAR locations in Central Europe has been developed (document
D.T2.4.3 Transnational Decision Support Toolbox for designating potential MAR locations in
Central Europe). Based on this toolbox, suitable pilot sites with the appropriate MAR methods
can be identified (document D.T3.6.1 Report on the Desk Analysis of the pilot feasibility study
for MAR deployment in fractured and karstified aquifers located in semiarid karst areas).
The MAR site selection process has been based on the assessment of geological and
hydrogeological conditions, current and future (modeled) climate conditions, and the exposure
and sensitivity of different MAR types to climate extremes. In order to find suitable MAR sites,
detailed information on geological, hydrogeological, and climatological criteria have been
collected and implemented within geographical information system (GIS) databases.
A four-step procedure has been developed for the decision-support toolbox for the investigation
of MAR suitability (document O.T2.1 Transnational Decision Support Toolbox for designating
potential MAR locations in Central Europe).
In Croatia, the pilot area of the island of Vis has been selected. This is a semiarid karst area,
which, due to its specificities, is a perfect area for establishing MAR. The available groundwater
resources cover the water demand of the domestic population. However, demand increases
significantly during the summer due to intensive tourism (by five to as many as six times).
Vulnerable and limited groundwater resources, together with increasing seasonal demand and
uncertain climate future, make this island an excellent candidate for assessing the suitability of
MAR. In addition to increasing tourist activity, there is a strong need for alternative solutions in
the water resources management on the island due to increased seasonal demand, climate
changes, and high seasonal rainfall variability.
The concept of applying the MAR scheme on the island of Vis is primarily focused on the two
most promising methods: infiltration ponds method and aquifer storage and recovery (ASR)
method which have been identified by applying the toolbox O.T2.1. The suitability maps
developed by the application of the toolbox and related methodology can be accessed via the
IGRAC platform (https://ggis.un-igrac.org/maps/2171/embed). Other MAR methods are not
suitable for application on the island of Vis because there are no surface water bodies on the
island.
The island of Vis is suitable for the application of MAR according to all the criteria that are
analyzed in detail in the desktop analysis (document D.T3.6.1 Report on the Desk Analysis of the
pilot feasibility study for MAR deployment in fractured and karstified aquifers located in semiarid
karst areas; see Annex 2).
The Korita wells supply the entire island of Vis. Therefore, in this pilot study, the whole island of
Vis is defined as a pilot area (Figure 1). The Korita well field is located in the central part of the
island of Vis. The Korita pumping site is conveniently located in terms of having enough land
availability on-site for the potential construction of an accumulation structure, which would be
utilized as a source of water for MAR. Furthermore, the availability of essential infrastructures
such as roads, telecommunications, electrical power, and water distribution, and a high degree
of security in terms of potential pollution sources are secured. This makes this site potentially
very suitable for the application of the proposed MAR scheme.
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Figure 1. Location of the Korita area on the island of Vis
The analysis of the suitability of the pilot area within the DEEPWATER-CE project (report
D.T3.6.1 “Report on the desk analysis of the pilot feasibility study for MAR deployment in
fractured and karstified aquifers located in semiarid karst areas”, see Annex 2) has shown that
the proposed location of the Korita area is appropriate according to all the analyzed criteria:
 surface topography,
 climate conditions,
 land use and potential sources of surface and groundwater contamination,
 hydrology,
 geology,
 hydrogeology and water supply.
Nevertheless, the authors of the desk analysis highlighted in the conclusions the complexity of
investigating the suitability of MAR in the karst environment, which is mainly due to the high
anisotropy and heterogeneity of karstic systems and also due to the relatively low number of
implemented schemes on the global scale when compared to MAR schemes in the alluvial
environments with intergranular porosity aquifers. Although it is possible to achieve a high
degree of certainty related to the MAR suitability assessment, it is hard to provide a definitive
judgment on suitability and efficiency in a karst environment without the operating test site or
facility. As a consequence of their high heterogeneity, it is practically impossible to quantify the
karst aquifer’s response (changes in chemical composition, flow and discharge patterns, and
groundwater levels) to the injected/infiltrated water without detailed high-resolution
monitoring of the numerous parameters.
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5.1. Territorial, demographic, climatic, and economicaspects of the pilot area
Territorial aspects
The island of Vis is located in Split-Dalmatia County, which covers 14,106.40 km2, of which the
mainland with the islands is 4,523.64 km2, and the sea area 9,576.40 km2. The island of Vis
spreads on 89.72 km2, which ranks it in ninth place according to the size of the Croatian islands.
The island of Vis is located in the island area of Split-Dalmatia County, along with the islands of
Palagruža, Biševo, Brusnik, Jabuka, and St. Andrew (Figure 2). This islands group belongs to the
central part of the Adriatic coast of the Republic of Croatia. Along the island of Vis, the islands
of Biševo, Jabuka, Svetac, Brusnik, Ravnik, Budikovac, Galiola, Palagruža, etc., are the furthest
points of the Adriatic Sea, and their geographical position reduces their possibility in greater
freedom of movement and transport connections.

Figure 2. The geographical position of the island of Vis

There are two larger cities on the island of Vis; the city of Vis in the northeast and the city of
Komiža on the western part of the island. Other settlements are situated in the island's interior
at the edges of the field, mainly along the old road Vis-Komiža: Podselje, Marine Zemlje,
Podšpilje, Podstražje, Žena Glava, Podhumlje. In the southeastern part of the island,
settlements Milna, Brgujac, and Rukavac are situated. The city of Vis consists of 11 settlements:
Brgujac, Dračevo Polje, Marinje Zemlje, Milna, Plisko Polje, Podselje, Podstražje, Rogačić,
Rukavac, Stončica and Vis. The settlements of the city of Komiža are: Komiža, Biševo, Borovik,
Duboka, Oključna, Palagruža, Podhumlje, Podšpilje, Sveti Andrija and Žena Glava. The nearest
sailing point from the city of Vis is towards the island of Hvar at a distance of 16 kilometers in
the southwest direction. Vinišče on the Trogir coast is the nearest land point from the city of Vis,
at a distance of 44 kilometers. From the county headquarters - the city of Split, the city of Vis is
on a distance of 53 kilometers, with good traffic connections by ferry and catamaran lines that
take place several times in the day.



13

Like all Dalmatian islands and coastline, the island of Vis belongs to the Mediterranean climate
with hot summers. On average, the island of Vis has 2,650 hours of sun per year. This type of
climate is also called the “Adriatic type” climate. Winters are mild and humid, while summers
are hot and dry. The mean annual temperature, measured at the Hum weather station, is
16.8 °C. The warmest month of the year is July, while the coldest is January.
Small quantities of rainfall during the year are associated with a mild climate. The majority of
the precipitation is in the autumn and winter period of the year, in which 2/3 of the total annual
rainfall falls. Due to the small amount of rain, summer droughts are common. They cause
damage to agriculture, which is one of the primary economic activities on the island. The lowest
rainfall is recorded in the months of peak water consumption, which may cause difficulties in the
drinking water supply.
Monthly precipitation data on the island of Vis (Komiža measuring station) in the last ten years
are presented in Figure 3.

Figure 3. Monthly precipitation on the island of Vis, 2011-2021 (source: Croatian Meteorological
and Hydrological Service / DHMZ)

The average annual rainfall on the island is between 600 and 700 mm in coastal areas and
slightly higher in the inner parts of the island. If we look at the last ten years, we can see a
decreasing trend in rainfall on the island of Vis (Figure 4).
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Figure 4. Annual precipitation on the island of Vis, 2011-2021 (source: DHMZ)
If we take a look at a longer period, we can see that the island of Vis is one of the areas of the
Republic of Croatia with the lowest levels of rainfall (Figure 5).

Figure 5. Map of average annual rainfall (mm), 1971-2000 (source: DHMZ)
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On the maps of minimum and maximum annual air temperature in the Republic of Croatia, the
island of Vis is one of the warmest areas in the country (Figure 6).

Figure 6. Maps of minimum (left) and maximum (right) air temperature (°C) in Croatia, 1971-
2000 (source: DHMZ)

In the warm (summer) months of the year, a hot wind from the sea (south) usually blows, with
occasional precipitation. Along with the south, another typical wind is bura, which generally
occurs during the winter period and brings cold air while moving the cold winter front across the
Adriatic to the southeast.
Demographic aspects
The last census in the Republic of Croatia was carried out in 2011, and according to these data,
in 2011, the island of Vis had 3,460 inhabitants. The Croatian Bureau of Statistics continuously
provides annual estimates about population. The estimates are based on the data from the last
census and are upgraded with annual birth, death, and migration statistics. According to these
estimates, the population of the island of Vis has been stable in recent years, and it is slightly
increasing.
Figure 7. shows the data collected in the last two national censuses (2001 and 2011) and the
Croatian Bureau of Statistics estimates for the years between both censuses and after the last
census.
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Figure 7. Number of inhabitants of the island of Vis, 2001-2019 (source: Croatian Bureau of
Statistics / DZS)

According to the latest estimates of the Croatian Bureau of Statistics, at the end of 2019, the
island of Vis had 3,552 inhabitants, which represents an increase of 9.16 % compared to 2001 and
2.66 % compared to 2011. On the other hand, in 2001-2019, the Republic of Croatia recorded an
8.55 % population decline. Split-Dalmatia County had a 3.35 % population decline in the same
period.
According to available historical statistics, the island of Vis had almost 10,000 inhabitants during
the greatest prosperity of the island, i.e. during the Austro-Hungarian period (from 1900-1921)
(source: Settlements and Population of the Republic of Croatia 1857–2001, CBS, Zagreb, 2005).
The population density on the island of Vis is below average (Table 1), compared to national and
regional statistics.

Table 1. The population density in Croatia
Geographical area Population per km2

Republic of Croatia 72.0
Split-Dalmatia County 99.0

Island of Vis 39.6

Due to the age structure of the population, the island of Vis has negative demographic statistics
with negative birth rates (Figure 8).
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Figure 8. Negative natural population growth on the island of Vis

We have analyzed the population's age structure using the following indicators: aging index, age
coefficient, and average age of the population. We have compared the data for the island of Vis
with the data for the Republic of Croatia and Split-Dalmatia County. The results are shown in
Table 2.

Table 2. Population age indicators
Geographical area Aging index Age coefficient The average age of the

population

Republic of Croatia 2001: 90,7
2011: 115,0

2001: 21,6
2011: 24,1

2001: 39,3
2011: 41,7

Split-Dalmatia County 2001: 77,8
2011: 102,3

2001: 19,9
2011: 23,1

2001: 38,1
2011: 40,8

Island of Vis - City of Komiža 2001: 141,9
2011: 186,5

2001: 29,2
2011: 30,7

2001: 43,5
2011: 46,0

Island of Vis - City of Vis 2001: 174,9
2011: 203,3

2001:.32,9
2011: 34,8

2001: 45,2
2011: 46,8

The aging index shows the proportion of inhabitants over 60 years old compared to those under
20 years old.
The age coefficient shows the share of inhabitants over 60 years of age in the total population.
The city of Komiža has about 40 %, and the city of Vis has about 60 % of the island's total
population.
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The island of Vis does not have such a problem with migration statistics as it has with age
statistics. Both towns, Komiža and Vis, have recorded positive migration statistics, also with the
rest of the world; however, populations’ age structure does not change into a positive trend. We
could explain this in a way that the majority of the immigrated population are older ages and/or
that the intensity of the immigration is too small to impact the overall age structure positively.
The pilot MAR project primarily aims to raise the quality of life of the local population and
encourage people to see their future on the island of Vis. With the improvement of the quality of
life on the island, young families will also be stimulated to come and organize their lives on the
island of Vis.

Economic aspects
Development index
According to the Decision on the classification of local and regional governments (OG 132/17),
Split-Dalmatia County belongs to group III of regional governments, which are, according to the
value of the development index, located in the second half of the above-average regional
governments by their development.
According to the Decision on the classification of local and regional governments (OG 132/17),
the city of Vis belongs to group VII of local governments, which are, according to the value of the
development index, located in the second quarter of the above-average local governments by
their development.
According to the Decision on the classification of local and regional governments (OG 132/17),
the city of Komiža belongs to group V of local governments, which are, according to the value of
the development index, located in the last quarter of the above-average local governments by
their development.
Following the Regulation on the development index (OG 131/2017), the following indicators are
used to calculate the development index:
 the average income per inhabitant;
 the average original income per inhabitant;
 the average unemployment rate;
 the overall population migration,
 the level of education of the population (tertiary education);
 the aging index.
According to the latest calculations of the Ministry of Regional Development and EU Funds in
2018 (the calculations are for the period 2014-2016), the development index of the city of Vis is
106.270, which ranks the city of Vis at 84th place according to the development of local
governments in the Republic of Croatia.
According to the latest calculations of the Ministry of Regional Development and EU Funds in
2018 (the calculations are for the period 2014-2016), the development index of the city of
Komiža is 101.499, which ranks the city of Vis at 210th place according to the development of
local governments in the Republic of Croatia.
For the period 2010-2012, the development index of the city of Vis was 101.81 and 93.95 for the
period 2006-2008.
For the period 2010-2012, the development index of the city of Komiža was 86.60 and 87.83 for
the period 2006-2008.
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The comparison of the index values in time shows that both cities achieved significant growth in
all indicators used to calculate the development index of local governments in the observed
period (Table 3).
Table 3. Indicators of the development level of the city of Vis and city of Komiža and comparison

to Split-Dalmatia County (reference period 2014-2016)
city of Vis city of Komiža Split-Dalmatia

County
Average income per capita 29,537.02 28,120.00 28,190.12
Average original income per capita 4,871.18 2,976.69 3,476.57
Average unemployment rate 0.1760 0.2086 0.1923
Overall population migration 109.68 100.07 99.75
Ageing index 203.3 186.5 102.3
Level of education (tertiary, age 20-65) 0.2383 0.1642 0.2472
Development Group VII

(local government)
V
(local government)

III
(regional
government)

Source: Ministry of Regional Development and EU Funds.

Economy
An overview of the state of the economy within the feasibility study is essential in terms of
identifying the possible effects of the implementation of the project on the economy of the
island of Vis.
The economy of the island of Vis is based on tourism and tourism-related activities, and
agriculture. We are analyzing the state of the economy on the island of Vis in 2019, with a quick
reference to 2020 (due to the epidemic's impact on the economy, 2020 cannot be taken for a
representative year).
According to Fina (Financial Agency), in 2019, there were 227 active entrepreneurs on the island
of Vis (the same number was also in 2020) who employed 568 employees (in 2020, the number of
employees fell to 491) and generated a total of 240.06 million HRK revenue (in 2020 the total
turnover was 152.37 million HRK). All economic entities on the island of Vis are classified,
according to their size, as micro and small enterprises. The largest number of active
entrepreneurs on the island of Vis is registered in accommodation and food services (group I),
i.e. 53 economic entities. By the number of entities in the individual group, a group I is followed
by group G (wholesale and retail trade; repair of motor vehicles and motorcycles), group A
(agriculture, forestry, and fisheries), group N (administrative and ancillary services), group L
(real estate business) and C (manufacture industry) and others (Figure 9).
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Figure 9. Number of economic entities on the island of Vis by the sector of activity, 2019
In 2019, economic entities in group I (accommodation and food services) generated the highest
revenue, followed by group G (wholesale and retail trade; repair of motor vehicles and
motorcycles) (Figure 10).

