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1 Introduction

The Tisza River Basin is one of the most picturesque teig® of Europe. Mountain streams,
meandering rivers, diverse floodplains are charestte of this region — home to the unique mayfly
species called the Tisza Flowdralingenia longicauda)which is only found in the rivers of the

plains of the Carpathian Basin.

Ukraine, Romania, the Slovak Republic, Hungary 8adbia share not only the beauties of the Tisza
River Basin but also the area’s problems relatesdéater supply, severe flooding, droughts, landslide
and erosion, accidental pollution by industrial amthing activities as well as pollution from
agricultural sources. These problems are influenaiater quality and quantity, and the management
of land and water. It is therefore essential thasé issues are addressed innéegratedapproach.
This analysis presents the issues together witlfettts from the Tisza River Basin that will enaate
integrated river basin management plan to be dpedlavhich will meet the needs of the EU Water
Framework Directive and the Flood Directive and abhwill enable the countries of the basin to
manage their land and water to the benefit of #@pfe and environment as well.

The Tisza River Basin is the largest sub-basinhef Danube River Basin and the countries of the
basin have a long history of cooperation resultimgong others in signing the Agreement on the
protection of the Tisza and its tributaries in 1@86n establishing the Tisza Forum to addressdfloo
issues in 2000. The Tisza cooperation has beeamgiwnew perspective in line with the development
of the Danube River basin cooperation and the Etémaolicy.

In 1994, the Danube River Protection Convention RQRwas signed in Sofia. The DRPC forms the
overall legislation instrument for cooperation @ansboundary water management in the Danube
River Basin. It aims to ensure that surface waner groundwater within the Danube River Basin are
managed and used sustainably and equitably. Teenmmgait provisions and to achieve the goals of the
DRPC, the International Commission for the Protectiof the Danube River (ICPDR)was
established in 1998 following the entry into forokthe Convention with a secretariat based in
Vienna.

Under the EU Water Framework Directive (2000/60/26% ICPDR is the platform for coordination
amongst the Danube countries including EU MembateSt accession countries and other Danube
riparian states for the implementation of the psmns of the Directive at transboundary level. In
addition to the Danube River Basin planning, theD® is taking an active role in sub-basin planning
as well. One of the key objectives of the EU W&ieamework Directive (WFD) is to ensure that all
water meets ‘good status™ by 2015. A key step tsveris objective is the development of a River
Basin Management Plan by 2009.

At the first ministerial meeting of the ICPDR coues in December 2004, ministers and high-level
representatives of the five Tisza countries sigthe Memorandum of Understandingofvards a
River Basin Management Plan for the Tisza Rivepsung sustainable development of the region
seeAnnex 1). The ICPDR established the Tisza Group for comtion as well as implementation.
The Tisza Group is the platform for strengtheningrdination and information exchange related to
international, regional and national activitiestive Tisza River Basin and to ensure harmonisation
and effectiveness of related efforts. The Tiszau@roountries agreed on to prepare a sub-basin plan

! The spelling of the river name differs from coynto country (UA: Tysa; RO: Tisa; SK: Tisa, HU: Zis RS: Tisa; UK: Tisza)
In the context of this report, the English spgliflISZA™ will be used.

2 http://www.icpdr.org

3 http://ec.europa.eu/environment/water/

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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(the Tisza River Basin Management Plan) by 2009¢chvimtegrates issues on water quality and water
quantity, land and water management, flood andgirou

The first step towards the objective is the pretpameof the Tisza Analysis Report by 2007, which is
the first milestone in implementing the MemorandafmUnderstanding (MoU — see Annex 1). It
characterises the Tisza River and its basin, iflegtthe key environmental and water management
problems, in relation to water quality and waterupity, and creates the basis for further steps.
Following the identification of the key water mapatgnt issues, the next milestone is to prepare an
integrated Tisza River Basin Management Plan by200

The Tisza Group under the ICPDR was responsibléhferAnalysis Report.

1.1 Aims of the Tisza River Basin analysis

This Analysis is an intermediate step between tHeDWArticle 5. report submitted in March 2005
(prepared at both the Danube River Basin level ofRReport’ and national reports) and the River
Basin Management Plan to be submitted in 2009. fmert is presented in four main sections:

» Part 1 presents the overall characteristics ob#®n including, geography, climate,
hydrology, land use, basic socio-economic inforomgtetc.

» Part 2 presents the detailed characterisationeoiviiterquality of the basin and expands the
information collected for the WFD Article 5. repstbmitted in 2005 — Danube Roof Report

» Part 3 presents the detailed characterisationeoiviiterquantity of the basin. This
represents significant new information of the intpaaf floods and droughts, use of water,
etc.

» Part dintegratesthe issues in the basin, specifically on how wagtentity impacts water
quality.

The Tisza River Basin Analysis Report gives an aesv of the following waters:

« the Tisza River and its tributaries with a catchtsize of >1 000 ki
« natural lakes >10 km

e reservoirs

* main canals

« groundwater bodies >1,000km

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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1.2. The next steps towards an Integrated River Basin Management Plan

Plan of actions:

By the end of 2008the plan calls for:

» Compilation of a list of future infrastructure ptaand projects

» Validation of risk assessment using the WFD-conmplieational monitoring data
* Preparation of a ‘Programme of Measures’ to addiesgriority issues

* Preparation of a draft Tisza River Basin Manager®gu for public consultation

By the end of 2009following public consultation, the plan calls fdisza countries to complete the
final Integrated River Basin Management Plan, idig flood related aspects.

Long-term actions

It is critical to follow up on the work begun inishTisza River Basin Analysis in order to

protect the Tisza ecosystems from pollution as a&lirom floods and droughts. Success will
depend on the dedicated cooperation from all ca@stnd continuing work on long-term

actions:

* Implementation of the measures of the IntegrategRBasin Management Plan

» Developing strategies and implementing plans t@atiaclimate change

* Improving flood risk management within the Tiszavéti Basin including the restoration
of floodplains and wetlands

» Ensuring equitable balances of water resourcesdegthe needs of the countries and the
environment

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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Part | — Characterisation

2 Tisza River Basin overview

The Tisza River Basin (seddAP 1) is the largest sub-basin in the Danube River iBasbvering
157,186 kmz2 or 19.5% of the Danube Basin. Togetlitr its tributaries, the Tisza River drains the
largest catchment area in the Carpathian Mountafisre flowing through the Great Hungarian Plain
and joining the Danube River.

The Tisza River Basin is home to some 14 millioopde.

With a strongly meandering riverbed, the origiredth of the Tisza River was 1,400 km from its
spring in the northeastern Carpathian Mountaingkraine to its mouth at the Danube. During the
second half of the focentury, extensive measures of river training ffmat control were undertaken
along the river. As a result of these works, thvenr's total length was shortened by approximately
30% and it is today 966 km. However, it is stilettongest tributary of the Danube River with the
second largest discharge after the Sava River.

The Tisza River Basin can be divided into two nyzants:

- the mountainous Upper Tisza and the tributarieddkraine, Romania and the eastern part of the
Slovak Republic and

- the lowland parts mainly in Hungary and in Serhisr@unded by the East-Slovak Plain, the
Transcarpathian lowland (Ukraine), and the plaimsh@ western fringes of Romania.

The Tisza itself can be divided into three parts:
» the Upper Tisza upstream from the confluence oSimmes/Szamos River,

- the Middle Tisza in Hungary which receives the éamtgright hand tributaries: the Bodrog and
Slan&/Sajé Rivers together with the Hornad/Hern&ekRcollect water from the Carpathian
Mountains in the Slovak Republic and Ukraine, amalZagyva River drains the Métra and BUKkk,
as well as the largest left hand tributaries: than®s/Somes River, the Kords/CRiver System
and Maros/Mures River draining Transylvania in Raiaaand

« the Lower Tisza (downstream from the mouth of thardé/Murg River where it receives the
Bega /Begej River and other tributaries indire¢tyough the Danube — Tisza — Danube Canal
System.

The Tisza River Basin has significant flood prai@tiand land drainage systems.
Problems facing water management in the Tisza HBasin include:

» severe floods (the most recent in the period oB1®X006),

e drought problems in summer (particularly in Hungangl Serbia),

» landslides and erosion in the uplands (particuliarlykraine),

» accidental pollution by industrial and mining aiies, such as the cyanide spill occurring at
Aurul Baia Mare in January 2000 and

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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» agricultural pollution, affecting the sensitivityf the Danube and Black Sea by nutrient
pollution.
Accidental pollution and nutrient pollution can atitly influence aquatic ecosystems and drinking
water utilisation, while large-scale land reclaratcan damage wetland ecosystems and intensified
flooding problems in other areas.

History of Tisza River regulation

A TISZA HELYSZINRAJZA

The Tisza River Regulation

Until the middle of 18 century, the Tisza River
repeatedly inundated some 2 million hectares aitsng
course.

The first survey of the river valley was done beiwe
1833 and 1844, and Pal Vasarhelyi issued a plan for
riverbed training with 121 short-cuts along theerivn
1846. This plan was declined, and a new plan with 2
short-cuts was accepted in 1847. River trainingkai(
began finally after a disastrous flood in 1855, 44@
short-cuts were made by 1875. The Tisza River kengt
was shortened froml,400km to today’s 966km.

=

2.1. States in the Tisza River Basin

Five states share territories in the Tisza RivesiB®istrict: Ukraine, Romania, the Slovak Republic
Hungary and Serbia. The coverage of the statelseimisza River Basin as well as the status of the
countries in the EU is provided irable I.1.

Table I.1: Coverage of the states in the Tisza River Basin as well as the status of the countries in

the EU
Percentage Percentage of Tisz Status in
of Tisza River Basin area ol the
Tisza River Basin area  River Basin the whole country  European
Country ISO-Code in the country (km?) (%) area (%) Union
Ukraine UA 12,732 8.1 2.1 -
Romania RO 72,620 46.2 30.5 Member
State
Slovak Republit SK 15,247 9.7 31.1 Member
State
Hungar HU 46,213 29.4 49.7 Member
gary ’ ’ ' State

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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Percentage Percentage of Tisz Status in

of Tisza River Basin area ol the
Tisza River Basin area  River Basin the whole country  European
Country ISO-Code in the country (km?) (%) area (%) Union
Serbia RS 10,374 6.6 11.7 4.

Although Ukraine and Serbia are not EU Member Stared non-EU States have no implementing
and reporting obligations under the EU Water FraorevDirective (WFD) they are cooperating in
the frame of the ICPDR to implement the necessaRpWteps, including the development of a Tisza
(and Danube) joint river basin management plans.

2.2. International coordination and cooperation

The ‘Convention on Cooperation for the Protectiord éSustainable Use of the Danube River’
(Danube River Protection Convention (DRPC) Sofia 1994) forms the overall legal instrument fo
cooperation and transboundary water managemeheianube River Basin. The main objective of
the convention is the sustainable and equitableotiserrface waters and groundwaters and includes
the conservation and restoration of ecosystems. Jdr@racting Parties cooperate on fundamental
water management issues and take all approprigtd, ladministrative and technical measures to
maintain and improve the quality of the Danube Rigad its environment. Austria, Bosnia and
Herzegovina, Bulgaria, Croatia, the Czech Repuliiermany, Hungary, Moldova, Romania, the
Slovak Republic, Slovenia, Serbia, Ukraine andEbheopean Community are Contracting Parties to
the DRPC. Discussions about the ratificatiorhef DRPC are under way with Montenegro.

The International Commission for the Protection of the Danube River (ICPDR) is the
implementing body under the DRPC. Through the ICPRR Contracting Parties support the
implementation of the WFD in their territories andoperate in the framework of the ICPDR to
achieve a single, basin-wide coordinated DanuberfBasin Management Plan.

On the basis of the earlier activities and encoedldgy a dialogue initiated by the EU Presidency of
the ICPDR, the Tisza Countries signed Memorandum of Understanding’ and agreed to prepare

a River Basin Management Plan for the Tisza RivasiB by the end of 2009, aiming at the objectives
set by the EU Water Framework Directive. The sdopeseen for this River Basin Management Plan
is somewhat larger than that envisaged byWhieD, taking into account the requirements of the
ICPDR Flood Action Programme, addressing pollution from point and non-pointrees, wetland
and floodplain restoration, priority substancestewvequality standards, prevention of accidental
pollution, flood and drought issues, river basimagement and issues of sustainable development in
the Tisza region as well.

The Tisza Group was created to prepare and codediha necessary activities for the preparation of
Tisza River Basin Management Plan. All five Tispautries are represented in the Tisza Group. The
group jointly agrees on the necessary actions far development of the Tisza River Basin
Management Plan, such as the development of aegyrator establishing the River Basin
Management Plan or identifying needs for harmdiusaf methods and mechanisms.

The ICPDR serves as tipdatform for coordination in the implementationtbe WFD on issues of
Danube Basin-wide importan@nd coordinates the elaboration of a Tisza RiesiiB Management
Plan through its Tisza Group. Transboundegues not covered by the ICPDR are solved at the
appropriate level of cooperatiosuch as in the frame dffilateral river committees/ international
agreementgsee Annex 2a and Annex 2b Bilateral transboundary water agreements arplace
between almost all states in the Tisza River Baésinit is important to note that not all of these

“ In October 2005, Serbia initiated a formal prodessin the EU.
® (Towards a River Basin Management Plan for thed isver supporting sustainable development ofélgéon)

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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agreements wereestablished in order to ensure coordinatioas required by WFD Annex |, 6.
These are generallglder treatiesthat deal with specific issues of cooperation, egtcfor the
Hungarian-Romanian Agreement on the cooperatioredimt protection and sustainable use of
transboundary waters, signed 19 September 20@8;tiekE from 17 May 2004, which fully meets the
provisions of the WFD

Local issues remain a national tagRoordination efforts, conducted mainly through thepective
Ministries responsible for water and environmensuiss have been largely directed at inter-
ministerial coordination.

The Tisza Group also serves as a platform to dtnengcoordination and exchange information
among the relevant international, regional andomati activities in the Tisza River Basin to ensure
harmonisation and effectiveness of efforts. Lisfrafneworks and projects related to the Tisza River
Basin - originated between 1996 and 2006 was peélgay the ICPDR Tisza Group (document can be
downloaded from the following websiteww.icpdr.org .

The competent authorities for WFD implementatioa designated by the states and are listed in
Annex 2c

2.3. Public participation in the Tisza River Basin

Various initiatives have been taken within the feavork of the ICPDR to promote public
participation as a core principle in sustainabldewananagement. This principle was recognised
when the Danube River Protection Convention wasesigon 29 June 1994 in Sofia, Bulgaria and
ever since then, has become a general practideeiadtivities of the ICPDR, including its meetings
and expert groups.

Organisations representing civil society and peviadustry, as well as international organisations,
are granted rights and opportunities to becomereeseand participate in the ICPDR and its Expert
Group Meetings. Observers have the opportunityadig@pate in discussions, intervene or present
their material and documents. To date, 15 orgaoissithave taken this opportunity and become
observers to the ICPDR. These organisations incN@Os, organisations representing private
industry and intergovernmental organisations. Sofmt#hem also participate in the activities of the

Tisza Group, and this cooperation has proven tsuigeessful in ensuring that different concerns and
approaches help influence current water managemémé Danube River Basin.

This approach of involving the public has also beahanced by the requirements of the WFD, the
EU Directive on public access to information (2@BYEC), the Directive on public participation in
environmental procedures (2003/35/EC) and the Asi@anvention. A more active and strategic
approach has been taken since 2003 when the ‘DaRiviee Basin Strategy for Public Participation
in River Basin Management Planning 2003-2009’ wedted and approved as part of the ‘ICPDR
Operational Plan’. This plan and in particular #uotivities for 2004 were adopted for the first time
December 2003 and have since been updated evaryTyeaOperational Plan provides a description
of the activities at the roof level, including engtable and a work plan. The Operational Planes se
as a planning tool, regularly adjusted to the nefédbe ICPDR. Recommendations were made to the
Danube countries to implement the strategy als@maonal, sub-basin and local level.

The ICPDR has also established the Public Partioipd&xpert Group, a network of national public
participation focal points. This network was esti#d to support communication and participation
iIssues, to ensure that public participation adéisiare carried out in a concerted way throughbtut a
Danube countries and that activities carried outtlen ICPDR level complement national public
participation efforts.

Information for stakeholders is provided througle ICPDR Information Systemw{vw.icpdr.orgd
with a special section on WFD implementation, ptdowy access to all relevant documents. Links are
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available from the ICPDR Information System to timmepages of the respective Danube Basin
Countries. This network of links provides easy asde information on different levels.

To raise awareness and reach out to the widerqubk ICPDR initiated the basin-wide celebration
of Danube Day which provides a platform for logathabitants to demonstrate their care for the river
and their responsibility for its protection for fwé generations h{tp://www.danubeday.o)g
Celebrated for the first time on 29 June 2004 at1fh Anniversary of the signing of the Danube
River Protection Convention, Danube Day has becafieture in the schedules of ministries, NGOs
and other organisations caring and working forDlamube River Basin. In 2007 several Danube Day
activities were also devoted specifically to theZEi River Basin.

The information and public participation/stakeholitesolvement activities in the Tisza River Basin
are closely linked with the ICPDR activities andidties specific to the Tisza River Basin shoull b
developed within the ICPDR framework and harmonizétth the ICPDR activities. All of the tools
and mechanisms for information and public partitgraestablished for the Danube River Basin can
also be used for the Tisza River Basin. The netvedrRublic Participation Focal Points can also be
used, as the same experts are responsible batief@anube and Tisza River Basins.

The ‘Analysis of the Tisza River Basin - 200&s been uploaded to the public website of tiRDR
(www.icpdr.org after official endorsement by the Heads of Deliegs of the Tisza Countries
(March 2008). The report available for the pubtic $ix months for comments.

More information on ICPDR Tisza Group and TiszadRiBasin wide activities can be found on the
following website:http://www.icpdr.org/icpdr-pages/tisza_basin.htm

The summary of comments will be made availablettwagrewith the feedback on the comments
provided by the ICPDR and endorsed by the Tiszaitbrough the website, in 2008.

The Tisza countries have already significant exgmm@ on handling access to environmental
information request providing active provision affdrmation and on public participation in

environmental and water-related decision-makingic&ithe WFD came into force the active
involvement of the stakeholders and public, infdiora dissemination and preparations for
consultaions have gained prominence.

In the EU Member States the draft timetable for RBEhd the draft work programme have been
published on the web site as well as in hard c@omments have been collected electronically and
consultations have been held.

Offices of public relations or water informationnters have been established to support the WFD
implementation. In Hungary, a stakeholder involvatrrategy and methodology has been developed
and adopted National and four sub-basin water ma&anagt councils - including the sub-basin of
Tisza - have been established, with the mandaa@peove the important water management issues in
2008 and the RBMP in 2009. In Slovakia, the CouantiExperts, a coordination body and working
groups have been established to serve as conenltaidies. In Romania, public participation in the
framework of WFD is implemented through the RivessBi Committees (RBC) which are established
as consultative mechanisms at regional and loaadlde In addition to disseminating the national
timetable and work programme for WFD implementatigre-mail and website, information was also
collected through questionnaires on the involvemanthe different stages of RBM planning. In
2007, the consultations took place on the signifiegater management issues identified at rivermbasi
level in the elaboration process of the River Bd3avelopment and Management Schemes within
each Tisza River Basin Water Directorate.

Various international, bilateral and national potgehave been carried out by the water authorities
Tisza countries or with their involvement, to implent the WFD requirements, and to test or support
the public participation/stakeholder involvemenbbgass. (See list of project related to public
participationin Annex 2d)

There have been active citizen initiatives in thezd River Basin, especially during the 2000 cyanid
pollution accident. The Tisza platform was estdiglis and cooperation among NGOs in all Tisza
River Basin countries was initiated. Several NGOjguts have also been implemented as part of the
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Danube Small Grants Programme funded by the GEFRBRanube Regional Project as well as by
other donors. The list of these NGOs and theirgmtohas been prepared by the REC and made
available through the ICPDR website (See list dfjguts in Annex 2d). This open list will be
updated regularly and can be used as a basisdntifigfing NGO stakeholders during the river basin
planning at different level§.

Several NGOs have also implemented WFD relatedept®jin cooperation with water authorities,
communities and different other stakeholders.

3 General characterisation of the Tisza River Basin

3.1. Geographic characterisation

The Tisza River Basin, the largest sub-basin ofthrube River, is shown MAP 1.

The drainage basins of the tributaries of the TRager differ from each other in topography, sail

composition, land use and hydrological charactiessiMAP 2 shows the topography and relief of

the Tisza River Basin.) The 1800-2500 m high rid§¢he Carpathian Mountains create in a semi-
circle the northern, eastern and southeastern loyndf the Tisza catchment. The western —
southwestern reach of the watershed is comparatlegl in some places — on its Hungarian and
Serbian parts it is almost flat.

The area is divided roughly along the centrelingh®y Carpathians Mountains, east of which lies the
400-600 m high plateau of the Transylvanian Baairg the plains to the west. The highest summits
of the river basin reach 1,948 m in the Low Tatf(dsalova hda), 2061 m in the Chornogora
Mountains (Hoverla), 2303 m in the Rodna MountgiRg&etrosul Rodnei) and even higher in the
Retezat Mountains of the Southern Carpathians é8ale2509 m). Areas above elevations higher
than 1600 m occupy only 1 % of the total; 46 %he&f territory lies below 200 m.

The Tisza River rises in the Carpathian Mountamsarthwestern Ukraine and is formed from the
confluence of the Bila and Chorna Tisza Riversiliarheadwaters rise in the eastern mountains of
the Slovak Republic, two of them in the Narodnyt{biaal) Park. The Uzh/Uh and Latorytsa/Latorica
tributaries flow from Ukraine into the Slovak Refinbwhere they, together with Ondava, Tamand
Laborec Rivers, form the Bodrog River before itexatHungary. The Somes/Szamos and the
Mures/Maros rise in the Romanian Carpathians, wihiéerivers forming the Cris/Kérés system rise
in the Apuseni Mountains.

The Tisza River Basin in the Slovak Republic isdaminantly hilly area and the highest mountain
peak in Krdlova hda - in the Low Tatras Mountain Range at 1,948 ne Tdwland area lies in the
south, forming the northern edge of the Hungariawland. The lowest point in the Slovak Republic
is the village of Streda nad Bodrogom in the easfovak lowland (96 m) in the Bodrog River
Basin.

The Hungarian part of the Tisza River Basin isa #rea bordered by small ranges of hills and
mountains from the north and dominated by the Gtesigarian Plain.

® (Information about the results of the Small GraPtsgramme can be accessed at
http://www.rec.org/REC/Programs/NGO _support/@éadanubeGrants/Default.html)
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The Tisza River Basin in Romania is located inthehwest part of Romania, and is characterised by
a high relief diversity: mountain areas (with eltteas above 2000m), hilly areas (400-800m) and
plain areas (200-300m).

A small, lowland part of the Tisza watershed areglotgs to Serbia. There are various
geomorphological elements in relief, with elevatiari 74-143 m above sea level.

The obtained geographical databaB@ital ElevationM odel 1000x1000m) affords a simple spatial
analysis. The results are presentedirinex 13

3.2. Climate and hydrology

The Tisza River Basin is influenced by the Atlaptitediterranean and Continental climates, which

impact regional precipitation. About 60% of the @pisza River Basin gets more than 1000 mm of
precipitation annually. Warm air masses from thedMeranean Sea and the Atlantic Ocean cause
cyclones with heavy rainfall on the southern andstesn slopes. In general, two-thirds of the

precipitation occurs in the warm half of the yefanrthermore, land surface is subdivided into the
Carpathian Mountains (70 % of catchment area) hadvide Tisza Lowlands.

The isotherms of the multi-annual mean air tempeeavary from less than°@ (in the Apuseni
Mountains) to more than 1€ (along the middle and lower reach of the Tisgalf}. The maximum
temperatures are observed in July, the minimumamudry (from —1 to °C). The annual mean
potential evaporation (in RO and HU) is around 7h@/a and the maximum monthly values (125-
145. mm) occur in June and July.

The multi-annual mean values of annual precipitatiary within the Tisza River Basin from 500 to
1600 mm/a. The lowest values (500 mm/a and belmgymin the southwestern part of the basin,
close to the Tisza River. The highest values (ado@600 mm/a) occur in the northwestern
Carpathians and in the Apuseni Mountains. Dry sp@lith less then 10 mm/month) are frequent in
most areas of the Tisza River Basin in FebruaryMarcth. (SeeMAP 3 and Map 7 — Precipitation )

The highest maximum depth of snow, measured inouarimountains of the Tisza River Basin

(including the relatively low Méatra Mountains in Hgary) are above 100 cm, with water equivalents
of 250-300 mm. Lower maximum values (40-60 cm wtjuivalents of 100-200 mm) were registered
in the lowland parts of the basin.

