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Preface 

The key objectives of the International Symposium: Cross-Border 
Drinking Water Management are to improve the scientific and practical 
knowledge regarding the cross-border water resources and water 
supply management and to advance networking and cooperation 
among water management scientists and experts.  

The Symposium is organised within the scope of the DRINKADRIA 
(Networking for Drinking Water Supply in Adriatic Region) Project 
which is co-financed by the European Union, Instrument for Pre-
Accession Assistance, Adriatic Cross Border Cooperation programme 
2007-2013 and involves seventeen project partners from eight Adriatic 
countries. 

During the Symposium information and data on new 
methodologies, approaches, and practices relevant for sustainable 
cross-border water resources management and cross-border water 
supply in the Adriatic region are introduced to sustain capitalization and 
dissemination of the Project results and outputs and their application 
among scientists, experts and end users.  

Ten papers and one extended abstract presented at the 
Symposium were reviewed by the Scientific Committee members and 
published in this Symposium Proceedings.  

Topics addressed in the papers are quite diverse given the 
complexity of cross–border water management and water supply. 
Various interesting and challenging issues are included starting from 
DRINKADRIA general information; followed by DRINKADRIA project 
capitalization and sustainability and connection with good practice of 
dissemination and communication activities; vulnerability of water 
resources in the Adriatic area; cross-border water resources 
management in the present conditions and for future scenarios; legal 
and policies implications of ecosystem services inclusion in drinking 
water supply systems analyses at the transnational level; approach to 
developing the “Program of the rehabilitation measures within the 
sanitary protection zones in the Region of Istria for existing buildings 
and existing activities”;  water resources quality variation in the Water 
Utility of Istria; impact of land use on groundwater quality in the South 
Dalmatia test area; contractual framework for cross-border drinking 
water delivery; implementing the remote control water meters in the 
Water Utility of Istria for the purpose of the leakage reduction and also 
preparation and implementation of the EU project: Research 
Infrastructure for Campus-Based Laboratories at the University of 
Rijeka Campus.  

A round table is included in the Symposium agenda to ensure that 
the Symposium topic Cross-Border Drinking Water Management is 



discussed by participants and their expertise and knowledge is 
capitalized. 

This Symposium is organised by the Faculty of Civil Engineering of 
the University of Rijeka with valuable contribution of co-organisers that 
are also DRINKADRIA final beneficiaries from Croatia:  the Region of 
Istria, the Water Utility of Istria and the Croatian Geological Survey.  

The editors wish to express gratitude to the authors, members of 
the Scientific Committee and of the Organising Committee for their 
contribution to Proceedings preparation and organisation of the 
Symposium. 

We hope that this publication will be useful to all participants and 
encourage the collaboration of scientists, experts, and end users on 
cross-border drinking water management issues and challenges in the 
future. 

 

             Editors:  

 

Barbara Karleuša 

           and 

    Ivana Sušanj 
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bilateral commissions, local and regional government units, utility 
companies, educational institutions and others in the Project, in order to 
inform them about the Project activities so that they can contribute to 
Project results and use them in future. 

 

Figure 3. Structure of work packages  

Within Work package 4 (WP4) which is led by the Faculty of Civil 
Engineering, University of Rijeka cross-border water resources 
management issues are analysed. Regulations of the countries 
involved in the Project related to water resources management are 
analysed, in order to develop a common basis for the protection of 
transboundary water resources which are used in water supply. 
Drinking water protection areas are defined for each country 
separately, with no consensus with the neighbouring country. For 
example, Slovenia defined drinking water protection areas only to the 
Slovene-Croatian border and vice versa. A unified approach to 
protection of transboundary aquifers is crucial for ensuring safe water 
supply [1]. Partners applied common approaches and methodologies 
for analysing the impact of climate change (CC) on water resources 
availability. Using different scenarios of changes in water demand in 
the future, the Water Exploitation index (WEI) is calculated for total use 
and for drinking use in order to analyse the risk in test areas [5]. Water 
quality trends in test areas and impact of changes in land-use (due to 
CC and future development) on water resources quality are analysed 
too. 
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In some countries, additional questions that address country 
specific issues are included in questionnaire for the Second National 
Events for stakeholders. Since it is ongoing process, data presented in 
Figures 8, 9 and 10 reveal stakeholders’ answers on particular 
questions relevant for sustainable water supply management and other 
DRINKADRIA project objectives for Croatia, Serbia and Slovenia, in a 
given order.  

 

Figure 8. Ranking of technical protocols importance by Croatian stakeholders 
[5] 
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Figure 10. Evaluation of measure for Forests ecosystem - Limitation of Clear 
Cuts, Source [5]  

 

 

Figure 11. Evaluation of measure for Wetland ecosystem - Preservation and 
revitalization of wetlands on floodplains, Source [5] 
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Figure 12. Evaluation of measure for Grassland ecosystem - grassland in 
DWPA II. (outer zone), Source [5] 

 

 

Figure 13. Evaluation of measure for Agricultural land ecosystem - Cultivate 
compacted tillage soils, Source [5] 
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Abstract 

The aim of the Networking for Drinking Water Supply in Adriatic 
Region-DRINKADRIA Project is to develop a base for strategies and 
procedures for secure cross-border water supply with specific 
emphasis on water resources management in transboundary context, 
climate change (CC) and specific socio-economic aspects of the 
Adriatic region. This paper provides an overview of project activities 
and results so far within Work Package 4 (WP4): Cross-border water 
resources management.  