Figure 10. Generated revenues of economic entities on the island of Vis by the sector of activity
The highest number of people on the island are employed in group I (accommodation and food
services). This activity employs one-third of all persons employed on the island of Vis. Group I is
followed by a group that we can also, to a large extent, directly relate to tourism, namely the
trade (wholesale and retail) and repair of motor vehicles and motorcycles (group G). In the third
place, there is a water supply, wastewater disposal, waste management, and environmental
remediation (group E). The manufacturing activities (group C) employ 42 people, and agriculture
and fisheries (group A) only 37 people (Figure 11).
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Figure 11. Number of employees in economic entities on the island of Vis by the sector of
activity

Table 4. provides the overall data on the economic activity on the island of Vis.

Table 4. Overall data on economic activity on the island of Vis
Sector of activity Number of economic

entities
Number of
employees

Revenues
(million
HRK)

A Agriculture, forestry, and fisheries 24 37 15
B Mining and quarrying 1 0 0.192
C Manufacturing industry 18 42 16
E Water supply; wastewater disposal, waste

management and remediation activities
3 58 17

F Construction 16 44 12
G Wholesale and retail trade; repair of motor

vehicles and motorcycles
26 60 44

H Transport and storage 11 14 7
I Accommodation and food service activities 53 175 75
J Information and Communications 9 17 4
L Real estate business 19 7 2
M Professional, scientific and technical activities 17 11 5
N Administrative and support service activities 23 46 19
P Education 1 0 0
R Arts, entertainment and recreation 4 52 22
S Other service activities 1 3 0.839
Q Human health and social work activities 1 2 0.657

In economic terms, the implementation of this pilot project aims to encourage or even facilitate
further tourist development on the island of Vis by improving the quality and comfort of stay.
Tourism is one of the most interdisciplinary branches of the economy. It affects many other
sectors; development reflects in sectors such as trade, construction, passenger transport, arts,
entertainment and recreation, real estate, information, and communications, financial and
insurance activities, administrative and supporting service activities, and other service activities.
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It is important to emphasise that further development of tourism on the island is practically
impossible without providing additional quantities of drinking water on the island.
The state of the economy on the island of Vis is generally positive, as evidenced by several
indicators. Economic entities on the island of Vis generate cumulative net profits (in recent
years, the exception is 2020, when the cumulative net loss of 2.80 million HRK was generated).
Cumulative net profit in 2019 amounted to 25.88 million HRK. The total annual revenues of
economic entities are steadily increasing by 61 % in 2019 compared to 2015. At the same time,
the total expenditure of economic entities has grown by 42 %.

Agriculture
The agricultural activity and capacity of agriculture should be analysed mainly to find answers to
two questions:
 First, is there a local unused agricultural capacity that can be activated through this project?
 Can the residents that are active in agriculture activities or will be in the future expect some

benefits if this pilot project is implemented?
On the island of Vis, agriculture is an important economic branch. The spatial plans of the city of
Vis and the city of Komiža protect agricultural areas from construction that could endanger their
primary agricultural purpose. Similarly, on particularly valuable land, any construction other
than the construction of hydro-melioration buildings and essential accompanying infrastructure is
prohibited. It is possible to perform melioration works and implement agrarian parcelling
measures to consolidate the property. Neglected agricultural areas are encouraged to be used
while maintaining their traditional and natural structure, especially neglected terraced vineyards
and olive groves.
The economic potential in this area is driven by the traditional agricultural activities (vineyards,
building, olive growing, and to a lesser extent, the cultivation of southern fruit) and fisheries.
According to the Paying Agency for Agriculture, Fisheries, and Rural Development (PAAFRD), 13
farms operate in the form of a company on the island of Vis, 10 in the form of crafts, and 4 in
the form of a self-supply farm (data on 31.12.2020). By the Paying Agency for Agriculture,
Fisheries, and Rural Development register, on 31 December 2020, two agricultural cooperatives
were active on the island of Vis. The most significant number of farms on the island are
organised in the form of a family farm; according to the Paying Agency for Agriculture, Fisheries
and Rural Development, there were 348 of them at the end of 2020 (there were 371 at the end
of 2016).
According to the Paying Agency for Agriculture, Fisheries, and Rural Development, the total area
of 1,553 available agricultural parcels on the island of Vis, which are owned by 348 individual
owners, is 402.49 ha. The average size of available agricultural properties on the island of Vis is
3.86 ha (all of these data refer to 2020). According to the Paying Agency for Agriculture,
Fisheries, and Rural Development, the available agricultural parcels are cultivated in a high
percentage. The majority of cultivated agricultural areas on the island of Vis are vineyards
(40.7 %), followed by olive groves (27.5 %) and arable land (7.7 %). In approximately equal
percentages, the fruit plantations (6.6 %), meadows (6.3 %), karst pastures (5.4 %), and mixed
perennial plantations (5.1 %) are present.
According to Fina’s data, the economic entities in group A (agriculture, forestry, and fisheries)
operate with a total net loss, which amounted to -290,749 HRK in 2019. The sector employs 37
people and generates a total of 15 million HRK of annual revenues.
The development of agriculture on the island is limited due to water scarcity when the water in
agriculture is most needed. At the same time, it is a period characterised by the lowest rainfall
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on the island. The island has an average of 2650 hours of sun per year and exceptionally high-
quality land in the mediocre parts of the island, making ideal natural conditions for growing
seasonal summer fruit and vegetables. The local market is secured and is growing (local supply of
increasing tourism, increasing awareness of the local population about the importance of local
food).
The aim of this pilot project is not in providing water for agricultural irrigation. The project aims
in providing drinking water for direct consumption by residents and guests of the island of Vis.
Therefore, the project will not have a direct impact on the development of agriculture on the
island.
Tourism
Both cities on the island, Vis and Komiža, are classified as tourist cities by the Law on
membership fees in tourist boards (OG 152/08, 88/10, 110/15, 121/16) and the Ordinance on
declaring tourist municipalities and towns and classifying settlements in tourist classes (OG
122/09, 9/10, 61/10, 82/10, 36/11, 89/11, 146/11, 141/12, 144/12, 38/13, 153/13, 126/15,
15/16, 54/16, 113/16, 26/17, 61/17, 72/17 and 78/17). Vis and Komiža (on the level of
settlements) are both classified in tourist class A, while the city of Vis and the city of Komiža as
a whole are classified in tourist class D. Some other settlements on the island are classified in
tourist classes B and C.
The Law on membership fees in tourist boards (OG 152/08, 88/10, 110/15, 121/16) provides that
municipalities and cities where at least one settlement has been classified in one of the tourist
classes are designated as tourists municipality or city.
Tourist accommodation capacities on the island of Vis are based on private accommodation; out
of a total of 5,683 beds in 2019, 4.563, i.e. more than 80 % of them are private accommodation.
If we compare the historical data from only a few years ago, we can see a significant increase in
the number of private accommodation capacities, which is a logical response to the growing
demand for accommodation on the island of Vis (Figure 12).

Figure 12. The tourist accommodation capacities on the island of Vis (2012-2020)(source: DZS)

The number of tourist arrivals and overnight stays on the island of Vis is steadily increasing, as
shown in Figure 13.
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Figure 13. The number of touristic overnights on the island of Vis (2010-2020)(source: Tourist
Board of Split-Dalmatia County).
Between 2010 and 2019, the island of Vis recorded an increase of almost 60 % in the total
number of tourist overnight stays. In the same period, there was nearly a 90 % increase in the
number of tourist arrival, shown in Figure 14.

Figure 14. The number of touristic arrivals on the island of Vis (2010-2020) (source: Tourist
Board of Split-Dalmatia County).

In the total number of tourist arrivals in 2019, foreign guests represent 71.5 %, and the remaining
28.5 % are domestic guests.
Throughout the observed period, the island of Vis remains a tourist destination with an average
stay of about six days (Figure 15).
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Figure 15. The average length of tourists’ stay on the island of Vis (2010-2020) (source: Tourist
Board of Split-Dalmatia County)

Tourism on the island of Vis is extremely seasonal. Private accommodation in households,
accounting for more than 80 % of all tourist capacities, is in most cases not suitable for off-
season stays. With only 11 % of the total islands’ accommodation capacity, both hotels on the
island are closed in the off-season.
In the current situation, water reductions in the summer period are expected, which is a
significant obstacle to the development of tourism, especially the one that is not based on mass
tourism but the quality of services. The implementation of this pilot project would ensure a
certain autonomy of the island of Vis in the water supply and the elimination of difficulties in
the summer months. This is necessary for the development of certain types of tourism with
greater added value, and at the same time to improve the quality of stay for every tourist on the
island. Increasing the attractiveness of the island as a tourist destination brings benefits that
have been introduced into the benefit estimation.
Unemployment and employment
According to the latest estimates of the Croatian Bureau of Statistics, the city of Vis has 2,068
inhabitants, and the city of Komiža has 1,484 inhabitants; the total population is 3,552
inhabitants (all figures are for 2019).
The Croatian Bureau of Statistics has last observed the overall picture of the population's
economic activity by the methodological rules and principles of the International Labour
Organisation (ILO) in the 2011 census.
Another method of measuring unemployment refers to the evidence of unemployed registered at
the Employment Service. Unemployment that is measured by this method is so-called registered
unemployment. According to the Croatian Employment Service methodology, the annual
unemployment data refer to the annual average calculated using the arithmetic mean method
based on monthly data. Following this method, there were 231 unemployed persons on the island
of Vis in 2020. One year earlier, in 2019, the number of unemployed persons was 189.
The chart in Figure 16. shows the number of unemployed persons on the island of Vis in the
period 2004-2020.
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Figure 16. The number of unemployed persons (registered unemployment) on the island of Vis,
2004-2020 (source: HZZ)
The trend in unemployment is consistent with the overall economic situation; during the
economic crisis, the number of unemployed is increasing, and vice versa, during the economic
prosperity, the unemployment decreases. Reductions in the number of unemployed can also be a
consequence of emigration.
The unemployment trend on the island of Vis is consistent with the general trend on the regional
level, i.e. in Split-Dalmatia County.
According to the data that are used by the Ministry of Regional Development and EU Funds to
calculate the development index at the local and regional level, the average rate of (registered)
unemployment in the period 2014-2016 in the city of Vis was 17.60 %, in the city of Komiža
20.86 %, while on the regional level (Split-Dalmatia County) it was 19.23 %.
In addition to improving living conditions on the island of Vis, this pilot project's implementation
can also enhance the conditions for economic activity, mainly in the tourism sector with all
related activities.

5.2. Analysis of water supply and demand
5.2.1. Water supply system on the island of Vis
On the island of Vis, water is extracted from local wells in the central part of the island, which
can be reached by drilling. Water capacities are critical during the summer due to drought and
low rainfall, and in the same period, the island faces the highest water demand. Unlike other
islands, the island of Vis (for now) meets its own need for water due to its natural water
resources. Water supply is managed by the utility company Vodovod i odvodnja otoka Visa d.o.o.
The water supply system on the island of Vis is described in detail in the DEEPWATER-CE project
document D.T3.4.1. “Report on the desk analysis of the pilot feasibility study for MAR
deployment in fractured and karstified aquifers located in semiarid karst areas” (see Annex 1).
The water supply system on the island of Vis consists of Korita well field, K-1 well, and Pizdica
spring. The main contamination source of the Vis karst aquifers and their water supply is the
seawater intrusion. The sole recharge of the island's aquifer is precipitation.
Korita well field is the central object of the water supply system on the island. It was
constructed in the late 1960s and consists of a pumping station and six wells (BO-1, BO-2, BO-3,
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BO-4, BO-5, BO-6), but only the first five are active for water supply. Figure 17. shows the basic
characteristics of the Korita well field.

Figure 17. Schematic overview of the Korita wells (Terzić et al. 2022)
The Korita well field is located in the central part of the island along the road Vis-Komiža. The
water is abstracted from the karst aquifer from a depth of approximately 120 m. The maximum
pumping quantity is 42.5 l/s. The minimum overall water yield of all wells in the Korita is 27 l/s.
The groundwater is abstracted with special well pumps and pressure pipelines to the pumping
pool and is distributed to the consumers. Disinfection of water is carried out by chlorination on
distribution pipelines at the exit from the pumping pool. Water distribution takes place in three
directions:

> direction Komiža (pressure pipeline),
> direction Vela glava (pressure pipeline),
> direction Vis (gravity pipeline).

Pizdica is a small coastal source with an average pumping rate of 4 l/s. As this is the coastal
spring at sea level, the spring is prone to increased salinity and concentration of chlorides. The
water from Pizdica is pumped mainly during the summer months when the demand increases by
a factor of five due to intensive tourism. Due to increased salinity, water from Pizdica and Korita
is mixed in the ratio of ¼ before the distribution to the consumers to keep the chloride content
below the maximum levels allowed for human consumption.
The K-1 well, located in the hinterland of Komiža, is the newest well and its pumping rates are
up to 1.5 l/s. Despite its low yield, it is very important because it is not prone to salinization.
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In the western part of the island, there are several small springs (the most relevant are Gusarica,
Dragevode, and Kamenice springs) that have been utilized since ancient times.
The configuration of the terrain and the spatial layout required the construction of a water
supply network with a large number of water reservoirs and braking chambers. The water supply
network is built mainly of asbestos-cement tubes and partly out of steel. The water quality at
the pumping station is good, and the water salinity is below the allowed value. Equipping the
system with measuring and control devices makes it possible to monitor the operation and
manage the system, which is very important for knowing the mechanisms and processes of
natural underground accumulation.