The aridity factor (defined as the relation of aanyotential evaporation to mean annual
precipitation) at the eastern border of the TiseeRBasin (such as in the Carpathian Mountains) is
below 0.2 and increases from the northeast to thwhe/est up to 1.4 in the middle of the Great
Hungarian Plain (the mouth of the Kords Rivers).

In the mountainous regions, flash floods are commdhe spring and summer. These are further
intensified by the low infiltration capacity of tleils in the Carpathian Mountains. These floods
cause enormous inundation in the lowland areas.

Flooding is a natural event necessary for riveegesystems, but it is also a significant threat to
communities settled in the floodplain. Rainfalltire Carpathian Mountains can be substantial and
sudden. Extensive runoff, floodplain deforestatand river canalisation reduce the ability of the

catchment to attenuate the flood wave. When heawsroccur, flooding threatens human lives as
water levels rise quickly without sufficient retemt capacity.

3.3 Surface geology

Concentration and drainage of the surface rungieédds fundamentally on the permeability of the
soils close to the surface. Impervious soils indieghy spates; pervious ones attenuate the runoff,
store part of the rain and recharge the groundwater
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Volcanic rocks cover minor parts of the basin aedimentary ones cover major parts of basin. Most
of the volcanic and metamorphosed rocks tend fmpervious, though their weathered zones close
to the surface and fissured faults convey ofterreggble flows, evidence of which has been found in
mines.

Volcanic tuffs, unless weathered, are semi-pervidlest of the sedimentary rocks are impervious,
though cavities in karstified limestone and dol@nibose sandstone, windblown sand, gravel and
peat may convey large underground flows.

Predominant semi-pervious rocks in the upstreanenshéds of the Tisza, the Somes/Szamos and the
Bodrog rivers tend to attenuate flood waves angtéoe some water to augment autumn low flows.
Large impervious areas in the Cris/Kords catchnhemtl a flashy character to the regime of these
streams. Similar conditions also prevail over thajan part of the Mures/Maros catchment, but
adverse effects are offset by more pervious stilsgathe headwater reaches. The surface soilsin th
Tisza Basin have been grouped according to periitgabi MAP 4.

Annex 13 shows territorial distribution, national distribbt of mean elevations and surface
gradients, amount of water transfer among Tiszatms.

3.4. The main water bodies in the Tisza River Basin

This section summarises the main tributaries, lakegicial water bodies and groundwaters in the
Tisza River Basin. Information on their detailecidcterisation in terms of quality and quantity are
given in Part Il (Water Quality) and Part Il (WatQuantity) respectively.

The following subchapter describes the mafhozder tributaries of the Tisza River:

3.4.1. The Tisza River and its main tributaries

The Tisza River rises in the southeastern parthef Carpathian Mountains and is a result of
confluence of the Bila and Chorna Tisza Rivers. Timrna Tisza River begins in foothill of the
Svidovets Mountain at 1680 m. The Bila Tisza Rivegins in the Black Mountain (‘Chorna Hora’) at
1650m. Once the Chorna and Bila Tisza join neahRakt 450 m above sea level, the river is called
the Tisza. The riverhead of Chorna Tisza is takenhe riverhead of the Tisza River as it has the
larger catchment area and the length to the camfligvith the Bila Tisza River.

The united Tisza River maintains the roughly natlith direction of the Chorna Tisza as far as the
Viseu Stream on the left side, which is the firstut#yy of significant size. The Tisza turns westiro
here and after 26 km takes up the Iza River, whizhits source in the Rodna Mountains. The Tisza
follows the southeast - northwest direction of e at the foot of the Qalui Mountains (M. Avas),
which makes the precursor of the Lapus (Nblesului) and Gutiiului (M. Gutin) Ranges. Between
the Oaului Mountains and the right bank of the Vinograddagyssl6si) Mountains in the Huszt
gate, the river suddenly widens, and before regckive edge of the Great Plain it takes up the
Teredva, Tereblya and Rika Rivers from the rightkbd@Between the Korolevo/Kirdlyhaza and the
Somes/Szamos Rivers the Tisza follows an east-weskieection. In this section it receives two
larger tributaries; the Borzhava River from thehtignd the Tur/Tur River from the left in Hungary.
The upper course of the river extends until then8=dSomes mouth. The Mures/Maros inflow serves
as the border of the middle and lower course.

From a total length of 415 km, only 50 km of thea@®mos/Somg River lies in Hungary. The river
drains the northern part of the Transylvanian Bake two main branches are the SguiéMare
accompanying the Rodna Mountains to the south tle&omeul-Mic originating from the union of
the Somegul-Cald — rising in the Transsylvanian range, oa ¢fastern slope of the Bihor Mountains
(M. Bihorului) — and the Somal-Rece rising in the Gilau (Gyalu) Mountains (Mil&Blui). The
united Szamos has two larger tributaries: the AlXasas and the Laposipus, which takes its
source in the Lapos/Lapus and Gutin Mountains.
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The Crasna/Kraszna River, feeding the former Ebdeolr, flowed into the Somes until the 1890's. Its
lower course has since been regulated so thatitfloevs directly into the Tisza about 3.5 km below
the Szamos/Somes mouth. From the mouth of the @iesaszna, the Tisza turns north, going round
the 170 m Nyirség sand ridge, until it reachesdigthernmost point at Zahony. Here it makes its way
west by southwest with a sharp bend, and takeh@p.énya Main Channel from the left, which
collects the waters of the Nyirség, and in the fofothe Tokaj Kopasz hill it takes up the Bodrog
River — its most important right tributary — at S4# from its mouth.

The source of Bodrog River is the confluence of ltaeorica and Ondava Rivers. Their significant
tributaries are the Ondava, Tap Laborec and Uzh/Uh Rivers. From some 53.5% ef ttital
catchment area of the Bodrog is located in the &ddwepublic, the rest in Ukraine and partly in
Hungary. The maximum vertical dissection of theebatent area is 1,127 m.

The flow of the Tisza is directed southwest from ififlow of the Bodrog. It follows the Taktakdz
sinking, and on the south edge of that it takethesajé/Slana River, increased by the
Hernad/Hornad, also from the right. The waterdefBikk Mountains drain into the Tisza through
an old Tisza bed, the Small Tisza.

By damming up the section between the Kiskdre asdavalk Rivers (441.0-403.2 river kilometres)
Lake Tisza was created within the foreshore offiisza River, which with its 127 Kiextension has
become the second largest stagnant water bodibe @farpathian Basin. Putting the Kiskdre barrage
into operation in 1973 enabled damming and aimdbdeatomplex eco-geographical reconstruction of
the mid Tisza Valley, as well as the improvementatiural and social relationships.

The next tributary of the Tisza is the Zagyva Rixadso from the right bank, which drains the Matra
and Cserhat Mountains. After the mouth of the ZagRiver, the Tisza turns south and remains
parallel to the Danube until the mouth. West of Tligza River, between it and the Danube, lies the
sand ridge, from which it does not get any sigaific inflow of water. However, the next left
tributary, the Harmas-Koros River, is quite impattand its is the second largest among the Tisza
River’s tributaries. Its network consists of fivigaers which spread like a fan: the @ii Alb/Fehér-
Kords, Crsul Negru/Fekete-Kords, Gul Repede/Sebes-Koérés and Barcau/Berettyé and bingie
Beretty6 Rivers, the first four of which are fed waters of the Transylvanian island range, whike th
last one drains waters from the plains beyond ibealRiver.

The last important water flowing into the TiszaHangary is the Mures/Maros River.

Along the Serbian section, the Tisza only receiwes left tributaries flowing from Romania, the
Aranca/Zlatica and Bega/Begej Rivers, with the rhoably 9.6 km upstream from the Danube
confluence. The tributaries from the right are vemall.
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Figure 1.1 : Longitudinal profile of the Tisza River and contribution of water from each country
(in %) to the mean discharge of the Tisza (in m3/s)’

Table 1.2. indicates the main"2and 3 order tributaries of the Tisza River specifiedtby ICPDR
Tisza Group.

Map 1 (Overview Map) illustrate the tributaries of thisZa River with surface area bigger than 1000
km?.

" Information based on data of the JRC-IES datd€91-2002) and runs of theVITUKI NFHS flood
routing module
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Table .2 - Tisza Tributaries

Main tributaries to the Tisza River - single inde2it, order tributaries - double indent® 8rder tributaries - triple indent

Size of river basin

Countries

Name of river [km2] (from mouth to source)
1 [Tisa/Tisza/ Tysa 157,186 RS, HU, SK,RO, UA
2 Begej/Bega 4,458 RS, RO
3 |Stari Begej/Bega Veche 2,943 RS, RO
4 Maros / Murg 30,332 HU, RO
S [Tarnava 6,253 RO
6 |Kurca 1,266 HU
U Dong — ér (main channel) 1,672 HU
8  |Kéros / Cri 27,537 HU, RO,
9 Hortobagy-Beretty6 5,771 HU
10 |kalle-ér 1,264 HU
11 |Kettss-Koros (Fekete+Fehér) 9,600 HU
12 [Fehér-Koros / Ceul Alb 4,275 HU, RO
13 |Fekete-Koros / Csul Negru 4,645 HU, RO
14 [sebes-Koros / Gyill Repede 9,119 HU, RO
15 [Beretty6 / Barau 5,812 HU, RO
16 [Er/ler 1,300 (RO) HU, RO
17 |zagyva 5,578 HU
18 [Tarna 1,810 HU
19  |sajo/ Slana 12,708 HU, SK
20 |Hernad / Hornad 5,436 HU, SK
21 [Torysa 1,349 SK
22 B4dva / Bodva 1,727 HU, SK
23 |Rimava 1,378 SK
24 |Bodrog 13,579 HU, SK, UA
25  londava 3,973 SK
26 [Topla 1,544 SK
27 |Latorica 7,680 SK, UA
28  |luzh/Uh 2,750 SK, UA
29 |Laborec 4,523 SK
30  |Kraszna/ Crasna 1,931 HU, RO
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Size of river basin Countries
Name of river [km?] (from mouth to source)
31 | Szamos / Somge 18,146 HU, RO
32 | someul Mic 3,773 RO
33 | Tar/ Tur 1,144 HU, RO, UA,
34 | Borzhava 1,450 UA
35 | Rika 1,145 UA
36 | Teresva 1,220 UA
37 | 1za 1,293 RO
38 | Bila Tisza 485 UA
39 | viseu 1,581 RO
40 | Chorna Tisza 563 UA

3.4.2. Natural lakes larger than 10 km?

There are two natural lakes greater than 18iknthe Tisza River Basin, the Szeg&ehér Lake and
the Flred-Kocsi Reservoir.

The Szegedi Fehér Lake is situated in Hungary énKiskunsagi National Park (KNP) and is 13.1
km?® The lake is a significant habitat for birds, arehrly 280 bird species have been recorded so far.
The territory of the lake was inundated regulamythe past, but after the river regulation the
inundation was blocked.

The Flred-Koécsi Reservoir is in the Hortobagy NagioPark. Its surface is around 600 ha, and the
area regularly inundated is approximately 400 halrlBh and reed are typical macrophyta in the
reservoir. In addition to an ecological aquatic itetb the reservoir aids emergency flood control
functions

3.4.3. Artificial water bodies and reservoirs

The main artificial water bodies in the Tisza Riasin are summarised below. Details of their
characterisation are included in Part Il (Water I@gleand Part Il (Water Quantity).

The Danube-Tisza-Danube Canal System (DTD)s situated in the Vojvodina province of the
Republic of Serbia. The DTD is divided into two @mendent parts; the Biea and the Banat region.
The DTD is a multi-purpose system with the follogitasks: flood protection — adequate level
achieved; draining excess interior waters and mgutirainage waters through main channels towards
the Danube and the Tisza Rivers; conveying watethe irrigation of agricultural land — presently
very modest; water supply for industry and fish&rienavigation; receiving and conveying
wastewaters; water quality protection; recreatgparts and tourism.

Annex 3 — History of the construction of the Danube-Tifaube Canal System

The Eastern and Western Main Canalsare located in Hungary and are mainly used tsasster
resource distribution.

Reservoirs more than 60 reservoirs were built during thé ¢antury for various purposes including;
drinking and industrial water supply, hydropowelgofl protection, irrigation, fish farming and
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recreation, as well as seasonal flow regulatiore fbital reservoir capacity in the Tisza River Basin
estimated at about 2.7 billion®m

Reservoirs are listed in tnnex 4

3.4.4. Groundwater

Groundwater bodies are important sources for dngkvater, industry and agriculture in the Tisza
River Basin.

Detailed characteristics of these are includedaint P (Water Quality) and Part Il (Water Quanjity

The countries in the region depend mainly on grewaidr sources to meet their drinking water needs,
with the exception of Romania and the Slovak Republ

Shallow aquifers are at high risk of pollution aseault of the use of fertilisers and chemicalsrfro
agriculture, untreated sewage water and leachimgn frcontaminated soils. In some cases,
groundwater sources cannot be used without preatiinent. Therefore, countries need to ensure that
the groundwater is not overexploited and that ity of groundwater is preserved.

3.5.Main National parks, protected areas and Ramsar sites in the Tisza River Basin

The Tisza River Basin countries have a great nurabprotected areas and Ramsar designated sites.
(seeTable I.3a,b and MAPH

Table 1.3a: The main national parks, nature and biosphere reserves in the Tisza River Basin

Name Surface (ha' Location

Carpathians Biosphere 53,630 Ukraine: Zakkarpattia Oblast

Reserve

Synevyr 40,400 Ukraine: Zakkarpattia Oblast

Uzhanskyi 39,158 Ukraine: Zakkarpattia Oblast

Calimani 24.041 Romania: Part of Bl_stnta-Nasaud, Harghita, Mures
and Suceava Counties

G_radlst(_aa Muncelului - 10,000 Romania: All in Hunedoara County

Cioclovina

Muntii Apuseni 75,784 Romania: Part of Alba, Bihor and Cluj Counties

Retezat 38,047 Romania: All in Hunedoara County

Rodna 46,399 Romania: Part of Bistrita-Nasaud, Maramures and

Suceava Counties

Maramures Mountains

National Park 148,850 Romania; Maramures County

Slovak karst — National Park | 34,611 Slovak — Hungarian border

Latorica - landscape . . .
protected area (LPA) 15,620 East of Slovakia — Bodrog River Basin
gg\((ak paradise — National 19,763 Upper part of Hornad and Slana River Basin
Muranska planina — National 34,611 Part of Slana River Basin

Park
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Name Surface (ha' Location

Hortobagyi — National Park | 52,173 Hungary: Middle Tisza region
Kiskunsagi — National Park | 22,095 Hungary: Middle Tisza region
Aggteleki — National Park 19,247 Hungary: Middle Tisza region

Bukki — National Park 40,263 Hungary: North west - Middle Tisza region
Korés-Maros — National

Park 800,000 Hungary: Middle - Lower Tisza region
Ludasko Lake 593 Serbia: Backa region

Slano Kopovo 976 Serbia: Banat region

Stari Begej (Old Bega) —

Carska Bara 1,767 Serbia: Banat region

The main Ramsar sites

All five countries of the Tisza River Basin are @acting Parties to the Convention on Wetlands.
The main Ramsar sites in the Tisza River Basirshoavn inTable 1.3b. Main characteristics of the
Ramsar sites are introduced below.

Table 1.3b: The main Ramsar sites in the Tisza River Basin

Name Surface (ha Location

Latorica - landscape

protected area (LPA) 15,620 East of Slovakia: Bodrog River Basin
Domice 622 Slovakia: Kosice Region

Tisza River - Kosice 735 Slovakia: Kosice Region

Senné-rybniky (Senné

fishponds 425 Slovakia

Hortobagy 52,173 Hungary: Middle Tisza region

Felsh Tisza 22,311 Hungary: Szabolcs - Szatmar - Bereg County
Pusztaszer 5,000 Hungary: Csongrad County

Bodrogzug 3,782 Hungary: Borsod — Abauj — Zemplén County
Martély 2,232 Hungary: Csongrad County

Ludasko Lake 593 Serbia: Backa region

Slano Kopovo 976 Serbia: Banat region

Stari Begej (Old Bega) —

Carka Bara 1,767 Serbia: Banat region

Hortobagy - Hajdu-Bihar, Szolnok, Heves Counties (23,121 hRjosphere Reserve; National Park,
Nature Protection Area. Four separate sectorseoétensive Hortobagy Steppe include a system of
artificial fishponds; a reconstructed swamp systarmpart of a dam, islands, woodland and mudflats;
and extensive grassland, marshland and swamp dreasarea is important for breeding, wintering
and staging important numbers of many species gfatory water birds. Human activities include
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intensive, large-scale fish production and reeddsting. Public access is strictly controlled. Aldi
research station and several observation hidegvaitable.

Felsi-Tisza (Upper Tisza) - Szabolcs-Szatmar-Bereg County (22,311 ha) - Nakeserve,
Landscape Protection Area. The site covers theeeatiive floodplain along a 215 km section of the
Tisza River in northeastern Hungary, adjacent ®Bbdrogzug Ramsar site; it meets the Ukrainian
and Slovakian borders to the east and north, aaccéitchment is also shared with Romania. The
natural and near-natural habitats consist of lgtehes of softwood (Salicetum albae-fragilis) and
hardwood riverside forests (Querco-Ulmetum), oxtbakes, filled-in meanders with rich natural flora
and fauna, extensively managed or abandoned oxleard plough-lands. The site supports many
vulnerable animal species such as Corn crake, Canutter, Danube salmon, Zingel, Sterlet, and
Russian sturgeon and is an important migrationerouttably for the fish NaseChondrostoma
nasu$, Barbel Barbus barbus and Sterlet Acipenser ruthenys The oxbows perform important
ecological functions such as spawning, rearinglifeg resting and staging, aquifer recharge, aquati
species ‘banks’, and habitat connectivity. Dry pdsi in recent years have led to eutrophication and
decreased habitat extent. Tourism, fishing andhaifieation of forestry are adversely affecting the
ecological character. A special programme identidythe most important sites along the river has
been implemented. It is designated in conjunctiith Wisza River in the Slovak Republic.

Pusztaszer— Csongrad County (5,000 ha) - Landscape Proteéiea, Nature Conservation Area.
The site is composed of artificial fishponds, mésts, a seasonally flooded saline lake, flooded
woodland and an oxbow lake. The area is importansfaging numerous species of water birds and
supports several species of notable or endemidglé@nresearch station and an information centre
are available, and there are several observataeshi

Latorica — Trebisov (4,358 ha) - Landscape Protection Arestuié Reserve. The widest part of the
Latorica River, includes a well-developed netwofkogbow lakes, tributaries, seasonal pools, reed
beds, marshes, wet meadows, pasture and floodfa@st. The site borders Ukraine. The area
supports a rich wetland fauna of dragonfli@si¢natd, amphibians and nesting water birds. Human
activities include fishing, hunting, forestry, Isteck grazing and haymaking.

Bodrogzug - Borsod-Abaduj-Zemplén County (3,782 ha) - Landscdpetection Area. The
floodplain area includes several lakes at the cemite of the Bodrog and the Tisza Rivers, with
grassland, marshland, lakes, reed beds, willowbsand areas of woodland on higher ground. The
area is important for breeding and staging humespesies of water birds. Several notable plants are
supported.

Martély — Csongrad County (2,232 ha) - Landscape Proteciiga, Nature Protection Area. A
section of the Tisza River floodplain featuring omblakes, wet meadows, arable land, scrub, and
woodland. The site supports a large populatiorhefdtterLutra lutra and is an important breeding
area for various species of water birds. Humanvities include recreation. The site supports
commercial fisheries and a research centre.

Stari Begej/Carska Bara (1,767 ha) - Special Nature Reserve. The site,manaat of the once
flooded area in the Lower Begej River, is a mosditishponds, swamp, marsh, forest, meadow and
steppe intersected by rivers, canals and embankméwegetation consists of salt-tolerant
communities, a rich aquatic flowering plant comntyrdind steppe vegetation. Of the 250 recorded
bird species, 140 species nest at the site andp&a6 through on migration. Notably, all eight
European heron species addser ansenest at the site. The diversity of biotopes gives to high
species diversity at the site and includes variaue, endangered or vulnerable fish, birds, plants,
amphibians, reptiles and mammals. Human activitiekide recreation, bird watching, sport fishing
and some traditional agriculture. There is an ingdrcommercial fishery nearby.

Slano Kopovo —Vojvodina (976 ha) - Special Nature Reserve, IBAeTsite, left over from the
draining of an ancient meander of the Tisza Riigeg, rare and representative example of salt Habita
but presents also, on its eastern side, a smakshwWater depression. It is one of Serbia's most
important bird habitats and regularly supports ntbes 20,000 water birds, breeding and migrating.
It is especially suitable for cranes, ducks, gess shorebirds and supports a significant number of
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vulnerable, threatened and critically endangeredcisg such asNumenius tenuirostrisAnser
erythropus Branta ruficollis Oxyura leucocephalaAquila heliaca Falco naumanniOtis tarda the
rodentSpermophilus citellysand plant communities such as the rEnero-Salicornieteapecific to
salty grounds. The area is threatened by a decheagater level, as the drying up of the depression
during summer and autumn is becoming more frequeased chiefly by the development of a
channel web and dam construction on the Tisza, lwhas lowered the level of the groundwaters.
Other negative factors are ploughing of pastureg® of chemicals and artificial fertilisers for
agriculture. Human activities include regulated tmm livestock husbandry, agriculture and the use
of mud for curing ailments. There is a high potaindf scientific research and conservation edunatio
Church remnants from the™d1™ centuries exist on site. Conservation prioritiesiaesn the
sanitation and improvement of the water regime.

Tisza River —KoSice (735 ha). In the southeastern part of tlowe® Republic, the site includes a 6
km section of the Tisza River and its floodplaimtiguous with portions of the river in Hungary and
Ukraine. The site includes floodplain forests ahdibs, an oxbow lake and grasslands. It is paat of
larger wetland important for the recharge of aqguifin the Tisza River Basin, natural control of
flooding and self-purification processes, as wallfar maintaining biological diversity. It supports
species vulnerable at the international level agthe Corn crakeéCfex crey, Geoffroy's batNlyotis
emarginatuy and the SterletAcipenser ruthengs The upper part of the designated section has
natural riverbed, but the lower part was changetibyan interferences in the 1880s. Within the site,
human activities include regulated recreation anism, hunting, pasture and extensive agriculture.
There is high eutrophication in the oxbow as a ltesfupollution from nearby intensive agricultural
practices. The site was also used for fishing leeféebruary 2000 when several heavy metals
pollution spills originating in Romanian mines cadsdamage to river ecology. It designated in
conjunction with ‘Fels-Tisza (Upper Tisza)' in Hungary.

Domica - Kosice Region (622 ha) - Protected Landscapa AUNESCO Biosphere Reserve, World
Heritage site. The sub-surface wetlands were desealvin 1926. It is part of the 25km-long Domica-
Baradla Cave System, the largest subterranean logitral system of the plateau karst, shared by the
Slovak Republic and Hungary. It plays a substamtéd in hydrological, biological, and ecological
functions. The site has special value for a langmlver of endemic and rare plant and animal species,
especially subterranean hydrobionts. The cave msyk@s important tourism functions, with guided
tours by boat and on foot, electric lighting andisitors’ centre, and signposted trans-border matur
trail surrounds the area on the surface. The cleehas very significant archaeological remains of
Paleolithic and Neolithic occupancy. Associatechwiungary's Baradla Cave System Ramsar site.

Ludasko Lake — Vojvodina (593 ha) - Regional Park, Nature Reselt is one of the few remaining
natural lakes of the Pannonian Plain. The shallake lis fringed by extensive reed beds and
surrounded by marshland. The area is importamdionerous species of breeding water birds, and an
ornithological research station is located at tie. Principal human activities include fishing,
hunting, reed cutting and recreation.

Senné-rybniky (Senné fishponds)(425 ha). Nature Reserve. The site comprises tlighponds
supporting aquatic vegetation and adjacent meaddieser levels can be artificially regulated. The
site is important for numerous species of breedwigtering and staging waterbirds. Various species
of notable plants occur at the site.

As a result of the intensive agricultural developmef past decades, many natural ecosystems,
particularly the Tisza floodplains, have been tfamsed into arable lands and pastures. In the Upper
Tisza River Basin, notably in Ukraine and the SloRepublic, deforestation in mountain areas is

responsible for changes to typical habitats. F@n®le, in the Kosice region the fragmentation of

natural areas and the disappearance of wetland@sdaased a decrease in biodiversity.