In the Adriatic region water resources are facing different human 
and natural pressures, causing alterations in water quantity and quality. 
The DRINKADRIA project focuses on cross-border water resources by 
defining common approaches and methodologies, cross-border 
protocols and measures for drinking water resources management with 
consideration of climate change. Partners applied common approach 
and methodologies for analysing the impact of climate change on water 
resources availability until the year 2050. Using different scenarios of 
changes in water demand in the future (until 2050) the Water 
Exploitation index (WEI) has been calculated in order to analyse the 
risk in test areas.  
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64 

 

– Macerata. The third test area in Italy is Ostuni in Apulia Region, which 
includes the territories belonging to the Municipality of Ostuni and the 
surrounding 23 municipalities which span from the Adriatic to the Ionian 
coast. In this test area the agricultural irrigation has caused a massive 
exploitation of groundwater resources, and it resulted with a large 
decrease of the groundwater level and sea water intrusion in most of 
the coastal areas. An increasing trend in water demand was also 
observed in the touristic sector on the coast. Research in this area is 
done by FB3 Italian National Council - Water Research Institute, CNR-
IRSA. 
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Figure 3. Changes in average flow and recharge for the future period 2021-
2050 (orange) compared to the 1961-1990 baseline period (blue+orange) [10] 

On the level of 30-year averages, it is expected that there will be 
no significant differences in precipitation, but their greater variability in 
terms of occurrence of extremely dry years is foreseen. Average annual 
air temperatures should increase significantly according to all models, 
whereby model results are quite different. Average mean 30-year air 
temperature increase for the model Aladin is 1.6 0C, 1.2 0C for 
RegCM3 and even 2.2 0C (+19%) for Promes, also with increased 
maximum and minimum air temperatures. An overview of air 
temperature and precipitation in the period 1951-2050 is given in 
Figures 4 and 5, generated by the model RegCM3. After generating the 
impact of those changes on characteristic parameters of spring Gradole 
water balance (mean annual discharge and minimum mean monthly 
discharge), the model RegCM3 has given the lowest intensity of 
change.  

Generating of discharges was conducted on the basis of the 
mentioned mean annual air temperatures and annual precipitation 
amounts which were generated with climate models, and runoff 
estimation conducted based on them - effective infiltration of 
precipitation from catchments into karst aquifers [12]. Figure 6 shows 
the results of modelling of the minimum mean monthly discharges 
based on climatological data generated by the model RegCM3. They 
are selected as representative because of the highest homogeneity of 
historical and generated discharge data series. 

The results of the assessments show that the average value of 
minimum mean monthly discharges in the period 2021-2050 in relation 
to the reference period 1961-1990 could be reduced by 7.2%, the 
maximum value of mean monthly discharge could increase by 12.2%, 
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and the minimum value of mean monthly discharge could decrease by 
as much as 30.7% [11].  

 

 

Figure 4. Pazin station: mean annual temperature and associated linear trend 
in RegCM3 for the period 1951-2050. The numbers at the bottom of the panel 
are mean values and standard deviations for the periods P0 (1961-1990) and 

P1 (2021-2050). The model time series are for RCMcorr [12] 

 

 

Figure 5. Pazin station: annual precipitation amount and associated linear 
trend in RegCM3 for the period 1951-2050. The numbers at the bottom of the 
panel are mean values and standard deviations for the periods P0 (1961-
1990) and P1 (2021-2050). The model time series are for RCMcorr [12] 
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Four different combinations of water demand scenarios and 
renewable water resources (Average Conditions Water Resource - 
ACWR and Characteristic Renewable Water Resource – CRWR from 
Table 3) were considered [10]: 

S WEI1 = WD0 / WR1961 - 1990 
S WEI2 = WD0 / WR2021 - 2050 
S WEI3 = WD1 / WR2021 - 2050 
S WEI4 = WD2 / WR2021 - 2050 

This assessment should have some threshold values to define 
different stages of vulnerability or risk. Following the classification 
defined in the previous project CCwaterS [8], 70% exploitation rate has 
been selected for indicating strong risk (instead of the usual 90% a 
lower threshold is applied, considering a 20% decrease because of the 
uncertainty related to water dependent ecosystems) and 50% for 
indicating possible difficulties, so thresholds for defining risk based on 
the WEI that are applied are:  

S low risk ≤0.50 (green),  
S possible difficulties 0.51-0.70 (yellow),  
S strong risk 0.71-1.00 (orange),  
S not sustainable >1.00 (red). 

Results are shown in Table 4. For Ostuni test area the ecological 
water demand was included in the total water demand. 

Water demand in Northern Istria was assessed using a simplified 
approach based on the measured data for overflown, abstracted and 
total discharges at Sv. Ivan, Gradole and Bulaž springs. Intra-annual 
distribution indicates that the highest water demand occurs in July and 
August, which coincides with the decrease in water resources. Those 
are typical summer months, with very high temperatures, low 
precipitation, tourist arrivals, and increased irrigation demands (Figure 
7). 

The proportion of drinking water use in total water use was 
assessed based on the data from the extremely dry summer of 2012, 
when a 1st degree water restriction was declared in Istria County. 
During this time an average decrease in water use by 15% was 
observed [14]. Using this information, drinking water use was 
calculated as 85% of total water use. 

WEI was calculated separately for Water Resource Average 
Conditions (WRAC) represented by average annual abstracted 
quantities, and Characteristic Renewable Water Resources (CRWR) 
represented by long-term mean of August monthly averages of 
abstracted quantities [11]. For average conditions all combinations of 
WEI1-4 indicate very low risk, but for characteristic renewable water 
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Abstract 

The idea of creating the “Program of the rehabilitation measures 
within the sanitary protection zones in Region of Istria for existing 
buildings and existing activities” (hereinafter – Program), is to fulfil all 
obligations of Region of Istria as regional self-governmental 
unit, regarding national legislation in a domain of managing of water 
resources (creation of necessary Case studies, Programs, Plans or 
Strategies).  

Program has to fulfil all obligations stated in the article 43 of the 
current Decision about sanitary protection zones in region of Istria 
(Official Gazette of Region of Istria No. 12/2005, 02/2011). According to 
the article 41 of that Decision, active protection of water sources is 
conducted on the basis of an “action program for the protection of water 
resources” which is the main purpose of creating Program. Region of 
Istria will insure for its future, sustainability of sufficient capacities and 
quality of drinking water. 

The existing Decision about sanitary protection zones in Region of 
Istria (Official Gazette of Region of Istria No. 12/05, 02/11) is created 
on the basis of Ordinance about establishing sanitary protection zones 
Official Gazette of Republic of Croatia No. 55/02. According to the 
Ordinance about conditions for establishing sanitary protection zones 
Official Gazette of Republic of Croatia No. 66/11, and Ordinance about 
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changes of Ordinance about conditions for establishing sanitary 
protection zones (Official Gazette of Republic of Croatia No. 047/13), 
the selected creator of this Program has to consider articles 35 and 40 
of this Ordinance which obliges regional self governments to 
determinate active protection measures for increasing water quality, 
and to determine required procedures and measures for existing 
buildings and activities in water protection zones areas, as well as for 
newly planned interventions in the area. 

From this Program is expected to determine indicators, as well as 
to propose measures (active and passive) and adequate monitoring of 
karst aquifers in order to provide their sustainable use and protection in 
the future. 