5.2.2. Analysis of the water supply
We can define the supply in the context of water supply with multiple perspectives. Namely, as a
supply, we can consider the entire amount of water on the island. However, this category is
neither known nor means much in terms of the quantities available. We could also define the
water supply using a parameter derived from the hydrological balance. However, this is a
potential quantity that we can only theoretically consider as a supply. The third option is to
define a supply within the limits of the current sustainable abstracted amount of water.
However, again, we only have approximate data that probably amounts to about 350,000 to
500,000 m3 per year. The fourth option to define supply, which is the option that we are
interested in in this study, is the amount of water available to the MAR scheme when it is put
into operation. To define (estimate) the supply in these frames, a hydrological balance has been
elaborated.
In the final report of D.T3.6.2 “Report on the field work of the pilot feasibility study for mar
deployment in Split-Dalmatia County semiarid karst region” (see Annex 3), prepared in the
DEEPWATER-CE project, the following parameters have been observed as key parameters
defining the potential water supply:
 air temperature (determined by latitude, altitude, and other factors such as place exposure,

cloudiness, vegetation, etc.),
 precipitation (defined by latitude, sea vicinity, field configuration, etc.)
 evaporation and runoff.
These parameters have been analyzed in the abovementioned report. Based on them,
parameters for estimating the effective precipitation, i.e. runoff for the analyzed pilot areas on
the island of Vis, have been calculated. The report analyzed the pilot area “Korita” and the pilot
area “Pizdica”. This feasibility study is being prepared for the pilot area “Korita”.
In Table 5 the summary of the calculated parameters is shown:
Table 5. Input parameters for the assessment of runoff for the pilot area "Korita" on the island of

Vis (1961-1990)
Basin Unit of

measurement
Value

Basin surface (km2) 18.45
Average altitude (mm) 255
Average annual precipitation quantity (mm) 951
Mean annual air temperature (°C) 14.1
Average annual runoff - Turc (m3s-1) 0.193



29

Average annual runoff - Langbein (m3s-1) 0.120
Annual runoff coefficient - Turc / 0.35
Annual runoff coefficient - Langbein / 0.22
Regional annual runoff coefficient for Hellenic
karst – according to (Žugaj, 1995)

/ 0.34

The D.T3.6.2 report concludes that there are relatively small quantities of average annual
discharges (runoff) as well as average annual runoff coefficients. The reason for this lies in the
island’s natural specific characteristics with a relatively small amount of annual precipitation but
with relatively high air temperatures. Values obtained according to Turc method (0.35)
practically match regional runoff coefficient values for Hellenic karst (Žugaj, 1995) (0.34), thus
when implementing the assessment of the impact of climate changes on runoff,
evapotranspiration assessment results according to Turc (1954) are used (i.e. 65%).
The current maximum capacity of the Korita pumping site pumping area (about 40 l/s or 0.04
m3s-1) has a water intake of about 20% of the average annual runoff from the catchment. The
realistic value is significantly lower because maximum pumping capacity occurs only during the
summer months when pumps are operating throughout the day and night.

5.2.3. Projection of future trends in the water supply on the island of Vis
The report D.T3.6.2 (see Annex 3) presents the generated climate time series up to 2100 and the
generated time series of average annual runoffs up to 2100. In the simulation of average annual
temperatures and annual precipitation up to 2100, three climate models were used: Aladin,
RegCM, and Promes. The Promes model enables forecasts to 2050 only.
The generated time series of average annual temperatures across all three models show a rise in
temperatures to the middle (Promes), i.e. to the end (Aladin and RegCM) of the 21st century,
while precipitation shows a generally slight decrease. According to the Aladin model, a further
increase in the average annual air temperature of 2.1 °C by the end of the century, i.e. 2.9 °C
according to the RegCM, can be expected. By the middle of the 21st century, the Promes model
showed an average temperature increase of 1.2 °C compared to the current (1991-2020). As for
precipitation, the Aladin model shows reduced precipitation in Komiža by about 14 % by the end
of the 21st century, while the RegCM model shows a slight increase in annual precipitation of
about 2 %. By mid-century, the Promes model indicates a 7 % decrease in annual precipitation.
The averaged annual runoffs generated until 2100 by both the Aladin and RegCM models show a
continuous decrease in average annual runoffs for the Korita area. The Aladin decrease has the
highest trend, ranging from 4.7 % in the more recent period 1991-2020 to 39.1 % for 2071-2100.
According to the RegCM model, the runoff reduction ranges from 4.2 % (1991-2020) to 21.3 %
(2071-2100) compared to the reference period (1961-1990). The Promes model shows a slight
increase in runoffs for 1991-2020, followed by a decrease in the mid-century (2021-2050) by
13.5 % compared to the reference period.
Using these trends, we may expect a decrease in the annual minimum runoff at the Korita site to
approximately 16 l/s (or 0.016 m3s-1) by the end of the 21st century (according to Aladin model
projections).
According to the report, even though all presumptions are hypothetical, it depends on many
factors how reliable model predictions will be by the end of the century, primarily regarding
greenhouse gas emissions. Still, despite such great uncertainty, the given assumptions help
monitor changes over time and prepare ourselves for appropriate managing responses. All
potential scenarios certainly involve a further increase of average annual temperatures but not
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significant changes in annual precipitation, so we expect a substantial decrease of average
yearly discharges in the analyzed area and, subsequently, the reduction of available water
supplies from the existing water system resources. It is evident only a minor part of its water
balance is being used nowadays. Thus, there are possibilities to increase the resilience of the
source and the island’s water supply system to climate changes. For instance, their exploitation
may be optimized by changing the type of water intake structure / by increasing the usage of
static water reserves, by multiple water usage, or by applying an approach neglected so far in
domestic practice such as managed aquifer recharge of the island’s aquifers.

5.2.4. Analysis of the water demand
Current demand has been analyzed by the actual data on water consumption on the island of
Vis. The source of data collected is a water supply company on the island of Vis, i.e. the
company Vodovod i odvodnja otoka Visa d.o.o. (VOOV in further text)
Figure 18. shows the annual water consumption on the island of Vis in the period 2014-2020.
Losses in the distribution water system amount to around 25 %.

Figure 18. Annual water consumption from the water distribution system on the island of Vis
(2014-2020)(source: VOOV)

There are two larger water consumers on the island: Hotel "Biševo" in Komiža (accommodation
capacity of about 250 beds) and Hotel "Issa" in Vis (accommodation capacity of about 250 beds).
Both hotels have only seasonal water consumption, i.e. during the summer tourist season. There
are no other major water consumers on the island.
The current annual water consumption in households is about 255,000 m3, in public institutions
(schools, schools, etc.) about 6,700 m3, and by the remaining consumers about 90,000 m3 water
per year (Figure 19).
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Figure 19. Water consumption structure on the island of Vis by the type of consumer
Water consumption on the island of Vis is increasing. The most significant influence on the
increasing trends can be attributed to the increase in tourist arrivals and overnight stays on the
island over the years and partly to a slight increase in consumption among the local population.
The number of inhabitants on the island of Vis is slightly increasing, and in addition, consumer
habits and needs are changing, resulting in a slightly higher average annual water consumption.
Figure 20. shows monthly water consumption on the island of Vis in 2014-2020. The chart shows
net water consumption by consumers.

Figure 20. Monthly consumption of water from the water supply system on the island of Vis by
final consumers (2014-2020)

The chart clearly shows a distinct increase in water consumption during the summer months
when the island is full of tourists. In August, for example, the water consumption on the island of
Vis increases by almost six times compared to February, which is the month with the lowest
average water consumption on the island. We have to highlight the year 2020, which is, due to
the impact of the Covid-19 pandemic situation, a non-specific year in terms of water
consumption. In August 2020, the water consumption was very high compared to the remaining
summer season 2020 due to the arrival of many domestic guests. Namely, the epidemiological
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situation on the island of Vis was very favorable during the summer, which attracted many
domestic guests. The water consumption data in 2020 can well show the significance of tourism
in terms of water consumption on the island.
The MAR methodology highlights five key factors that could theoretically influence water
consumption:
 The economic criteria: regarding economic variables, factors affecting water demand could

be the price and the income. However, the water demand is price-inelastic, which means
that a change in the price of 1 % is expected to cause a change in demand for less than 1 %.

 The socio-demographic criteria: a factor that could affect water demand is, for example, the
age of the population. The results of the studies are conflicting. For example, the presence of
children in the household very likely leads to higher water consumption. In the elderly
population, the results of the studies are most conflicting; on the one hand, older people
could consume more water because they are mostly at home. On the other hand, most of
them have a water-saving attitude, so it could be expected from them to have lower water
consumption.

 Physical characteristics: factors that could affect water demand are, for example, the size of
the house, the garden and outdoor size, the presence of a swimming pool. Research has
shown no clear correlations between the physical size of the house or garden and other
outdoor areas. On the other hand, the presence of a swimming pool was always found to be
significant and positively related to water consumption.

 Climate characteristics: the most influential variables are the amount of rainfall and air
temperature (increased use of water to fill the pools in hot periods of the year, watering
gardens, etc.).

 Other criteria: for example, regulations and non-pricing policy measures, which are mainly
established during droughts to reduce water consumption. The effectiveness of these
measures depends primarily on their timing, the number of different water consumption
reduction programmes introduced, and the level of information by the consumer and
enforcement efforts of the programme.

The EU CBA methodology additionally highlights the following relevant factors influencing water
demand:
 Demographic dynamics: the total water demand is directly related to the size of the

population. The project should take into account the demographic forecasts, and the
migration flows for an estimate of the users.

 Economic trend: a fast-growing economy generally demands a higher quantity of water.
Tourism is highlighted as one of the essential factors in forecasting water demand.

The island of Vis is a very evident example of how strong the summer tourist season affects the
water consumption on the island. In August, for example, the water consumption on the island
increases by a factor of 5-6 compared to February, which is the month in the year with the
lowest average water consumption on the island.
Based on the analysis of the current situation and trends in previous years, we can conclude that
water consumption among the local population does not change significantly over the years,
which is also the result of awareness of the inhabitants about the need for continuous water
saving. The most significant impact on water consumption on the island is tourism.
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On the island of Vis, various campaigns and projects are continuously held to make water
consumers aware of relatively simple measures to reduce water consumption. For example, the
water-saving campaign SUNCE, project "Water-saving challenge", and the promotion of water
consumption reduction on the island of Vis as part of the #EuBeachCleanup campaign.

According to MAR methodology (D.T3.2.5 Common methodological guidance for DEEPWATER-CE
MAR pilot feasibility studies), different approaches to estimating future water demand are
possible. We have applied a method based on historical water consumption data to estimate a
future water demand on the island of Vis. Given the relatively simple structure of water
consumption on the island and the fact that the island is a closed-up community, this method
seems appropriate for projecting future water consumption on the island of Vis. There are no
industrial water consumers on the island; in addition to the Hotel "Biševo" in Komiža and Hotel
"Issa" in Vis, all remaining consumers can be classified as small consumers. The whole island is
supplied from one water distribution system. Therefore, the total water consumption on the
island is relevant to the pilot project.
Given the specific dynamics of water consumption during the year, the following factors have
been taken into account in the projection of future water demand on the island of Vis:
 historical data on the water consumption,
 data on water consumption during the wet and dry periods of the year,
 data on water consumption during the summer tourists season and the other periods of the

year,
 adopted plans for residential construction and construction of tourism capacities,
 future development plans in tourism on the island.

The projection of future water demand on the island of Vis was made under the assumption of
further development of tourism on the island that can be reasonably expected given the
strategic development plans of the city of Vis and the city of Komiža, and the actual (growing)
attractiveness of the island as a tourist destination.
Table 6. summarises the assumptions used to estimate future water demand on the island of Vis
by 2030.

Table 6. Assumptions for the projection of future water demand on the island of Vis
Consumer group Assumptions used
Households The city of Vis and the city of Komiža are continuously implementing a pro-

natal policy that shows promising results. The the island's population is slowly
increasing. This can be realistically expected in the future, especially with
the improvement of living conditions on the island, to which this project will
contribute.
Various activities and campaigns are continuously carried out among the
inhabitants to raise awareness of the importance of water consumption
reduction. At the same time, habits and needs are changing, as well as the
age structure of the inhabitants.
The final assumption used is continuously increasing future water demand by
the local population by 0.5 % per year.

Tourism - capacities Following the strategic development plans, the city of Vis and the city of
Komiža will support investors in constructing new tourist accommodation
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capacities (hotel and apartment accommodation).
The assumption used is that the newly built capacities will affect the increase
in tourists arrivals in the pre-season (May) and the increase in tourist traffic
during the 2025 season and beyond. It is assumed that the newly built
capacities will impact the water consumption in May by 5 %, in June and
September by 7 %, and during the summer months in the range of 10 %
compared to current consumption in these months. This assumes an overall
increase in water consumption in tourism by 20 % by 2028.

Agriculture Agriculture will not be a beneficiary of the MAR water system.
Economy Also in the future, the resource (including water) intensive Economy will not

be present on the island. On the other hand, the island is increasingly turning
towards smart growth and development. The island is becoming a comfortable
place to live and work, attracting new investments in modern technologies
and activities that accompany sustainable development. Even though the
island's economy is developing, the island is not affected by the intensive
extraction of natural resources.

Losses in the distribution
system

It is assumed that continuous investment in the renovation, development, and
improvements of the water distribution system will reduce water losses from
the current 25% to 18% by 2029.

By applying the above-listed assumptions, we got the following projection of water demand on
the island of Vis by 2030 (Figure 21).

Figure 21. Water consumption (monthly, 2014-2020) and future water demand (monthly, 2021-
2030) on the island of Vis

The total yearly quantities of future water demand (i.e. gross quantities including water losses in
the distribution system) are presented in Figure 22.
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Figure 22. The annual water consumption on the island of Vis in 2014-2020 and the projection of
annual water demand in 2021-2030

The annual incremental (additional) net water demand by 2030 is as presented in Figure 23.

Figure 23. Projection of annual incremental net water demand on the island of Vis in 2021-2030
The year 2019 was taken as the base year since the pandemic year 2020 is not representative.
The projections until 2030 have been made on a monthly basis. They are based on the future
development plans of the island, which are foreseen in the strategic development documents of
the cities of Vis and Komiža.
With the time lag, it is more difficult to define the assumptions that will eventually determine
the future water demand on the island. Therefore, the projection after 2031 is annually based
and predicts a linear growth in total water demand of 0.5 % per year. In addition, the assumption
is that the losses in the distribution system will further decrease to the final 15 % in 2031.
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The chart in Figure 24 presents the long-term projection of water demand on the island of Vis:

Figure 24. The annual water demand projection on the island of Vis by 2050
It is an essential fact that the further development of the island of Vis depends on the ability and
success of providing additional quantities of drinking water. Currently available quantities meet
current consumption, with risks, reductions, and difficulties during summers. Without providing
additional water quantities, further development of the island of Vis in any direction is not
possible. The strategic development plans of the city of Vis and the city of Komiža include
several activities and projects that are directly linked to the additional demand for water on the
island.

Analysis of the gap between future demand and supply of water
Based on the hydrological balance for the Korita pilot area, available data, and the assumptions
presented below, we have estimated the incremental water quantities that will be secured with
the MAR scheme at the 'Korita' pilot site.
Input data/assumptions used:
 Dimensions of the infiltration pond: 9,272 m2, 2.5 m depth, which gives the total capacity of

the infiltration pond of 23,180 m3.
 The infiltration pond will be filled with different dynamics at different periods of the year.

The most rainfall on the island is expected in winter, early spring, and late autumn months,
and it is assumed that most of the water will be secured in these periods of the year.

 The total annual amount of water secured in the infiltration pond corresponds to the 3.5 full
capacity of the lake, i.e. a total of 81,130 m3 water per year (gross quantity).

 Two types of losses have been applied in the net water quantity calculation:
𐀀 loss due to evaporation and
𐀀 loss of water in the distribution system to final consumers.

 According to the hydrological balance, the evapotranspiration coefficient on the 'Korita' area
is 0.65. Evapotranspiration consists of evaporation (i.e. evaporation from land) and
transpiration (i.e., transpiration of plants). To calculate the loss from the lake, only the part
relating to evaporation is relevant. Furthermore, evapotranspiration is much higher in the
summer than during winter. Most of the activities related to aquifer recovery will take place
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during the winters when the precipitation on the island is the highest. Therefore, it is
concluded that the actual evaporation loss coefficient will be significantly lower than 65 %.

 An evaporation coefficient of 35 % is applied in the calculation.
 Applied loss in the water distribution system: 25 % in the project's first year, which will be

reduced to the final 15 % in the 11th year of the project (as a result of continuous
implementation of measures to reduce water losses in water distribution).