Biodiversity is also threatened by industrial pta of rivers, particularly heavy metal pollution
from the mining and metal processing industry. Miniand metal processing industry operations
should be carefully managed to prevent negativeagtgpinto natural ecosystems throughout the Tisza
River Basin.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 28

3.6. Summary of socio-economic aspects

Major historical and political changes took placethe Tisza River Basin during the last three
decades. The riparian countries were members ofCinencil for Mutual Economic Assistance

(COMECON) and the Warsaw Military Pact (except ¥rgoslavia), and Ukraine was part of the

Soviet Union until breaking away in 1991. With tti&e in power of the socialist regimes, the natural
resources of these countries such as wood and bwrgan to be forcibly exploited by Soviet-

dominated enterprises. The collectivisation of @agture, intense deforestation and implementation
of centrally-based joint plans within the COMECOidrhework had profound negative effects on the
environment.

All the Tisza River Basin countries, albeit at afient pace, have undergone a significant politica
economic, social and environmental transformatiothée past two decades. In most countries, radical
political changes occurred in 1989 to 1991 thatited in free elections in various forms and the
establishment of pluralistic, multi-party democescand separated branches of power.

In 1993, following a political decision, Czechoshiia was split into two independent countries, the
Czech Republic and the Slovak Republic. In 1991raitie broke away from the Soviet Union.
During the 1990s, the former Yugoslavia graduadigt lits territorial integrity, and a series of tivi
wars took place. Since the early 1990s two counffitingary and the Slovak Republic) began their
integration process with the European Union th&thinated in membership on 1 May 2004; Romania
joined the EU on 1 January 2007. Serbia is pa#iaig in the stabilisation and association process,
while Ukraine is a part of the EU’s recently deysd ‘Neighbourhood Policy’. Today, the five
riparian states continue to experience various $oofnthe transition from centrally planned to free
market economies. They are home to around 14 millieople, with high population densities in
lowlands and valley corridors and intensely utiiseans-Carpathian traffic routes.

Table 1.4 presents thbasic socio-economic data covering all five cowstiin the Tisza River Basin.
The Gross Domestic Product (GDP) and populationréig presented are normalised using the
population equivalent. In this case, the consideralifference in the GDP per capita figures can
shows a significant disparity in wealth. This bapgoetween the countries is reduced when GDP per
capita figures are expressed in Purchase PowdidR3gPPP).

Industrial production in the Tisza River Basin Dt has drastically dropped since the 1990s.
Populations have preserved cultural and econoraititions, especially in the mountains. Migration
has increased in recent years due to the scarfoitgik opportunities in the poorest areas of theibba
and offers in other parts that are more econonyickdi’eloped.
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Table 1.4.: General socio-economic indicators (data source: Competent authorities in the Tisza
River Basin unless marked otherwise)

Total GDP per

Number of GDP population capita GDP per capita

inhabitants in the

Tisza River (in million (in EUR per (in PPP EUR per
Country Basin~ EUR) (million) capita) capita)
Ukraine * 1,240,000 70,381 47.1 1,494 Not available
Romania**** | 6,095,000 38,908 21.7 1,795 5,264
Slovak
Republic** 1,670,000 33,1 5.4 6,15 14,35
Hungary 4,126,000 50,663 10.1 5,016 11,243
Serbia 810,000 8,628 9.0 959 not available

"1 date for year 2005

= SK Source — Statistical Yearbook 2005. Data reprethe year 2004 and are from preliminary quasterl
accounts (at current prices).

****Romania — source of information is 2004

" UNEP Rapid Assessment figures

3.6.1. Land use overview

Land in the Tisza River Basin is mainly used fori@agture, forestry, pastures (grassland), nature
reserves, as well as urbanised areas. &€ 6 on land uses)

The higher parts of the catchment, particularltha Slovak Republic and Ukraine and the higher
altitudes in Romania, are covered with (mainly daous) forest. The lower parts and floodplains are
used for intensive agriculture, except where lavgettands and traditional grazing areas exist.

The urban environment and related issues are gpimportance in the Tisza River Basin. Rapid
urbanisation within the region is putting additibmessure on the surrounding rural and natural
environment, including biodiversity and traditionahdscapes. As a consequence, most countries
today have large urban populations. For exampleome statistics show that approximately 65% of
the population in Hungary, and 60% in the Slovalpitdic, currently live in an urban setting. In
Romania the urban population was slightly lowemate than 50% of the total population.

The biggest cities in the Tisza River Basin are i$oara (304 000), Cluj- Napoca (320 000) and
Oradea (206 000) in Romania; Debrecen (205 000) Mrskolc (180 000) in Hungary; Kosice
(234 000) in the Slovak Republic; Subotica (147)00® Serbia and Uzhgorod (118 000) and
Mukachevo (82 000) in Ukraine.

3.6.2. Main economic sectors in the Tisza River Basin

3.6.2.1. Agriculture

Intensive agriculture is still practiced in the Ranian Plain, which includes both the middle and
lower Tisza regions. This has been made possiliéx afany rivers were canalised for irrigation
purpose, and wetlands were drained, resultingpeated severe flood damage in the Hungarian part
of the Tisza Basin. This has also led to an in@eassoil pollution and erosion, a loss of the
absorptive capacity during floods, additional agjtieral runoff and surface and groundwater
pollution. Flora and fauna diversity are also a#elcby the disconnection and drainage of floodglain
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along the Tisza and its tributaries. The situattoexacerbated due to the use of agrochemicalshwhi
run off into rivers and groundwater bodies.

The sharp decline in Hungarian crop productiorhim beginning of the 1990s was accompanied by a
decrease in the use of pesticides and fertilis&ith the increase of production since 1994, fextiti
consumption was resumed, but the use of pesticadrained very low.

Although the Pannonian Plain is very suitable faltication, the average precipitation on this aisea
not enough for intensive cultivation, and evapomttonsumes too much water. Due to this, natural
water deficiency occurs regularly and resourceshavbe substituted by man-made means. In the
southern part of the Slovak Republic, there arddods on the edge of the Pannonian Basin with
intensive agriculture. Most streams have been tsathhnd the water quality and conservation value
is considered poor. However, irrigated surfacesdameasing as a result of significant costs irsalv

in maintaining and extending existing irrigatiorsms. A similar situation is found in Serbia, wher
intensive agriculture is also practiced.

Past agricultural methods significantly altered thaditional agrarian structure of the region. In

general, agricultural lands were transformed irdetJarge-scale arable fields covering hundreds of
hectares in part of the Tisza River Basin. In #860s, this centralised method drained existing
wetlands, destroyed forests, increased soil eraanohdramatically altered the landscape in thealisz

region. During the last 10-15 years, agriculturadduiction, including plant production and animal

husbandry, has decreased in the Tisza River Baglrhage areas became fallow land. Agricultural
land does not have an optimal structure, with dereacupying a much too important position,

considering the soil and climatic conditions in basin.

Also, there has been a general decline in thetlieks particularly in cattle and sheep stocks.ha t
Ukrainian part of the Tisza River Basin, agricuitunas limited importance owing to unsuitable
natural conditions, producing only small amountsgofin, meat and milk for domestic needs.
Livestock breeding (based on seasonal pasturinmanintain meadows) is well preserved in the
Carpathians, although the cattle and sheep stamieased significantly during the past decade. dén th
southern part of the Slovak Republic, there isnigéeagriculture on the lowlands at the edge of the
Hungarian Lowlands. Since 1990, livestock breedivag significantly decreased in the Slovak
Republic (cattle by 41%, pigs — 43%, sheep — 2084ty — 4%). In Romania, big livestock farms
closed down in the 1990s. In 2002, the Hungarignagpid poultry stock decreased by 63 and 60%,
respectively, compared to the 1980 stockS#rbia, fishponds and pig and cattle farming are still
important for the local economylgble 1.5.)
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Table I.5. - Tisza River Basin agricultural area (ha) and livestock breeding

Country Agricultural area
Arable land Fruit trees, berries | Grassland, Vineyard Heterogeneous
(ha) plantations Pasture (ha) Agricultural areas
(ha) (ha) (ha)
8,300
Ukraine**** 200,400 (16%) | 14,100 (1%) 231,000 (18%) 4,800 (>14 o% 1%)
>1%
Romania 1,475,848 102,718 126,232 50,598 1,452,310
g:r\)/jlt;lic*** 489,650 2,658 96,508 3,926 145,983
Hungary 2,614,400 38,901 527,905 47,987 250,129
Serbia 791,000 9,000 54,500 5,500 35
Country Livestock
Livestock Livestock density
(thousands/year) (Livestock per hundred hectares of

agricultural area)

Ukraine****

194,600 (3,755)

42,400 (819)

Romania 1740.4* 135.1*
Slovak
. 106* 14,35
Republic***
Hungary 1,675/30 724* 48/883
Serbia 865,5 96,70
* Cattle, pig, sheep/poultry
bl All data from year 2002. Livestock in MEC (mae equivalent cow) units.
*kk

*kkk

Livestock in MEC (mature equivalent cow) units
UA comments: All data for year 2004, Agricultal area: in brackets % from total territory in BArt of Tisza;

Livestock: cows, pigs, sheep and goats (in brackgisultry only)
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Employment in agriculture
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Figure 1.2. Employment in Agriculture in the Tisza Countries

Employment in agriculture remains high in Romaraa 36%) and Serbia (at 27.2%), in Ukraine it
reaches almost 20%, while the least agrarian ci@snin employment are Hungary (at 5.4%) and the
Slovak Republic (at 5.8%) (see Figure 1.2.).

3.6.2.2. Industry and mining

Industrial production has also dropped drasticsilhice the 1990s. In the Tisza River Basin, the main
industrial regions are located in Romania and Hongalthough there are also some important
industrial facilities in Ukraine, the Slovak Repigbhnd Serbia. Due to the economic decline and
stagnation during the last decade, industrial sece now mainly oriented towards local resources.
In the Upper Tisza River Basin in Ukraine, for exden timber processing, furniture and food

production comprised 68% of the industrial outpu2D00. Currently, the mining and metallurgical

industries have an important share in the regiemanomy of the Tisza River Basin, as well as
chemical, petrochemical, cellulose and paper, feadile, and furniture industries.

The mining industry is well developed in the Tisza River Basin, notaibly\Romania. Non-ferrous
metals are mined in the Somes and Mures Sub-bakimsnajor Romanian tributaries to the Tisza.
Small-scale mining also occurs in the Ukrainiarzd@i®iver Basin section, with the extraction of ,salt
kaolin, mercury, gold, complex ores, zeolites ancks used as construction material. In the Slovak
Republic there are two mining sites of polymetatie® and its processing mining of salt and
construction materials and the Hungarian miningugty produces hydrocarbons, coals, industrial
minerals and construction materials.

However, the environmental risks involved in thestvities continue to raise concerns throughout
the region as many mining sites are significant@eaiof pollution and the development of additional
mines is envisaged.

The manufacture of basic metalds an important sector in the Slovak Republic veitsteel company

in Kosice. The chemical industry operates mostly in the Upper and Middle Tisza imghry
(Miskolc and Szolnok regions), in northern Romai@ituj-Napoca) - only pharmaceutical industry -
and in the southern part of the Slovak Republie¢Bv region). In recent years, production has been
reduced because of the lack of market demand itefagurope.The petrochemical industry,
including oil refinery, storage and transport (pipes), is an important sector in the Hungarian and
Ukrainian parts of the Tisza River Basin.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 33

The cellulose and paper industryis present in the Upper Tisza River Basin in thev&k Republic,
Romania and Ukraine, and the cellulose industriRomania and Ukraine. Thi@od industry is
mainly located in the Middle Tisza, although itékso a locally important sector in Ukraine and
Serbia. Production has also been reduced in thedasade.

The textile industry has developed quickly in the Tisza River Basin ttughe rapid transfer of
technology and expertise. Since 1999, Romania bas the Central and Eastern European leader in
textile exports to EU countries. The increasing dedhfor textile products represent an opportunity
to augment the land surfaces cultivated with flagd hemp, crops that are well adapted to the clonati
conditions of the Tisza River Basin. Use of modthnology reduces the textile industry’s impact
on the environment.

The furniture industry is one of the few economic sectors that maintasedsitive trade balance
after 1990 and shares an important part of thesindl output in the Romanian and Ukrainian parts
of the Tisza River Basin. Important investments aeeded in order to implement integrated
production cycles to avoid the degradation of theirenment due to subsidiary products, such as
sawdust. A number of related industries are reptesein the Tisza River Basin, such as leather
goods, porcelain and pottery, which is a large gyneonsumer.

3.6.2.3. Navigation

The Tisza River is used as a waterway from the idiaa-Hungarian border to the confluence with

the Danube — over 70% of the river’'s total lendgdlome Tisza tributaries are navigable on shorter
sections: the Bodrog River (along Hungarian stretect 15 km in the Slovak Republic), the Mures

River (25 km, or less than 5% of its total lengtthle Korés River (115 km in Hungary) and the

Bega/Begej River (presently 75 km in Serbia anétm5n Romania before 1967).

The regime of navigation on part of the Tisza Rifyesm the Danube confluence to Tokaj, is set by
bilateral agreement signed in 1955 by Yugoslavildangary. The agreement enacted a commitment
for common works on the waterway maintenance andrage, but waterway category and
navigational conditions were not prescribed.

The adoption of the European Agreement on MainnbhlgVaterways of International Importance
(AGN) in 1996 included the navigable waterway oa Wisza River up to Szeged in the European
network as an international waterway. This requtfes fulfilment of required criteria for class IV
waterways, including required water way depths ketw2.5 and 2.8 m and a minimal width of 75 m.
These conditions can be achieved along the Sepaigr(with the exception of some short stretches in
sharp bends, accounting for less than 2% of thal tength) at low of 95% duration, being
approximately 175fis.

3.6.2.4. Hydropower generation in the Tisza River Basin

There are about 35 hydropower stations within tleed River Basin with an output of greater than
10 MW. The total capacity of these stations is dv@rGW sed able I.6.

8 Danube Basin Analysis ( WFD Roof Report, 2004)
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Table 1.6. The Installed capacity and discharges of the hydropower stations

% of the total

Installed Installed power
capacity discharge generation in
Country (MW) (m¥s) the country
UA 32 50 0.0t
RO 1535.¢ 202( 34.01
SK* 96.4 19¢ 15
HU 395 86C 0.5
RS 0 0 0
Total 1703- 3123 N/A

* Comment : SK - % of the total power generatiopresents year 2005. Hydro Power generation deatease
from 20% in 1995 up to 15% in 2005

3.6.2.5. Forestry

Forestry is an important economic sector in theang of the Tisza River Basin, particularly in the
Slovak Republic, Romania and Ukraine (AP 7.). Forestry practices vary from country to
country and are not generally addressed in conpmatith water management issues, despite the
very close links to an integrated land use managerframework. The usual method of forest
exploitation is selective cutting. Clear-cuttingosrmitted only in some forest types and limitegbar

The average share of forest cover is 26%. It ixentrated in the northern and eastern part of the
basin, while there are only sporadic forest covérs Great Plain and clusters forests in the
Transylvanian Plateau.

Table 1.7. gives an overview on the Tisza River Basin forestexs.

Zakarpattia is one of the five regions of Ukrainéwihe largest forest stock area — its timber me=e
and forest coverage are the largest in the cowmdyit is hence a region rich in timber resourégs.
one time, relic forests covered some 76% of theadztia territory. At present this index is 40.2%
though the optimum coverage rate is acknowledgédx tbetween 50 to 63%. Forestry management is
one of the main branches of industries of the egithe area of the forest stock lands constitutes
53.8% to the total area of the region. At preskatd is some of 0,53 hectare of forests per capita
the Zakarpattia region while this index is 0,17fbaUkraine . On 1 January 2001, the total area of
the forest stock of the region constituted 694,0@@tares, including the lands covered by forest
vegetation.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 35

Table I.7. Forested area of the Tisza River Basin

Countries
Tisza River Basir Forested Country forested area
area area in the forested area share of total
(ha) Tisza River share of country  forested area of
Basin Deciduous  Coniferous Tisza River Tisza River

Country /country (ha)/country  forests (ha) forests (ha) Basin area (%) Basin (%)

UA 1,273,200 694,000 467,200 180,800 54.5 16.1

RO 7,262,000 2,294,919 1,685,385 368,888 31.6 53.2

SK* 1,524,700 622,940 475,662 147,279 40.8 155

HU 4,621,300 683,025 No data No data 14.8 15.8

RS 1,037,400 17,460 No data No data 1.7 0.4

Total 15,718, 600 4,312,344 N/A N/A - 100

** _ size of deciduous forest in S#omprises deciduous and mixed

Forest logging is one of the main economic actsitin the uplands and along the lowlands of the
Tisza River Basin. The increased economic reliarcéorestry has been exacerbated by a decline in
work opportunities in transitional economic systenihe conventional approach to forestry
management, focused on trees rather than ecosysteso$ied in significant environmental impacts.
Currently, the intensity of logging is having negatimpacts on the retention capacity of the
landscape, which in turn, may exacerbate the fluppgiroblem. Deforestation also endangers the
water quality of the Tisza River and its tributariend impacts biodiversity through the loss and
change in habitats. In addition, there is a lackso$tainable techniques for forest logging, and
inappropriate equipment used for logging as welloasfforestation endangers the future of forestry
in the region. Unsustainable logging in mountainaresas also increases the propensity for landslides
endangering human settlements.

3.6.2.6. Tourism

The Tisza River Basin has a complex and valuahleésim potential, as well as diversified tourism

facilities. The main limitation for this sector'ewklopment is poor infrastructure and, for the most
part, very low development in terms of standarétiissand expertise. Transportation, lodging and
accommodation facilities need to be developed deonto make use of the natural potential of the
region.

The Carpathian Mountains, which occupy large anedke Slovak Republic, Ukraine and Romania,
have been identified as a possible region for smudevelopment. Geomorphologic landscapes with a
great natural potential, such as the Apuseni andzZae Mountains National Parks and the Pietrosul
Rodnei Biosphere Reserve (all in Romania), have lattracted hikers and skiers to the mountains.
Salt mines and lakes as well as thermal minerag¢magirings provide the basis for health tourism. In
addition, efforts have been made in recent yeadetelop fishing (in the Middle Tisza) and rural
tourism (in the Maramures), but their developniead been slow.

In general, the urban tourist infrastructure in Thgsza River Basin region is dominated by hotels of
various levels and capacities, concentrated inntfaén cities of the region. Small-scale tourist

accommodation, like motels and camping sites, #uated along the major roads, and cabins are
found in the mountains. In addition, there is a egtdystem of family-owned rural pensions, related
to the rural habitat.
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There are also several monuments in the Tisza RBasin region which are impressive
architecturally and historically, such as the aallthistorical sites and treasures of medieval town
and museums and Dacian and Roman ruins in the Ramarea of the Tisza River Basin.

Tourism plays an important role in this part of bike. The Carpathians and Crimea are the most
popular tourist destinations for Ukrainians. Larafse diversity, close proximity to the border with
Hungary, Romania, the Slovak Republic and Polamtithe cancellation of visa requirements make it
increasingly attractive for foreign tourists. Thegion is famous for many spa resorts, and ski $ouri

is well developed in the Carpathians. During recgsdrs, many small hotels have been opened.
Nevertheless, the tourism infrastructure, as wehoads and border check points, must be developed.

In the Slovak Republic the Zemplinska Sirava Resiebenefits from international water tourism
and the Palcmanska Masa, Ruzin and Domasa Reserw@rnationally significance. Recreational
fishing is popular on many smaller reservoirs atrétshes of rivers. Caves also draw visitors,
including the Ochtinska, Gombasecka, Domica, Jasgv®obsinskd and’adova caves. Two
significant spas are located in the Slovak Repultlie balneoterapeutic spa in Bardejov and the
climatic spa in Stos. Mountains provide hiking akilng opportunities, mainly in Upper and Middle
Hornad and Hnilec.

The National Regional Development Plan of Hungasysiders tourism to be one of the priority
sectors in the country, including four distinguighparts of the Hungarian Tisza Valley, such as:

» recreational sub-region of high priority (Matra-Bikountains, including 69 settlements),

« recreational sub-region (Budapest surroundings gdjisza section, Middle-Tisza section,
Szolnok Tisza section, Tisza-Ko6ros aea, Cserhasanoundings, Zemplén, Aggtelek and
surroundings, with 478 settlements),

« areas with recreational capacity,

« areas without recreational capacity.

Hunting is possible in several locations, and manimal species exist locally that are no longer
found in other parts of Europe. Fishing is popwarnatural rivers (such as the Tisza and Timis),
canals, lakes and ponds (such as the Ecka, RibéminKnezevac and Orom).

In addition, ecotourism and spa tourism are rapigiyeloping.
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Part Il - Water Quality

4. Characterisation of surface water bodies

41. Identification of surface water categories

The first step in the analysis is the identificataf the surface water categories.
The following surface waters have been selectethfobasin-wide overview:

» all rivers, heavily modified waters with a catchrnsize grater than 1 000 km?
« all natural lakes with an area greater than 10 km?
» artificial water bodies, which are mainly canals

List of surface water bodies, which have been atalliin these chapters are give AMNEX 5.

4.2.  Surface water types and reference conditions

4.2.1. Ecoregions in the Tisza River Basin

The Tisza River Basin covers two ecoregions (Bakle 11.1). Ukraine, Romania and the Slovak
Republic have territories in both ecoregions. Thengthrian and Serbian parts of the Tisza River
Basin belong to ecoregion 11 (Hungarian Lowland).

Table I1.1 Ecoregions in the Tisza River Basin

Ecoregion Countries with territories in the Tisza River Basin

10 — The Carpathians Ukraine, Romania, the Sl&®ebublic

11 — Hungarian Lowlands Ukraine, Romania, Hungtry,Slovak Republic, Serbia

In three countries — Hungary, Ukraine and Romania@ceregions were divided into smaller
geographical regions to address differences inr riypes based on diverse landscape features or
variation in the natural vegetation or aquatic camities.

Hungary subdivided ecoregion 11 (Hungarian Lowlamup five sub-ecoregions based on the
topography and the (hydro-)geochemical characterthef region. Physical-geographical zoning
commonly used in Ukraine based on landscape — igesygbroach correspond to ecoregions. For the
eastern part of the ecoregion 10 (The Carpathidng) sub-ecoregion “Ukrainian Carpathians
physical-geographical province (including 4 phybkgaographical regions)was delineated. For the
ecoregion 11 (Hungarian lowland) the sub-ecoregitakarpattia lowlands physical-geographical
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region was delineated. Romania introduced a new-esaobegion within ecoregion 10, the
Transylvania Plateau, an inner mountain area thaws differences in altitude, geomorphology and
in the macroinvertebrate communities. For this saatwo sub-ecoregions or bio-ecoregions were
delineated for ecoregion 10 and six for ecoregibifskeTable 11.2).

Table 11.2 Sub-ecoregions or bio-ecoregions in the Tisza River Basin

Ecoregion Country Sub-ecoregions or bio-ecoregions

10 Ukraine Ukrainian Carpathians physical-geographical prozin®ododilno-
Verkhovynsky, Polonynsko- Chornogorsky, Rakhivsko-
Chivchinsky and Volcanic Intermountain physical-gephical

regions
Romania Carpathian Intramountain area
11 Ukraine Ukrainian Carpathians physical-geographical prozifgakkarpattia

lowlands physical-geographical region

Hungary Mountainous regions with calcareous character

Mountainous regions with siliceous character

Hilly regions with calcareous covering layers

Plains with calcareous covering layers

Peaty areas

422, Rivers

4.2.2.1. Typology of the rivers in the Tisza River Basin
Typology Systems used in the Tisza River Basin

Most countries in the Tisza River Basin (Ukraineniania, Hungary and Serbia) applied System B
according to Annex Il of the Water Framework Direet(WFD). Only the Slovak Republic used
System A.

The common factors used in all Tisza River Baspolygies are the obligatory factors of System A:
ecoregion, altitude, catchment area and geologyTable 11.3). But most of the countries amended
the classification according to their national rieguents. Their use in the Tisza River Basin is
described below.

Table 1.3 Obligatory factors used in river typologies

Descriptor  Country Class boundaries

altitude WFD 0-200 m 200-800 m >800 m
Ukraine 0-200 m 200-800 m >800 m
Romania 0-200 m 200-500 m 500-800 m >800 m
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Descriptor  Country Class boundaries
Hungary 0-100 m 100-200 m 200-500 m >500 m
Slovak Republic| 0-200 m 200-500 m 500-800 m >800 m
Serbia 0-200 m 200-500 m 500-800 m >800 m

catchment | WFD 10-100 knm 100-1,000 krh | 1,000-10,000 km? >10,000 km?2

area Ukraine 10-100 kfh | 100-1,000 krh | 1,000-10,000 km# >10,000 km?
Romania 10-100 kin | 100-1,000 krh | 1,000-10,000 km? >10,000 km?2
Hungary 10-200 ki 100-2,000 krh | 1000 -12,000 k| >10,000 krf
Slovak Republic| 10-100 Kkm | 100-1,000 krh | >1,000 km?