For each proposed measure it is necessary to determine 
stakeholders (a responsible body or Institution) and approximately 
estimated annual costs and deadline for implementation. It is also 
needed to predict the extent and ways of informing and educating the 
public in order to increase public understanding of the importance of 
water protection. It is expected that better understanding of public will 
result with less ecological problems in the future which are caused by 
human factor. 

Keywords: karstic springs, sanitary protection zones, Program, 
Region of Istria 

1. Introduction 

Groundwater is an important source for water supply and a major 
natural resource in Croatia providing between 70 and 90 per cent of 
drinking water supplied in Croatia. In rural areas not served by public or 
group water schemes, groundwater is usually the only source of supply. 
The majority of public supplies in Croatia reliant on groundwater have 
chlorine disinfection treatment only. Groundwater resource is so 
important that worth to be protected. It is useful to establish the 
groundwater source protection zone for preventing and repairing water 
pollution, guaranteeing the safe water supply and realizing the 
sustainable development of water resources [1, 2]. Groundwater source 
protection zone is designated to prevent and control water pollution and 
guarantee groundwater quality and water environment [1, 3, 4, 5]. 

The area of Istria's water supply system belongs to karst which is 
featured with a significant underground water circulation, as well as 
with a high sensitivity to external influences such as water pollution 
(Figure 1). Groundwater from karst aquifers as well as Butoniga 
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reservoir are important resource for drinking water supply of community 
in Istria region and are the basis of water supply that is supplying more 
than 200.000 residents. About half of the surface water drains 
underground into karst aquifers and springs and flows into the Adriatic 
Sea. This is the Dinaric karst aquifer system, which is very important for 
the ecological biodiversity and the socio-economic development of the 
region. Karst is characteristic for most of the areas in the Istrian County 
as it is for Croatia and the neighbouring Slovenia and Italy. 

 

Figure 1. Schematic model of a karst aquifer [6] 

Special characters of karst aquifers, such as fast concentrated 
infiltration and rapid transport into the conduits network over long 
distances (several kilometres) make them particularly vulnerable to 
contamination due to various human and land-use activities (Figure 2). 
Because of the increased human pressure (industry, tourism, land-use 
activities etc.) in the last decades we witnessed a strong degradation of 
the underground environment and natural vulnerability of karst 
landscapes provides challenges for environmental managers. 
Consequently, karst groundwater requires specific and appropriate 
karst groundwater protection schemes (i.g. protection zones outlining 
for capture work and land-use planning) in order to combine land use 
practices and sustainable water management. 

Threat to karst waters depends on ecological burden of the aquifer 
which is controlled by different forms and degree of industry, active and 
latent sources of pollution and by better hygienic organization of the 
environment. Also, threat to karst waters depends on natural sensitivity 
(vulnerability) of the aquifer. Vulnerability of the karst aquifer (Figure 2) 
depends on infiltration, hydro-geological conditions of the aquifer that 
control way and time underground drainage, quantity of water and rate 
of dilution [7]. 
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Figure 2. Vulnerability of karst and non karst aquifer - different types of human 
impact [8] 

2. Basic Description of the Area – Region of Istria 

The study area is located in the Region of Istria. In this area 
allocated to three typical hydro-geological units: high carbonate massif 
of Ćićarija and Učka, the central area built by flysch and low carbonate 
platform of southern and south-western Istria. Characteristics of the 
source of these three units are diverse, but their common feature is that 
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the main drainage of groundwater are located along major river valleys, 
as well as parts of the lowest elevations of the field (Figure 3). On the 
Istrian peninsula there are separated five basins or regions: 

S Basin of the coastal resources in the Kvarner hinterland;  
S Basin of the rivers Raša and Boljunčica which drains part of the 

eastern part of the Istrian peninsula. Those waters are part of 
Ćićarija, Učka and most of the hilly flysch pool with surface runoff 
in the central part of the peninsula. Sources which are located in 
this basin are sources Rakonek, Mutvica, Fonte Gaja - Kokoti, 
Kožljak and Plomin. It is planned a grip on sources that includes 
Bubić pit, St. Anton and Blaž. The catchment area of source is 
divided according to the degree of danger in four protection zones: 
zone I - immediate protection zone, zone II - zone of immediate 
protection, zone III- zone of beyond protection and zone IV – zone 
of limits; 

S The area of southern Istria. This basin occupies an area on the 
southern and southwestern part of the Istrian peninsula. This is an 
area which starts from the mouth of the river Mirna diagonally 
across the peninsula to the mouth of the river Raša. The 
fundamental characteristic of this area is open coastal zone with 
numerous coastal resources at the lower western part of Istria. For 
the water supply, in this basin affects the groundwater on these 
wells: Šišan, Škatari, Jadreški, Fojbon, Tivoli, Karp, Peroj 
Valdragon III, IV, V, Campanož I, II, III and Rici. There have been 
four protection zones;  

S Mirna river basin occupies the central and western part of Istria. 
The basin is characterized by significant groundwater circulation 
and surface runoff. For water supplies are affected higher sources: 
Sv. Ivan, Bulaž and Gradole that certain four protection zones: 
zone I - zone of strict regime, zone II – zone of strict restrictions, 
zone III – zone of limits and controls, and zone IV - zone beyond 
the protection zone. In the Mirna river basin there was constructed 
accumulation Butoniga which is now included in the water supply 
area of Istria. Basin of accumulation is only superficial, within flysch 
basin of the central part of the peninsula. For the accumulation 
there are determinated three protection zones: zone I - zone of 
strict regime, zone II – zone of the strict restrictions and zone III – 
zone of restrictions and controls and  

S Dragonja river basin: on the left edge of the river valley are sources 
Gabriela and Bužin, affected the public water supply. They are 
powered from the part of the limestone plateau Savudrija - Buzet. 
For these sources there are identified four zones of protection. 

Region of Istria is established by the Law on Counties, Cities and 
Municipalities in the Republic of Croatia (Official Gazette of Republic of 
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Croatia No. 33/01, 60/01 and 106/03). In accordance with the 
provisions of the Law on Local and Regional Government, the county's 
district (regional) governments whose area represents natural, 
historical, commercial, economic, social and self-governing entity, and 
shall be organized to carry out the tasks of the regional interests. 
Administratively Region of Istria is divided in 41 territorial local 
authorities - 10 cities and 31 municipalities (Figure 3).  