In addition to the above data and assumptions, the annual net quantity of water provided by
MAR (compared to the current status) has been calculated to be 40,565 m3. According to the
projection of future water demand on the island, MAR capacity will exceed the incremental
water consumption in the first years of operating. In subsequent years, cumulative annual water
residues from MAR will be consumed (water remains available in the aquifer for later periods).
Let's now look back at the projections of future water demand on the island of Vis. We can see
that MAR, with the assumptions applied, will cover the entire additional water demand on the
island in the first six years of operation, later around half and in the long term, with the
increasing trend of water demand on the island, about a third of all additional needs.
A comparison of supply (i.e. secured volumes of water from MAR) and demand (incremental
volumes of water demand on the island, above current consumption) is shown in Figure 25.

Figure 25. Long-term comparison of incremental supply (secured volumes of water by MAR) and
incremental water demand (above current consumption) from 2021-2050

The demand for the results of this pilot project is not questionable. Namely, the projection of
future water demand on the island indicates the projected growth of future water demand on
the island of Vis, which exceeds the capacity of this pilot project. Nevertheless, this pilot
project significantly solves the problem faced by the island of Vis in terms of ensuring drinking
water supply.
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5.3. Hydrogeology, aquifer characteristics, and waterquality
The island of Vis is part of the Outer Dinaric range, an area characterized by very deep and
irregular karstification, and is mostly composed of Mesozoic carbonate rocks that are intensely
fractured and karstified. Topographically, the relief consists of three hilly chains separated by
two valleys. The geological structures and relief strike in a predominantly W-E direction (the so-
called Hvar strike), which differs from that of the majority of the Dinaric karst as these usually
strike in NW-SE direction (Dinaric strike) (Figure 26).

Figure 26. Basic geological map of the Republic of Croatia 1:50.000, Vis sheet (Korbar et al.,
2012)
Vis has favorable geological and hydrogeological conditions that have enabled the formation of
high-quality karst aquifers from which the fresh water is abstracted. Hence, the island is not
connected to the mainland by pipeline and has an autonomous water supply. The greatest
pressures on the island’s aquifers are represented by climate change and extreme seasonality
due to tourism (during the summer, the demand increases fivefold). The water supply system
consists of six drilled wells in Korita in the central part of the island, the K1 well in the
hinterland of Komiža, and the coastal spring Pizdica in the western part of the island (Figure 27).
The maximum pumping yield at Korita is currently 42 l/s, and the groundwater is pumped from a
depth of over 120 m. The average seasonal variation of groundwater levels in Korita wells is
approximately 4 m. Groundwater quality is excellent and the aquifer is protected from seawater
intrusions from the western side by the impermeable volcanic-sedimentary-evaporite complex
(Komiža diapir), and the southern side by karst poljes due to the infilling of karstic and tectonic
voids with sandy–fine-grained material from the weathering of dolomite. Furthermore, terra
rossa provides additional fine-grained material for infilling.
Pizdica, a small coastal spring formed at a fault contact of permeable carbonates and
impermeable VSE complex of Komiža bay, has an average yield of 3.3 l/s, and due to its position,
it exhibits increased chlorides.
K1 well has a maximum pumping yield of 1.5 l/s and it is protected from seawater intrusions by
the VSE complex.
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Figure 27. Hydrogeological map of Vis Island (Terzić et al., 2022; based on the geological map by
Korbar et al., 2012)
Lithologies on the island have been grouped into five hydrogeological members (Terzić, 2004):
 Almost impervious rocks are those of the volcanic–sedimentary–evaporitic (VSE) complex of

Komiža Bay (known as Komiža diapir). The lithological compositions of single formations
within this complex vary and contain andesites, siltites, tuffites, marls, dolomites, gypsum,
dolomitic-gypsum breccia, and volcanic agglomerates. Collectively, they function as a
hydrogeological barrier.

 Low permeability carbonate rocks are mostly well-bedded dolomites. These rocks are
spatially connected to the VSE complex as a narrow zone and mostly reinforce their barrier
function. Still, these dolomites are fractured and even karstified to a certain extent, and
groundwater can flow through significant fracture and fault zones, for example, the Pizdica
spring occurs at one of these.

 Moderate permeability carbonate rocks are the most 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 island’s aquifer. Due to
the presence of dolomitic and dolomitized rock mass and its characteristic weathering into
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sand-like sediment, this material fills in most of the karst and fracture voids within this rock
mass, thereby reducing its permeability.

 High permeability carbonate rocks are highly karstified Cretaceous limestones situated in two
coastal belts: one in the north and one in the south of the island. The high permeability and
wide spatial distribution of the coastal belts make them completely worthless from the
perspective of fresh groundwater. Their position next to the sea results in the over-
salinization of groundwater that either flows from the central part of the island or infiltrates
directly into them.

 Quaternary deposits encompass several types of rocks and soils that have variable
hydrogeological roles. Terra rossa (ts) is spread all over the island as a thin and discontinuous
cover, and as a thicker layer mixed with rock fragments in karst poljes. These deposits
decrease infiltration, and in the thickest parts in the poljes, they act as a local
hydrogeological barrier.

The fieldwork for the pilot feasibility study for MAR deployment in Split-Dalmatia county was
conducted by PP8 Croatian Geological Survey, supported by PP7 ViK Split and AP Croatian
Waters. The fieldwork was done in the semi-arid karst region of Dalmatia, on the remote island
of Vis and it included hydrogeological, hydrological, geophysical, hydrochemical, and structural-
geological investigations. Periodical monthly field and laboratory investigations began in
September 2019 and lasted until September 2021.
Hydrogeochemical and hydrogeological investigations
Field investigation included in-situ monitoring of pH, temperature (T), O2 content, and electrical
conductivity (EC) by WTW multi-parameter probe. Furthermore, alkalinity, i.e., the
concentration of bicarbonate ions, was determined by volumetric titration with 1.6N H2SO4 to pH
4.5. Laboratory investigations were performed in the hydrochemical laboratory of the
Department of Hydrogeology and Engineering Geology at the Croatian Geological Survey.
Principal ion composition (HCO3-, Cl-, SO42, Ca2+, Mg2+, Na+, K+, NO3-) was analyzed by ion
chromatography on DIONEX ICS-6000 DP (Thermo Fischer Scientific Inc., Waltham, Massachusetts,
USA). Also, analyses of stable water isotopes (16O, 18O, and 2H) were carried out as a part of
laboratory investigations (Picarro Isotope and Gas Concentration Analyzer). External experts
were hired for the determination of the provenance of sulfate isotope. Furthermore, the
laboratory for low-level radioactivities of Ruđer Bošković Institute conducted the determination
of tritium activity concentration by the method of electrolytic enrichment using the liquid
scintillation counter Quantulus 1220. Additionally, hydrogeological investigations included
monthly measurements of groundwater levels at wells and measurements of spring discharge
(whenever possible). A high-resolution monitoring network was established at the most
important objects (springs, wells) of the water supply system. In particular, we installed
automatic groundwater loggers – CTD Diver (Eijkelkamp ltd.), that measure groundwater level
(as a function of hydrostatic pressure), electrical conductivity, and temperature. The resolution
was set to 1 hour. Additionally, one baro logger was set up to subtract the atmospheric pressure
from the hydrostatic pressure.
Geophysical investigations
Geophysical investigations conducted on the island of Vis include Electrical Resistivity
Tomography (ERT) and the Magnetotelluric method. The ERT method is based on the application
of electric current into analyzed bedrock and measurement of the intensity of electric resistivity
to its conduit. Essentially, it gives us information on the electric resistivity properties of
analyzed material towards passing electrical current (Lazzari et al. 2006, Sass et al. 2008). ERT
uses measurements of the potential field, created by injecting current into the ground, to
determine the spatial variability of electrical resistivity. To acquire 2D electrical resistivity
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tomography data in the field, a four-electrode array can be used. Two of these electrodes are
used to inject electrical current into the ground and are referred to as current electrodes. The
other two electrodes are connected to a voltmeter and are used to measure the potential
difference between electrodes. These are called potential electrodes. The magnetotelluric
method is an electromagnetic method of surface geophysical research and it is used to
determine the electrical properties of the underground (distribution of electrical
conductivity/resistivity by depth). It is a method that registers existing (natural) fields of
external origin. The basis of the magnetotelluric method is the simultaneous measurement of the
total EM field, that is, the change of the magnetic field and the induced electric field over time.
The electrical properties of geological formations can then be determined from the
interrelationships of the components of the measured electric and magnetic fields. In
accordance with the properties of all electromagnetic waves, the depth of penetration depends
on the frequency of the wave.
Structural geological investigations
Structural geological investigations focused on structural mapping and the acquisition of
structural measurements, including orientation, spacing, length, aperture, and topology of
fractures. Orientation data were acquired in structural sites and structural transects. At sites,
linear scanlines were performed on vertical exposures to analyze spacing, aperture, and length
distributions. Moreover, 20 scan areas were selected for studying fracture topology. Orientations
were plotted in stereonets (Wulff lower net). The acquired dataset was tested against different
statistical distributions following the workflow of Bistacchi et al., 2020.
Results
Hydrogeochemical analyses were used to establish long-term trends and dynamics for the karstic
aquifer on the island of Vis, which is characterized by extremely high heterogeneity. The
chemical composition of the groundwater on the island of Vis is graphically represented on a
Piper diagram (Figure 29) and sampling locations in Figure 28.

Figure 28. Sampling locations on the island of Vis. Red color represents boreholes and wells, and
blue color represents natural springs
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Figure 29. Piper diagram of groundwater samples from the island of Vis (from September 2019 to
September 2021)
By conducting monthly sampling, almost all potential hydrological scenarios were covered (e.g.
high and low groundwater levels, corresponding to wet and dry season; extreme droughts;
floods). The main aquifer on the island (Korita aquifer, where a pumping site is present)
displayed long-term stability despite record-low precipitation in 2020 and 2021, with a slight
increase in chloride and EC concentration which indicated relatively high groundwater reserves
that have shown resilience towards over-pumping and are protected from seawater intrusion
(Figure 29), making the Korita aquifer an ideal candidate for implementation of IP and/or ASR.
Additionally, the site is known for excellent groundwater quality, however, with the utilization
of MAR, even more security in case of extreme hydrological events (prolonged droughts) could be
achieved. Tritium activity evidenced a mixture of sub-modern and modern waters in the Korita
aquifer, therefore, one could conclude that the recharged water will not quickly discharge
through a highly karstified fracture network (e.g. discharge into the sea).
Geophysical investigations focused on the southern side of the island, where little
hydrogeological data exists due to the absence of boreholes and wells and the main goals were
to investigate the Quaternary deposits and their thickness. Generally, rock mass and aquifers
below these karst poljes showed very low productivity and low transmissivity, because the rock
mass and fractures are infilled by the products of dolomite weathering (sand-like material) and
clayey Terra rossa particles. Hence, karst poljes on the southern side of the island provide an
excellent barrier for seawater intrusion into the central Korita aquifer (Figure 30).
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Figure 30. ERT profile Airport 3 and the legend

By conducting structural investigations, it was determined that the structural fabric of the island
is dominated by the influence of the underlying diapir. Overlying Cretaceous limestones and
dolostones present a half-dome structure with strata dipping mostly to the E, but also towards N
along the northern shoreline and S along the southern one. Accordingly, the diapir and
Cretaceous deeper units outcrop on the W side of Vis only. Main fault zones depart from the top
of the diapir with radial geometry. Three main fault zones, crossing all the island, were
identified: Komiža-Oključna with N60° strike, Komiža-Vis with N75° strike, and Komiža-Rukavac
with N90° strike.
Groundwater quality on the island of Vis is very high. It is probably one of the highest quality
waters originating from an island aquifer in Croatia. As a result, water is only chlorinated before
the distribution to end-users to reduce microbiological (bacterial) activity. There is no need for
filtration, UV treatment, and reverse osmosis, as the water is of exceptional quality (except the
presence of bacteria, which is characteristic of groundwater from deep karstic aquifers). The
main groundwater abstraction site Korita is not polluted by nitrates, sulfates, or phosphates as
the agricultural activity in the adjacent areas is generally very low. Furthermore, due to
favorable geological and hydrogeological conditions, Korita is protected from seawater intrusion,
which would cause a high concentration of chlorides in groundwater, rendering it unusable for
water supply.
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6. Risk management
The main aim of the report D.T3.6.3 was to provide an overview of risk assessment
methodologies used to identify, describe, and provide potential mitigation techniques for the
Croatian pilot site – Korita water abstraction site on the remote island of Vis. The two most
prospective methods for MAR implementation were infiltration pond (IP) and aquifer storage and
recovery (ASR), and here was provided an assessment of risks related to the implementation of
these two MAR schemes.
Generally, risk assessment methods can be divided into two main groups (Krogulec et al., 2018):
 Quantitative methods are based on measurable quantitative data. These methods lead to the

determination of a specific numerical dependence of risk and are related to the methods of
statistics.

 Qualitative methods do not include the numerical creation of risk values. The use of
qualitative methods in risk analysis does not require, for example, the installation of sensors
to read data or conducting constant control of changes in values of different parameters.
These methods are based on expert knowledge, the experience of people conducting the
analysis, and the relation of described risks to similar objects. These methods are prepared as
risks lists along with an appropriate risks ranking.

For the Croatian pilot site – Korita on the island of Vis, a quantitative risk analysis matrix was
proposed by Swierc et al., (2005) and a qualitative probabilistic approach by Rodríguez-Escales
et al., (2018) were conducted.

6.1. Selected risk assessment methods
The risk assessment for the Korita pilot site was primarily based on the methodology of the
Qualitative Risk Analysis Matrix (Swierc et al., 2005). The risk analysis matrix is used to assess
the risk level from high to low for each identified hazard or hazardous event. By classifying risks
in this way it is possible to establish a hierarchy of risks, which is essential to determine
priorities for risk management. The level of risk is estimated by determining the likelihood of
occurrence and identifying the severity of the consequence/impact of each hazard or hazardous
event. The risk analysis matrix usually distinguishes five degrees of the consequence of a given
risk (insignificant, minor, moderate, major, catastrophic) and five degrees of the likelihood of a
given risk (rare, unlikely, possible, likely, almost certain). However, the proposed 5 step scales
should be treated as general guidelines and always be adapted to the specific case study for
which the risk analysis is being performed.
The risk factor matrix after Swierc et al., 2005, is shown in Figure 31.
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Figure 31. Risk factor score matrix for qualitative risk assessment (adapted from Swierc et al,
(2005))
The principle of operation of the risk factor matrix is simple, as a risk factor for a particular risk
is obtained by multiplying its severity of consequence (rating 1-5) with its likelihood of
occurrence (rating 1-5).
In addition to the Qualitative Risk Analyses Matrix, a second method, a probabilistic risk
assessment based on fault trees was utilized (Rodrigues-Escales et al., 2018). The developed
methodology evaluates the risk of MAR failure, taking into account various risks (technical and
non-technical) at two stages: design/construction and operation. This methodology was
successfully applied in the EU FP7 project MARSOL (http://www.marsol.eu/6-0-Home.html) at
six different MAR facilities in Europe and Israel. The first step of implementing this method is to
define the concept of a system failure and identify events that may affect the correct operation
of the MAR facility. The second step is the creation of an appropriate fault tree to avoid the
situation that the events affecting MAR will be dependent on each other (all events should be as
independent of each other if possible). The third step is a mathematical fault tree expression
described in detail by Tartakovsky (2007), based on Boolean algebra. The last step is to
determine the probability of individual events affecting the system based on fault tree results.
Because the Croatian pilot area is still in the conceptual phase, we decided to use a simplified
approach where risks were identified using the MARSOL RISKAPP, however, fault tree analyses
were skipped due to possible errors in interpretation and many special considerations that need
to be taken into account when implementing MAR in karstic aquifers. Identified risks contained
in the MARSOL RISKAPP were evaluated based on professional experience and analogous case
studies, and risk factor score was assigned to all recognized risks based on Swierc et al. (2005)
(as seen in Figure 31).