10-100 100-1,000 1,000-4,000 | 4,000-

Serbia km? km? km? 10,000 kmz| >10,000 kin
geology WFD siliceous calcareous organic

Ukraine siliceous calcareous organic

Romania siliceous calcareous organic

Hungary siliceous calcareous organic

Slovak Republic| mixed

Serbia siliceous calcareous organic

Altitude

Ukraine applied the size-classes according to Anthedf the WFD. The other countries set an
additional class boundary at 500 m. Since moshefHungarian territory is located in the lowlands,
class boundaries were adapted in this regard.

Catchment area

In general, the size classes of System A were egplHungary, the Slovak Republic and Serbia
introduced other class boundaries than those steghasthe WFD. Hungary established overlapping
class boundaries accounting for the continuous gdmmbserved in natural systems. Large rivers
were not differentiated into several size classethé Slovak Republic. All rivers greater than 0,00
km2 were pooled in one size-class. Serbia defimeddditional catchment area boundary at 4,000
km2.

Geology

The WFD delineates three main categories for ggolsgiceous, calcareous and organic. These
categories were refined by most of the countrié® Flovak Republic only used the category ‘mixed’
in their typology system.

Optional factors

Countries using System B used different optioneldis to further describe the river types. With six
descriptors Romania employed the highest numbeopdional factors (mean water slope, river
discharge category, mean substratum compositiomnnag temperature, precipitation and yearly
minimum specific monthly flow with 95% probabilityAll other countries used mean substrate
composition as the only optional factor within th8ystem B typology (s€Eable 11.4).

Channel substrate is defined differently by thentoas. Both Ukraine and Romania specified the
substrate diameter (d) to differentiate size clasbeat boundaries were different: Romania defined
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blocks with d >200 mm, boulders with d = 70 to 206, gravel with d = 2 to 70 mm, sand with d =
0.05 to 2 mm, silt with d = 0.05 to 0.005 mm anayclith d <0.005 mm. Ukraine delineated gravel
and pebble with d < 70 mm, pebble and boulder @ith70 to 150 mm and boulder with d > 150 mm.
Hungary and Serbia differentiated the substrate siasses ‘fine’, ‘medium’ and ‘coarse’. For the
Hungarian system fine substrates are ‘mud’, mediuivstrates are ‘sand’ and coarse substrates are
‘cobbles and pebbles’. In Serbia a mixture of ckilf, sand and gravel is fine substrate, a mixafre
sand, gravel and cobbles is medium substrate ameklgrcobbles and boulders constitute coarse
substrates.

Table I1.4 Optional factors used in the river typologies by countries using System B

Descriptor Country Class boundaries
mean water slope Romania <10 p.m. 10-40 p.m. >40 p.m.
high: average: minimum:
river discharge’ Romania >30 I/s km? 3-30 I/s km? <3 I/s km?
Ukraine gravel-pebble pebble-boulder boulder
Romania blocks | bouldergravel | sand silt clay
mean substratum Hungary coarse medium fine
composition Serbia coarse medium fine
mean air temperature  |Romania high: >8 °C average: 0-8 °C low: <0 °C
abundant: average: reduced:
precipitation Romania >800 mm 500-800 mm <500 mm
yearly minimum specific
monthly flow with 95% high: average: minimum:
probability Romania >2 I/s km? 0.3-2 I/s km? <1l/s km?
422.2. Typology of the Tisza River

The Tisza flows through or borders on the terr@srof five countries: Ukraine, Romania, Hungary,
the Slovak Republic and Serbia. These countriegdelivthe Tisza River into eight types (see
Table 11.5) and the typologies of the Tisza River were indiglly developed by the countries.
Adjustment or harmonisation on the internationaklehas not yet been completed. Therefore, five
types were identified for the Upper Tisza: Ukradedineated three types and both Romania and the
Slovak Republic one type. For the Middle Tisza twpes were delineated by Hungary, and for the
Lower Tisza one type was delineated by Serbia.

As a future step, types must be further agreed lpgdween the border countries.

° In case of Romania - the multiannual mean speftifiv
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Table 1.5 Stream types defined for the Tisza River

Country Name of the types

UA_2C: Large rivers, low mountains, calcareous

UA_1C: Large rivers, lowland

Ukraine UA_1D: Very large river, lowland

Romania RO_06: Stream sector with wetlands in hilly or ptat area

HU_14: Very large calcareous lowland stream

Hungary HU_20: Very large calcareous lowland river
Slovak Republic P1V_BlLarge streams in Hungarian lowland
Serbia RS_Typl.1: Very large rivers, lowland, siliceousgfsediments

4.2.2.3. Typology of the relevant tributaries in the Tisza River Basin

In total, 40 stream types have been defined avaelerivers of the Tisza River Basin with catchment
greater than1,000 km? (s@able 11.6). All stream types at relevant rivers are listadANNEX 6 .
This includes the eight types for the Tisza Rivself.

Table 1.6 Number of stream types defined in the Tisza River Basin
Number of stream types defined

Country for the relevant rivers in the Tisza River Basin
Ukraine 7

Romania 12

Hungary 11

Republic Slovak

Serbia

Total number of types 40

The types of the Tisza River Basin are evenly ifisted on both ecoregions (s€able 11.7). Only
three types were delineated for the altitude claisgreater than 800 m. The other types were
described for the low and medium altitude range. dach small, medium and large river the same
approximate number of types was defined, considehat small and medium-sized rivers are merged
in the Romanian typology. For very large riversyofbur types were differentiated. The ratio
siliceous to calcareous stream types is approxignaté, only a few types were described as being of
mixed geology.
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Table 1.7 Number of types per ecoregion, altitude, catchment size and geology class

Countries
Slovak Total

Ukraine  Romania Hungary Republic Serbia number
Ecoregion
Ecoregion 10 5 7 - 6 - 18
Ecoregion 11 2 5 11 1 3 22
Altitude
<200 m 2 5 8 1 3 19
200-800 m 3 6 3 6 - 18
>800 m 2 - - - 3
Catchment size
small rivers 2 3 2 -
medium-sized rivers |2 5 3 2 1 20
large rivers 2 7 3 3 1 16
very large rivers 1 - 2 - 1 4
Geology
siliceous - 12 - - 3 15
calcareous 7 - 11 - - 18
organic - - - - - 0
mixed - - - 7 - 7

4.2.2.4. Reference conditions

Annex Il 1.3 (i) of the WFD prescribes that for kasurface water type, type-specific
hydromorphological and physico-chemical conditishall be established representing the values of
the hydromorphological and physico-chemical quadiigments specified for that surface water type
at high ecological status. Type-specific biologia®ference conditions shall be established,
representing the values of the biological qualigmeents for that surface water type at high ecckgi
status.

The Danube River Basin countries agreed on gewetalia as a common base for the definition of
reference conditions (sefnnex 7). These have then been further developed by thataes of the
Tisza River Basin on the national level into typedfic reference conditions.

The definition of reference conditions was basethenfollowing approaches:

» gspatially based approach using data from monitcsites,

» approach based on predictive modelling,

» definition of temporally based reference conditiarsing either historical data or palaeo-
reconstruction, or

» use of expert judgement (where none of the abowthads were possible).
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Spatially based reference conditions and expeggueent were the two methods predominantly used
in the Tisza River Basin. Methods were also combimederive reference conditions.

Use of spatially based data from monitoring sites

The method is based on the use of existing sitéégbf ecological status. In the Tisza River Basis (

in other European river basins) only a few refeeenites are available which fulfil all the criteria
mentioned iINANNEX 7. Especially in the lowland, and for large riversdisturbed reference sites
no longer exist. Therefore, the description of mefiee conditions was based on best available sites
for these types. This method was used by all casto describe the reference conditions for benthi
invertebrates, phytoplankton and the fish fauna.

Use of expert judgement

In addition to spatially based reference sites,tneosintries applied expert judgement for deriving
reference conditions for respective biological gyaklements and the physico-chemical and
hydromorphological elements.

Historical reconstruction

Historical data were frequently applied to definéerence conditions for benthic invertebrate
communities, the fish fauna and hydromorphology.

Predictive modelling

Predictive modelling was used to define macrozotitmnand phytobenthos reference conditions in
the Slovak Republic. Ukraine and Serbia applied #gproach for defining the physico-chemical
aspect of the references.

Biological quality elements

The Tisza River Basin countries defined referenomditions for all relevant biological quality
elements, however ‘macrophytes and phytobenthose wet described by Ukraing&dble 11.8).

The Tisza River Basin countries used different datlve parameters to describe the reference
conditions forphytoplankton: Taxonomic composition was applied by all courgriBbundance is
considered by all countries except Ukraine. Thev&@toRepublic additionally used phytoplankton
biomass. The Saprobic Index applied to phytoplamkiaxa is used by Romania for reference
definition.

For the biological elementriacrophytes and phytobenthosall countries, except Ukraine, defined
the reference conditions for taxonomic compositaomd abundance. Romania defines reference
conditions for phytobenthos; the description of ropbytic references is under development.
Hungary used abundance only for macrophytes, wBiebia defined this parameter only for
phytobenthos. Furthermore, Serbia added the paeamlieersity to the description of reference state.

The variables of taxonomic composition, abundaddegrsity and the ratio sensitive to insensitive
taxa were used by all countries to define referarm@litions forbenthic invertebrates Romania
defines type-specific reference values for the &ziprindex and for various other metrics, suchhas t
total number of taxa, percent of Plecoptera taxhtha Mayfly Average Score.

Reference values for tHféesh fauna were used by all countries, but different indieatparameters
were applied: Taxonomic composition was definedalbbgountries. Age structure was considered by
Romania, Hungary and Serbia. In addition Serbiariteed fish diversity in reference state. The ratio
‘sensitive to insensitive fish taxa’ was applied Wkraine and Romania. In the Slovak Republic the
definition of fish fauna references is in preparati
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The hydromorphological and physico-chemical reference conditions for rivers were defined by
Ukraine, Hungary and Serbia. For both the SlovaguRéc and Romania the definition is still under
development.

Table 11.8 Definition of reference conditions for different indicative parameters of biological
quality elements (x — parameter applies to quality element)

T
N g g
c 9 8 2
§ g c 2 223 4
c o © 0 =20 % ©
SEZ ¢ 239 §
Ss88 5 3= & &
Ukraine Phytoplankton X X
Macrophytes and Phytobenthos
Benthic Invertebrates X X X X
Fish Fauna X
Romania Phytoplankton X X
Macrophytes and Phytobenthos X X
Benthic Invertebrates X X X X
Fish Fauna X X X X
Hungary Phytoplankton X
Macrophytes and Phytobenthos x| 1 x
Benthic Invertebrates X X X
Fish Fauna X X X
Slovak Republic Phytoplankton X X X X X
Macrophytes and Phytobenthos X X X X
Benthic Invertebrates X X X X
Fish Fauna X X
Serbia Phytoplankton X X
Macrophytes and Phytobenthos x| 1 x|x
Benthic Invertebrates X X X
Fish Fauna X X X X

! only Macrophytes

4.2.3. Lake typology

The elaboration of lake typology is in progress.

4.3. Identification of surface water bodies

4.3.1. Water bodies in rivers

According to Annex Il 1.1 WFDMember States shall identify the location and bdares of bodies
of surface water...”“A body of surface water means a discrete and sogmf element of surface
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water such as a lake, a reservoir, a stream, rigercanal, part of a stream, river or canal, a
transitional water or a stretch of coastal watgiArt. 2. 10. WFD).

Water bodies must be clearly identified, and cartaies apply for their delineation. For this ialti
characterisation water bodies may also be aggrdgatdorm groups of water bodies of similar
character. The surface water categories have hdmmtified in Chapter 4.1. The water bodies
described here refer to the Tisza River Basin deernmap (sedlap 1), such as to those relevant on
the basin-wide level. All other water bodies aralteith in detail in the National Reports (Part B)
Ukraine has not finalised the identification of esbodies.

Some 16 water bodies were identified on the Tisz@rRThe number of water bodies on the Tisza
varied per country — seven delineated on the Huaggpart of the Tisza and only one on the

Romanian and Slovakian part. This means that thee i the water bodies also varies significantly.

The smallest water body on the Tisza is only 5 &ngl(Slovak Republic) and the longest is 159 km
(Hungary).Table 1.9 andll.10 give an overview of the number of water bodiesiidied on rivers.

So far, 203 water bodies have been identified enttibutaries on the overview scale. Romania has
the largest number of water bodies but also thgektrpart of the basin. The mean length of water
bodies is 37 km on the tributaries and 62 km oriilsea.

Table 11.9 Number and lengths of water bodies at the Tisza River

country number mean length [km]  min [km] max [km]
Ukraine 5 35.5 13 75
Romania 1 61 - -
Hungary 7 83.5 21 159
Slovak Republic 1 5 - -
Serbia 2 80.5 63 98

¥ 16

Table 11.10 Number and lengths of water bodies at tributaries of the Tisza River Basin

country number mean length [km]  min [km] max [km]
Ukraine 17 34 6 65
Romania 100 38.5 1 142
Hungary 43 39.5 7 94
Slovak Republic 30 34 5 91
Serbia 13 39.5 13 81

¥ 203

4.3.2. Water bodies in lakes

Two natural lakes greater than 10%were identified on Tisza Basin wide level: the =i Fehér
Lake and the Fured-Kocsi Reservoir.

MAP 8 shows the surface water bodies identified in tiszd River Basin.
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4.4, Identification of significant pressures

4.4.1. Overview of significant point and diffuse source pollution

ICPDR Emission Inventories

The necessity to analyze pressures and impadtgésisn Article 5 of the WFD and requires, forleac
river basin district, an analysis of its charasties, review of the impact of human activity oa #tatus
of surface waters and groundwater, and an ecoramaiysis of water use.

Through the ICPDR emission inventories many inpatameters have to be collected at a specific
investigation area based on reporting requirememisring all potential sources of pollution to wate
and types of sectors (municipal, industrial anaagdustrial).

The ICPDR uses a systematic approach in line withdgulations to collect and calculate emissiom dat
for the whole Danube River Basin to create a systdnich is able to compile emission inventories
basin-wide and deliver results in easily accessiht&user-friendly forms.

Point sources of pollution

The same approach used for the Roof Report for BaAmalysis 2004 has also been used for Tisza
River Basin — the Tisza countries contributed tatiie emission inventories for their part of tlasih.
The reference year of the data in the emissiomiavies is 2005.

The values in the emission inventories were det@thias loads for individual plants, based on
continuous or periodic measurements. All municipalirces with more than 10,000 PE (population
equivalents) have been included in the emissioantory. The inventory of industrial discharges take
into consideration the most relevant types of itgu$ood, chemical, pulp and paper, fertilisernmg,

iron and steel, metal surface treatment, textdather industry and large agricultural plants. diect
industrial discharges, which are bigger than 2a@DD or 1 ton/a BOD has been reported according to
EPER®. All agricultural emissions from agricultural soas (farms) with more than 2,000 pigs, more
than 30,000 chicken, more than 2,000 dairy cowsname than 1,000 sheep have been considered. For
agricultural sources, the main parameters are: CBIL), NH,-N, total P, suspended solids, total N,
total dissolved solids, sulphides, detergents, plsen

Additionally, reporting to the ICPDR List of prityisubstances is included.

Diffuse sources of pollution

The MONERIS (MOdelling Nutrient Emissions in RIv8ystems) model allows for the estimation of

nutrient emissions to the surface water on a vamyel geographical scale and provides quantification
of nutrient emissions to the surface water at thtetanents level, in order to optimally support the

river basin approach. Whereas point emissions freastewater treatment plants and industrial
sources are directly discharged into the river§usie emissions into the surface waters reflect the
sum of different pathways. Seven pathways are takenconsideration: point sources; atmospheric
deposition; erosion; surface runoff; groundwatéle trainage and urban surface water runoff.

Estimates of diffuse sources of pollution in thesZB River Basin would be available once the
MONERIS update for 2005 is finalised.

10 European Pollutant Emission Register (EPER), Europedlutant Release and Transfer Register (E-PRTR)
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4.4.1.1. Significant point sources of pollution

The assessment of significant pressures in theaTieer Basin is based on the ICPDR Emission
Inventory for Tisza River Basin and the same aatéo define what is significant at the basin level
for the Danube River Basin Roof Report 2004 hawenhesed.

The identification criteria for the significant poisources for the basin-wide overview are given in
Table 11.11. These criteria, (refined for the Danube Roof Re@004) refer especially to substances
mentioned in Annex VIII of the WFED, to the Urban Stewater Treatment Directive (91/271/EEC),
to the Integrated Pollution Prevention and Contbalective (96/61/EC) and to the Dangerous
Substances Directive (206/11/EC former 76/464/EEC).

The thresholds used for defining significant paource pollution should be further discussed and
agreed upon for the Tisza River Basin.

Table 11.11.: Definition of significant point source pollution on the basin-wide level'!

Discharge of Assessment of significance

Municipal wastewater

Any municipal wastewater from Not significant
Agglomerations with < 10,000 PE
WWTPs with < 10,000 PE

Untreated municipal wastewater from Significant
Agglomerations with > 10,000 PE

Only mechanically treated municipal wastewater from Significant
WWTPs with > 10,000 PE

Mechanically and biologically treated municipal vexgater without | Significant if at least one parameter is
tertiary treatment from exceeded:

WWTPs with > 100,000 PE —-BOD' >25 mg/l Q
-CcoD >125mg/l Q
— Neta? > 10 mg/l N**
—PRow? >1mg/lP

Industrial wastewater Significant if at least one parameter is
exceeded:

-CcoD >2td

— Pesticideb > 1 kg/a

— Heavy metals and compoufids
Asor > S kgla

Cdota >5kgla

Crota > 50 kg/a

Cuota > 50 kg/a

Howot > 1 kg/a

Nia > 20 kg/a

™ Discussion on further criterias to define sigrific point source pollution in Tisza Basin wide leiseunder
development (e.g. mechanically and biologicallyateel municipal wastewater without tertiary treattrieom
WWTPs with 10,000 PE — 100,000 PE will be also @ered during further assessments)
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Discharge of Assessment of significance

Phow > 20 kg/a
Zn > 100 kg/a

Wastewater from agricultural point sources

Significant if at least one parameter is
(animal farms)

exceeded:
New® > 50,000 kg/a
Powt > 5,000 kg/a

WWTP = wastewater treatment plant

! According to Table 1 of the EU Urban Wastewatesatiment Directive, 91/271/EEC
2according to Table 2 of the EU Urban Wastewateaffnent Directive, 91/271/EEC
**) Equivalent to 13 mg/I N in Germany, due to 2breposite sample monitoring

3 Threshold as in the EMIS inventory for industdigcharges 2000

4 Thresholds water in kg/year as in the EPER

5 Threshold as in the EPER (EMIS inventory for paigticultural sources 2002)

Within this report the focus of the analysis istbe significant point sources of pollutiofable 11.12
gives an overview of the significant point sourcimtified in the Tisza River Basin.

Table 11.12: Significant pressures( point sources) in the Tisza River Basin (based on the agreed

ICPDR criteria)
Countries Municipal Industrial Agricultural
Ukraine L 0 0
Romania 22 25 2
Slovak Republic 1 1 0
Hungary 11 7 0
Serbia* 16 6 0
Total 51 39 2

* Municipal and industrial point sources discharf@sTisza River Basin in Serbia are only estimated

Significant point source pollution from organic sulstances and nutrients

Table 11.13. shows the results of the point source inventoryther Tisza River Basin for the year
2005 indicating the loads of COD, BOD, N and P ifmlividual municipal wastewater treatment
plants.

Table 11.13: Municipal point source discharges of COD, BOD, total nitrogen and phosphorus in
the TRB (based on ICPDR Emission Inventory data of 2005)

Point Source discharges from Municipal sources

Country BOD(t/a) COD(t/a) N(t/a) P(t/a)
Ukraine 558 820 145 117
Romania 12275 30092 5094 685
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Point Source discharges from Municipal sources

Slovakia 230 667 401 64
Hungary 6896 13507 2501 311
Serbia* 660 1198 15 5
Totals 21,285 48,234 8,821 1,264

* Municipal and industrial point sources discharf@sTisza River Basin in Serbia are only estimated

4.4.1.2. Significant sources of nutrients (point and diffuse) including land use patterns

Present state of the nutrient emissions from poindischarges

The specific P point discharges reflect, not ohly $tate of the P elimination in wastewater treatme
plants, but also the existing use of phosphorudeitergents, and discharges from direct industrial
sources, as well as the amount of the populationected to wastewater treatment plants.

According to the MONERIS modelling results of baseddata representing the period from 2002 to
2004, the nutrient inputs by point sources intodhdace waters of Tisza Sub-basin are:

Emissions of Phosphorus 2636 t/a P
Specific Emissions of Phosphorus 0.50 g/(inh.d) P
Emissions of Nitrogen 14044 t/a N

Specific Emissions of Nitrogen 2.67 g/(inh.d) N

Table 11.14.: National average nutrient inputs by countries in the period 2002-2004

P specific N specific

emissions P- emission N -

from point point from point point
Country sources sources TotP sources sources TotN

g/(inh.d) P tly tly g/(inh.d) N tly tly
Ukraine 0.26 121 684 1.06 499 14467
Romania 0.63 1171 3222 4.82 8995 46647
SlovakRepublic | 0.27 142 698 1.86 969 12058
Hungary 0.59 1194 3147 1.74 3520 22738
Serbia 0.02 8 463 0.17 63 2689

These specific discharges are calculated baseteototal population living within the Tisza Basin
and reflect two effects: the level of nutrient ehation in the municipal and industrial wastewater
treatment plants and the level of population coteteto wastewater treatment plants.

Land use patterns and agricultural indicators

The Tisza River Basin is characterised by largaligras of anthropogenic and natural indicators,
which are important for affecting nutrient inputda the river system. One indicator for the level o
the diffuse emissions of substances can be thedaedvithin the basin and its regional distribution
Sources of information are results of the MONERMBl&ation and the available CORINE land cover
map.
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Besides being influenced by the land use itsed,l¢vel of the emissions into the surface watera of
river system is also dependent on the intensitthefland use. Because agricultural activities are a
main source for the diffuse nutrient emissions thiriver system, it is important to show diffecen

in intensity of use on a unique statistical databas

According to the FAO agricultural statistics foetmdividual countries for the years 1998 to 2000,
the use of mineral fertilisers in agriculture iretBlovak Republic and Hungary is low to moderate,
between 25 and 50 kg/ha/a N. In all other counttieslevel of mineral fertiliser consumption is
significantly below 25 kg/ha/a N.

Total Nutrient emissions

An overview on the total emissions (point and difusources) into the river system of the Tisza is
given below:

Emissions of Phosphorus 8213 t/laP
Specific Emissions of Phosphorus 526 g/haa P
Emissions of Nitrogen 98599 t/a N
Specific Emissions of Nitrogen 6.31 kg/haa N

After MONERIS recalculations in 2007, the estimatimr the origins of nutrient pollution can be
summarised based on the reference year 2004 anshé&igure 11.1:

N - sources: 98.6 ktly P - sources: 8.2 ktly

Urban
system
70%

Urban Background
System 8%
30%

Other
sources
1%

Agriculture
49%

Figure I1.1. Estimation of the origins of nutrient pollution after recalculations from MONERIS
(2007) based on reference year 2004
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Table 11.15: Sum of total specific nutrient emissions into country parts of the Tisza River Basin in
the period 2002-2004 from MONERIS (2007)

sun sur

specific Jecific
Country amission missior

yhaaP <g/haaN
Ukraine 536 11.33
Romania 451 6.53
Slovak Republic 441 7.63
Hungary 694 5.01
Serbia 426 2.47

4.4.2. Other significant anthropogenic pressures in the Tisza River Basin

4.4.2.1. Accidental pollution

4.4.2.1.1. Analysis of Accidental Risk Spots (ARS)
Regional inventory of potential accidental risk spts in the Tisza River Basin

As a follow-up to the Baia Mare cyanide spills iaay 2000, the Tisza River Basin government
representatives from Romania, Hungary, Ukraine #rel Slovak Republic — at a Tetra-lateral
Commission meeting held in Cluj, Romania, on 23Mdy 2000 — agreed to prepare national
inventories of potential accidental risk spotsjuding their mapping, for the Tisza Basin. The mode
adopted for the inventory was based on the prewtassification of installations posing a danger of
accidental water pollution in the Elbe catchmernt¢aarThe map of potentially high-risk spots,
industrial hot spots and tailing ponds in the TisZ&er Basin was made in August 2000. The
Accidental Risk Spots inventory was finalised in020for most Danube countries and updated in
2003 with contributions from Austria and Bosnia a&herzegovina. An update of the Accidental Risk
Spots inventory based on data from 2005 in now uddeelopment.