Region of Istria is regional self-governmental unit which, according 
to Croatian legislation has an obligation of issuing a document which 
should regulate procedures and measures for protection of drinking 
water sources and ways for conducting mentioned measures. 

 

Figure 3. Zones of sanitary protection in Region of Istria (Decision about 
sanitary protection zones in region of Istria [9] 

Cross-border and trans boundary groundwater aquifer (Figure 3) 
are also very important sources of freshwater for different purposes and 
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mainly for drinking water supply in many regions i.g. Istria area (spring 
Rižane). The Rižana is mainly fed from areas within Slovenia, while the 
Sv. Ivan and Bulaž springs are mainly fed from areas within Croatia, 
but a smaller proportion of the water in these springs comes from the 
neighbouring country. Republic of Slovenia and the Republic of Croatia 
are for years using a common aquifer to supply the population of Istria. 
Today, the water from the springs Bužini, Gabrijeli and Gradole located 
on the territory of the Republic of Croatia, are partly used to supply the 
population with drinking water in the Slovenian part of Istria. Effective 
strategies for management and protection of water resources in karst 
terrains thus must be based on reliable information about the properties 
of the karst conduit system. Underground water flow does not respect 
political borders and obeys hydro-geological laws. It is also necessary 
to plan the protection of water sources with a transboundary recharge 
area. The transboundary karst aquifer needs to be treated as a single 
system in hydro-geological research. For size and classification of 
protection zones, it is necessary to define a uniform regime of 
measures for the protection of water sources within the entire recharge 
area on both sides of the border [10]. 

3. The Review of Previous Investigations 

Researches on water protection in karst areas in Istria have been 
intensified at the beginning of the 80s of the last century. The diverse 
approaches to this problem have proposed different solutions, and the 
result was unevenness in defining a protective space.  

In 2002 the Ordinance on the determination of sanitary protection 
zones (Official Gazette of Republic of Croatia No. 55/02) [11] came into 
force. The Ordinance establishes the obligation to harmonize the 
existing decisions on the protection of drinking water sources with its 
provisions. Therefore, in order to avoid major conflicts in the area 
resulting from requests to use the land covered by the existing sanitary 
protection zones or in their immediate vicinity, the Region of Istria set to 
analyse the boundaries of water protection zones before conducting 
any further research predicted by the Ordinance. Analysis was 
conducted with the aim of adopting a single decision on water 
protection zones. A study entitled “Research in order to protect sources 
of water supply in the area of the Istrian peninsula" [12] was developed 
with the purpose of creating a new proposal of sanitary protection 
zones.  

The proposal was supposed to be only preliminary, while the 
definite zone boundaries had to be determined only after the research 
provided by the study and planned to be carried out over a period of 
five years. After the performed research, a proposal for rehabilitation 
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had to be drafted based on the results of the executed work. In 
addition, the City of Pula had not accepted the proposed changes to 
the boundaries of the area of Pula's wells. Ultimately, it was decided to 
create a unique Decision on zones of sanitary protection of drinking 
water for all the springs in the County except for Pula's wells (Official 
Gazette of the Region of Istria No. 12/05) [9]. For Pula’s wells a new 
decision had been adopted keeping the existing boundaries of water 
protection zones with the application of measures of behaviour within 
the boundaries in accordance with the new Decision (Official Gazette of 
the City of Pula no. 5/83; 8/88; 1/91 and Official Gazette of the Region 
of Istria No. 7/95). Additional research, as well as the obligation to 
prepare a proposal of rehabilitation are included in the provisions of the 
adopted decision. Among all the required additional water research, by 
2011 hydro-geological research was carried out in order to determine 
source protection zones in the County and update the second sanitary 
protection zones for springs Gradole and St. Ivan [13] Bužini and 
Gabrijeli [14]. Based on the above research, a revision of the 
boundaries was conducted (Official Gazette of Region of Istria no. 
12/05, 02/11) [9]. 

Pursuant the adoption of the new Ordinance on the conditions for 
the establishment of sanitary protection zones (Official Gazette of 
Republic of Croatia No. 66/11, 47/13) [15] and pursuant to the 
provisions of the Water Act (Official Gazette of Republic of Croatia 
No.153 / 09, 63/11, 130/11, 56/13, 14/14) [16], the Region of Istria is 
obliged to harmonize the existing decision on sanitary protection zones 
with the provisions of the mentioned legislation, which includes the 
revision of zones on the basis of new research results.  

In the area of sanitary protection zones, specific interventions or 
activities may be exceptionally allowed, although usually not permitted, 
if detailed water research (micro zoning) is carried out showing no 
impact on the aquifer within the narrow area of the sanitary protection 
zone where the activity is about to take place. To this day, 21 micro 
zoning studies have been produced and all of them should be taken 
into account when drafting the revised Decision on sanitary protection 
zones.  

For these reasons, the Region of Istria decided to draft a new 
decision with the proposal of the new cartographic representation of 
zone boundaries, as well as a program of the rehabilitation measures 
within the sanitary protection zones for existing buildings and existing 
activities within the project activities of the DRINKADRIA project. The 
Program will represent an integral part of the Decision and the 
legislation must be made within one year of the adoption of the 
amended Decision. 
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4. Objective, Purpose and Expected Results of the 
Program 

Hereinafter the starting points and the current situation within the 
sanitary protection zones and sources of the Region of Istria are 
presented. Also the planned approach to the Program for determining 
the risk of threats to drinking water is set out, as well as the proposed 
measures for existing and planned buildings within the sanitary 
protection zones and establishing of indicators for determining the risk 
of insufficient quantity of drinking water in Istria. 

4.1. The State of Water Resources 

The purpose of the Program is to analyse the current state of water 
resources based on measures defined in the Decision and Spatial 
planning documentation, and to put the results of those analyses in 
correlation with the legislation of Croatia and the EU. 

The fundamental EU directive that deals with water protection is 
the Water Framework Directive 2000/60/EC whose main objective is to 
maintain and improve the condition of water bodies. Complying the 
provisions of the Directive, on 26 June 2013, Croatia passed the 
Decision on the adoption of River Basin Management Plan (hereinafter: 
RBMP) for the period from 2010 to 2015, and is currently preparing the 
new River Basin Management Plan for the period from 2016 to 2021 (a 
draft version was published in April 2015) [17]. 

Within RBMP the state of waters is described considering the 
water bodies as the basis for the analysis of the characteristics and 
water quality management. 