46

6.2. Risk identification and treatment
Qualitative Risk Analysis Matrix
Detailed elaboration of the methodology of the Qualitative Risk Analysis Matrix is presented in
the report D.T3.6.3: “Compiled checklist for the application of Risk Management Protocol during
the FIELD WORKS for MAR” (Annex 3).
According to the methodology, risks are analyzed through the two major groups:
 risks during the design and construction of a MAR facility,
 risks during the MAR operational process.
The major groups of risks expected at the pilot site on the island of Vis and suggested treatments
are listed in the Table 7.
Table 7. Non-technical risks during (i) design and construction phase, and (ii) operational phase

POTENTIAL RISKS DURING DESIGN AND CONSTRUCTION OF A MAR FACILITY
NON-TECHNICALRISKS Constraintdescription Likelihood Severity ofconsequences Riskscore Riskrating Suggested risktreatment
Legislation risks

European territorialconstraints
Changes inEuropeanlegislation 2 1 2 low Transpose the EUlegislation relatedto MAR intonational legislationto ensure theproper operation ofMAR systems.Cooperation ofnational and localdecision-makers,water legislativeexperts, healthlegislative experts,and otherstakeholders.Development ofnational guidelinesfor MARimplementationand MAR health-related standards.Integration of MARinto existingdrinking waterprotection zonesand relatedlegislation.

National territorialconstraints
Changes innationallegislation 3 4 12 high

Regional/Localterritorialconstraints
Changes inregionallegislation 2 2 4 low

Health legislation
Amendments toregulationsrelated towater intendedfor humanconsumption

3 3 9 high

Others
Other changesin legislationaffecting MARfacilities in thedesign phase

2 1 2 low

Governance risks

Lack ofcoordination
Mismanagement of MARfacility by itsoperators

2 3 6 moderate Expert supervision ofthe MAR facility duringdesign and construction

Commitment ofstakeholders
Joint interestandcommitmentfor a joint MARproject

4 3 12 high

The motivation of keystakeholders bydissemination of MARbenefits, knowledgesharing, and promotion.Popularise and spreadMAR benefits (financial,environmental, etc.) tosupport the operation ofMAR systems amonginvestors and users.
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Insufficienttechnicalknowledge

Lack oftechnicalknowledge onthe side of staffresponsible forthe design ofthe MAR facility

4 4 16 very high

W e l l - t r a i n e dresearchers, operators,and technical staffresponsible for thedesign and constructionof the MAR systems.Potential involvement ofexternal professionalswith MAR experience,particularly in karsticterrains.
Economic risks

Low price ofwater

The low priceof accessiblewater fromother sourcesmakes theproposed MARfacilitypotentiallyunviable.

3 3 9 high

Additional support forthe use of MARfacilities (preferablysupported by statefinancial mechanism)in order to promoteits financial viability.The best practice isto avoid an increasein the price of waterfor end-users

High installation cost
High cost ofconstructionrelated tomaterial prices,workmanship, andservices.

5 3 15 high

Targeted supportfrom the statebudget, EU financialmechanisms, or othersources. Considerproper and optimalMAR system design,evaluate its capacity,size, feasibility, andeffectiveness toattract moreusers/investors.

High maintenancecost/maintenancerequirements

Increase inmaintenancerequirements ofMAR facilityresulting inincreased costs
3 3 9 high

Maintenance costsshould be projectedaccurately andincluded in cost-benefit analyses.Financial safetymargin should bedefined. Bestpractices should befostered to reduceoperating andmaintenance costs

Lack of private/public funding

Underestimationof the projectcosts, lack offunds at a certainstage of theplannedimplementation

4 4 16 very high

Disseminate andpromote MARschemes to decision-makers, policymakers and planners,water suppliers, andend-users. Investigatefunding schemes fromexisting sites.
Social risks

Health riskperception by society
Health concerndue to MARtechnologyimplementation

4 2 8 high
Foster two-waycommunication withthe general public.Promote sustainableand efficient MAR
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schemes. Integratestrict guidelinesregarding waterquality and detailedmonitoring

High-cost perceptionby society
Concern aboutthe increase inwater prices dueto MAR design.

3 2 6 moderate

Provideinformation onMAR benefits,especiallyconsideringclimate changeimpacts.Emphasize theenhanced wateravailability in dryseasons.

Fair distribution oftreated water

The possibility isthat farmers whoare closer towater withdrawalpoints would begaining morewater than theones further fromthem.

1 1 1 low

A water distributionsystem should bedesigned to supplythe users properly,without anypreferences due todistance from a watersource. The waterdistribution plan mustbe approved by allusers.

Perception ofeffectiveness bysociety

Publicunderstandingand awareness ofthe benefits ofMAR solutions.
3 2 6 moderate

Knowledge sharingand promotion ofMAR systems byemphasizing theenvironmentalbenefits (sufficientwater availability indry seasons foragriculture andecosystems, waterretention as anadaptation measureto climate change,etc.).

POTENTIAL RISKS DURING OPERATIONAL PHASE OF MAR

NON-TECHNICAL RISKS Constraintdescription Likelihood Severity ofconsequences Riskscore Riskrating Suggested risktreatment

Legislation risks
European territorialconstraints

Changes inEuropeanlegislation 2 1 2 low Transpose the EUlegislation related toMAR into nationallegislation to ensurethe proper operationof MAR systems.Cooperation ofnational and locald e c i s i o n -make r s ,water legislativeexperts, healthlegislative experts,

National territorialconstraints
Changes innationallegislation 2 2 4 low

Regional/Localterritorial constraints
Changes inregionallegislation 2 2 4 low

Health legislation Amendments toregulationsrelated to water 3 3 9 high
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intended forhumanconsumption
and otherstakeholders.Development ofnational guidelinesfor MARimplementation andMAR health-relatedstandards. Integrationof MAR into existingdrinking waterprotection zones andrelated legislation.

Others
Other changes inlegislationaffecting MARfacilities inoperation

2 1 2 low

Governance risks

Lack of coordination
Mismanagementof MAR facility byowners ofwaterworks

3 4 12 high
Expert supervisionand high-resolutionmonitoring of theperformance of theMAR facility duringthe operational phase

Insufficient technicalknowledge

Lack of technicalknowledge on theside of staffresponsible forthe operation ofthe MAR facility
2 2 4 low

W e l l - t r a i n e dresearchers,operators, andtechnical staffresponsible for theoperation of the MARsystems. Potentialinvolvement ofexternal professionalswith MAR experience,particularly in karsticterrains.
Economic risks

Macroeconomicconstraints

Global factorsthat can affectentire economies,e.g. the variationin interest rates,inflation rates,andunemploymentrates

2 2 4 low
Preparation ofalternative andbackup financialscenarios during cost-benefit analysis

Low price of water

The low price ofaccessible waterfrom othersources makes theproposed MARfacilitypotentiallyunviable. Thoughthis risk will belower in theoperation phase(since by thistime the MARsystem hasalready beencompleted, so thehigh constructioncosts havealready beenspent) but still

3 3 9 high

Additional support forthe use of MARfacilities (preferablysupported by statefinancial mechanism)in order to promoteits financial viability.
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has to beconsidered ashigh risk as itmight menace theeffectiveness ofthe MAR system.
High maintenancecost/ maintenancerequirements

Increase inmaintenancerequirements ofMAR facilityresulting inincreased costs
2 3 6 moderate

To incorporate thebudget formaintenance costs ofthe MAR system indesigning MARfinancing.
Social risks(unacceptance)

Health riskperception by society
Health concerndue to the MARtechnologyimplementation

2 2 4 low

Share information onwater quality ofinfiltrated/pumpedwater (e.g. design ofproper monitoringsystem). Ensureproper operation ofthe facility andminimize associatedrisks

High-cost perceptionby society
Concern aboutthe increase inwater prices dueto MAR

3 3 9 high

Provide informationon MAR benefits,especially consideringclimate changeimpacts. Emphasizethe enhanced wateravailability in dryseasons. Avoidincrease in watercosts for end-users

Behaviouralrequirements

Fear that MARwill affectpeople's dailylives (e.g. longerroad to work, dueto existence ofnew infiltrationchannels,prohibitions, andrestrictions nearMAR site)

1 1 1 low

Due to the “off-road” position,the MAR facilitywill not affecttransport or thedaily lives of thelocal community.

Fair distribution oftreated water

The possibility isthat farmers whoare closer towater withdrawalpoints would begaining morewater than theones further fromthem.

1 1 1 low

A water distributionsystem should bedesigned to supplythe users properly,without anypreferences due todistance from a watersource. The waterdistribution plan mustbe approved by allusers. In Croatia,most of the concernsrelated to these risksare solved throughthe Water Act andother relevant laws.Perception ofeffectiveness bysociety
Publicunderstandingand awareness of 3 2 6 moderate

Knowledge sharingand promotion ofMAR systems by
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the benefits ofMAR solutions. emphasizing theenvironmentalbenefits (sufficientwater availability indry seasons foragriculture andecosystems, waterretention as anadaptation measureto climate change,etc.).

Table 8. Technical risks during (i) design and construction phase, and (ii) operational phase
POTENTIAL RISKS DURING DESIGN AND CONSTRUCTION OF A MAR FACILITY

TECHNICALCONSTRAINTS Constraintdescription Likelihood Severity ofconsequences Riskscore Riskrating Suggested risktreatment

Sanitary /biologicalrestrictions (e.g.due to thepathogens)

Recharge waterentering the MARsystem iscontaminatedwith pathogens orother toxicsubstances ofbiological orsanitary originleading toconcentrations inthe waterexceedingnational and WHOstandards

4 2 8 high

During the design andconstruction phase,proper monitoringand purificationsystems must beenvisaged to ensurethe highest quality ofsource water.

Turbidity/particles

Turbidity of thewater enteringthe MAR systemleads to areduction in theefficiency of theMAR system dueto excessivesuspended solids.Material thatcauses water tobe turbid includeclay, silt, verytiny inorganic andorganic matter,algae, dissolvedcoloured organiccompounds,plankton, andother microscopicorganisms

4 3 12 veryhigh

The accumulationstructure is located inold river beds thatevacuate flood andstorm waters towardsthe sea. The site isadjacent to hillyterrain, therefore,high turbidity of thesource water must beanticipated andproper solutions (e.g.settling tanks,filtration) must beconsidered.

Metals MAR's rechargewater containstoo highconcentrations ofsubstances which,despite itspurificationpotential, it isunable to reduce

1 3 3 low Monitor the MARsystem´s water qualityregularly in order todetect metals, salts,nutrients, and organicchemicals in time.Since the dominantland use in the vicinityof the MAR site is

Salinity andsodicity 1 3 3 low

Nutrients(nitrogen,phosphorous) 1 3 3 low



52

Organicchemicals(pollutants,EOCs)

to a levelconsistent withwater qualitystandards publicwater supply
1 3 3 low

natural forests andshrublands, nosignificant pollutionproblems are expected(e.g. runoff, leaching).
Water scarcityrisks

Droughts andrainfall eventperiodicity(Influence ofclimate changeon water supply)

Not sufficientwater available tomeet waterdemand due toperiodicdroughts/rainfallevent

4 4 16 very high

Extreme climateevents (floods anddroughts) cannegatively influencethe water quantity inthe accumulationstructure. Highwaters and potentialfloods should beregulated by thedam, and since theprecipitation is theonly water sourceconsidered, droughtswill cause cessationof wateraccumulation andartificial recharge.

Changes in waterdemand andsupply

Increased demandand overusesdeplete thesystem orproduction withhigher capacitycannot fulfilrequirements

2 2 4 low

Increased demand(e.g. during thesummer due totourism andirrigation) will notaffect the MAR sitesince the majority ofthe recharge will beconducted in autumnand winter time (i.e.during the wetseason).
Hydraulic andhydrogeologicalassessment of risks

Risk of clogging

The presence ofat least one typeof clogging(physical,chemical,biological) in anypart of the MARsystem (water-transportingditches) reducesthe effectivenessof the MAR orleads to the needfor renovationwork at the MARfacility.

4 4 16 very high

Clogging can becaused by finesediments, so theregulated turbidityshould be applied toclean up the channelsfrom fine sediments.Furthermore,filtration systemsmust be designedbefore recharging thewater via the ASRmethod.

Risk of low waterstorage

Unfavourableaquiferparameters forwater storage(e.g. lowthickness orextension ofaquifer, low

4 4 16 very high

Proper and detailedgeological andhydrogeologicalinvestigation (desktopstudy and fieldmeasurements) todefine precisely thehydraulic
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values ofeffectiveporosity, waterstorativity, etc.,or marinedischarge)

characteristics, thestorage capacity ofthe aquifers,supported byhydraulic tests andmodelling.

High thickness andnot shallow aquifer

Aquifers withsignificant depthto the water table(high thickness ofthe unsaturatedzone) may not besuitable for someMAR methods

4 4 16 very high

Hydrogeologicalsetting

Determiningwhether theproposed MARfacility has thesignificantpotential toimpact adjacentgroundwaterabstraction sites,modify flowdirections, watertable depths, etc.in terms of localhydrogeology orhydrochemistry

4 3 12 high

Lack ofinfrastructure risks

Lack of potentiallyavailable land

Lack ofinfrastructure isunderstood asmaking thedesigned MARinvestment moreexpensive due tothe problem ofland availabilityor high landpurchase or leaseprices, lack oftechnicalfacilities/solutions to provide waterof adequatequantity andquality to theMAR

1 1 1 low

The potential MARsite is located onstate-owned land andmanaged by the localwater supplycompany, who wouldbe the MAR operatorin this case.

Lack of water pre-treatmentinfrastructures 4 4 16 very high

At the proposedlocation, no pre-treatment facilityexists. Theconstruction anddesign of such afacility present amajor economicalconstraint andfunding (national,local, or EU) must beensured.
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Lack of wells

The possibility isthat farmers whoare closer towater withdrawalpoints would begaining morewater than theones further fromthem.

1 1 1 low
5 active wells alreadyexist at the proposedsite, as well as 1inactive well(potential target forASR well recharge)

POTENTIAL RISKS DURING OPERATIONAL PHASE OF MAR
TECHNICALCONSTRAINTS Constraintdescription Likelihood Severity ofconsequences

Riskscore Riskrating Suggested risktreatment
Structural damagesdue toenvironmentalevents or humanactivity (civil workfailures)

Flooding

Destruction ofinfrastructure,interruption ofthe well fieldoperation,pollution of theaquifer, suddenchanges inrecharged waterquality.