4.4.2.1.2. Accident Emergency Warning System of the Danube River Basin

The general objective of the Accident Emergency Mfey System (AEWS) is to increase public
safety and protect the environment in the evemtcofdental pollution by providing early information
for affected riparian countries. Participating ctigs established Principal International Alert
Centres (PIACs) to distribute the warning messadleeainternational level.

The procedures for the AEWS operation are desciiibékde International Operation Manual, which
is translated into the national languages of thauba countries. The Danube AEWS is activated in
the event of transboundary water pollution dangeif avarning threshold levels are exceeded. The
AEWS operation has been tested many times duringuaDanube alerts.
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4.4.2.2. Mining activities in the Tisza River Basin2

The subchapter gives an overview of mining acegitand their related environmental impacts in the
Tisza River Basin.

The mining industry is well developed in the TiR&ver Basin. Mining for non-ferrous metals
generates much needed income along the Somes ames MBub-basins, the major Romanian
tributaries to the Tisza River. The mining indusitiys been developed in some mountainous areas
like the Maramures, Gutai and Apuseni Mountairfes Tndustry offers employment for ten thousand
local inhabitants, but also constitutes a seriaisrgial for soil and water pollution.

In Romania at present, mining activity is sevenayguced as several mines are closed and other
mining sites will be closed in the future. Also,camding to the Romanian — EU Adhesion
Memorandum/Ro-EU Common Position and to Romanigislkgion, the mine waste rock storage in
non ecological dumps/piles has ceased, exceptfeaw avhich have obtained a transition period.

Among the riparian countries, Romania has the rdestloped mining and ore processing industry
due to its significant deposits of copper, leaaczigold, silver, bauxite, manganese and iron ore.
Copper is mined in two districts in the Tisza Riasin, both in Romania. Lead and zinc are
produced at underground mines in Baia Mare, Bais&dCerteze - Socea and Rodna districts. The
regional production of alumina was performed by @adea refinery (since 2006, this company has
temporarily ceased its activity). Gold resourcesthe Tisza River Basin region are mainly
concentrated around the cities of Baia de ArieagdBBacarimb and Zlatna. Uranium deposits are also
found in the Romanian part of the Tisza River Bakwgated in the Western Carpathians (Apuseni
Mountains).

Small-scale mining also occurs in the Ukrainiantisecof the basin, with the extraction of salt,
kaolin, mercury, gold, complex ores, zeolites amtks used as construction material. There are three
types of mines in Ukraine:

* There are many mines for building materials, suchoaks, clay and sand, and they cover the
entire Tisza River Basin. Their impact on water Ifgas not significant. The volumes of
broken brick were 897,000%gravel — 20,000 frand sand — 30,000°r(data - 2003).

» Salt mines are located in Solotvyno in the Tispadbplain (at the Ukrainian-Romanian reach
of Tisza). The salt extraction was 132,000 ton®9&0Mining wastewaters are pumped into
the Tisza River, but concentration of chloridesthe river does not exceed fishery MAC
(maximum allowable concentration).

e Golden and polymetallic mine is located in Muzhiaxltage in the Verke River Sub basin
(river Verke flows into Tisza and Latorica throutife network of canals). The mine became
operational in 1998 and beneficiating factory 48999 in 12 km from the mine. The mine is
of gallery type. Only gold is extracted at the mirgng gravitation method. Since opening,
tailing deposit of 150,000 tons was establishewvel$ as sludge pond. Deposits and sludge
have high concentrations of Pb, Cd, Zn and Mn,thed drainage into groundwater creates a
problem with drinking water in weirs of nearby aijjes and river Verke. In 2007 activities on
the mine were stopped due to low economic valumr(f2000 till 2005, only 632 kg of gold
have been extracted). Although the sludge pondrbeddy, the remaining deposits caused
significant environmental threat and additionale@ches are needed.

* In the Borzhava Basin there were several coal mimgisthey closed in the 1960s.

Mining of polymetalic ore and its processing wagwv&cin the Slovak Republic in the middle part of
the Hornad River Basin - watershed — above therRREiservoir (Smolnik, Radny, Slovinky) and
the upper part of the Sland River Basin. In theirbegg of 1990s these activities were terminated,
and only two remain active at the present time:

12 |nformation based on countries contribution ad alinformation from the UNEP — Rapid Environménta
Assessment of the Tisza River Basin, 2004
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* Rudiany (Markusovce) - production of barytes, coppet siderite extract and

« Nizna Slana — extraction and treatment of sidenigeto final product — blast furnace pellets
(the single location for such production in Mid@arope).

The mine in Rutlany is operated only one month in a year. Therstexie tailing deposit — the
leakage water is of quality - pH=7,7 — 8,1, Cu=6,0y/I, Fe=0,2 mg/l (year 2007).

In the mine NiZna Slana project ,Protection of #rvironment* was realized. In the frame of this

project a changes in technology were realized k pitsitive effect on waste water pH. The changes
enabled decreasing of discharged waste water volant re use the waste water again in
technological process. Nizna Slana is providedway settlings reservoirs — one is used for treatment
of waste waters from ore treatment (sedimentatiavish high efficiency on suspended solids), the
second is an emergency settlings reservoirs, wisialsed for accumulation of water during time

when the mine is not operated. The mine obtainddtagrated permit.

In addition to the ore mines, salt mines exist astern part of the Slovak Republic, in Presov, and
also mines for building materials.

Mining activities in the Hungarian part of the TRBtes back to medieval times when copper was
mined in the Méatra hills. Ores of non-ferrous metakre extracted in this region until the 1980s.

Coal mining was typical in the Northern centralgarof hills (Eszaki-kozéphegység) in thé"End
20" centuries. At present only lignite is mined inaencast mine at Biikkabrany.

Crude oil and natural gas exploitation startechim Great Hungarian Plain in the 1960s. The yield of
the oil and gas fields is declining.

Sand and gravel have been exploited from alluggels and pits especially in the river basins of
some tributaries of the Tisza river (river Sajo &tefnad).

Raw material for lime-burning and cement industag been quarried in the Bukk hills.

At present, the Hungarian mining industry in theZ&i River Basin produces hydrocarbons, coals,
industrial minerals and construction materials. dtans of mining activities are quite evenly
distributed in the territory. The Tisza alluvialoprdes an opportunity for a great number of peweditt
and illegal gravel pits.

There are no significant mining activities in therldan part of the Tisza River Basin, except the
extraction of clay and sand for construction. Themes however, many oil and gas wells — more than
100 gas wells and 8 oil fields in Vojvodine.

There is considerable diversity among sites intyipes of problems they present. Sites may have a
variety of physical, environmental and public safedncerns. In countries with a long mining history
the magnitude of these impacts is often considerabld the cost of ‘cleaning up’ these sites are
daunting.

The largest environmental impact of mining actedtis mine waters, a lasting remnant of historical
and past mine activities. Mine waters are watergkvflow out from an impaired environment, such

as slag heaps, settling basin or liquidated mima&fts. The amount of water and its chemical
composition, particularly with a content of heavgtais and low pH, can vary in dependence from
hydrogeological and hydrogeochemical situationararete region and system of drainage. In many
cases it is not possible to measure its quantiycgrality, or diffuse outflow.

The environmental impact of abandoned mines magecaignificant pressures on the environment,
which can dramatically increase after the mine edosOften, the impact of the mines starts
immediately after the closure of the mine and démsaf the mining activities. The impacts can be
extremely difficult to control, often because thag a function of depositing very large amounts of
waste in ways that may not meet modern best pexctilining produces a large volume of waste
than any other industry; there are individual wasites involving deposits of hundreds of milliorrs o
even billions of tons of material.
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The environmental impact of abandoned minesin Slovak part of Tisza river basin Slovakia: The
most negative influence of past mine activitiesSlovak part of Tisza river basin is registered in
Smolnik creak (the second tributary of Hornad Rivabove Ruzin reservoir). After closing down the
mine SMOLNIK in 1990 and its flooding (it lastecband 3,5 years), the mine water flow out through
one concentrated outflow from flooded shafts Pauwhtarough several diffuse discharges directly to
the Smolnik creak. Amount of water depends on pitions and general climatic conditions — it
varies from 8 to 25 I/s). Mine water contains feedphate from intensive oxidation of sulphides; it
has high mineralization and extremely high cont#riteavy metals. According to data from 1998 —
the quality was as follows: pH= 2,7 — 3, Zn = 60/lmgg= 0,01 mg/l, As = 0,04 mg/l, Sb = 0,001
mg/l, V= 0,026 mg/l, Cd = 0,03 mg/l, Cr= 0,01 mdZy = 9,8 mg/l, Al = 553 mg/l, Fe= 1483 mgl/l,
Mn= 140 mg/l).

Other type of waste water in this locality is dege water from recultivated tailing deposit. This
water is of different quality - pH 6,6, Cu = 0,00%/I, Fe = 0,3 mg/I.

In Smolnik area were realized several measuresethrction of unfavourable impact of mining water
on surface water. One of them was filling the shafith limestone and dolomite crashed stone. The
measures are in responsibility of Rudné bane assk Bystrica.

Tailings Deposits™: Currently, there are many old tailings dams andemiraste rock piles in the
Tisza River Basin which are potential sources @fivigemetal contamination by acid mine drainage.
Major non-ferrous metals deposits of the Tisza RRa&sin contain copper, lead and zinc ores in the
form of sulphides. Under aerobic conditions, suhghacid is formed by the oxidation of sulphides.
This process results in the formation of acid mirainage, which is a major source of chronic
environmental pollution from tailings and mine wesstn the Upper Tisza River Basin. Due to the low
pH of these waters (between pH 1.5 to 3.0), heastal® such as copper, zinc, cadmium, arsenic and
lead, can be leached from the rock and mobilisaedisiog severe contamination of surface and
groundwater, soil and vegetation. Consequentlywheaetals can enter and bioaccumulate in the
natural and human food chain. As the sulphide didaonly takes place under aerobic conditions
and the reaction is rather slow, acid mine drainageainly a long-term problem of poorly managed
or abandoned mining sites (including waste rocksihnd tailings ponds). In Maramures County,
where the total area occupied by tailing dams @iaB50 ha, the problem of acid water generation is
aggravated by the high amounts of pyrite and méecapserved in the sulphide ore, which are not
separated by milling and flotation processes, aadlaposited with the tailings.

A serious environmental problem occurs in old nsites where all operational activities have ceased,
but the mine has not been adequately closed. Mamageof abandoned sites present a problem
where no owner exists, the owner cannot be ideudtifir where the owner is not capable of meeting
the costs of proper closure and decommissioning.

In Romania, by law, a company has taken over thesnclosing activity and developing wastewater
treatment plants, at national level.

There are cases where contaminated mine watersdidbmine sites have been collected and treated.
lIba-Nistru, Campurele-Tyuzosa, Asecare and Togaomines have modern wastewater treatment
plants which collect about 60% of wastewaters fidased sites, with the rest discharged to nearby
streams.

The main financial problems are not linked to tiperation of existing wastewater treatment plants,
but mainly to investments for increasing the cayeato collect the all mine water discharges.

In Romania project ortHazard Risk Mitigation and Emergency Preparednesgept - component D
- Risk Reduction of Mining Accidents in Tisza Basimow undergoingComponent (co-financed by

13 Information presented only for RO and HU; no mfation provided by UA about the tailings depositine
wastewater, radioactive wastes and hazardous chknfiom mining activities. In UA no separated iropa
assessment is available in connection to mininiyities.
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"Global Environment Facility" and supported by WoBank).D of the projectill assist in the
implementation of mitigation and hazard preventiastivities to reduce the risk of water and sail
contamination and loss of human and aquatic lifanfrcatastrophic mining accidental spills of
pollution.

In Hungary the deposits of ,drilling-lubricatinguslge” originating from discovering hydrocarbons
can consider as risk factors, the majority of themtaining the more hazardous substances locates in
the Southern part of the Great Plain, and the posing slighter risk on the middle and Easterngpart
of the Great Plain.

The most significant water quality impact of minwgs caused by extraction of non-ferrous ores.

Due to highly saline mine drainage water, it wafidilt to fulfil the requirements of irrigation wer
in the recipients of the mine drainage water ingagod of mining until the closure of the mines.

From tailing dumps acidic water has been leachataoninating soil, ground water and surface
water. The deposits of flotation slurry polluted teraresources with heavy metals. Remediation
measures focussed on preventing precipitation finding access to the tailings. Current problem is
the polluted sediment (mainly copper, zinc and lgaltlition) in the recipient water courses.

At present there are neither metal mine nor pracgsy tailings containing metals in operation fire t
catchment area of the Tisza river.

There are no storage of either sludge or mates@ising from either metal processing or treatment of
water from mines posing direct or real risk to tiver Tisza or its side watercourses. The sludgh wi
metal content stored in Gydngydsoroszi, Recsk andaBanya may pose only indirect risk to the
river Tisza in case of emergency with a low potnti

Mine Wastewater: In addition to the problem of acid mine drainagpidgl at old mine sites and
tailings deposits, wastewater discharges from atiméning and ore processing activities are also of
concern in the Tisza River Basin. Several relagivedw wastewater treatment plants built in 2000 and
2001 are appropriate in terms of construction aqdipgnent endowment. In good exploitation
conditions, these plants are efficient in redut¢heyquantities of discharged heavy metals.

Radioactive Wastes and Hazardous Chemicals from mining activities:

In the Hungarian part of the TRB, there is a radiva landfill at Puspokszilagy, upstream the
Zagyva River in the middle Tisza region. This dgeconsidered as a pollution “hot spot” by the
Regional Inventory of Potential Accident Risk Spitghe Tisza Catchment Area conducted by the
ICPDR (2000).

In the Romanian part of the TRB, there are sevaibactive waste deposits from uranium mining
and milling. At the present the activities of raalttive mining exploitation have ceased owing nyainl
to thecomplete exploitation of the orejorks for closure, conservation and ecologisatbithese
areas, being underway.

Some of these mines were used for geological egplon purposes and some were used for
exploitation purposes.

The storage of hazardous chemicals, particularlsolalte pesticides, is of regional concern in the
whole TRB Currently, there are no inventories alal# about these sites covering the TRB area as a
whole.

4.5. Overview of significant hydromorphological alterations

The three categories of hydrological and morphokdgalterations — according to Annex I1,1.4 WFD
- (1) estimation and identification of significant ieaabstraction for urban, industrial, agricultural
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and other uses, (21) estimation and identificatimihthe impact of significant flow regulation,
including water transfer and diversion, on overfiiw characteristics and water balances, and (3)
ildentification of significant morphological altetians to water bodies are strongly interrelated and
have therefore been summarised as “hydromorphalbgiterations” in the context of this report.

The hydromorphological drivers relevant on the @isasin-wide scale are: hydropower generation,
flood defence, navigation as well as water transfsersion and water abstraction and are discussed
in separated chapters of this report. The presdrd@pter gives an overall picture about
hydromorphological alteration relevant to the TiRi@er Basin.

Hydropower generation

In the Tisza River Basin all together 37 hydropowkants are located. 35 hyropower stations of
these 37 are with installed capacity > 10MW, and &dditional situated in Ukraine with installed
capacity < 10MW. 28 hydropower plants were builRiomania, three in Slovakia, three in Hungary
and four in Ukraine. (Segnnex 14— list of Hydropower plants in the Tisza River Bas

Hydropower plants are mainly situated in the triigts, only two hydropower plants were built in the
Tisza River in Hungary at Tiszalok and Kiskore. [eab 6. Chapter 3.6.2.4) gives an overview on
the installed capacity and discharges of the hymingp stations.

Flood Defence Measures

Most of the larger rivers in densely populated sraa characterised by anthropogenic modifications
for flood protection to secure safety for the pctee areas as well as land for urban development. |

many cases, hydro-engineering structures have ptaulfurposes often resulting in changes of the
river character, e.g. straightening of a meandedngnabranching river. These changes affect not
only the river itself but larger areas of the vali®or.**

Major systematic regulations for flood defence amagtigation purposes began in the second half of
the 19" century, when extensive measures of river trairind flood control were taken along the
river. As a results of this work approximately 3@¥the total river length was shortened. In Hungary
the draining of the Tisza wetlands begun in thBcEhtury and today some of 500,000 people (5% of
the Hungarian population) live on land reclaimeatrirthe Tisza.

Chapter 7.2.(Flood protection and drainage systems in theal@sntries) give an overview on the
river engineering works done in the Tisza Countrieable III.3. list the dikes (flood portection
structures) of the Tisza River Basin area.

Navigation

The Tisza River is used as a waterway from the diaa-Hungarian border (downstream from the
border towns of Chop and Zahony) to the confluenite the Danube, which over 70% of the total
river length. ( see alsBhapter 3.6.2.3.5° Some Tisza tributaries are navigable on shogetians:
Bodrog (Hungarian stretch and 15 km in the Slovakublic), Mures (25 km, which corresponds to
less than 5% of its total length), Kords (115 knHnngary) and the Bega/Begej River (presently 75
km in Serbia and 45 km in Romania before 1967).

Water transfer, diversion and water abstraction

In the Tisza River Basin three main canals carobed - located in Serbia and Hungary - which are
playing an important role in water supply. The DagTisza-Danube Canal System is situated in the
Vojvodina province of the Republic of Serbia ands haulti-purpose system. The Eastern and
Western Main Canals are located in Hungary andnaaly used to assist with water resource
distribution.

4 Danube Basin Analysis ( WFD Roof Report, 2004)
!> Danube Basin Analysis ( WFD Roof Report, 2004)
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In the frame of the ICPDR Tisza Group the analys@ises on present water uses of public water
supply, agriculture (irrigation, other agriculturge), industrial purposes where the average Value
three years (2002-2004) was analysed. The distoibubf total water use and estimation of
consumptive use between water users is giverigare lll.1a and Ill.1b (Chapter 6.1. — Water
uses).

Based on a scenario analysis for the year 20154t @stimated, that (data about planned water uses
were collected and water demand in the Tisza RBasin was analysed for the year 2015) it is likely
that the total annual water demand in the TRB héllabout 1.5 billion fhin 2015, being 5.5-6% of
the total annual runoff. Deeper aquifers are pldnag a supply source for approximately 20% of
expected water demand.

However, at this moment it is very hard to estimatater quantities which will be used for
preservation of the good ecological status in g\vard canals, the increase of water use in Tiszer Ri
Basin set in national water management plans,beilan additional pressure on already endangered
aquatic ecosystems. This stands in particularrfagation, because this consumptive use takes place
in low water period of the year.

4.6. Artificial and heavily modified water bodies (provisional identification)

4.6.1. Artificial water bodies

The identification of artificial water bodies (AWPBEs part of the characterisation of the River Basi
District as defined in Annex Il of the WFD. Thiscsien describes the AWBs identified in the Tisza
River Basin, based on data collected from the Tésratries in the form of templates (HMWB/AWB
Templates). In total, 21 AWBs were identified oibdataries of the Tisza River Basin in Romania,
Hungary and Serbia. No AWBs were identified in Ukeaand the Slovak Republic. The identified
AWBs amount to 10% of the total identified tribytavater bodies in the Tisza Basin and have a total
length of around 772 km. Serbia identified the mgjoof its tributary water bodies as AWBs
(=85%), due to the significant presence of canathimlower part of the Tisza River Basin (see also
information on canals in section 3.4.3 of this mpdrhe Serbian AWBs mainly used for navigation
and flood protection. In other parts of the basioch as Romania, AWBs are also used for
hydropower.

4.6.2. Provisional heavily modified surface waters

“Heavily modified water body means a body of suefa@ter which as a result of physical alterations
by human activity is substantially changed in cltéea, as designated by the Member State in
accordance with the provisions of Annex IAft. 2(9) WFD.

This section provides an overview of provisionatigntified heavily modified waters in the five
countries of the Tisza River Basin.

4.6.3.  Approach for the provisional identification of heavily modified waters

4.6.3.1. Tisza Basin-wide criteria

In the process of the provisional identification ledavily modified water bodies (HMWBS), the
relevant provisions of Annex Il of the WFD includbe description of significant changes in
hydromorphology and the assessment of whether #tervibody is likely to fail the good ecological
status due to changes in hydromorphology. In tloistext, it was agreed to identify provisional
HMWABSs of Tisza Basin relevance that fulfil the fmNing criteria:

1. The size of heavily modified water sections, aihtéan include one or more heavily modified
water bodies should be more than 10 km, wherebyninmam of 70% of the section should
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show significant physical alterations and hydronhaipgical impacts, i.e. it should be
heavily modified. Such a section may also includeenthan one physical alteration with a
significant impact on hydromorphology such as aircldl successive hydropower plants or
weirs over a section of more than 10 km.

2. One or more of the following main uses/measwbih affect the Tisza River Basin via
hydromorphological alterations should be presewntrdpower, navigation, flood protection,
urbanisation.

3. One or more of the following significant phydiedterations (pressures) should be present:
dams/weirs, channelisation/straightening, bank foetement/fixation. These physical
alterations were selected as the main significagsioal alterations linked to the uses of the
above criterion. It was up to the individual Tigzauntries to assess the significance of these
physical alterations, based on their national agpgies.

4. By expert judgement, it must be concluded thatwater body is ‘at risk’ of failing to achieve
good ecological status due to changes in hydronodogly. According to the WFD, this risk
assessment should be based on the assessmennifitaig physical alterations and the
assessment of the ecological status. Due to therduunavailability of appropriate biological
data, indirect criteria based on physical paramef{expert judgement) were selected to
conclude on the risk. The expert judgement critdrésed on the impacts of the main
hydromorphological pressures in the Tisza RiveriBase the following:

obstacles not passable for migratory species ({dainss),
change of water category (e.g. change of riveararded reservoir),
impoundment with significant reduction of watenfio
disruption of lateral connectivity, and
" other criteria which need to be specified.
These judgement criteria allowed experts to chdbsemost obvious provisional HMWBSs in the
Tisza River Basin.

4.6.3.2. National methods and criteria

Additionally, some Tisza countries used nationdkiyeloped methods and criteria for the provisional
identification of HMWBS. Relevant information onetmethods of Hungary, the Slovak Republic and
Romania is presented in the HMWBNNEX 9. Serbia and Ukraine had no specific national gate
for provisional HMWBs at the time of writing thigport. Serbia mainly used the criteria presented
above. Ukraine also used this criteria combinedh wlements from the Slovakian and the Romanian
methodology.

In general, according to the information availalsle far, the Tisza countries have identified
provisional HMWBSs using mainly physical parametérglirect criteria), while the validation based
on biological data is still pending.

4.6.4. Provisional identification of heavily modified waters on rivers

Overview of provisional HMWBs

The data summarised here were collected from thezaTicountries in the form of templates
(HMWB/AWB Templates) on the basis of their natiomakessments. Some of the heavily modified
sections meeting the agreed basin-wide criterissisted of chains of successive HMWBSs. In such
cases, some of the individual HMWBs were shortemtthe 10 km size threshold (see the first
criterion above).

Hungary reported provisional HMWBSs as either ‘maadif or ‘possibly modified’. For the purpose of
this Tisza Analysis Report, these two aspects wersbined into one provisional HMWB status in
the report Slovakia reported on HMWBs and candidate HMWBs&cWlare combined into one
provisional HMWB status in the report.
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All in all, a considerable part of the Tisza Rivard of numerous Tisza tributaries were assessed as
significantly affected by hydromorphological altéoas and were identified as provisional HMWBs.
(MAP 9 shows HMWBSs of the Tisza River Basin - candiddkWBs are not shown in the Map)

Main Tisza River

Eight provisional HMWBs were identified on the mdiisza River of 540 km length. The provisional
HMWABs identified are equivalent to 56% of the tdi@hgth of the Tisza River (of 966 km) and to
50% of the total Tisza water bodies. The provisidgtlelWBs on the Tisza River are concentrated in
Hungary and Serbia (the middle and lower part s£a). (sedable 11.16.).

It must also be mentioned that preliminary desigmaof the HMWBSs is higher in the Tisza River
than the European average. Further approach ah#tkodology on final designation of HMWB is
under development.

Table 11.16 Length and number of provisional HMWBs (pHMWBSs) on the Tisza River

% of
pHMWBs % of total No. % of total  national

Country | [km] Tisza length pHMWBs Tisza WBs Tisza WBs
UA 61 6 1 6 23

RO 61 6 1% 6 100

SK 5 1 1 6 100

HU 252 26 3 19 43

RS 161 17 2 12 100

Note: The numbers of pHMWBS are based on the irdigion provided in the completed HMWB/AWB
Templates.