In the area of the Region of Istria 54 surface water bodies have 
been identified on the mainland, 6 of which are cross-border. Between 
these surface water bodies, only 19 have at least a good ecological 
state (Figure 4). 
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Figure 4. The total ecological state of inland surface water bodies in the 
Region of Istria [17] 
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In the Region of Istria there are four clustered underground water 
bodies, whose characteristics are shown in Table 1. 

 

Table 1. General information on the clustered water bodies of the underground 
water in Istria [17] 

Code 

Title of the 
clustered 

water body of 
underground 

water 

Porosity 
Area 
(km

2
) 

The average 
annual flow 

of 
underground 

water (*10
6
 

m
3
/god) 

Natural 
vulnerability 

Groundwater 
depending 

ecosystems 
(according to 
the National 
Ecological 
Network) 

Type of 
Ecosystem 

State 
affiliation of 

the clustered 
groundwater 

body 

JKGIKCPV_01 Northern Istria 
Fractured-
cavernous 

901,61 306 

Very low to 
low in the 

flysch, and 
medium and 
high to very 
high in the 
carbonate 

rocks 

The river 
Mirna and 

wider area of 
Butoniga 

The Gradole 
spring 

The forest of 
Motovun 

water HR/SLO 

JKGNKCPV_0
2 

Northern Istria 
Fractured-
cavernous 

1.470,22 467 
Low, medium, 
high and very 

high 
 - HR 

JKGNKCPV_0
3 

South Istria 
Fractured-
cavernous 

391,18 79 
Medium to 

high 
 - HR 

JKGIKCPV_04 
the Bay of 

Rijeka 
Fractured-
cavernous 

440,33 483 
Medium to 
very high 

 
water and 

land 
HR/SLO 

 

At the Adriatic river basin district about 3% of the average annual 
flow of waters is utilised and the utilisation ranges from 7.9% in the 
Northern Istria to the negligible 1% on the Adriatic islands. For 
groundwater in the Region of Istria (Figure 5) it is estimated that two of 
four clustered water bodies are in a poor condition due to the volume of 
salt water intrusion: South and North Istria. The underground water 
body of North Istria is a cross-border water body that is also used for 
water supply in Slovenia. 
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Figure 5 - The total state of clustered groundwater in the Region of Istria [17] 
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4.2. The Protected Areas and the Ecological Network 

The Region of Istria has a total of 35 protected areas, which cover 
about 7% of the total surface. Nine protected areas are located within 
one zone of sanitary protection. Regarding the ecological network, 
there are 27 out of 66 declared protected areas in the sanitary 
protection zones in Istria (Figure 6; Table 2). 

Table 2. Review of the status of the ecological network (27 locations) within 
the sanitary protection zones [18] 

The Program analyses the 
existing prescribed measures of 
protection of these areas, their 

compliance with the Decision on 
zones of sanitary protection of 

drinking water for all the springs in 
the Region of Istria as well as their 

implementation. 
SANITARY PROTECTION ZONE 

Ecological network area (No.) 

Bulaž spring 5, 6, 7, 13, 19, 24, 25, 26 

Sv. Ivan spring 8, 9, 14, 20, 22, 27 

Rakonek spring 1, 16, 18 

Gradole spring 23 

Kožljak spring (Plomin) 14 

Mutvica, Fonte Gaja, Kokoti 
springs 

3 

The wells of Pula 11, 17 

Butoniga 4, 12, 21 

Spring catchment on Učka 14 

Reserved area – planned spring  

Streams of Pazin 10, 15 

Bubić cave 2 
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Figure 6. Areas of the ecological network within the sanitary protection zone 
[18] 

4.3. The Risks of Threats to Drinking Water 

One of the most important tasks of the Program's implementation 
is the analysis of existing pressures on water resources with the aim of 
defining and valorising risk threats to drinking water. The water supply 
system of the County consists of three water supply systems operated 
by companies registered for the activity of public water supply: Water 
utility of Istria Ltd., Water utility of Pula Ltd. and Water utility of Labin 
Ltd. 

The recognized pressures on water resources are traffic, official 
and illegal landfills, polluters, i.g. economic entities with significant 
impact on water resources, population and areas of intended use of 
space such as agriculture, livestock and forestry.  

The Program plans to consider the impact of such pressures in 
relation to the springs as well as within individual sanitary protection 
zones and group them by the geographical area of water supply 
systems belonging to one of the three water utility companies in Istria 
(Figure 7). In addition to these pressures covered by the „existing 
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procedures“, the Program plans to analyse the same pressures 
grouped as „planned interventions“ based on the current Draft of the 
Regional plan which is in the final stage of adoption.  

The same methodology of analysing existent and planned 
pressures will be applied to the area of four springs reserved for water 
supply: Bubić cave, Bolobani, St. Anton and Blaz. 

 

Figure 7. Grouping of water systems according the geographical area of the 
three water utility companies in Istria [18] 

Based on the conducted analysis, the Program is planned to define 
measures grouped according the analysed pressures, as well as the 
responsible institutions and estimate the cost of implementation of 
these measures. 
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4.4. The Salinization of Springs 

In coastal karstic aquifers, due to rapid passage of water through 
the unsaturated zone, the large apparent velocity of underground 
streams, and the proximity of large cities there are many potential 
sources of contamination of groundwater. Besides the mainly 
anthropogenic causes the input of pollutants into the underground on 
the mainland, the risk of coastal aquifers comes with the sea salinity. 
Such problems occur mainly during the summer dry periods due to 
reduced inflow of groundwater in the hinterland, while the increased 
use of water is caused by the tourism season. Then, as a result of 
excessive exploitation of underground water, problems occur with 
occasional elevated salinity at the water pumping stations. In 
completely natural conditions (without pumping and re-pumping) the 
increase of salinity of groundwater may occur if the equilibrium of fresh 
and salt water is infringed. 

One major factor that affects the stability of salt and fresh water is 
the exploitation of underground water. Pumping out fresh water lowers 
the water table of piezometric levels in the aquifer thereby disturbing 
the balance between fresh and sea water, i.g. there is seawater 
intrusion in the pumped layer. Pumping causes a conical rising of salt 
water and interferes between the limits of mixing towards the object. 
Locations, on which the pumping stations are established, can be 
natural springs, zones of discharge, but also artificially made objects. 
These are for example different types of capitation galleries, 
exploitation wells (dug, drilled), tunnels, surface storage etc. 