2 2 4 low Dam regulation ofwater level in theaccumulation

Natural hazards (e.g.earthquake)

Destruction orserious damage tothe MAR facility,interruption inMAR operationdue to a naturaldisaster

3 3 9 high

The island of Vis isseismically active,however, theearthquakes are notvery strong. Still, theaccumulation and thedam structure mustbe constructed towithstandearthquakes with asignificant safetymargin

Terrorism activitiesor vandalism

Destruction of thewell casing,deliberatecontamination ofthe infiltrationditch or well,destruction of themonitoringnetwork, etc

1 1 1 low
The proposed MARsite is fenced off,guarded, and undervideo surveillance

Equipment breakage

Breakdown of anyinstrument(water-collectingpipe, valves, pre-treatmentfacility, etc.) inthe MAR systemmay cause theMAR to stopoperating

2 2 4 low
Ensure regularmaintenance of allequipment.Monitoring byautomated systems

Aquifer dissolution(e.g. in karsticaquifer)
Considerabledeterioration ofthe aquifer 4 4 16 very high Detailedhydrochemicalanalyses of ambient
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properties andMAR surfacefacilities e.g. dueto the dissolutionof calciumminerals in thekarst aquifer

groundwater.Adjustment ofinfiltration volumes.Mineralisation ofsource water beforethe recharge

Others

Any other risksassociated withcivil work-relatedbreakdowns, butusually quicklyfixable and doesnot endanger theMAR operation

3 1 3 low

Inform nearbypopulation on MARsystem, concludeinsurance to MARsystem, keepfinancial reserves forcovering unforeseencostsRisks of a decreasedamount of watersupplies due toinadequate waterquality

Sanitary/biologicalrestrictions (e.g. dueto the pathogens)

Recharge waterentering the MARsystem iscontaminatedwith pathogens orother toxicsubstances ofbiological orsanitary originleading toconcentrations inthe waterexceedingnational and WHOstandards.

2 3 6 moderate
H i g h - r e s o l u t i o nmonitoring and pre-treatment of thesource water.

Turbidity/particles

Turbidity of thewater enteringthe MAR systemleads to areduction in theefficiency of theMAR system dueto excessivesuspended solids.Material thatcauses water tobe turbid includesclay, silt, verytiny inorganic andorganic matter,algae, dissolvedcoloured organiccompounds,plankton, andother microscopicorganisms.

4 3 12 high

The accumulationstructure is located inold river beds thatevacuate flood andstorm waters towardsthe sea. The site isadjacent to hillyterrain, therefore,high turbidity of thesource water must beanticipated andproper solutions (e.g.settling tanks,filtration) must beconsidered.

Metals (e.g. arsenic,manganese)
MAR's rechargewater containstoo highconcentrations ofsubstances which,despite itspurificationpotential, it isunable to reduce

1 3 3 low Monitor the MARsystem´s waterquality regularly inorder to detectmetals, salts,nutrients, andorganic chemicals intime. Since thedominant land use in

Salinity and sodicity 1 3 3 low

Nutrients (nitrogen,phosphorous) 1 3 3 low
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Organic chemicals(pollutants, EOCs)
to a levelconsistent withdrinking waterstandards.Contaminationmay originatefrom agriculturalproduction,industry (e.g.nutrients, organicpollution,pesticides,metals, etc.) orits sources maybe geogenic (e.g.aquiferdissolution,changes inchemicalcomposition dueto water tablefluctuation, redoxconditions, etc.)

1 3 3 low
the vicinity of theMAR site is naturalforests andshrublands, nosignificant pollutionproblems areexpected (e.g.runoff, leaching).

Radionuclides(regarding inputwater) Not relevant

Water scarcity risks

Droughts and rainfallevent periodicity

Not sufficientwater is availableto meet waterdemand due toperiodicdroughts/rainfallevents.

4 4 16 very high

Extreme climateevents (floods anddroughts) cannegatively influencethe water quantity inthe accumulationstructure. Highwaters and potentialfloods should beregulated by thedam, and since theprecipitation is theonly water sourceconsidered, droughtswill cause cessationof wateraccumulation andartificial recharge.

Changes in waterdemand and supply

Increased demandand overusesdeplete thesystem orproduction withhigher capacitycannot fulfilrequirements.

2 3 6 moderate

Increased demand(e.g. during thesummer due totourism andirrigation) will notaffect the MAR sitesince the majority ofthe recharge will beconducted in autumnand winter time (i.e.during the wetseason).
Clogging risks

Pipe filter failure
Malfunctioning offilter resulting inan inadequateamount of watersupplied and/orinsufficient

1 4 4 low
Pipe filter failurewould causetemporary cessationof MAR operation,however, such anevent is unlikely if a
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removal ofparticles andpotentialdeterioration ofwater quality

filter is properlymaintained andinspected regularly

Residence time

Water stays inundergrounddrainpipes for toolong (mineralprecipitations,pathogens) or tooshort (too muchsuspended solidsin water), whichworsens itsquality

2 2 4 low

This risk only appliesto ASR technology.However, the existingwells are properlylined and they tapinto an unconfinedaquifer. Source watermust be purified andpre-treated prior torecharge
Source of fineparticles (generationinside MAR facility)

Particlesgenerateddirectly at MARfacility (pipes, oldaging wells, etc.)
1 2 2 low Regular inspectionand maintenance ofwells

Deposition (transportsedimentation inwater-distributingditches)

The deposition oforganic andinorganic solids atthe bottom of awater-distributingstructure withnon-cementedbottom leads to a"clogging mat"(outer blockage)

2 2 4 low
The bottom of theaccumulationstructure must be aclean and pavedsurface, with nosediments.

Erosion (transportsedimentation inwater-distributingditches)

Submergence ofsoil may give riseto thedisintegration ofaggregatestructures, whichmay lead toerosion. As aresult of thisprocess soils fromthe slope cansettle on apermeablesand/gravelbottom, thusreducinginfiltration

1 2 2 low

Floods and extremerainfalls usually causeerosion of structurethat should beavoided byconsolidated banks ofaccumulationstructure.

Bioclogging

Microorganismgrowth can createmicrobial biomasswhich restrictsthe volume ofwater that caninfiltrate the porespace.

1 1 1 low

Prioritize artificial inthe wet season(au tumn-w in te r ) ,when the airtemperature is lower,thus reducing algalblooms andeutrophication

Evaporation(chemical clogging)

Excessiveevaporationincreases themineralisation ofwater,precipitatesminerals, andreduces theavailability ofwater for MAR.

1 2 2 low

To ensure constantflow (accumulationand infiltration) toavoid increasing ofwater temperatureand consequentlyevaporation.
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Water mixtures(chemical clogging)

Recharge of waternot in equilibriumwith thegroundwater oraquifer sedimentscan causechemicalreactions. Theselead to theproduction ofinsolubleprecipitates thatalter thepermeability ofthe aquifer

3 4 12 very high

Geochemical andhydrochemicalmonitoring.Adjustment ofrecharge volume.Pre-treatment ofsource water(i.e.mineralization).

Risks connected tothe unacceptablequality of water at asensitive location

Organic matter (asthe result ofinefficient naturalattenuation)

Risks associatedwith theinsufficientpotential of theMAR system tonaturalattenuation oforganic matter

2 2 4 low

The listed pollutantsare not characteristicof the proposed area(karstic terrain withlow populationdensity, no industry,or any majorpollutants, includingagriculture).However, regularmonitoring andsampling of the waterto detect thepresence of organicmatter, excessnutrients, N-compounds, emergingsubstances, andmetals to allow thehighest quality ofwater for publicwater supply isrequired.

Emerging organiccompounds (as theresult of inefficientnatural attenuation)

Risks associatedwith theinsufficientpotential of theMAR system tonaturalattenuation ofemerging organiccompounds

1 2 2 low

Nutrients (as theresult of inefficientnatural attenuation)

Risks associatedwith theinsufficientpotential of theMAR system tonaturalattenuation ofnutrients

2 2 4 low

Nitrogen cycle (NO2-,N2O as a product ofmetabolitegeneration)

Risks associatedwith theinsufficientpotential of theMAR system toreducing productsof nitrogen cyclecompounds

1 2 2 low

Emerging organiccompounds (as aproduct ofmetabolitegeneration)
2 2 4 low

Other nutrient cycles(e.g. H2S)

Risks associatedwith theinsufficientpotential of theMAR system toreduce productsof other thannitrogen cyclecompounds e.g.

1 2 2 low
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phosphorus, H2S,etc.)

Metals mobilization
Risk of metalmobilisationin water at aMAR facility 1 2 2 low

Specific targets risks

Seawater barrier risk

Risk related tothe failure offulfilling theprotective role ofMAR againstseawaterintrusion

Not relevant since the goal of MAR is not to prevent seawater intrusion,but rather to provide an augmented quantity for water supply

Water level -groundwater

The risk of anyMAR operationcan lead tonegative changesin the position ofthe groundwatertable. Rechargeof unconfinedaquifers increasesstorage and mayprotectgroundwater-dependentecosystems instressed aquifers.However, if thewater table israised too high,recharge ofunconfinedaquifers may alsohave adverseimpacts. Forexample localflooding, effectsof anoxia onvegetation, ormobilisation ofpollutants from anearbycontaminatedsite. On recoveryof stored water,lowering of thewater table mayincrease pumpingcosts for othergroundwaterusers and reduceyields of shallowwells. It may alsomobilise metalsand reducegroundwaterdischarge to

4 4 16 very high

Detailed monitoringof groundwater levelthrough piezometers.Monitoring of aquiferresponse time inrelation to rechargerate. Investigation ofnew potentialoutflow zones(marine discharge).Detailed monitoringof temperature,electricalconductivity, and pHin groundwater todetect possiblechanges infreshwater/seawaterrelation.
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dependentecosystems attimes when this ismost needed.
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6.3. Sensitivity of MAR to climate-induced extremesituations
The methodology for assessing the sensitivity of the MAR scheme to climate-induced events was
described in deliverable O.T2.1 Transnational decision-support toolbox for designating potential
MAR locations in Central Europe (DEEPWATER-CE, 2020a). In this scope of this chapter, the
sensitivity of the conceptual MAR scheme on the island of Vis to particular events related to
climate extremes is assessed. Notable consideration is given to the combination of the two
proposed methods (due to the depth of the aquifer of approximately 120 meters), and the
sensitivity addresses the combination of methods (Table 9).
Table 9. Checklist on sensitivity analysis of MAR site to extreme climate events

Checklist on sensitivity analysis of MAR site (island of Vis, Korita pumping site) to extreme climate events

Tri
gge

r/
Stim
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s

Clim
ate

ext
rem

es

Dry period Risk assessment Wet period Risk assessment
 Extremely lowamounts ofprecipitation Extremely hightemperature/evapotranspiration Extremely lowtemperature

The most significant impact of thedrought will be the lack of sourcewater for IP and ASR. Most commonlydroughts occur during summer periods(Mediterranean climate), however, in2020 and 2021, winter droughtsoccurred on the island of Vis. As aconsequence, only 300 mm ofcumulative annual precipitation wasmeasured in 2020 (average annualprecipitation is 800 mm for Vis in thelong term). Additionally, highevapotranspiration (up to 60%)decreases even further the potentialsource water availability. Due to thesmall size of the island (90 km2) and itsremote position in the open sea,droughts are impossible to predict orto model. Climate models for theMediterranean region show neitherincreasing nor decreasing trends,however, seasonal redistribution islikely to occur, reducing winterprecipitation and enhancing summerstorms and extreme summerprecipitation.

 The short period ofextremely highamounts ofprecipitation An extremely longperiod ofprecipitation A long period of
extremely high
amounts of
precipitation

The three most significant risksassociated with wet periods are thepotential overflow of theaccumulation structure, the highpotential for contamination of thekarstic aquifer, and the increasedturbidity due to total suspendedsolids. The overflow can be easilysolved by regulation of theaccumulation lake dam, allowingexcess floodwater to naturally flowtowards the sea. During wet periods,water quality should be monitoredwith increased frequency to detectpossible contamination andeventually, cessation of artificialrecharge in case of contamination ofsurface water. This is furtheraggravated by the low filtrationcapability of karstic rocks.Furthermore, enhanced pre-treatment may be needed during thisperiod. As for turbidity, it is aninherent condition of karstic systemsduring extreme rainfall, and it ishard to overcome. The main problemis the increased turbidity of potablewater distributed to end-users, whooften have to boil it before use.
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ups  GW drought Hydrologicaldrought

 Flood

Haz
ard

typ
es  Drought (lackof physicalprecipitation) GW tabledepression

 Extreme surface runoff; Flood (highprecipitation) Increased turbidity Potential contaminationof the karstic aquifer

Ant
hro

pog
eni

cim
pac

ts  Wateroverexploitation forvarioususes(dominantly fortourism insummermonths)

The water demand increases fivefoldin the summer months due to intensivetourism. This is synchronous with theincreased need for irrigation. Thehighest stress on the island’s aquiferoccurs during the summer, andperiodically, reductions for end-usersare necessary. In extreme cases ofoverexploitation, groundwater levelsdrop so significantly that this conditionwould enable seawater intrusion andtotal contamination of aquifer withchlorides.