% This is a ‘candidate’ HMWB. According to its natl methodological approach, Romania uses thresesa
of HMWB (non-HMWB, candidate HMWB and provisionaMWB) based on the hydromorphological
pressures and data availability.
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Figure 1.2 Percentage of provisional HMWBs on the national Tisza water bodies in the Tisza
Countries

Tisza tributaries

The 77 provisional HMWBSs identified on the tributs of the Tisza River are 2,431.77 km long.
Most of the tributary provisional HMWBSs lie in Roma, the Slovak Republic and Hungary (see
Table 11.17). The provisional HMWBs identified are equivaléat=38% of the total tributary water
bodies of the basin (see alBable 11.17.).

From a cross-country perspective, it is interestmgiote that the Slovak Republic identified up to
=83% of its total tributary water bodies as prousbHMWBSs. The high percentage of provisional
HMWABs within the Slovak Republic can be explaingdle fact that the main Slovakian rivers were
regulated after World War Il. Regulation servedptovide enough water for economic development
(as reservoirs for industry and hydropower genendtand for flood protection of inhabited areas. On
the other hand, Ukraine identified or#g% of its tributary water bodies as provisional H8¥/(see
Figure 11.3). The low percentage of provisional HMWBs on thierdinian tributaries of the Tisza is
due to the fact that rivers in Ukraine have notrbeery developed and are thus not significantly
modified yet in their hydromorphology.

Table 11.17 Length and number of provisional HMWBs on the Tisza tributaries

% of total
Tisza River
pHMWBs | No. Basin % of national
Country  [km] HMWBs tributary WBs tributary WBs
UA 10.00 1 1 6
RO 746.85 33 16 33
SK 922.85 25 12 83
HU 682.07 17 8 40
RS 70.00 2 1 15
Total 2431.77 77 38

Note: The numbers of pHMWBSs are based on the irdion provided in the completed HMWB/AWB
Templates.
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Figure Il. 3. illustrates the percentage of pramisii HMWBSs on the water bodies of the Tisza
tributaries.
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Figure I1.3. Percentage of provisional HMWBs related to national tributary water bodies of the
Tisza River in the Tisza countries

Uses affecting provisional HMWBs

According to Figure 11.4., flood protection and igation appear to affect almost the entire lendth o
provisional HMWBSs on the Tisza River, while hydreyer and urbanisation are not linked to any of
the provisional HMWBSs. In Serbia and Hungary, tiéire length of the Tisza provisional HMWBs
are used for navigation and flood protection andR@mania, flood protection.

On the tributaries, the main use affecting the tgstdength of provisional HMWBs (sé&égure 11.5.)

is flood protection, followed by urbanisation, hgdower and navigation. In Ukraine, the only
provisional HMWB tributary identified is used folobd protection. In Romania and in the Slovak
Republic, the greatest length of tributary pHMWBsrves flood protection, hydropower and
urbanisation. In Hungary, all tributary provisiotdMWBs are used for flood protection. Finally in
Serbia, tributary provisional HMWBs are used maifdy flood protection and navigation and
urbanisation to a lesser extent.
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Figure 1l.4 Main uses/measures of provisional Figure 1.5 Main uses/measures of provisional
HMWBSs on the Tisza River HMWBs on the tributaries of the Tisza River
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Significant physical alterations affecting provisimal HMWBs

The main significant physical alterations affectprgvisional HMWBs on the Tisza River are bank
reinforcement/fixation and dams/weirs ($égure 11.6.). In the case of the tributaries, dams/weirs are
the main significant physical alterations affectthg greatest length of provisional HMWB, followed
by bank reinforcement/fixation and by channelisatraightening (seé&igure 11.7.). Ukraine’'s
single tributary provisional HMWB is affected byasimelisation/straightening. In Romania, tributary
provisional HMWBs are affected to their greatesigtl by channelisation/straightening, followed by
bank reinforcement/fixation and last by dams/welinsthe Slovak Republic, the greatest length of
tributary pHMWBs is affected by bank reinforcemérétion, dams/weirs and finally by
channelisation. Hungary’s tributary pHMWBSs are nhaiaffected by dams/weirs. Finally, Serbia’s
tributary pHMWBs are affected mainly by channeiisatstraightening and bank
reinforcement/fixation.
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2000 A
479 474
1500 - 1349 1320
350
992
1000 -
500 A
5
‘ 0 ‘ ‘
HMWB total dams/weirs channelisation ' bank HMWB dams/weirs channelisation bank
reinforcement total reinforcement
Figure 1.6 Physical alterations of pHMWBs on the Figure I.7 Physical alterations of pHMWBs on
Tisza River tributaries of the Tisza River
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Expert judgement for assessing risk of failing goo@cological status

The greatest length of pHMWBs on the main TiszaeRivas assessed ‘at risk’ due to the disruption
of lateral connectivity, followed by the presendénogpoundment with significant flow reduction, the
presence of obstacles not passable for migrat@giep, the change of water category and dredging
(see the fourth pHMWB basin-wide criterion in sent#.6.3).

For the Tisza tributaries, the disruption of later@nnectivity was also the ‘risk’ expert judgement
most commonly used to provisionally identify HMWBShis was followed by the presence of
obstacles not passable for migratory species, theepce of impoundment with significant flow
reduction, changed discharge caused by hydropeakingsidual water discharge and the change of
water category (listed in order of importance).

4.6.5. Provisional HMWBs on lakes

No data on pHMWSBs related to lakes of the TiszaeRBasin were collected for the purposes of this
report.

4.7. Monitoring

Information on national monitoring stations in tlisapter are based on data from 2005. Regarding
the Transnational Monitoring Network (TNMN) chaptdescribes development in progress in
Danube basin wide level according to the Articlef 8he EU Water Framework Directive (WFD).

4.7.1. Water quality monitoring in surface waters

According to the Article 8 of the EU Water Framelwdirective (WFD) the Member States shall

ensure the establishment of programmes for the toramy of water status in order to establish a
coherent and comprehensive overview of water statitBin each river basin district. These

programmes shall be operational at the latest saxsyafter the date of entry into force of WFD.(i.e

by December 2006). Such monitoring shall be in etaace with the requirements of Annex V of
WEFD.

Article 8 of the Directive establishes the requiesits for the monitoring of surface water status,
groundwater status and protected areas.

For surface water bodies, the Directive requires sufficient surface water bodies are monitored in
surveillance programmesto provide an assessment of the overall surfaderva&iatus within each
catchment and sub-catchment within the river bdstrict. For surveillance monitoring, parameters
indicative of all the biological, hydromorphologicand all general and specific physico-chemical
quality elements are required to be monitored.

Operational monitoring is to establish the status of those water bodiestified as being at risk of
failing their environmental objectives, and to assany changes in their status resulting from §ipeci
measures. Operational monitoring programmes muspasameters indicative of the quality element
or elements most sensitive to the pressure or ymesdo which the body or group of bodies is
subject. This means that fewer quality elementasimay be used in status classificatton.

MAP 10 a of this reportincludes the surveillance monitoring | (SM 1), sitbance monitoring I
(SM 2) and operational monitoring stations of aoef waters, which are operating in the Tisza River
Basin since January 2007. The design of surveilananitoring | (SM 1) is based on WFD Annex V,

1" Summary Report to EU on monitoring programmes inaeube River Basin District designed under Article Bart I.
WFD Roof report on Monitoring - Part I: Developmef WFD compliant monitoring programmes for thenDbe River
Basin District, 2007

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 64

1.3.1. The monitoring network is based on the maticurveillance monitoring networks and the
operating conditions are harmonised between therratand basin levels to minimise the efforts and
maximise the benefits. Surveillance Monitoring M 2) is supplementary to Surveillance
Monitoring | and aims at the long-term monitorinfyspecific pressures of basin-wide importance.
The design of operational monitoring is based onedV, 1.3.2. of the WFD and will be carried out
at the national level. Operational monitoring Wik undertaken in order to establish the status of
those bodies identified as being at risk of faillogmeet their environmental objectives, and assess
any changes in the status of such bodies restttngthe programmes of measurgs.

In 2005 five Transnational Monitoring Network (TNNItations were operating in the Tisza River
Basin in Sajopuspok, Tiszasziget, Martonos, Novidgand Titel.

Regarding national monitoring stations in 2005 ¢hesere a total of 204 water quality monitoring
stations on rivers larger than 1000%eatchment area in the Tisza River Basiigure 1.3 indicates
the distribution of the water quality monitorin@sbns in the Tisza River Basin countries and shows
also the number of stations operated through bdhtgreements.
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Figure 1.8 Water quality monitoring stations for rivers larger than 1000 km2 in the Tisza River
Basin

4.7.2. Water quantity monitoring

There were a total of 255 water quantity monitorstations on the surface waters of the Tisza River
Basin in 2005Figure 11.9 shows the distribution of the water quantity monitg stations among the
Tisza River Basin countries. All the stations measwater level (gauging stations). Additionally
some other parameters, such as discharge or eat@etature, are regularly measured at some of the
water quantity monitoring stations.

18 Summary Report to EU on monitoring programmes iritheube River Basin District designed under Article Bart 1.
WFD Roof report on Monitoring - Part |: Developmef WFD compliant monitoring programmes for thenDbe River
Basin District, 2007
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Figure 11.9. Distribution of the water quantity monitoring stations among the Tisza River Basin
countries

4.7.3. Groundwater monitoring

The development of the “Transnational MonitoringiWark” (TNMN) of the ICPDR within the last
15 years was exclusively focussing on surface watdence, this network as well as the monitoring
and reporting procedures are already well estadaish

The transnational monitoring activities focussedgooundwater in the Danube River Basin District
started in February 2002, and were triggered by\¥ager Framework Directive.

11 transboundary GW-bodies were identified as bahdasin-wide importance and they were
characterised in the “WFD Roof Report 2004”. Moriitg of these selected GW-bodies is now an
integral part of the TNMN.

According to WFD Art 8 Member States shall ensure establishment of programmes for the
monitoring of water status [...] for groundwaters lsygrogrammes shall cover monitoring of the
chemical and quantitative stafils.

Chemical groundwater monitoring programmes areirequo provide a coherent and comprehensive
overview of water status within each river basim tletect the presence of long-term
anthropogenically induced trends in pollutant ceonicgions and ensure compliance with Protected
Area objectives.

A quantitative monitoring network is required tosi&$ in characterisation, to determine the
guantitative status of groundwater bodies, to suppiee chemical status assessment and trend
analysis and to support the design and evaluafitimegprogramme of measur€s.

MAP 10 b introduces the chemical and quantity groundwatenitoaong stations in the Tisza River
Basin. The groundwater network design is basedxestieg national monitoring programmes which
were adapted to the requirements of Article 8 ef\FD in EU Countries?

1% Summary Report to EU on monitoring programmes énRanube River Basin District designed under Article WFD
Roof report on Monitoring - Part II: Status repdrtwards the development of groundwater monitoiimtie Danube
River Basin, 2007
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Figure 11.10. indicates the number of groundwater monitorirgishs in national level based on data
from 2005.
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Figure 11.10. Number of groundwater monitoring stations

4.8. Assessment of impacts

For the purposes of this report water quality weseased by Romanian experts basedlatonal
Romanian Norm for surface water classification @/2€02) which represents the transposition of
the TNMN assessment system into Romanian legislatio

The target objectivesare represented by the values of the second ofats® Norm 1146/2002the
analysis of the water status is based on the maaumshconcentrations.

Data are based on the period of 2001 to 2003 awdsa of Tiszasziget,Martonos, Novi Becej, Titel
period of 2004 — 2005.

The chapter includes assessment of the Tisza Rindrmain tributaries, which are originated in
Romania. Tisza Group highlighted that developmértommon methodology on impact assessment
in transboundary level as future step still hasbéofurther considered and based on the agreed
methodology further assessment would be necessswoytaking into account all tributaries with
surface area greater than 1000°km

Water quality status assessment

For the water quality assessment the following daee used:
e data provided by the TNMN
» data provided by the Romanian National Monitorirggwbrk
» data provided by the Joint Danube Survey-Invesbgabdf the Tisza River 2001 (JDS-
ITR)
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For the spatial-temporal evolution, chemical wafpeaality was assessed using data from the period of
2001 to 2003 from the following monitoring sites:

e Four monitoring sections/sites on the Tisza Rivart pf the TNMN (one on the
Hungarian territory (Tiszasziget) and three on 8wrbian territory (Martonos, Novi
Becej and Titel) — chemical water quality was adssessed using data from period of
2004-2005.

« Two monitoring sections/sites from the expeditignaampaigns on the Tisza (Novi
Becej and Titel)

« Two monitoring sites on the Tisza River part of tRemanian National Monitoring
Network (Valea Viseului, at the entrance of thez@iRiver in Romania from Ukraine and
Teceu at the exit of the Tisza from Romania).

The contribution of the Tisza tributaries has deen taken into account as follows:

e Eight transboundary monitoring sites were considlene the main Tisza tributaries (the
Somes, Barcau, Crisul Repede, Crisul Negru, CAdnll Bega and Mures Rivers) as part
of the Romanian National Monitoring Network

< One monitoring site on the Tisza tributary Sajortgary) which is part of the TNMN.

For the characterisation of the water status etialuaf organic substances, nutrients, heavy metals
and organic toxic substances were taken into cereidn.

4.8.1. Organic substances

The representative parameters of water status cleaisation for organic substance are: dissolved
oxygen, BOR and COD-Mn.

The results for the period of 2001 to 206gre 11.11) show:

» the values of the dissolved oxygen concentratiphd0 — 11,50 mg/l) have classified
theTisza River in the first class for the all monitoring sites;

» the values of BOBconcentrations (1,73 — 2,8 mg/l) have classiflfeglTisza River
in the first class for the all monitoring sites;

» the values of COD-Mn (2,10 — 5,10 mg/l) have clesditheTisza River mainly in
the first class for all the monitoring sites betweé901 and 2003 and in the second
class in 2004 and 2005.

Similar results have been also recorded forTisea tributaries, values which belong to the first and
second class, the only exception being the Daratororg site (on the Somes River) for which the
value of the COD-Mn concentration belongs to thedtfuality class.
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Figure 11.11 The spatial-temporal evolution of the values of the organic substances
concentrations on the Tisza River from 2001 to 2003 (and also from 2004 to 2005 in the
TNMN stations)
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4.8.2. Nutrients

The representative parameters for water qualityatiarisation are: N-NfI, N-NO,, N-NOy P-PQ*
and Ptot.

The nutrient concentrations for 2001 to 20@8ggre 11.12.) have been characterised through the
following values:

0,081 — 0,405 mg/l for N-NFI. The monitoring sites Teceu (2001, 2002), Martof2@93),
Novi Becej (2002, 2003) and Titel (2001 — 2003)oreled that the target objectives were
exceeded, with the indicator N-lyHbelonging to the third class. According to the dedan
JDS-ITR, there were no exceedings recorded toiteedlass in the Novi Becej and Titel
monitoring sections.

0,009 — 0,057 mg/l for N-N£ All the monitoring sites of the Tisza River reded that the
values for indicator N-N@ were in the second class in most cases, withefmaining sites
belonging to the first class. Similar results welso recorded in the JDS-ITR.

0,15 — 1,19 mg/l for N-N@ For this indicator, the Tisza River is classifiedthe first class
for Valea Viseu and Teceu (2001-2003), and in tkeosd class for the remaining
monitoring sites. For the two sections of JDS - (N®vi Becej and Titel) the values of N-
NO; concentrations belonged to the first class.

0,027 — 0,086 mg/l for P-BOFor this indicator the Tisza has been classifiethé second
class in general, with the remaining monitoringsibelonging to the first class. Similar
results have also been recorded in the JDS-ITR.

0.011 - 0.23 mg/l for P total. For this indicatbetTisza belonged to the second class in
general, with the exception of the Tiszasziget nowmg site (2001, 2002) which belonged
to the third class.

Regarding theTisza tributaries, the values of the nutrient concentrations beldnigethe first and
second class, with the exception of the Dara (Spmesitoring site for which the value of N — ¥H
belonged to the fourth class for the entire peabtime and sections Sajopuspoki (Sajo) and Chgresi
(Crisul Repede) belonged to the third class foritldécator P—P¢Y for 2003.
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Figure 11.12 The spatial-temporal evolution of the nutrient concentrations values on the Tisza
River from 2001 to 2003 (and also from 2004 to 2005 in the TNMN stations)

As a general trend for the period of 2001 to 2008, values of nutrient concentrations on the Tisza
River were not high, ranging within the ‘target etfjves’ class, with the exception of the indicator

— NH;" which had a random variation: high values in thgpé&r Tisza monitoring sites and a rapid
decrease in the Tiszasziget monitoring site (végh kilution), followed by a similar increase tath

of Upper Tisza for the Lower Tisza.

4.8.3. Heavy metals
The evolution of heavy metals from 2001 to 2003 wee following Figure 11.13.):

» Cu concentration has been between 6.34 pd@bwhich classified most of the Tisza
River monitoring sites in the first and second sJagith the exception of Valea Viseului
(2002) and Teceu (2002) which belonged to the ttimds.

» Cr concentration values (1 — 7.88/l) corresponded to first class for the entireiqukof
time and for all the monitoring sites.

* Pb concentration values (2.1 — @a/l) classified the Tisza River in the fourth class
general, with the exception of the Tiszasziget tewhich the values corresponded to
the first and second class except in 2004.

* Cd concentration values (0.13 -48/l) classified the Tisza River in the first andseed
classes in general, with the exception of the Va&lsau (2002) site which corresponded
to the third class.

* Ni concentration values (3.66 — 3%/l) corresponded to the first class, with few
exceptions (Valea Viseului, 2002, 2004 — secongsjla

Referring to theTisza tributaries, the values of the heavy metal concentrationsrggd to the first
and second classes with few exceptions: the momgaite Dara (Somes) for which the value of Zn
concentration for 2001 belonged to the third cléiss,value of Pb concentration for 2002 and 2003
belonged to the third and fifth classes and thee/alf Cd for 2002 and 2003 belonged to the fourth
class.
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According to the results of the heavy metals fr®JTR, the values for both monitoring sites (Novi
Becej si Titel) were undetdrget values’
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Figure 11.13. The spatial-temporal evolution of the heavy metals concentrations on the Tisza
River from 2001 to 2003 (and also from 2004 to 2005 in the TNMN stations)
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Regardingheavy metalsCu, Pb and Cd exceed the ll-nd class and arddmresl toxic substances,
Pb and Cd being very toxic for water resourceseesfly for the biota.

High heavy metals concentrations show the pollutibtihe area with heavy metals (mining area) only
in the monitoring sites of the Upper Tisza.

The Tisza River flowing from Ukraine at entranceRomania has altered chemical characteristics
through constantly exceeding the second classtygudlarget Values) of the TNMN Water Quality
Classification System for Pb, Cd and Cu.

4.8.4. Organic toxic substances

Of the organic toxic substances, only phenolic xnded detergents were analysed. There is not
enough data for the remaining substances (AOXpmtucts, lindane, DDT, atrazine, chloroform,
carbon tetrachloride, trichloroethan, tetrachloaedh

The evolution of the toxic substances concentrati@lues on the Tisza River from 2001 to 2003 has
been the followingKigure 11.14):

» the values of the phenolic index concentrationgednbetween 1.0 — 5409/l which
determined the classification of the Tisza Rivetha third class, with the exception of
Valea Viseului (2003) which belonged to the seccliads.

» the values of the anionic detergent concentrativese between 11.0 — 42|@y/l, the
Tisza River classified accordingly to the firstsda

For the Tisza tributaries the values of the phenalilex concentrations belonged to the third class
all the monitoring sites.
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Figure 1.14 The spatial-temporal evolution of the toxic substances concentrations on the Tisza
River from 2001 to 2003 (as well as from 2004 to 2005 in the TNMN stations)

Of the two classes of analysed pollutants, it wascad that the detergents do not pose pollution

problems as they are all well under the target aibjes, but the same is not true for the phenolic

index. Phenols are known as substances with tdfécte on aquatic organisms. They can appear in
water through accidental pollution, and in genénalr trend is decreasing however values are enough
high in comparison to target objectives.

Based on the work of ICPDR River Basin Managemedquelg Group (RBM EG - issues papers on
organic, nutrient and hazardous substances pallutiossible impacts related to organic, nutriemt an
hazardous substance pollution are listeANNEX 8.

4.9. Risk of failure to reach environmental objectives

4.9.1. Risk of failure to reach the environmental objectives (overview) — methodology

The WFD requires Member States to carry out ansassent of the risk of failing to meet its
environmental quality objectives by 2015. The otij@s include both the overall objective to achieve
a good status by 2015, and possibly additional ifpeabjectives that apply to protected areas as
defined by other legislation. The objectives magoalepend on the current status of the water body,
since Member States must generally prevent anyideddon in the status.

Failure to achieve the objectives on surface wateay be the result of a very wide range of
pressures, including point source discharges, shfiource discharges, water abstractions, water flo
regulation and morphological alterations. Theseamdother pressures that could affect the stétus o
aquatic ecosystems must be considered in the amalise risk assessment is therefore based on
information collected in the pressure and impaetyais.
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This chapter summarises data on the risk assesaheutface water bodies in the Tisza River Basin.
The data were collected from the five Tisza coestrin the form of templates (Risk Assessment
Templates) and are based on national assessments.

4.9.1.1. Methods and criteria for risk assessment

The risk assessment is based on a combined ewaluapproach considering both significant

pressures and in-stream quality data. The riskyarsais a stepwise approach from disaggregated
information to the aggregated analysis of risk. Tpressures and their relating impacts are
disaggregated into the following risk categories:

e Organic pollution,

e Hazardous substances,

* Nutrient pollution and

* Hydromorphological alterations.

Other kinds of risks were not identified on thensloundary Tisza Basin level, but may be relevant i
the individual National Reports. In many cases,ewdiodies in the Tisza Basin are affected by
multiple risks.

Regarding the risk assessment methodology, somza €auntries applied their own national methods
and criteria. Details on national methods and gatased by Hungary , Romania and Slovak Republic
are given in ANNEX 10, based on information currently available. In gahelnowever, the Tisza
countries used the ICPDR risk assessment critppéieal in the Danube Roof Report 2004, to allow
comparability of results on the basin level (ICPBRteria are listed in detail in the following
section). Where relevant, noteworthy additions anahodifications made by the Tisza countries,
such as national thresholds, are mentioned herinakdNEX 10.

Risk assessment for organic pollution

If a water body is subject to significant pressén@m municipal, industrial or agricultural point
sources, then the water body is classified as beihgisk’. The discharge of partially treated or
untreated wastewater from urban areas is espesigltyficant and does not meet the requirements of
relevant EU legislation, in particular the EU UrbAfastewater Treatment Directive and the Directive
for Integrated Pollution Prevention and Controlefiéfore, such water bodies should be classified as
being ‘at risk’. For impacts from organic pollutiothe Saprobic Index (SI) utilising benthic
invertebrates was used, and Serbia, for instarer@yadl the S| from plankton. Hungary did not use
the SI, but the parameters of biochemical oxygenatel (BOR) and dichromate chemical oxygen
demand (COR). Due to missing equivalent saprobic index-basédr@a, most of the water bodies in
Hungary were assessed as ‘possibly at risk’ foamigpollution in this case, which is not in harpon
with the Art. 5. National Report. The methodologed will be adapted to the ICPDR criteria as soon
as possible.

Risk assessment for hazardous substances

Generally, there are substantial data gaps in thatlpressure and the impact data. It was agreed tha
if a water body is subject to a significant presswhich exceeds the limit values for hazardous
substances, the water body would be classifieceasybat risk’. For the risk assessment of impacts,
the presence of hazardous substances from the IQRERf Priority Substances (i.e. EU List for
Priority Substances plus Arsenic, Chromium, Copp®t Zinc) in the water or sediments was used.
Substances on the ICPDR List were screened by iagphational quality standards.

For the risk assessment, Serbia used, among otiherdpllowing three substances and threshold
values: mercury (Hg) > 04g/l, phenols > Lg/l and chlorides > 40 mg/l. In Ukraine, heavy nseta
mercury, cyanides and chlorides were used in Sleassessment. In Romania the risk assessment for
hazardous substances was based on the heavy det&isination in water resources. A screening of
hazardous substances in water resources was cautiéa 2006.
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Risk assessment for nutrient pollution

It was not possible to define common risk assessir@eria for nutrient pollution at the basin Iéve
due to the heterogeneity of surface water typewréfbre, the Tisza countries applied national
criteria and threshold values (most commonly thitatiotal P, PQ NH;, NO,).