The program plans to analyse the occurrence of salinization of 
springs in the County, as well as to assess the risk of groundwater 
pumping in some parts of the county and to propose protective 
measures. 

4.5. Determination of Indicators for Identifying the Risk of 
Insufficient Quantities of Drinking Water in the Region of 
Istria 

The projected increase in water consumption and at the same time 
reduction of the available amount, due primarily to the consequences of 
climate change, threaten the security of drinking water supplies in Istria. 
The expected sea level rise, which is also a possible consequence of 
climate change, could result in increased salinization of coastal springs. 
The increase in the number of consumers is primarily related to an 
increase in the number of tourists, but also to the potential increase in 
the industrial need for water. An additional problem is that tourism is a 
seasonal activity, with the largest water consumption levels at a time 
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with the lowest natural availability of drinking water. Furthermore, the 
fraying of water supply system may increase losses if control 
measures, but also rehabilitation and reconstruction of the water supply 
aren′t regularly undertaken. Water pollution in the environment by 
human activity limits its use, whereas increases the price of processing 
that is necessary for human consumption of water. 

The Program is planned to analyse the above mentioned potential 
causes of safety threats to drinking water supplies with the purpose of 
drafting the management system of Istrian aquifers. Measures which 
will ensure sustainable water management can be classified into 
following groups: 

S decreasing water losses in the water supply system, 
S reducing water pollution in the environment, 
S alternative water resources (rainwater, purified wastewater, etc.) 

for the purposes for which it can be permitted, 
S reducing consumption. 

The analytical framework used to assess the connection between 
human activity and the environment and which ultimately results in 
determining indicators of the state and changes in the conditions of the 
system, the so-called "DPSIR analysis" (from the acronym D-Drivers-P-
Pressures, S-State, I-Impacts, R-Response, that is drivers-pressures-
state-impacts-responses, Figure 8). 

By implementing the aforementioned analytical approach, for the 
specific problem of sustainable management of water for human 
consumption in Istria, the program plans to determine the drivers, 
pressures, indicators of the state, impacts and responses. 
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Figure 8. DPSIR analysis [18] 

5. Conclusion 

The area of Istria's water supply system belongs to karst and karst 
aquifers as well as Butoniga retention are important resource for 
drinking water supply of community in Istria region and are the basis of 
water supply that is supplying more than 200.000 residents. The water 
supply system of the Region of Istria consists of three water 
management systems governed by companies which carry out water 
supply activities: Water utility of Istria Ltd., Water utility of Pula Ltd. and 
Water utility of Labin Ltd. This is the Dinaric karst aquifer system, which 
is very important for the ecological biodiversity and the socio-economic 
development of the region. Karst waters depends on natural sensitivity 
(vulnerability) of the aquifer. Vulnerability of the karst aquifer depends 
on infiltration, hydro-geological conditions of the aquifer that control 
way and time underground drainage, quantity of water and rate of 
dilution. Water resources are impacted by many known pressures such 
as: traffic, public and illegal landfills, polluters, i.g. economic entities 
that have known impacts on water resources, population and areas 
intended for agriculture or forestry. 

The study area is located in the Region of Istria with three typical 
hydro-geological units: high carbonate massif of Ćićarija and Učka, the 
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central area built by flysch and low carbonate platform of southern and 
south-western Istria. 

Cross-border and trans boundary groundwater aquifer are also 
very important sources of freshwater for different purposes and mainly 
for drinking water supply in many regions i.g. Istria area (spring 
Rižane). Republic of Slovenia and the Republic of Croatia are for years 
using a common aquifer to supply the population of Istria. Today, the 
water from the springs Bužini, Gabrijeli and Gradole located on the 
territory of the Republic of Croatia, are partly used to supply the 
population with drinking water in the Slovenian part of Istria. 

The purposes of the „Program of the rehabilitation measures within 
the sanitary protection zones in Region of Istria for existing buildings 
and existing activities“ is to analyse the current state of water resources 
based on measures defined in Decision and Spatial planning 
documentation, and to put the results of those analyses in correlation 
with the legislation of Croatia and the EU. 

Approximately 3 percent of the annual water flow is used along the 
Adriatic water area, with values ranging from 7.9 percent in Northern 
Istria all the way to 1 percent on the Adriatic islands. Out of four defined 
groundwater bodies in the Region of Istria, two of them are troubled by 
salt water intrusion. These bodies are Southern and Northern Istria. 
Northern Istria's underground water body is a cross–border water 
resource which is also used for Slovenian water supply. 

The Program aims at detecting and analysing the phenomenon of 
salinization of Istrian springs, estimating the risks of underground water 
pumping in certain parts of the County and suggesting measures of 
protection if needed. Also, the influence of known impacts on spring 
areas in the Istrian sanitary zones will be detected, correlated and 
clustered according to geographical area under the supervision of the 
Istrian water management entities. Apart from known impacts, the 
Program will also analyse possible future impacts based on data 
provided by the proposed Spatial Plan of the Region of Istria which is 
currently in its final stage of adoption. 

The Program will analyse potential threats to the safe distribution 
of drinking water with the goal to compose a document intended for 
managing Istrian aquifers. Planned measures for sustainable water 
management include: reducing the loss of water inside the water 
management system, reducing water pollution, using alternative water 
resources where possible (rainwater, purified waste water...), reducing 
water consumption. Also, through a comprehensive analytical 
approach, designed for solving the issues concerning sustainable water 
management in Istria, the Program will determine polluters, pressures, 
possible impacts, condition indicators and will provide useful answers. 
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1. Distribution System at Water Utility of Istria, 
Buzet 

Springs Sv. Ivan, Gradole, Bulaž, and the Butoniga reservoir are 
the part of the Water Utility of Istria in the city of Buzet.  

The Sv. Ivan spring is placed in the river Mirna valley, about 1 km 
south-east of the city of Buzet and about 200 m from the river Mirna 
bed, at 49,0 m above the sea level. In the case of the flood, excess 
water from the spring is redirected by outlet into the river Mirna. The 
spring abundance discharge varies from 200 l/s to 2.000 l/s, while the 
extreme minimum spring discharge is around 90 l/s. 

The Gradole spring is placed on the left side of the river Mirna 
valley, with overflow elevation at 8m above the sea level. The biggest 
spring abundance discharge is usual in the winter and spring periods 
when it exceeds 10.000 l/s, while the minimal spring abundance 
discharge is 1.000 l/s and its extreme minimum discharge is below 400 
l/s. However, in 2012 its abundance was below 300 l/s. 