 Diffuse and pointpollutionoriginating fromspecific land use Surface dischargeover artificialsurfaces

This risk is relatively low since thedominant land use in the vicinity ofthe proposed MAR site is forest andshrubland. Although there are smallagricultural patches, it is locatedmainly downstream from theproposed MAR location.Furthermore, the agriculturalproduction is not massive and ismostly organized as a familybusiness, therefore there is not asignificant risk of pollution fromoveruse of plant protectionproducts. The background values ofnitrates, nitrates, and phosphates ingroundwater from the Korita siteexhibit very minor concentrations ofthese compounds. Furthermore,there are not many artificialsurfaces at the Korita location, thusthe majority of surface overflowrelated to flood occurs in the citiesof Vis and Komiža.
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6.4. Risk monitoring milestones and determination ofresponsible entities for risk assessment and mitigation
Water supply systems that utilize groundwater resources from karstic aquifers, with or without
MAR systems, are generally considered highly sensitive and vulnerable to pollution. During
standard abstraction of karstic aquifers, detailed chemical and microbiological analyses (as
defined by the Decree on Water for Human Consumption of the Republic of Croatia) should be
conducted on daily basis. Monitoring of other physicochemical parameters (e.g. EC, pH, O2, T)
should be conducted at all times during pumping and distribution. Furthermore, groundwater
levels should be monitored constantly (in real-time), to allow the cessation of pumping in case
the levels significantly drop (e.g. drop of groundwater below the pump level). The responsible
entity for conducting quality control, as well as the risk mitigation, is the operator, i.e. the
water supply company.
One of the most significant risk groups recognized in the risk assessment was the one connected
with source water quality and groundwater quality. During the operational phase of the MAR
facility, the source water is the most critical variable that is prone to reduced quality. It should
be monitored continuously (i.e. loggers for continuous measurements of pH, turbidity, EC, and
other parameters if possible) and exhaustive hydrochemical and chemical analyses should be
conducted before its infiltration (i.e. daily, weekly, or at other time increments). Groundwater
should also be monitored as frequently as possible, by loggers for continuous measurements and
by sampling and performing a standard array of (geo)chemical investigations. Water intended for
human consumption should undergo daily analyses, as proscribed by the law. To achieve a well-
structured and functional system of detailed monitoring of all types of water, it is necessary to
establish close cooperation between the potential operator (Vis water supply company),
accredited laboratory for water testing (Croatian Public Health Institute and/or Croatian
Waters), and a research institution (Department of Hydrogeology and Engineering Geology of the
Croatian Geological Survey). The monitoring scheme should be evaluated and changes (e.g.
increased frequency or expansion of parameter list) should be made accordingly.
Groundwater levels should also be closely monitored during MAR operation. Response of
groundwater levels with respect to infiltrated quantities is the main indicator to see whether
MAR operation is successful or not, particularly in karstic aquifers. Due to the high heterogeneity

Sur
fac

e&
hyd

rog
eol

ogi
cal

env
iro

nm
ent

 GW tabledepression Deterioration of GWquality Lack ofsoilmoisture

During dry periods, GW levels in theKorita aquifer tend to significantlydecrease, if overexploited. The mainrisk is associated with an increasedchance of seawater intrusion,however, significant implications onGW chemistry could occur. Here, themain concern is the increase inelectrical conductivity, chloride, andbicarbonate content.The lack of soil moisture is anadditional problem that has asignificant influence on infiltrationthrough the soil and shallowsubsurface. If soil moisture decreases,more and more precipitation isrequired to satisfy the equilibriumcondition, before the infiltration tothe deeper parts (i.e. aquifer) canoccur. As a result, small or evenmoderate precipitation (consideringquantity and duration) after a long anddry period has practically no influenceon groundwater recharge.

 Clogging of theinfiltration pond Aquifercharacteristics(e.g. porosity,transmissivity,properties relatedto pollutanttransport & fate,GW chemistry)

Eventual overflows in theaccumulation structure will besolved with a regulation dam.Heavy rains and floods are usuallyassociated with higher turbiditywhich can have a negative effect oninfiltration structure. Additionally,higher pre-treatment costs could bederived in order to ensure theproper quality of water for directinfiltration (ASR).Due to the very deep aquifer(approximately 120 m below thesurface), the risk of groundwaterflood is negligible.
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of karstic aquifers and relatively unknown geometry of the aquifers, the level of response could
be instant or significantly delayed, while the ratio of infiltrated and reclaimed water could be
hard to interpret. Besides existing wells in the Korita well field where monitoring of level is
taking place, it would be necessary to monitor groundwater levels in piezometers which would
be drilled upstream and downstream from the water abstraction site, to obtain information in
more remote parts of the aquifer. The recommendation is to use groundwater loggers for
monitoring of level (in hourly resolution) in piezometers, and real-time level indicators in active
wells. With this, it would theoretically be possible to detect eventually increased discharge
(marine discharge) in response to recharged water, and eventually, aquifer dissolution and
appearance of new flowpaths (channels, conduits, fracture zones). Since the Korita catchment is
an isolated catchment, it is presumable that an artificial recharge in this area will not affect
coastal springs and levels in other wells, particularly those in the western part of the island,
around the city of Komiža. However, during the early stages of the operational phase, it would
be necessary to organize a simple monitoring campaign to confirm this hypothesis.
Clogging and related risks should be solved by proper construction of the accumulation structure
(paved clean surfaces), proper pre-treatment (to reduce turbidity), monitoring of recharge rate
and hydraulic head loss, regular cleaning of the infiltration pond, and removal of mud layer from
the bottom. To prevent chemical clogging, the analyses of the source water should be done
before the recharge. Engineering aspects of the accumulation and infiltration structure (either
pond or injection well), as well as a treatment facility, and pumping facility, should be regularly
maintained and repaired by trained and authorized staff of the operators to avoid critical failure
and potential environmental harm.

6.5. Qualitative risk analyses in project implementation
The Table 10 shows the qualitative risk assessment of the pilot project in the implementation
phase.

Table 10. Qualitative risk analysis in project implementation
Element Risk P S X Risk prevention and mitigation measures
Project
management and
administration

[1] Inadequate
project
management

1 3 3 Prevention measures:
Delegate project management to a permanent
team of highly motivated people with project
management knowledge (professional project
manager). Regularly monitor the progress of the
project and coordinate with partners and
suppliers.
Mitigation measures:
Where appropriate, involve additional members
in the project management team. Re-examine
the project management activity plan and
correct it if necessary.

[2] A change in
leadership
happens (by the
investor, in the
city
administration),
and the new
leadership does
not support the

1 3 3 Prevention measures:
Commit the leadership with the contracts, no
matter who represents it.
Mitigation measures:
In the case of a leadership change, the transfer
of information about the project and the
obligation for its further implementation needs
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project to be ensured. The public must be regularly
informed about the project and its progress to
create a feeling of ownership of the
commitment among citizens, thus influencing
the responsibility of city authorities and/or
investor leadership to its execution and
completion.

Public procurement
procedures

[3] Delay in
contracting of
works

1 3 3 Prevention measures:
Prepare unambiguous and precise procurement
documents according to professional rules. Start
contracting immediately at the beginning of the
project and plan enough time for potential
appeals and negotiations. Include sufficient
personnel capacity in the procurement team.
Mitigation measures:
Include additional professional staff capacities
to speed up procedures and the procurement
process can be completed as soon as possible.

[4] Received
offers are not of
high quality

2 3 6 Prevention measures:
All public procurement procedures in the
project should be prepared with the continuous
cooperation of the project manager and the
certified public procurement expert. The first
will contribute to the expertise, while the
second to the proper procurement procedures.
The eligibility criteria of tenderers should be
clearly defined and carefully selected, and
weighted according to their relevance to the
specific procurement. Provide interested
tenderers with access to existing
documentation.
Mitigation measures:
If there is a need to cancel a certain public
procurement procedure, technical and
professional requirements and selection criteria
for the tenderers should be re-examined. After
that, repeat the procurement procedure and
give a more extended deadline for submitting
tenders.

[5] No offers
received

2 3 6 Prevention measures:
Before collecting offers, explore the market in
detail, and make a list of potential contractors.
Put realistic criteria in the conditions for
tenderers.
Mitigation measures:
Re-explore the market, consult potential
offerers, repeat the invitation and leave it open
for a longer time so that potential bidders can
better prepare their offers. Re-check the
eligibility criteria of tenderers.

Project preparation [6] The project 2 3 6 Prevention measures:
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documentation
does not
correspond to the
actual situation.

As a pilot project, there is a risk of errors in
preparing the project documentation and
preparing the project for implementation. The
project is being prepared as part of the
INTERREG project DEEPWATER-CE in with
partners, and therefore the risk is reduced but
still exists. There is a need for great flexibility
in the preparation and continuous change of
project assumptions following the results and
conclusions at a particular project preparation
stage. At drafting the project documentation,
active participation with the design engineers
and the remaining expert team is required to
prepare the project.
Mitigation measures:
Continued preparedness for modifications and
provision of additional financial resources if
necessary.

Implementation of
works and
equipping

[7] Delay in the
execution of
works

3 2 6 Prevention measures:
Include financial penalties in case of delays in
the contracts. Selected contractors should be
obliged to provide a bank guarantee for the
contract's proper (also in the meaning of time)
performance. Constant monitoring of the
fulfillment of the time plan by the project
manager and the coordinator of the works,
constantly communicating with the contractors.
Require tenderers to submit a list of their
suppliers already in the tender, which the
project manager verifies before signing the
contract. In the time plan, a reserve period
should be planned in case of delays in the main
works (e.g. 2 months period).
Mitigation measures:
Activation of contractual financial penalties in
the case of delays in the completion of works.

[8] Poor weather
conditions during
the execution of
works

1 2 2 Prevention measures:
The implementation of practically all the
activities of this project can depend on suitable
weather conditions. As the entire project is
located in the sub-mediterranean climate zone,
it is very unlikely that bad weather conditions
will last for an extended period. In the contract
for works, a longer period can be opened, in
which the provider must finish all works, with a
further definition that the works must start as
soon as the weather conditions allow this.
Mitigation measures:
Activation of contractual financial penalties in
case of delays in the completion of works.

[9] The project
assumptions have

1 3 3 Prevention measures:
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changed After the completion of all technical project
documentation and before opening public
procurement procedures for works, it is
necessary to re-check the consistency of the
documentation, clarify possible ambiguities and
require further clarifications from the technic
designers if required.
Mitigation measures:
In case of occurrence (realisation) of this risk,
other possible options and sources of additional
funding should be analysed and the best option
chosen to continue the project.

[10] During
construction,
archaeological
findings which
need to be
investigated have
been
encountered,
causing delays in
the works

2 3 6 Prevention measures:
This risk always exists at every excavation and
should be taken into account. The risk can be
prevented by previous protective archaeological
research into critical parts of the site that is
foreseen for implementing the project.
Mitigation measures:
If archaeological remains are found during
earthworks, further works will have to be
stopped until archaeological research is carried
out. The investor should then undertake all
steps needed to carry out such research as soon
as possible so that the construction can continue
and provide financial resources for potential
adaptation and modification of the existing
technical project documentation.

Supervision of
works and financial
audit of the project

[11] Supervision
and audit
activities have not
been carried out
in good quality

1 3 3 Prevention measures:
External experts for implementing supervisory
and audit activities must be selected according
to strict professional criteria of quality and
competence according to the size and
complexity of this project. The required
qualifications should be defined in detail in the
procurement documents, and adequate financial
resources should be planned. The offer should
be selected by economic criteria where the
price does not have the highest weighting but
quality and references. Quality assurance with
bank guarantees and/or financial penalties
should be included in contracts. In contracts,
the scope of the work and methods of work
should be defined precisely.
Mitigation measures:
Activation of bank guarantee and/or financial
penalties.

Promotion and
visibility,
communication,
stakeholder
education

[12] Project
promotion and
visibility do not
sufficiently
contribute to the

2 1 2 Prevention measures:
Adhere to any activities envisaged. Quality
external experts for the implementation of
project visibility and publicity activities should
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actual visibility of
the project

be selected. Visibility and publicity activities
should be carried out for the entire duration of
the project and not only in the last months.
Mitigation measures:
Boost activities using simple promotion channels
immediately after the first signs that the project
is not sufficiently visible occur. A wider
audience should be targeted, and activities
should be carried out continuously. Involve a
project communication expert if needed.

[13] Stakeholders
are not interested
in their education
about the project

2 1 2 Prevention measures:
Early involvement of stakeholders in outreach
and education activities, preparation of tailor-
made education programmes to different target
groups of stakeholders.
Mitigation measures:
Adapt better activities to specific target groups,
verify the adequacy and effectiveness of
promotion and visibility activities, enhance the
involvement of associations and other
organisations active in environmental
protection.

P=probability (likelihood)
1=low probability, 2=medium probability, 3=high probability
S=severity (impact - consequences)
1=low severity, 2=medium severity, 3=high severity
X=risk power
1=low risk, 2=medium risk, 3=high risk

6.6. Quantitative risk analysis in project implementation
Quantitative risk analysis is already partly covered in the table above, where we analyzed
individual risks in implementing the project. We have attributed two dimensions of the problem
to each risk:

> likelihood (frequency): the probability of something happening and
> impact (significance): how strong will the effect of an unwanted event impact

successful project implementation.
For each dimension, we have defined a list of possible values:
 Probability (likelihood):

> very unlikely to unlikely (low probability): 0 % to 33 %;
> about as likely as not (medium probability): 34 % to 67 %;
> likely to very likely (high likelihood): 68 % to 100 %.

Severity:
> non-material impact (low severity): level 1 - negligibly small to minor severity of

consequences;
> medium impact (medium severity): level 2 - medium severity of consequences;
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> complete disaster (extremely high severity): level 3 – high to extremely high severity of
consequences.

We can calculate
the risk level with
the multiplication of
probability and
severity. The
following risk matrix
presents qualitative
risk
analysis.SEVERITY
(IMPACT)→
PROBABILITY
↓

1 –
Negligibly
small to
minor
severity of
consequences

2 –
Medium
severity of
consequences

3 –
High to
extremely
high severity
of
consequences

3 – Likely to very
likely

2 – About as likely as
not

[12], [13] [4], [5], [6],
[7], [10]

1 - Very unlikely to
unlikely

[8] [1], [2], [3],
[9], [11]

Figure 32. The risk matrix in project implementation

Legend:
LOW RISK MEDIUM RISK HIGH RISK EXTREMELY

HIGH RISK

From the risk matrix, we can see that most of the risks fall under the “high risk” category, and
some are under the “medium risk” category (Figure 32).
Risk prevention and mitigation measures are listed in Table 11. Qualitative risk analysis in
project implementation.
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7. Cost-benefit analysis
7.1. Financial analysis

With the financial analysis, we verify the project's financial viability from the position of the
entity responsible for project construction and operation (investor). To perform a financial
analysis, first, we have to calculate the annual cash flow at constant prices during the reference
project period. A cash flow has been calculated into present value by discounting using a
financial discount rate. The following financial indicators are calculated as a financial analysis
output: Net Present Value (NPV) and Internal Rate of Return (IRR).
Future costs and revenue flows have been calculated to present value so that the financial
discount rate reflects the opportunity cost of capital. On their basis, a Net Present Value, which
determines whether the revenues can cover the investment cost and other project costs
(operational costs), has been calculated.
The Net Present Value (NPV) shows the present value of the difference between costs and
benefits of the project (net cash flow) calculated using the financial discount rate.
The positive net present value shows that the project is profitable and should therefore be
accepted on a financial basis.
If the NPV of the project is negative, the project entails a loss and should, therefore, purely
commercially, be rejected. On the other hand, from the point of view of EU funding, this is a
necessary condition in assessing the project's eligibility.
The Internal Rate of Return (IRR) shows the discount rate at which the difference between costs
and benefits (net cash flow) has a net present value of zero. The IRR higher than the financial
discount rate shows that the project brings a profit and should therefore be accepted on a
financial basis.
If the project’s internal rate of return is lower than the financial discount rate, the project
entails a loss and should, therefore, purely commercially, be rejected. On the other hand, from
the point of view of EU funding, this is a necessary condition in assessing the project’s eligibility.
The incremental method has to be used for calculating financial indicators: it considers the
difference between inflows and outflows of the scenario “do something else” and scenario
without a project, i.e. “no changes”.