Risk assessment for hydromorphological alterations

No common risk criteria were defined for pressuresn hydromorphological alterations. The Tisza
countries applied nationally developed hydromorpgimal risk criteria (for Hungary, the relevant
criteria are presented in the Risk AssessmBNNEX 10). Relevant information can also be found in
the chapter on Heavily Modified Water Bodies.

Final risk classification

The final risk classification into one of the riskasses ‘at risk’, ‘possibly at risk’, or ‘not ask’ was
based on the individual results of the applied sures and impact risk criteria described above. A
water body was classified as being ‘at risk’ iflaast one of the four risk categories had been
identified. In cases of insufficient data, watedtas were classified as being ‘possibly at risktilun
more detailed information becomes available.

4.9.2. Risk of failure analysis on rivers

The information presented in this section conceisisassessment on rivers in the Tisza River Basin
and refers firstly to the Tisza River and secortdlyhe basin tributaries. The risk analysis resaites
based on the national assessments included irothpleted Risk Assessment Templates. Results are
presented in an aggregated form as well as acaptdithe four distinct risk categories.

4.9.2.1. Results on the Tisza River

On the Tisza River, 11 water bodies (668 km longyavassessed as ‘at risk’. This is equivalent to
69% of the total Tisza water bodies ($égure 11.15.) and of the total length of the Tisza River. The
main part of water bodies ‘at risk’ lies in Hungaagd Serbia. Tisza water bodies possibly at risk
(25% of the total) were reported only by Ukraine &ungary, while the only Tisza section not at risk
(6% of the total) lies in Ukraine (seEable 11.18. for details)*°

Figure 1. 16 reflect national ‘risk assessment’ differencesneen the five Tisza countries. Three
Tisza countries (the Slovak Republic, Romania aerbi8) classified up to 100% of their national
share of Tisza WBs as at risk. In Ukraine, only 20P#s national Tisza water bodies were classified
as at risk but 60% were classified as possiblysét(see Table I1.18 for details).

20 Ukraine classified one stretch of its Tisza ag ataisk’, although it considered this stretcHpasssibly at risk’
for hydromorphology.
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Figure 11.15 Surface Water Bodies at risk/possibly
at risk/not at risk on the Tisza River
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Figure 11.16 Surface Water Bodies at risk/possibly at

risk/not at risk in the 5 countries sharing the
Tisza River

Table 11.18 Main Tisza — Length and SWBs at risk/possibly at risk/not at risk

[% of total [% of total  [% of
Tisza [% of national Tisza national
Country [km] length] Tiszalength] [No SWBs] Tisza SWBs]
UA at risk 13 1% 5% 1 6% 20%
possibly at risk 149 15% 63% 3 19% 60%
not at risk 76 8% 32% 1 6% 20%
RO at risk 61 6% 100% 1 6% 100%
possibly at risk |0 0% 0% 0 0% 0%
not at risk 0 0% 0% 0 0% 0%
SK at risk 5 1% 100% 1 6% 100%
possibly at risk |0 0% 0% 0 0% 0%
not at risk 0 0% 0% 0 0% 0%
HU at risk 428 44% 73% 6 38% 86%
possibly at risk {157 16% 27% 1 6% 14%
not at risk 0 0% 0% 0 0% 0%
RS at risk 161 17% 100% 2 13% 100%
possibly at risk |0 0% 0% 0 0% 0%
not at risk 0 0% 0% 0 0% 0%

Source: All data are based on the completed Riskgsssent Templates. The length of the Tisza Riveaah country was
based on the sum of kilometres in the Risk Assessir@nplates.
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Data on risk assessment were available for mosthef Tisza River. The few data gaps and
uncertainties could be overcome through future baigsation of river kilometres and risk assessment
results for transboundary Tisza sections sharddidpgine/Romania, Ukraine/Hungary and the Slovak
Republic/Hungary Figure 11.17. illustrates the reasons for which water bodiesairdsk (nutrient
pollution, hazardous substances, organic pollutionydromorphological alterations).

Figure 11.17. is based on the information provided in the congueRisk Assessment Templates. To
correctly interpret the information, it should bensidered that in three transboundary Tisza sextion
shared by Ukraine/Romania, Ukraine/Hungary and Shkevak Republic/Hungary, non-harmonised
risk assessment results and river kilometres weperted by the riparian countries. In these cases,
only the data of one riparian country could be siiated in the Figure. In the case of the
Ukraine/Romania section, the figure illustratesydhle Romanian data. The corresponding Ukrainian
data, not shown in the figure, classified part bfstsection as ‘at possible risk’ due to
hydromorphology, as ‘possibly at risk’ due to haltars substances, as ‘not at risk’ for nutrients and
‘possibly at risk’ due to organic pollution. In tlease of the Ukraine/Hungary section, the figure
illustrates the Hungarian data. The correspondikmaldian data, not shown in the figure, classified
this section as ‘possibly at risk’ instead of ‘dskt due to hazardous substances. In the
Slovakia/Hungary section, the figure again illusiga the Hungarian data. The corresponding
Slovakian data, not shown in the figure, classified section as ‘at risk’ due to organic pollutias

‘at risk’ due to nutrients, as ‘possibly at riskiel to hazardous substances and as ‘at risk’ due to
hydromorphology.

Based on the data shown in the Figure, 69 % offteea was calculated as ‘at risk’ or ‘possibly at
risk’ due to organic pollution, 65 % due to nuttigmollution, 92 % due to hazardous substances and
100% due to hydromorphological alterations.

The Upper Tisza in the mountainous area of Ukramelassified as ‘possibly at risk’ due to
hydromorphological alterations. In Romania, thezdids classified ‘at risk’ due to hazardous
substances and possibly at risk for hydromorphobdgalterations, nutrient pollution and organic
pollution. The Middle Tisza is partly classified & risk’ and partly as ‘possibly at risk’ due to
hydromorphological alterations, hazardous substara®l organic pollution. In this middle part,
nutrient pollution is also as a reason for the jbsgisk of a significant part of the Tisza Riva@ihe
Lower Tisza is ‘at risk’ due to hydromorphologicalterations, hazardous substances and nutrient
pollution.
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Figure 111721 Risk classification of the Tisza, disaggregated into risk categories. Each full band
represents the assessment for one risk category (hydromorphological alterations, hazardous
substances, nutrient pollution, organic pollution). Colours indicate the risk classes

The high risk or possible risk due to hydromorplgatal alterations is related to the presence of
physical pressures such as weirs, bank reinforcermabannelisation and river regulation, especially
in the middle and lower parts of the Tisza. Hydrophological risk is also linked to the identificati

of approximately 50% of the length of the Tiszapasvisionally heavily modified in its middle and
lower part.

The Tisza has also been classified to a substatteht as ‘at risk’ or ‘possibly at risk’ due tioet
presence of hazardous substances. A major prollemsessing the results on hazardous substances
is the limited data availability in the Tisza Riv@asin. In Ukraine, risk and possible risk weratedl
mainly to heavy metals and cyanides from Romaniares) chlorides from Ukrainian mines as well
as mercury.

Romanian sections of the Tisza were also assessé&t ask’ from hazardous substances coming
from upstream in Ukraine. Specifically, the watef$he Romanian Tisza constantly exceeded second
class limits (Target Values of the TNMN Water QualClassification System) for heavy metals Pb,
Cd and Cu at Valea Viseului, the entry of TiszeRimmania. At the exit of the Romanian/Ukrainan
Tisza at Teceu/Tyacchiv, concentrations of heavialeavere lower in 2001 - 2003 than those for the
entry and as the same as for the entry in 2008-20

In Hungary, heavy metals mainly of transboundangiorwere reported as responsible hazardous
substances for classifying water bodies on thealRwer as ‘at risk’. In Serbia, parameters such as
mercury (Hg) and phenols exceeded the set threslodld. 1pg/l and 1ug/l respectively.

L Organic pollution is based on saprobic-index whgchot used in Hungary
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Tisza water bodies at risk due to nutrient pollutieere classified mainly in Hungary and Serbia. The
main reason for failing the WFD objectives for memt pollution is the incomplete implementation of
the urban wastewater treatment directive and diffugtrient pollution from agriculture.

4.9.2.2. Results on the Tisza tributaries

On the Tisza tributaries, 144 water bodies weressesl as ‘at risk’. This is equivalent to 71% @f th
total tributary water bodies in the Tisza River Basee Figure ). The main water bodies ‘at rigk’ |
in Romania, the Slovak Republic, Hungary and Serbidoutary water bodies possibly at risk (15%
of the total) were reported by all Tisza counteasept for Serbia. Tributary water bodies not sk ri
(14% of the total) are found in Ukraine, the Slo®Rdpublic and Romania.

Figure 11.19 reflects national ‘risk assessment’ differencesvieen the five Tisza countries for their
share of the Tisza tributaries. On one hand, Setdmgary, Romania and the Slovak Republic
classified the largest part of their tributary wab®dies as ‘at risk’. On the other hand, Ukraine
classified 41% of its national share of Tisza tré#sy water bodies as ‘possibly at risk’ and 47% as
‘not at risk’.

Not at
risk

14% At risk

Possibly
at risk * 1%
15%

% of national SWB

‘lat risk Opossible at risk @not at risk

Figure 11.18 SWBs at risk/possibly at risk/notat ~ Figure 11.19 SWBs at risk/possibly at risk/not at risk
risk on the Tisza tributaries in the five countries sharing the Tisza
tributaries

Figures 11.20 and 11.21 and Table 11.19 illustrate the reasons tributary water bodiesarask and
possibly at risk in the Tisza Basin and in eachntgu The Tisza tributaries are at risk mainly dae
hydromorphological alterations and nutrient potuatifollowed by organic pollution and hazardous
substances. Hazardous substances, however, wereaihereason for the classification of tributary
water bodies as ‘possibly at risk’ (especially ionfania, Hungary and the Slovak Republic).

The high risk of tributary water bodies due to lydorphological alterations is related to the frague
presence of bank reinforcements, channelisationt@msverse river structures for flood protection
and urbanisation (see also related information e itlentification of pHMWBs on the Tisza
tributaries).

The high risk from nutrient pollution in Romaniadaused by diffuse pollution sources from human
settlements, especially in rural areas where alspaat of the population is connected to sewage
systems and wastewater treatment plants. In Hungiagythe Slovak Republic, the high risk from
nutrient pollution can be explained by the incortglémplementation of the urban wastewater
treatment directive and diffuse nutrient pollutioom agriculture.
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For the extended classification of water bodiespassibly at risk’ and ‘at risk’ due to hazardous
substances, several tributaries in Romania excesstahd class limits for heavy metals. These rivers
were thus classified as at risk due to natural tpazknd and discharges (direct or by tributarieginfr
mining pollution sources. In Hungary, the presentdeavy metals is mainly responsible for the
classification of water bodies as at risk or pdgséb risk due to hazardous substances. In theaRlov
Republic, hazardous substances such as mercury, @##@) (Zn), trichlormethane, trichlorethane-
1,1,2 and Polychlorinated Biphenyls (PCBs) are gasjble for the water bodies being at risk. Serbia

reported mercury (Hg) and phenols as reasons ferrigk of water bodies due to hazardous
substances.
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Figure 11.20 SWBs at risk from different pressures on
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Figure 11.21 SWBs possibly at risk from different
pressures on the Tisza tributaries

Table 11.19 Tisza tributaries - SWBs at risk/ possibly at risk from different pressures

At risk from...

hydromorphological

organic pollution nutrient pollution hazardous substances alterations
% of total % of total % of total % of total
SWBs Tisza SWBs  SWBs TiszaSWBs SWBs Tisza SWBs  SWBs Tisza SWBs
UA 0 0% 2 1% 0 0% 1 1%
RO 39 19% 34 17% 17 8% 34 17%
SK 12 6% 12 6% 2 1% 23 11%
HU 10 5% 24 12% 13 6% 21 10%
RS 8 4% 10 5% 10 5% 2 1%
Possibly at hydromorphological
risk from... organic pollution nutrient pollution hazardous substances alterations
% of total % of total % of total % of total
SWBs Tisza SWBs SWBs Tisza SWBs  SWBs Tisza SWBs SWBs Tisza SWBs
UA 13 6% 4 2% 4 2% 4 2%
RO 9 4% 27 13% 23 11% 30 15%
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Possibly at hydromorphological
risk from... organic pollution nutrient pollution hazardous substances alterations

SK 31 1% 2 1% 19 9% 2 1%
HU 33 16% 14 7% 22 11% 13 6%
RS 3 1% 3 1% 3 2% 0 0%

MAP 11 - 14includes information on risk assessment relatddytvomorphological alteration,
nutrient, organic pollution and hazardous substance

4.9.3. Risk of failure analysis on lakes

No risk data related to lakes of the Tisza RivesiBavere collected for the purposes of this report.

4.10. Data gaps and uncertainties

4.10.1. Data gaps and uncertainties related to HMWB/AWBs

Methodological issuesThe basin-wide criteria and national criteria tioe identification of pHMWB
were used in a complementary manner for the pugpokéhis report. Some differences between the
basin-wide and certain national criteria may desefurther clarification to ensure a correct
interpretation of the Tisza data set on pHMWB. Asexample, the national criteria in Hungary
defines a water body as pHMWB when certain sigaifichydromorphological changes affect more
than 50% of the water body. This national threshaldld lead to pHMWB results which are different
from those following the application of the basiides criteria. Namely, the basin-wide criteria defin
that a minimum 70% of a water section should shdgnificant physical alterations and
hydromorphological impacts to qualify as pHMWAB. time future, it is worth clarifying how this
difference in thresholds is reflected in the repdppHMWB data in Hungary.

Furthermore, according to the information availabte far, the Tisza countries have identified
pHMWBs using mainly physical parameters (indiredtecia). The validation of pHMWBs on the
basis of biological data is still pending.

Upon completion of this report, only a few datagjapd uncertainties remained with regard to the
identification of pHMWBs in the Tisza River Basin.

There is still need for cross-border harmonisatinrtertain transboundary pHMWBS, and the main
uncertainties are:

« A water body on the common Tisza River border ef 8lovak Republic/Hungary was identified
as a pHMWB by the Slovak Republic but not by Huggar

« A water body on the common Mures River border ofmBpia/Hungary was identified as a
pHMWB by Romania but not by Hungary.

4.10.2. Identification of data gaps and uncertainties - related to risk assessment

Generally, the risk assessment results for theaTszsin indicate satisfactory progress of the natio
risk assessments and of efforts towards cross-bbatenonisation.

However, follow-up risk assessment activities ageded to fill in data gaps, especially concerning
the numerous water bodies which were classifieg@ssibly at risk’ due to the current lack of data.

Additionally, there is need for further bilaterakchange concerning risk assessment. Several
uncertainties in the data evaluation were relabethé lack of harmonisation of river kilometres and
of risk assessment results for common transboundatgr bodies on the main Tisza (especially for
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sections shared by Ukraine/Romania, Ukraine/Hungary the Slovak Republic/Hungary) and some
of its tributaries. In several cases, the samer rbeetions were included in the Risk Assessment
Templates of neighbouring countries indicating naaching river kilometres and risk classification
results.

4.11. Conclusion on surface water bodies

Artificial Water Bodies and pHMWB assessments
(Tisza River Basin Analysis Report vs. Danube BasiAnalysis)

A more detailed reporting approach was followedceoning artificial water bodies (AWBS) for this
Tisza River Basin Analysis than for the Danube Basnalysis 2004 (Roof Report). On the Danube
reporting level, only three large AWBSs were selddtebe described in advance (canals of basin-wide
importance). On the finer level of the present di®asin assessment, all AWBs identified in the
basin were reported and no size threshold wassativance. Thus, a more complete picture of the
existing AWBs basin-wide could be achieved at tiezd level.

The reported pHMWBs on the Tisza River were alnaettical to those reported in the Roof Report,
with some slight length variations in the Hungarieieza pHMWABSs. It is important to note that the

Tisza River was identified as a pHMWB to a smadetent (50% of its length) than the Danube River
(75% of its length), but the number of pHMWBs ati# kigher than the European average. This may
reflect fewer substantial changes in character lbé (Tisza River and less widespread
hydromorphological alterations.

Concerning the Tisza tributaries, pHMWBs were régbiin a more detailed manner in this report
than in the Roof Report, as more tributaries of Tireza were considered for the assessments in this
report.

Also the information presented in this report onM)MBs in Ukraine enhances the information
presented in the Roof Report, where no data coeliidduded from Ukraine.

The basin-wide criteria agreed upon for the Rogbdrewere used in a slightly modified way in the
Tisza assessment, and the size threshold for regdreavily modified water sections was reduced
from 50km (at the Danube level) to 10km (for theZh level).

Finally, the Tisza River Basin Analysis Report ismn transparent in terms of the national methods
and criteria used for the identification of pHMWR#nlike the Roof Report, this report offers exglici
information on national methods and criteria usedddition to the agreed upon basin-wide criteria.
This way any inconsistencies between the basin-wigteria and national criteria could be more
easily recognised, pointing to the need for furtlbdteria harmonisation in the context of the
international Tisza Basin.

The risk assessment results in this report haveiged new risk data on two Tisza countries (Ukraine
and Serbia) which could not deliver risk assessmesnilts for the Roof Report in March 2005. This

report also provides risk assessment data on mbrgdries of the Tisza Basin than those covered on
the Danube level.

For the methodology and criteria used, the riskesssent for the Tisza Basin was carried out largely
on the basis of the ICPDR criteria used in the Regport for the Danube. To increase cross-border
transparency, this report highlights national micdiions to the ICPDR criteria and, where available
provides detailed information on national risk nueth applied by Tisza countries.
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5 Characterisation of groundwater quality

According to Article 2 of the WFD (2000/60/EC), Gmdwater’ means all water which is below the
surface of the ground in the saturation zone andiriect contact with the ground or subsoil. An
‘aquifer’ means a subsurface layer or layers okrocother geological strata of sufficient porosity
and permeability to allow either a significant flaw groundwater or the abstraction of significant
guantities of groundwater. Finally, a ‘body of gnowater’ means a distinct volume of groundwater
within an aquifer or aquifers. Groundwater bodies subject to analyses and reviews as required
under Article 5 and Annex Il of the WFD. AccorditmgAnnex II:

“Member States shall carry out an initial characsation of all groundwater bodies to assess their
uses and the degree to which they are at risk ibhdato meet the objectives for each groundwater
body under Article 4. Member States may group glawater bodies together for the purposes of this
initial characterisation. This analysis may empleyisting hydrological, geological, pedological,
land use, discharge, abstraction and other datadinal identify:

- the location and boundaries of the groundwater bodiodies,

- the pressures to which the groundwater body or émdre liable to be subject (...)

- the general character of the overlying strata ie ttatchment area from which the groundwater
body receives its recharge,

- those groundwater bodies for which there are disedependent surface water ecosystems or
terrestrial ecosystems.”

According to paragraph 2.3 under Annex Il, for #ndsodies of groundwater which cross the

boundary between two or more Member States, fuitifermation on the impact of human activity

on groundwaters shall be collected and maintaineerevrelevant.

This chapter provides an overview characterisatibimportant transboundary groundwater bodies
(GWBSs) in the Tisza River Basin. A size threshofdnwre than 1,000 km? was defined to select
important transboundary GWBs to be included in fisza Analysis Report. Transboundary GWBs
were additionally selected on the basis of sewattadr criteria used by the Tisza countries: usenef
GWB as a source of drinking water, water for adtioe and industry, the GWBSs’ contamination
threat, the GWBSs’ link to important ecosystems,hsas protected areas or national parks, and the
presence of transboundary impacts.

Despite its focus on important transboundary GWHBis, chapter also summarises information on
important national GWBs of the Tisza Basin lardemt 1,000 km?.

MAP 10b shows the Groundwater bodies in the Tisza RivairBa

5.1. Location, boundaries and characterisation of groundwater bodies

5.1.1. Important transboundary groundwater bodies in the Tisza River Basin

Data on the characterisation of important transdam GWBs were reported by all five Tisza
countries in templates (Groundwater Characterisalemplates).

In total, 33 important transboundary GWBs were idienl. Figures 11.22 and 11.23 indicate the
national breakdown of these transboundary GWBs eigfard to the size and the number of GWBs.
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RS
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UA
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UA
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26%
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Figure 11.22 Country repartition of transboundary Figure 11.23 Country repartition of transboundary
GWBs (related to size/lKm?) GWBs (related to numbers of GWBs)

Table 11.20. gives an overview of the common borders betweemtri@s in the Tisza River Basin

(white cells). Numbers in the cells indicate thenlwer of transboundary GWBs reported as bilaterally

agreed upon. The numbers in brackets indicate GWiB=re bilateral (or trilateral) agreements are

still missing or need to be renewed or need taubér clarified.

Table 11.20: Matrix of transboundary groundwater bodies

B
2(1)

Country A reported 2 transboundary GWB

A bilaterally agreed with country B

2

Country B reported 2 transboundary GWB bilaterally
agreed with country A and 1 transboundary GWB
where bilateral agreement is pending, needs to be
further clarified or renewed with country A

Data source: Groundwater Templates submitted bigEa countries.

Note 1: The matrix should be considered as prebnyimntil further harmonisation of transboundary B\ata between the
Tisza countries.

Note 2: The matrix indications on the ‘not bilatbraagreed’ status of Ukraine’s transboundary GWB#weference to
specific neighbouring countries is based solelyUémaine’s submitted groundwater maps and was notiged as such in
Ukraine’s Groundwater Template.

Some countries reported the presence of ‘transtaoyn@WB groups’ or aquifer systems, which
contain several GWBs located in two or three caestrAltogether, 6 transboundary GWB groups
were reported by Hungary, Romania and the SlovaguBl& including a total of 24 individual
transboundary GWBSs. It is possible that more irdliei GWBs are part of larger groups, but this
could not be concluded on the basis of the cunmormation available. To this aim, further data
clarification and cross-border harmonisation isdeekby the Tisza countries.
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5.1.2. Summary description of important transboundary groundwater bodies

The following gives a summary of the informatioroyided by the countries on their transboundary
GWBs concerning their delineation criteria, theses, main pressures and impacts.

Criteria for delineation The GWBs were generally delineated according torabination of criteria
including the geological type and the borders &f sirface catchment areas. Thermal water bodies
were sometimes additionally separated on the lodsiwir temperature.

Geological overviewSand, gravel, silt, clay and boulder are the ncaimponents of the aquifers of
the important transboundary GWBs. Hydraulic coniitgtvaries.

Groundwater useGroundwater in the Tisza River Basin is used dst drinking water purposes
(91% of the transboundary GWBS). It also suppliegew for industry (58% of the GWBs) and
agriculture (mainly irrigation, in 48% of the GWBdj some cases, groundwater is also used in
balneology, for industrial bottling and geothermpalposes.

The chemical pressures on groundwaters most ofiered were from agriculture (use of fertilisers)
and settlements (absence of wastewater servicesjafdstraction of groundwater in some parts of the
Tisza River Basin is recognised as a possible céms¢he unbalance between abstraction and
recharge of groundwater.

5.1.3. Important national groundwater bodies in the Tisza River Basin

Ukraine, the Slovak Republic and Hungary provid&drmation on their important national GWBs —
43 in total — to be included in this report. Somi¢he important national GWBs may be part of larger
transboundary GWBs. More data and future bilatexahange are required in the future to verify this.

Although not explicitly reported, it is assumedttiiae GWB delineation criteria mentioned above
were also used for the delineation of national GWHsst national GWBs reported are used for
drinking water, agriculture and in industAiNo information was provided on the geological eiew
and the main pressures and impacts affecting ret(®6WBs.

5.2. Risk of failure to reach the environmental objectives

5.2.1. Approaches for groundwater risk assessment

The groundwater risk assessment was performedeohasis of national criteria for both the quantity
and the (quality) chemical status. The followingpdes an overview of the methodologies and
criteria used by the Tisza countries, based orrimdtion currently available.

Romania

The criterion for risk assessmentcpfantity status is based on the evolution trend assessyhém
groundwater piezometric levels. The criteria forudlity) chemical assessmenincluded the
overlying strata for litho—protection, actual growater quality, pressures and their possible impact
as well as on the nitrogen compounds which exdee@admissible limit.

Slovak Republic

A groundwater body is at risk of failing to achiegeodquantity status if the annual groundwater
withdrawals over the last 5 years for the whole G\Wgeed 50% of the documented available
groundwater resources, or if there are localitieside the GWB with groundwater abstraction
superior to 85% of documented groundwater sourcEldgical aspect of abstraction). A
groundwater body is also at risk of failing to aslg good quantitative status if the linear trend

2 Hungary provided no information on the uses ofétional groundwater bodies.
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evaluation of long-term monitoring data of grountkvaregime shows an important decreasing trend
while at the same time there is documented inflaarcthe dependent ecosystems.