The Bulaž spring is placed at the top of the river Mirna valley 
stretching along the mid-section of the river Mirna and near the Istarske 
toplice Spa. The Bulaž spring biggest depth is 25 m, and the overflow 
elevation is placed at 17m above the sea level. Annual medium 
abundance is little above the 2000 l/s, while the minimum discharge is 
42 l/s, and the maximum around 38 000 l/s (ratio 1:900). The lowest 
abundance is recorded in 2015 with discharge of 15 l/s. During the 
drought periods, this spring is used in order to fulfil top water 
requirements in the Sv. Ivan spring. With the implementation of the pipe 
connection from the Bulaž to the Gradole spring, water requirements of 
the Gradole spring is also fulfilled. The Bulaž spring is connected by 
pipeline with the Butoniga reservoir water treatment in 2012 in order to 
fulfil top water requirements. In the months of January and February of 
2013 the reservoir was also topped up with the water of Bulaž. 

The Butoniga reservoir is placed on the left bank of the River 
Mirna, and it is collecting water from the three river Mirna tributaries: 
Butoniga, Draguć and Račice. The volume of the reservoir is 19.7 x 106 
m3 at the spillway crest elevation (41.00 m above the sea level). The 
reservoir itself is a multi-purpose hidrotechnical object although its main 
purpose is water accumulation for the water supply. Others purposes 
are prevention from the hazards caused by water and irrigation. Water 
quality varies according to year seasons and level of the water in the 
reservoir. The reservoir water turbidity increase is follow by heavy rain 
events. Thermal stratification appears between April and October, and 
it has effect on the water’s physical and chemical characteristics which 
is why the raw water abstraction is done on 4 different water levels.  
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2.3. Raw and Treated Water Quality for 2012 

Thanks to somewhat good abundance of the Sv Ivan spring, which 
rose due to precipitations in May and June, treated water was used to 
fulfil the Bulaž spring requirements during the summer months, all in 
order to augment the Butoniga reservoir treatment capacity and the 
abundance of the Gradole spring. The lowest spring abundance at Sv 
Ivan was recorded between the end of July and mid-August with 
discharge of 100 l/s. Short precipitation events resulted in mild increase 
of the raw water turbidity up to 20 NTU. Along with the decrease of the 
abundance, the turbidity also become smaller, and resulted between 2 
and 3 NTU. Higher increase of the turbidity was again recorded in 
November and December, when it reached its maximum value at 434 
NTU (Figure 8) [2]. 

 

Figure 8. Raw water turbidity variation at Sv Ivan spring in 2012 

A dry period without precipitation which began in early 2011 
influenced the raw water quality at the Gradole spring. The extremely 
low abundance in December 2011 with discharge of 500 l/s only 
continued its decreasing trend even in 2012.The programme of water 
consumption reduction and saving was put into practice at the start of 
the year when the time between two quick filter backwashings and the 
time of quick filter backwashing was maximally prolonged. In order to 
preserve raw water the Gradole spring was being recharged up from 
the Bulaž spring from as early as the 3rd March, 2012 with amount of 90 
l/s. The process was continued well during spring with, more or less, 
small interruptions. The completion of the Bulaž – Butoniga pipeline on 
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the 14th June, 2012 provide the possibility that a part of the raw water 
from Bulaž can be redirected to the Butoniga reservoir and water 
treatment plant. 

In August the abundance of the Gradole spring dropped below 300 
l/s (extreme min 237 l/s) which had not been recorded since 1986. The 
amount of water was sufficient to supply only the area of the Cities of 
Umag and Novigrad so on the 1st of August 2012 part of the pipeline, 
the Poreč branch, section Mukle was shut down. At the end of the 
holiday season, a drop in water consumption was evidenced but the 
spring abundance did not increase until November, thanks to heavy 
rains. Extremely low abundance of the Gradole spring during the whole 
of the 2012 resulted in many difficulties as demand was high and 
supply of water low (Figure 9). However, the treatment process 
continued on without problems. Along with the measures of water 
consumption reduction it remained stable and resulted in clean and 
safe water throughout the whole year [1].  

 

Figure 9. The Gradole spring abundance in 2011 and 2012 

An extremely dry 2011 during which the amount of recorded 
precipitations were 694 mm/m2, which is 2,2 times lower than in 2010 
resulted in very low water level in the Butoniga reservoir. The lowest 
ever water level was recorded on 10th October, 2012 at 32,44 m above 
sea level. The significant increase of water level was not recorded until 
1st November, 2012 when water level raised for 17 cm. Since then the 
level kept on increasing and at the end of the year it was at the level of 
37,62 m above sea level. In two and a half months the level increased 
by 5,18 m. Considering all the problems with water supply we asked for 
an opinion from the scientists at the University of Zagreb, Department 
of Science and mathematics. According to their opinion, they allowed 
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using water up to levels lower than the ones supposed in order to 
preserve the lake’s biocoenosis. The assessments were made on the 
basis of field work and research as well as long-term experience in the 
field of fauna’s life in the Butoniga reservoir. At the same time, it was 
important to pay attention to the lake’s lower oxygen and H2S 
concentration at the lower layer levels, as well as the level of 
thermocline in order to prevent the mixing of water. 

 

Figure 10. Temperature and water level at Butoniga reservoir in 2012 (red – 
level of the water in reservoir; blue – water temperature; black) 

Water temperature was the most critical parameter and it was the 
only one which surpassed the MAC - maximum allowed concentration 
value of 25°C prescribed by the Rules (Gazette 47/08) (Figure 10)[5]. 
Measurements on the lake itself showed maximum water temperature 
of 28°C so the treated water temperature would have been even higher 
had it not been mixed with the raw water of the Bulaž spring. Cooler 
water of constant temperature of 15°C from the Bulaž spring did not 
succeed in cooling down the treated water below 25°C. In comparison 
to 2011, when the maximum temperature of 22,5 °C was recorded in 
September or to 2010 when maximum temperature was 20,4 °C, in 
2012 treated water was warmer by 5°C. The surpassed values of 3 °C 
were approved by the Ministry of Health. Nearly throughout the summer 
and a part of autumn a correction in pH values was needed in order to 
fulfil the water stability index [3].  