7.1.1. Presumptions of financial analysis
Currency - prices used in the analysis
The prices used in the analysis are constant prices in Croatian kunas (HRK) from the base year.
Prices available on the Croatian market have been used to ensure comparability of costs and
benefits.
Financial analysis period
MAR methodology recommends a 30-year reference period.
The EU CBA methodology recommends the length of the reference period by sector in which the
specific project is implemented. This pilot project is classified as a water supply project for
which a 30-year reference period is foreseen.
In the cost-benefit analysis of this pilot project, we, therefore, apply a 30-year reference
period.
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Estimation of revenues
The pilot project will generate direct revenues in the form of distributed water billing to
consumers.
The primary purpose of this pilot project is to improve the quality of life on the island of Vis,
improve the quality of tourism for the visitors, and improve the conditions for the economy, i.e.
touristic activity on the island. The pilot project will generate direct revenues through the
collection of additional distributed amounts of water.
Other benefits will be indirect and are, as such, presented in the economic analysis of the pilot
project.
Estimation of costs
Investment costs are based on the estimations made by technical experts of the company
Vodovod i kanalizacija d.o.o. Split, and a received informative offer for the drilling of the well.
The bases for assessing the investment costs are described in more detail below. The investor
company Vodovod i odvodnja otoka Visa d.o.o. cannot use VAT refunds for works and other costs
in the project. Therefore, the total investment costs are shown with VAT since the non-
refundable VAT is an eligible cost in accordance with the Ordinance on the eligibility of costs
(OG 115/2018).
Operating costs and costs of maintenance over the 30-year project period are based on a cost
estimation made by the experienced technical experts of the company Vodovod i kanalizacija
Split d.o.o., based on their experience in implementing projects with similar elements of works
and equipment. Operating costs include costs for the maintenance of project results, such as
maintenance of the built infrastructure. Operating costs do not include VAT.
Discount rate
According to the EU CBA methodology, a 4 % financial discount rate is applied. The EU CBA
methodology defines a financial discount rate of 4 % and a social (economic) discount rate of 5 %
for EU Members.

7.1.2. Bases for estimating the costs and revenues of the pilot project
Costs assessment basis
The costs estimation was first approached by studying available literature, i.e. studies and
expert papers describing experiences in implemented projects around the world and/or
theoretical basis in accessing costs estimates. Given that this is a pilot project in Croatia, there
is no practice that we could apply directly. Furthermore, technical documentation or costs
estimation has not been elaborated for this pilot project. After analyzing the available studies
and expert papers, we had to conclude that they are not relevant in terms of assessing the costs
of this specific pilot project. Furthermore, there is practically no literature available for karst
areas.
The costs in different projects implemented in various locations around the world differ
significantly, and a function that adequately describes their interdependence cannot be
identified.
Case studies and theoretical bases helped to look at the overall cost picture, i.e. identifying the
types of costs to be included in calculating investment and maintenance costs. On these grounds
and using the framework cost structure defined by the MAR methodology, we have developed an
adequate cost scheme for this pilot project.
The basis for estimating investment costs are shown in Table 11.
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Table 11. The basis for estimating investment costs of the MAR pilot project on the island of Vis
Type of cost Comment
Costs of the pilot project
preparation

Costs of geophysical research.
Costs of studies and project documentation.
Costs of obtaining licences.
Acquisition of the necessary data.

Costs of land acquisition After defining the exact location of this pilot project, it is concluded that the
costs of acquiring the land will not occur (the land is in the ownership of local
authorities (City of Komiža, City of Vis).

Construction costs Phase 1: A list of the relevant investment elements for two different technical
options of the pilot project has been developed.
Phase 2: A cost estimation for each element from Phase 1 has been done,
according to the Standard Work Calculation for the projects of the company
Vodovod i kanalizacija d.o.o. Split.

Costs of legislative mandatory
and operational water quality
tests

Water quality tests and analyses cost during construction and before the
system is put into operation.

Costs of supervision Supervision of technical design, supervision of works, financial evaluation of
the project.

The basis for estimating operating and maintenance costs are shown in Table 12.
Table 12. The basis for estimating the operating and maintenance costs of the MAR pilot project

on the island of Vis
Type of cost Comment
Operating costs of
groundwater use

The defining of all costs according to these categories, with adding categories
if appropriate.
The costs are estimated based on the experience of the technical experts of
the company Vodovod i kanalizacija Split d.o.o. in implementing projects that
included similar elements of works and equipment.

Labor costs
Electricity costs
Costs of water quality testing
Infrastructure maintenance
costs
Maintenance costs of installed
equipment
Costs of pre-treatment and
after-treatment of water

According to the data collected from the available literature, the operating costs in the
implemented projects were:

> between 0.01 and 0.85 USD/m3 of water recovered in MAR in ASR technology (the
difference between the minimum and maximum is ×85);

> between 0.02 and 0.14 USD/m3 of the water recovered in MAR in infiltration pond
technology (the difference between the minimum and maximum is ×7).
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These values can be helpful as an indicative orientation, but we cannot apply them directly as
representative values.

Revenues assessment basis
Price:
To estimate the direct revenues of the pilot project, we have applied the current price of water
paid by the users of the water supply system on the island of Vis. The project will generate
revenues from additional quantities of water distributed to the final beneficiaries. Only the
additional (incremental) water quantities resulting from the implementation of this pilot project
and the associated additional revenues are included in the CBA.
Applied water prices are shown in Table 13.

Table 13. Applied water prices in revenue projection
Item Price Social tariff Assumptions

1. Water supply service (HRK/m3)
Households, farming 7.97 HRK/m3 4.78 HRK/m3 70 % of Incremental

Water Consumption
Economy 10,65 HRK/m3 30 % of Incremental

Water Consumption
Schools, kindergartens, other public
institutions

6.83 HRK/m3

2. Monthly fixed fee (HRK/month)
Households
(25 mm: 30 new beneficiaries until the 16th
year of the project)

36.00
HRK/month

21.60
HRK/month

The diameter of
the pipe
determines the
price of the
monthly fixed fee.
Assumptions, as
indicated in the
column 'Item', have
been used.

Hotel
(125 mm: 2 new beneficiaries by the 6th year
of the project)

888.00
HRK/month

Smaller medium tourist accommodation facility
(30 mm: 4 new beneficiaries until the 8th year
of the project)

56.00
HRK/month

Larger medium tourist accommodation facility
(40 mm: 4 new beneficiaries by the 8th year of
the project)

80.00
HRK/month

Source: Vodovod i odvodnja otoka Visa d.o.o., valid pricelist of services for 2021 and the study's assumptions.
The remaining items of the total price of the water supply service are of a transitory character,
and therefore, they are not applied in the calculation of revenues:

> a development fee (2.50 HRK/m3),
> a water-use fee (2.85 HRK/m3),
> a waters protection fee (1.35 HRK/m3), and
> a drainage fee (1.00 HRK/m3 for households and 1.63 HRK/m3 for the economy).
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In the revenue projection, we assume that the water price for the final consumer on the island
of Vis remains unchanged throughout the reference period. The inhabitants are heavily burdened
by the high water price due to shortage of water and demanding technical supplying conditions,
which affect the final water price. The following chart (Figure 33) compares the price of the
water supply service on the island of Vis with the price in some other nearby water supply areas.

Figure 33. Comparison of the price of the water supply service (Source: Published pricelists of
water supply companies)

Out of 157 respondents who participated in the survey, 61.8 % live in financially disadvantaged
households with a total annual household income below 155,000 HRK.
The Water Framework Directive (2000/60/EC) requires a water pricing policy to be conducted
following the principle of covering the costs from water services; the water price should cover
the costs (management, operation, depreciation, and the cost of the water environment and
resources). On the other hand, there is a requirement of affordability; the price of water must
be affordable to consumers, i.e. the cost of water must not exceed the rate of net disposable
income, which is in Croatia 3 %.
If implemented by the infiltration pond method, the financial analysis of the pilot MAR project
shows the project's financial feasibility, which means that this pilot project is financially
justified without increasing the water price for the final consumers.
Quantities:
The incremental quantities of water that will result from MAR and will be available to be
delivered to consumers on the island of Vis are calculated based on:

> projected future water demand on the island of Vis (Chapter 5.2.3 Estimating future
water demand on the island of Vis),

> the results of the hydrological balance (Final report: “Hydrological balance and
implementation of geophysical researches”, Terra Compacta d.o.o., August 2021),

> accepted assumptions on the capacity of the pilot MAR system, i.e. the quantities of
water captured by the pilot MAR system, i.e. the additional water quantity available
(Chapter 5.2 Analysis of supply),

> expected losses due to evaporation (i.e. losses from the accumulation lake) (Chapter
5.4 Analysis of the gap between future demand and supply of water),
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> expected losses in water distribution to final consumers (Chapter 5.2.4 Analysis of the
gap between future demand and supply of water).

Based on all relevant data and the assumptions taken, a projection of the annual revenues of the
pilot project was prepared for the duration of the reference period (30 years) - Chapter 7.1.6
Estimation of project revenues.

7.1.3. Investment costs estimation
An estimation of the investment costs of the pilot MAR project on the island of Vis has been
made following several steps. Finally, an estimation that is presented here has been concluded.
In the first step, the technological frameworks have been defined, i.e. the MAR methods relevant
for the application in the pilot area concerned: the infiltration pond method and the ASR
method. In the next step, a basic scheme of investment costs for setting up the MAR system MAR
methods has been developed for both appropriate MAR methods. After the final definition of the
pilot site and the dimension of the pilot project, a detailed estimate of the costs for the pilot
site has been made. The following total investment costs have been established:
 Option 1: Implementation of the pilot project according to the infiltration pond method:

3,142,851.20 HRK
 Option 2: Implementation of the pilot project according to the ASR method: 4,689,559.70 HRK
Given the almost 50 % difference in total investment costs and with the same physical outcome
(i.e. the same additional quantity of water available for final consumers), the infiltration pond
model is selected as a priority option that we analyze in more detail below. Option 2 is
presented as an alternative option at the end of the study (Chapter 8.1.3 Option “do something
else” - Alternative option).
Infiltration pond method – investment costs estimation
Total investment costs, including VAT, are estimated at 3,142,851.20 HRK to implement the
pilot MAR pilot project on the island of Vis according to the infiltration pond method.
Total investment costs consist of the following items (Figure 34):

> project management and administration;
> preparation of the project;
> implementation of works and equipping,
> project supervision and audit;
> promotion and visibility, communication and education of stakeholders.
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Figure 34. Total investment costs structure – implementation of the pilot MAR project on the
island of Vis according to the infiltration pond method

Total investment costs (single budget lines), calculation of depreciation and residual value, and
estimation of operating and maintenance costs for infiltration pond are shown in Annex 5 of this
report.

7.1.4. Estimation of project revenues
A pilot project will generate direct financial revenues in the form of the charged price of
additional quantities of water distributed to final consumers on the island of Vis. The
incremental method is applied in calculating project revenue, i.e. additional revenues that
would not have been generated without the project.
Table 14 shows the projection of the direct financial revenues of the MAR project according to
the infiltration pond method. Direct financial revenues consist of revenues from the drinking
water supply and revenues from the monthly fixed fee for the duration of the pilot project (30
years).
The basis for estimating revenue is presented in Chapter 8.1.2.2 Revenues assessment basis.

Table 14. Projection of the revenues – infiltration pond method
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7.1.5. Calculation and interpretation of financial indicators
Based on the estimated costs and revenues of the pilot project, we have calculated annual cash
flows and financial indicators. Financial indicators show the financial rationality of the project,
i.e. the rationale of the project for the investor.
The financial return on investment is calculated based on estimated incremental costs and
revenues. The “do something else” scenario, which represents the chosen variant, is analysed,
compared to the “business as usual” scenario, which represents a situation without an
investment.
The calculation of the financial indicators is based on the estimated costs and revenues of the
pilot project in the 30-year reference period, taking into account 4 % of the financial discount
rate. The results show that, from a financial point of view, this investment is profitable and
brings a minimum positive financial net present value (FNPV > 0) and a positive internal rate of
return (FRR > 4 %) (Tables 15 and 16).

Table 15. Financial indicators – infiltration pond method
Financial discount rate 4 %
FNPV 685,970 HRK
FRR 5.74 %
NPV of investments 2,948,692 HRK
NPV of residual value 0 HRK
Net present value of revenues 5,328,381
Net present value of costs 1,693,719 HRK

FNPV - financial Net Present Value
FRR - financial internal rate of return
Table 16. Annual net cash flow – infiltration pond method

Financial sustainability of the investment
The financial sustainability of the investment is one of the essential financial criteria for each
project. The project is financially sustainable when there is no risk that it will not have available
financial sources during its implementation and operation phase. Thus, the main objective of the
financial sustainability analysis is to ensure that the investor does not encounter cash flow
constraints, which could lead to the illiquidity of the project.
The financial viability analysis verifies that positive cash flows cover the negative cash flows
during the project's lifespan. If the cumulative cash flow in the last year is negative, the
project's financial viability may be jeopardized.



77

We can connect the issue of financial sustainability to the requirement of the Water Framework
Directive (2000/60/EC). Following the Directive, all investments in water infrastructure must
demonstrate financial sustainability, i.e. the price of water must cover the entire investment
costs (management, operation, depreciation, and the cost of the water environment and
resources). Given that the current price of water on the island of Vis is already high, we have
checked whether this pilot project can be implemented and financially justified without raising
the price for the final consumer not to affect their affordability. The financial analysis results
show that the project is financially justified with existing water prices, which is evident from the
annual positive net financial cash flows and the cumulative net cash flow at the end of the
project (in the 30th year of the project).
The project's financial viability is demonstrated by calculating the cumulative cash flow over the
entire time horizon considered. The calculation of the financial viability of the pilot MAR project
on the island of Vis is presented in table 17.
The investment is financially viable, with no additional contributions required. The cumulative
cash flow is positive throughout the entire operation time of the project.

Table 17. Financial sustainability of the pilot project – infiltration pond method

7.1.6. Sensitivity analysis of financial indicators
Sensitivity analysis enables the investor to identify critical project variables. Critical variables
are those whose positive or negative variations significantly impact the project's
financial/economic performance. The analysis is done by changing variables one by one and
determining the effects of these changes on the financial/economic net present value
(FNPV/ENPV).
Those variables whose variation ± 1 % of the value adopted in the baseline case gives rise to a
variation of more than 1 % in net present value should be considered critical.
Sensitivity analysis is performed for each of the variables used in the financial analysis of the
project:

> operating revenues of the pilot project;
> operating costs of the pilot project;
> investment costs of the pilot project.

Tables 18 and 19 present the results of the performed sensitivity analysis to variations of the
financial net present value (FNPV) variables.
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Table 18. Results of the sensitivity analysis of the pilot project to variation of variables to
financial net present value (FNPV)

Scenario Variable Change FNPV Change
FNPV

Evaluation of the
criticality of the
variable

Scenario 0
(base scenario)

685.575 0.00 %

Scenario A Operating revenues - 1 % 632.686 -7.71 % critical
Scenario B Investment costs + 1 % 656.088 -4.30 % critical
Scenario C Operating costs + 1 % 668.638 -2.47 % critical

Discount rate: 4 %

Table 19. Analysis of project sensitivity to variations in costs and revenues in the project
financial analysis – infiltration pond method

In financial analysis, all three variables (operating revenues, investment costs, operating costs)
are critical; their changes for 1 % affect the financial NPV (i.e. the financial rationality of the
project) by more than 1 %, with the assumption that all other variables remain unchanged
(“ceteris paribus” assumption (Figure 35):

> 1 % change in operating revenues affects more than 1 % change in NPV (7.71 %);
> 1 % change in investment costs affects more than 1 % change in NPV (4.30 %);
> 1 % change in operating costs affects more than 1 % change in NPV (2.47 %).