Due to the low abundance on all Istrian water springs the measure 
of Level 1 water consumption reduction and saving was introduced 
throughout Istrian County between the 23rd July, 2012 and 24th 
September, 2012. An Executive Plan for the implementation of 
measures in case of water supply shortage was drawn and water 
sampling was carried out more often. Beside our internal laboratory, 
sampling was done more often by the County Offices as well as the 
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Figure 15. Raw water temperature in the Butoniga reservoir in 2013 (light 

green – maximum temperature; dark green – minimum temperature) 

Raw water turbidity varied between 0,6 and 20,7 NTU. The 
maximum turbidity of the raw water at 20,7 NTU was recorded in 
January when the process of treatment used the water from the Bulaž 
spring. The technological process of the Butoniga water treatment plant 
is adjusted to the treatment of surface waters, and thus it is difficult to 
adjust it to the treatment of waters which come from the Bulaž spring 
[3].  

2.5. Raw and Treated Water Quality for 2014 

The increase in turbidity of the Sv Ivan spring with the value of over 
1000 NTUs, was caused with frequent rain events that began in July 
and lasted until the end of 2014. The maximum analysed value of raw 
water turbidity was at 1150 NTUs on the 18th July, 2014 and the 
minimal value of raw water turbidity was at 2, 35 NTU. The treatment 
process had to be stopped on several occasions due to high turbidity of 
over 1000 NTU (Figure 16). Nevertheless, regardless of the high 
oscillations in raw water turbidity at the Sv Ivan spring, the coagulant 
which has been in use for numerous years gave good results with exit 
turbidity at all raw water conditions. During 2014 in the technological 
process of water production at Sv Ivan, the phase of technological 
waste water treatment is implemented [2].  
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Figure 22. Abundance at the Gradole spring in 2015 

 

Figure 2. Turbidity variation at the Gradole spring 

Raw water quality parameters at the Butoniga reservoir vary due to 
several factors which affect it, those being: (i) seasons, (ii) amount of 
the rainfall, (iii) amount of water inside the reservoir, (iv) water level 
from which the raw water is abstracted. At the beginning of 2015, the 
Butoniga reservoir had a water level at the 39,02 m above the sea 
level. Due to rainfall events, the amount of water in the lake increased 
up to its maximal peak of 40 m above the sea level so in February and 
March a part of water was released at its outlet. The most critical water 
quality parameter in the summer months were the high levels of the 
manganese concentration and the high water temperature which 
reached MAC- maximum allowed concentration values; because of that 
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5. The Equipment Implemented into the Water 
Supply System of Istarski vodovod Buzet, Water 
Utility of Istria With support of the DRINKADRIA 
Project 

In its area of operation, the WUI has, within the DRINKADRIA 
Project, introduced the AMR control 2.0 application. The purpose of 
implementation was real-time monitoring of water consumption and 
early detection of breakages and leakages. In order to get better 
accuracy ultrasonic and/or electromagnetic water meters and telemetry 
devices have been installed. 

The new equipment enables:  

S Accurate water distribution measurements, which present the 
primary module of a supply network management and thus create 
a basis for a safe water supply system, water balance and efficient 
picture of losses. 

S Reliable data acquisition from each of the control locations for the 
possibility of remote diagnostics and further data analysis in the 
control center.  

S Reliable, simple and up-to-date data analysis from the control 
locations for an efficient comparison of controlled measurements 
within water distribution, efficient management of losses and 
efficient adjustments of production and distribution of water to the 
real water consumption.  

5.1. Accurate Water Distribution Measurements 

In order to achieve exact and accurate measurements, the 
ultrasonic water meters ARAD OCTAVE (Figure 4) and pressure 
gauges APLISENS PCE-28 (Figure 6) were installed. 

5.1.1. 344 Arad Octave ultrasonic water meters, Version 4.00.  

The water meters ARAD Octave [4] are the most reliable solution, 
taking into consideration the Utility’s needs and the nature of 
measurements: 

S Compact product, IP68 protected 
S Accuracy class according to MID, R=500 (Table 3) 
S No movable parts (ultrasonic measurement technology): 

o No wear and tear of parts – longer reliability and accuracy life 
span, cheap maintenance;  
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5.1.2. Aplisens pressure gauge PCE – 28 

Water utility of Istria installed 10 Aplisens pressure gauges with 
characteristic:  

S measurement span 0-16 Bars 
S Accuracy 0,2% 
S Analogue voltage socket 0-2,5 Vdc 
S IP67 

 

Figure 6. Aplisens - pressure meter PCE – 28 

5.2. Reliable Data Acquisition and Transfer to AMR Control 
2.0 Application 

Because of the terrain configuration and location of the 
measurement point on the places where no possibility of electric 
connection exists, the problem of the data collection and sending to the 
AMR control 2.0 application is solved with the long life batteries. 
Equipment that is used for that purpose is 329 Inventia MT – 713 HC , 
GPRS telemetric module. 

329 Inventia MT – 713 HC, GPRS telemetric module with 
characteristic: 

S Autonomous battery charge (alkaline or lithium-ion batteries) – 
easily replaceable ; 

S Intelligent data logger (4 MB Flash RAM with 1 sec minimal noting 
interval); 

S 5 entries (binary/ counter) all compatible with potentially free 
contacts; 
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Figure 3. A page from the Diary of logger installation 

5.3. Reliable, Simple and Up-to-date Data Analysis From the 
Control Posts 

In order to ensure accurate water distribution measurements, 
dependable logging and measured data transmission, it is important to 
obtain the required software equipment for surveillance, data analysis 
and management. Applications that are used for that purpose are Meter 
Data Management (MDM) applications and software AMR control 2.0. 
is one of those. (Figure 10 – 12). AMR control 2.0. Application enable 
the WUI constant access to data from the network, anywhere and 
anytime.  

AMR control 2.0 consist of:  

S Surveillance/management of the water supply: 
o Automatic generating of periodic water consumption reports or 

generating reports on demand (Figure 10); 
o Interactive map of measuring posts locations – GIS module 

(Figure 11); 
o Table or graphic overview of the measured data;  
o Grouping of the devices according to zones for water loss 

detection, information of unauthorized consumption and help 
with the information of unauthorized water consumption 
(Figure 12); 

o Management, alarm analysis and direct informing of the 
customers (e-mail, SMS); 

o Export of the gathered and measured data for further use and 
management in other system of surveillance (SCADA etc.). 
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