The present (qualityyhemical status of groundwater in the Slovak Republic weaduated according

to the chemical composition of groundwater consistof 16,359 analyses (statistical density of
sampling was 3 samples/km?2) divided into the delieé groundwater bodies. A ‘contamination
index’ was used as quality criterion, which wascuakdted for each analysed component that exceeds
limit values of the National Drinking Water Standsr For the calculation of the contamination index
of each sample, the following input indicators sbyndwater were used: total dissolved solids
(TDS), NO3, CI, SQ As, F, Cd, Cu, Cr, Pb, Hg, Se, WKI, Mn, Zn, Fe, Na and Sb.

Hungary.

A groundwater body is at risk of failing to achiegeodquantity status, if (i) the area identified as
affected by decreasing tendency of groundwaterldei® larger than 20% of the area of the
groundwater body; or (i) the actual abstractionnisre than 80% of the estimated available
groundwater resources of the water body, or (iiipdrtant groundwater dependent ecosystem is
significantly damaged by anthropogenic alterations.

Evaluation of the (qualitythemical status is based on the analysis of N-load frorfewdifit diffuse
sources (fertilisers and manure in agriculturahaaed in settlements as well as infiltrated comrhuna
wastewater from settlements that are not conndatdlle sewer system) and on the assessment of
hazard from point sources of pollution. A water églat risk due to diffuse sources of pollutiornif

12 years the weighted concentration of the uppani8 greater than 37.5 mg/l in more than 20% of
the water body’s area.

Serbia

The criteria used foguantity risk assessment were based on the history ofttias of piezometric
levels from 1960 observed at a limited number ohitaoing stations, on the data collected from
operators of groundwater sources on level altaratend quantities of abstracted water as welhas o
a developed regional hydrodynamical groundwaterehaded for the estimation of future trends of
piezometric levels for several scenarios of fuggn@undwater abstraction.

The criteria used for (qualityyhemical risk assessment were based on the thickness, utigdra

conductivity of overlying layers as natural protent of groundwater body, the results of quality
analysis of chemical monitoring and identificatioh possible upward trends as well as on the
presence of anthropogenic pressures on chemitassta

Ukraine

There are no standard criteria for groundwater askessment in Ukraine. The groundwater risk
assessment in Ukraine was based on expert judgement

5.2.2. Results of the risk assessment on groundwater

The risk classification distinguished between tholesses: GWBs ‘at risk’, GWBs ‘possibly at risk’
and GWBs ‘not at risk’. A GWB is classified as bgtat risk’, if the nationally applied risk critexi
are fulfilled. In cases of insufficient data, GWBsre classified as being ‘possibly at risk’ untibra
detailed information becomes available.

(Quality) chemical status

The majority (88%) of the transboundary GWBs wasorted as not at risk in terms of (quality)
chemical status(seeFigure 11.24). Transboundary GWBs at qualitative risk (12%) evezported by
the Slovak Republic, Romania and Ukraine.

Concerning the important national GWBs, 12% waomeg as being at risk in terms of (quality)
chemical statusand another 16% as possibly at risk.
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Quantity status

Of the nominated transboundary GWBs, 85% were asdess ‘not at risk’ in terms of quantity status
(seeFigure 11.25). Transboundary GWBs at quantitative risk wereortgal by Hungary (3%) and
GWBs possibly at risk were reported by Serbia akdhlbe(12%).

As concerns the nominated important national GWBs$, were assessed as ‘at risk’ in terms of
gquantity and another 5% as ‘possibly at risk’.

at risk . . at risk possibly at risk
12% posswggl/at risk 2% 12%
0

not at risk not at risk
88% 85%
Figure 11.24 Transboundary GWBs at risk/ Figure 11.25 Transboundary GWBs at risk/
possibly at risk/ not at risk in terms of quality possibly at risk/ not at risk in terms of
- chemical status quantity

5.3. Identification of data gaps and uncertainties

The characterisation of important transboundary rseittbnal GWBs carried out for the purposes of
this report was a valuable exercise, which canesassthe basis for future bilateral (and if neagssa
trilateral) exchange and harmonisation of GWB infation in the Tisza Basin. The evaluation of the
GWB data submitted by the Tisza countries has atdit several remaining gaps and uncertainties.

No bilateral agreements or pending bilateral age¥gsn were explicitly reported for the
transboundary GWBs of Ukraine. All indications made this chapter concerning bilateral
agreements needed between Ukraine and its neighlaoarbased on the authors’ assumptions using
the GWB maps provided by Ukraine. Further transbemyy GWB data clarification and
harmonisation is needed between Ukraine and itghbeurs.

Bilateral agreements also still need to be comglétween Serbia and Hungary as well as between
Serbia and Romania.

A satisfactory level of bilateral agreement hasnbesched on transboundary GWBs shared between
Hungary and the Slovak Republic as well as betwéamgary and Romania.

Several of the important national GWBs are smahan 1,000 kmz2. In fact, some of the important
national GWBs may be part of larger transboundavyBs. In order to verify this, more data and
future bilateral exchange are required in the itur
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Finally, the GWB risk assessment results based aiiommal assessment criteria were not always
harmonised across borders with regard to the saWW® @r GWB group. In this respect, further
cross-border harmonisation of the groundwateraisiysis results is needed.

Due to the needs for further data improvement amdseborder harmonisation of transboundary
GWBs in the Tisza River Basin, only a few preliminaomparative remarks are provided below.

Five of the six GWB groups reported for this repa related to GWB groups already reported in the
Roof Report (Danube Roof Report GWBs with ID nunsb®i6,7,9 and 10). The reported information
on the GWB groups Bodrog, Slovensky kras/Aggtelg&-h Mures/Maros and Somes/Szamos is
similar to the respective data presented in thef Report (see Roof Report GWBs with ID numbers
5,6,9 and 10), with only slight revisions regarditig size of individual GWBs. A new aspect
reported on the GWB group Bodrog (ID 9 in the RBeport) is the indication that part of this GWB
group may also lie in Ukraine. One of the transloaup GWB groups nominated for this report
(shared by Hungary-Serbia) seems to be relatedetdarger transboundary GWB group ID 7 of the
Roof Report (the Upper Pannonian-Lower Pleistoc&WB from Backa and Banat/Dunav/Duna
Tisza kdze délir.).

In general, the Tisza transboundary GWBs identifiethis report are greater in number than those
reported for the Tisza Basin in the Roof ReporisTé mainly due to the finer level of analysighiis
report, considering that a lower size threshold usexd for selecting important transboundary GWBs
(a size threshold of 1,000km2 compared to thetsimshold of 4,000km2 used on the Danube level).

Additionally, any information given on transboungd&@WBs from Ukraine is new in this report, as
no relevant information for Ukraine was made avaddn the Roof Report.

Finally, in the context of this Tisza River Basimalysis Report, important national GWBs (larger
than 1,000 km2) were also identified, while the RReport focused only on transboundary GWBs.
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Part lll - Water Quantity

6 Water resources and uses

6.1. Water resources

The Tisza River ranks as the longest tributary (@@ and the second largest tributary of the Danube
River by flow volume, with an average dischargaldut 830 rfisec. The basin drains an area of
157,186 krmand is the main water source for Hungary, a sicguit source for Serbia and an
important source for western Romania and southeaptet of the Slovak Republic.

The multi-annual area mean values of the main lalafements of the Tisza River BdSiare:

e precipitation 744 mm/a,
e evapotranspiration 560 mm/a,
« runoff 177 mm/a (= 830 frs).

The isoline map of runoffAP 15) shows the variation of runoff within the TiszavRi Basin
between 10-20 mm/a (along the middle reach of ithealRiver) and more than 1,000 mm/a (in the
northeastern Carpathians and the Apuseni Mountains)

6.1.1. Monthly flow analysis

Statistical analysis of monthly flows in the TisRaver Basin was carried out for the main gauging
stations, on the Tisza River and its main tribesiriThe analysis was based on monthly mean river
discharges data recorded between 1955 and 2000Aritex 15presents the interannual distribution
of monthly discharges at eight stations on thed Rwer where significant changes of river disclkarg
are present due to input from tributaries: Rahikrélihe), Tiszabecs (Hungary), Vasarosnamény
(Hungary), Zéahony (Hungary), Tiszalok (Hungary)skire (Hungary), Szeged (Hungary), and Senta
(Serbia). Similar data for six stations at the ntaiutaries: Chop (Ukraine, the Latorica Riverat$s
Mare (Romania, the Somes River), Streda nad Bodno@lovakia, the Bodrog River), Felsdzsolca
(Hungary, the Sajo River), Gyoma (Hungary, the Hes+K0ros River), and Mako (Hungary, Maros
River).

6.1.2. Low water flows

Analyses of low water flows on the Tisza River #sdnain tributaries were also completed for 1955-
2000 on the basis of a series of minimum annualhdiges, where data existed. Statistical values
(mean annual minimum, standard deviation and skesjrend theoretical values for selected return
periods are given ifiable III.1.

%3 Detailed information about the main componentthefmulti-annual water balance in the Tisza RivasiB,
based on measurements from 1931 to 1970, is givéreimonograph ‘Hydrology of the River Danube’,
published in 1986 in Munich.
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Table .1 Minimum annual flow-Qumin,t (M3/s)
Statistic parameters Return period T (years)

River Station Mean Standard Skewnes 100 50 10 2
Tisza Vilok 48.84 15.45 -0.290 10.65 13.54 24.18 46.81

Senta 200.4 82.7 0.463 60.28 69.74 1034 187
Latorica Chop 6.05 2.32 0.892 2.19 247 3.43 5.72
Bodrog Streda nad Bodrogom  26.7 8.09 -0.495 50 38.0 16.01 27.38

6.1.3. Surface water storage

Chapter 3.4.3. of this report gives an overviewha reservoirs in the Tisza River Basin. The total
reservoir capacity is about 2.7 billior? @nd this amount represents about 10% of the aseragual
flow for the Tisza. There are 7 reservoirs lardgemt 100 million mwhich were built for a variety of
purposes$ee Table Il1.2).

Table I1l.2: Reservoirs in the Tisza River Basin larger than 100 million m?

Location Reservoir
Cat
(czfgfig Catchment
range) . upstream - \oume  Surface
Country River River Name of Purpose
Basin reservoir
Mm® km? Mm® ha
Crisuri Dragan Dragan 159 112 292 multipurpose
RO
Mures Sebes Oasa 187 136 401 multipurpose
electricity
VD Verlka production,
100-200 Domasa recreation, fishing,
SK Bodrog | Ondava and Mala 827 178.28 1,510 flood protection,
Domasa industry water
supply, irrigation
RS Tisza Tisza Tisza na 160 na |rr|gat|qn, flood
protection
200-500 | RO Somes | 2°M€S | Fantanele | 325 225 gog | nvdropower, flood
Cald protection
Raul Gura
RO Mures Mare Apelor 235 210 411 hydropower
HU Tisza Tisza Kiskore 65,670 253 12,700 Multipurpose
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Location Reservoir
Cat
(czsggig Catchment
range) . upstream  yoiume  Surface
Country River River Name of Purpose
Basin reservoir
Mm?® km? Mm?® ha
aborec: | e
SK Bodrog | ba¢na Zemplinska| 1,567 297 3,280 9 ' y
s =0 water supply, flood
nadrz Sirava -
production

6.1.4. Groundwater

Groundwater in the Tisza River Basin is of majopartance and is subject to a variety of uses with
the main focus on drinking water, industry and agture. Chapter 5 gives detailed information on
the GWBs of the Tisza River Basin and indicatesribks related to the quantitative status of the
GWBs. In summary it should be noted that no GWBs=viredicated as ‘at risk’ for quantitative status
in the Slovak Republic or Romania. In Hungary tw@/Bs were identified as ‘at risk’, and four
GWBs in Ukraine and two in Serbia were identifisd@ossibly at risk’ for quantitative status.

6.2. Water uses

The water resources of the Tisza River Basin an@lynased for public water supply, irrigation and
industrial purposes, but also for other agricultuses, such as fishery, and recreation.

Analyses were made in the framework of the ICPDBz&iGroup on the present water uses of the
public water supply for agriculture irrigation other agricultural use, as well as for industrial
purposes where the average value for three ye@@2{2004) was analysednnex 11 includes
detailed background information on the water qugnised by various users as well as figures on the
sources of water related to water uses based aotleeted data.

Based theaverage total water quantities annually used by ghen usersand the percentage of
the estimated consumptive ffs€see Annex 11), calculations were done, whichegine estimated
consumptive uses by the various water users (miHid).

The overall estimation of consumptive use betweatemnusers is given imigure Ill.1a.

24 Consumptive use :Water abstracted which is no longer available & bhecause it has evaporated, transpired, beerparated into
products and crops, or consumed by man or livestker losses due to leakages during the transparater between the point or points
of abstraction and the point or points of useex@uded. Definition source Joint OECD/Eurostatgjiaanaire 2002 on the state of the
environment, section on inland waters.
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Estimation of consumptive use in the Tisza River Basin area

Thermal power plant Irrigation

cooling 35%
11%

Water supply of
industry
32%

Other agricultural
use (livestock farms,
fish production etc)
7%

Public water supply
15%

Figure lll.1a Estimation of consumptive use between water users in the Tisza River Basin

The total annual water consumption in the TiszeeRRasin is estimated at about 700 milliof) or
about 2-3% of the total annual flow. About 20% laEtconsumption comes from deeper aquifers.

As further analysis of the ICPDR Tisza Group, dethinformation was collected on the average total
water quantities used annually for various wat@&sus the last three years which also illustrates t
major sources of water for the water users.

Irrigation represents the major consumptive use of watehénTisza River Basin. Many older
irrigation systems are temporarily out of operatdue to reasons that may include the economic
situation in countries or change of ownership, agnothers. The total annual consumptive use of
water for irrigation is about 250 million3nor about 8 rper second, representing about 1% of the
annual flow.

The use of water for otheagricultural uses (livestock farms, fish production or other uses) i
relatively low due to the reduced number of live&ttately also resulting from the economic situatio
in countries or change of ownership. The use oewflr livestock is highest in Serbia and Hungary,
and the use of water for fish production is sigmifit in most of the countries, especially in Serbia
Romania and Hungary. The total annual consumptedisirelatively small - about 50 million’m

Total annual consumptive use of water fablic water supply is about 110 million iy while for
industrial water supply the total annual consumptive use of water is a@8atmillion n?. There are
no thermal power plants in Ukraine and Serbia dmdtotal annual consumptive use of water for
cooling of the thermal powerplants is about 80 million rf) required by Romania, Hungary and the
Slovak Republic.

Part | of Chapter 3 gives an overview on liyeroelectric power plantswith an installed capacity of
over 10 MW in the Tisza River Basin. Altogether Bgdropower plants were identified by the
countries, and out of these, 28 with the highestalied capacity are in Romania. The installed
capacity and discharges of hydropower stationenttisza Countries are illustratedAnnex 14

As the Tisza River is established as a class I€rmational waterway by an AGN agreement, the
required navigation conditions should be availadtidow flow of 95% duration, or approximately
175 ni/s. The minimum discharge in the Tisza River reggiifor safe navigation on the selected
profiles in Hungary is 120 fts between Kiskdre and Szolnok.
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Other water usesthat have been considered significant to deterntiiree existing water use are
tourism and recreation. No environmental water detaaare calculated for the volumes of water
needed for preserving ecosystems.

6.3. Scenario for 2015 — water demand

Based on theaverage total water quantities annually used bydiven usersand the percentage of
the estimated consumptive uggee Annex 11), a scenario for 2015 was createdggthe estimated
consumptive uses by various water users (milliGj. m

This overall estimation of consumptive use betweater users for 2015 is givenhigure 111.1b.

Estimation of consumptive use 106m3 (scenario 2015)

Thermal pow er
Water supply of plant cooling

industry 6%
9%
Public w ater
supply
10%
Other
agricultural use Irrigation
(livestock 68%
farms, fish

production etc)
7%

Figure Ill.1b Estimation of consumptive use between water users for 2015 in the Tisza River
Basin

Data on planned water uses were collected and wateand in the Tisza River Basin was analysed
for the year 2015. The total water demand is gieenirrigation, other agricultural uses (such as
livestock farms or fish production), municipal andustrial water supply, hydropower, navigation,
preservation of water regimes and ecological remuants.

It is likely that the total annual water demandtia Tisza River Basin will be about 1.5 billiorf in
2015, or 5.5-6% of the total annual runoff. Deegguifers are planned as a supply source for
approximately 20% of the expected water demand.

A significant increase in water use faigation is planned for 2015. All countries plan to upgrade
their existing irrigation systems or build new onlesgated areas will increase from about 500,880
to about 625,000 ha. Areas and water quantitiedeteor irrigation in 2015 are given Annex 14
The total annual consumptive use of water for atign is predicted to be about 950 millior on
about 35 mMper second, representing about 4,2% of the memmaafiow. Future augmentation of
water use for irrigation, where consumptive us msajor component, will be an additional pressure
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in the Tisza River Basin. Aquatic ecosystems alyeadiherable will be particularly endangered in
the summer, when planned irrigation can go beywadlable water quantities.

For otheragricultural usesit is estimated that the total consumptive usélvdlaround 100 million

m°.

Estimations related to the water quantities plarfoegublic water supply by 2015 indicate a 25%
increase by 2015. The total consumptive use wilidbetively low — about 140 million fa- and will
not be a key pressure if adequate treatment ofcipaliwastewater can be provided.

On the other hand, a significant portion of watarrhunicipal water supply originates from slowly
renewable deep aquifers, and the sustainabiliteivater supply from these aquifers must be
ensured.

An increase in water use fimdustrial water supply is not planned. However it is important to note
that some industries require large water quantitiddle untreated wastewater may be polluted in
some cases.

No new hydropower plants are planned in the SldRefublic, Hungary, Serbia or Ukraine, but one
on the border between Romania and Ukraine. Thaduncrease ohydropower capacities in the
Tisza River Basirshouldbe through the reconstruction and upgrade of tlitieg infrastructure to
minimise the need for development of new structukissy developments or reconstruction/upgrade
of existing facilities should be in line with EUdéronment protection standards (i.e. new hydropower
plants should have fish passages and respect eaggrits for minimum environmental flow) to lessen
the impact on water quality.

Low water flows needed faravigation will remain the same in 2015.

Due to the lack of methodology and data in mosntwes, it is currently difficult to estimate water
quantities which will be used for timeeservation of good ecologicastatusin rivers and canals.

New tourist and recreational facilities are planiretdkraine by 2015, but water quantities planned
for tourism and recreation will not grow signifiahn

The quantity of cooling water fahermal power plants will remain the same in 2015.

The increase of water use in the Tisza River Basiget in national water management plans will be
an additional pressure on already endangered aqeatisystems. This is particularly true for
irrigation, as this consumptive use takes pladewnwater period of the year.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 99

7 Floods

7.1. Floods in the Tisza River Basin

Floods in the Tisza River Basin can form at anyseeaas a result of rainstorm, snowmelt or the
combination of the two. Snowmelt without rainfarely occurs in the Tisza Basin and floods
resulting from this account for no more than 10-1@®he total amount. The rise in temperature is
almost always accompanied or introduced by sonme Tdius large flood waves are generated more
frequently in late winter and early spring.

The warm period from May to October accounts fartye65% of total floods, and the cold period
from November to April accounts for only 35%. Howewnaximum discharges and the volume of
restricted flow of floods in the cold period gerraxceed those observed in warm period.

The floods generated in Ukraine, Romania and tbea®&l Republic are mainly rapid floods and last
from 2-20 days. Large floods on the Tisza in Huggard in Serbia, in contrast, can last for as lasig
100 days or more (the 1970 flood lasted for 18GsHayhis is due to the very flat characteristidiod
river in this region and multi-peak waves which neaych up on the Middle Tisza causing long flood
situations. Also characteristic of the Middle Tisegion is that the Tisza floods often coincidehwit
floods on the tributaries, which is especially denogis in the case of the Somes/Szamos,
Crasna/Kraszna Bodrog, Cris/Kords and Mures/MatigerB.

Recent severe floods have highlighted the problérthe inundation of landfills, dump sites and
storage facilities where harmful substances areslggal and toxic substances can be transferred into
the water posing a clear threat to the environm8aoth potential threats were recognised by the
ICPDR (Potential Accident Risk Sites in the Dandriger Basin, 2002), and an inventory of old
contaminated sites in potentially flooded areashimm Danube River Basin was compiled in 2002-
2003.

Long-observations of level regime and maximum flpwovide evidence of the distribution of
extremely high severe floods in the Tisza RiveriBasong the Upper, Middle and Lower Tisza and
its tributaries. However, not all high upstreanofls cause severe floods along the Middle or Lower
Tisza due to attenuation.

Following a relatively dry decade, a successioalmformal floods has annually set new record water
levels on several gauges over the last four y€arsr 28 months between November 1998 and March
2001, four extreme floods travelled down the TiRbeer. Large areas were simultaneously inundated
by runoff and rapid floods of abnormal height oregal minor streams. The extreme Tisza flood in

April 2006 was preceded by several floods in Fetyr@and March generated by melting snow and

precipitation.

In the 19" century, river floodplains traditionally supportédod-tolerant land uses, such as forests,
meadows and fishponds. Since then, land developmenmests have changed to modern agricultural
production demanding low and tightly-regulated watevels and protection from seasonal
inundation. This trend has been facilitated by #wailability of arable land, crop intervention
payments and grant aid for drainage, including pesingrainage within floodplains. This has led to
the development of arable agriculture that demdodswater levels in associated rivers. Industrial
and urban building has also increased within ddhiit@odplains lasting recent decades. In Hungary,
work to drain the Tisza wetlands began in the X@htury and today some 500,000 people — 5% of
Hungary's population — live on land reclaimed frtme Tisza. Efforts to reduce flood impacts by
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building higher dikes and continued river bed ratjoh have resulted in a deposit of silt within the
main bed which has inadvertently increased floeksti

In addition to the altered nature of floodplairg teduction in upper and mid-catchment water
retention leads to more flood events downstreanreviieer channels and small floodplains no longer
contain peak water levels, even for minor floodreseThe lack of coordinated mechanisms to
mitigate floods in the upper catchment may leacdoimpounded impacts downstream. When flooding
occurs, industrial sites, mining areas, agricultfiedds and municipal waste facilities can become
inundated and pollute the waters of the Tisza Basin

The Danube River Protection Convention emphaskeaeed for transboundary level cooperation in
forecasting and monitoring flood events if theipiats are to be minimised. In response to this, the
Danube countries have decided to establish joinergemcy plans. ThéAction Programme for
Sustainable Flood Protection in the Danube Basi@s endorsed at a Ministerial Conference in
December 2004.

Another type of inundation in the lowland areashsf Tisza River Basin originate from unfavourable
meteorological, hydrological and morphological ctiods on saturated or frozen surface layers as a
result of sudden melting snow or heavy precipitatior as a result of groundwater flooding. This
undrained runoff or excess water cannot be evadudede the affected area by gravity and may cause
significant damages to agriculture or even to izdfffrastructure and settlements.

The appearance of the inundation cause@xmess watefundrained runoff) is determined together
by natural and artificial circumstances. Naturateinstances can be the meteorological conditions
(temperature, precipitation), morphological coratis (altitude, geographic structure), soil progstti
(permeability, physical structure, reservoir ahijlittype of soil), hydrogeological conditions
(groundwater level state), geological conditioril(gock, impermeable layer). Artificial conditien
include drainage networks (the capacity of the oeétwduring the excess water’'s period, its
construction, backwater effect), agricultural pieet(irrigation, used agricultural technologiespdy

of cultivated plant) and the increase in urbaneseghs.

There are more than 50 definitions for this phenmonein Hungarian alone. The large number of
definitions shows that this phenomenon has an tetfecseveral parts of the catchment and several
elements of the economy.

Lowland drainage systems are characteristic atg#af the Tisza Valley. These networks determine
surface water accumulation and effect runoff inwtmle lowland area along the Tisza River. These
networks have been always connected to the evenyfdagf the population living in the lowland.
Small local depressions and small valleys werefitise elements of these networks, and were later
modified for a higher capacity.

Experience with the formation of the undrained fipbenomena shows that the most critical period
is the springtime. The most serious inundations ragistered at this period when the natural
conditions are unfavourable for natural runoff.sjoring rapidly melting snow combined with rains
may cause inundations over significant areas.

Undrained runoff has also been observed in the smmwhen heavy rainstorms trigger inundations.
This type of inundation causes extensive damagetiblements and in plough-lands, as plants can't
tolerate the inundations in that period of theowgth.

In autumn undrained runoff have been registeredrin a few occasions in connection with heavy
rainfalls.

Man-made facilities have a strong effect on runa$fthey can modify the flow conditions such as the
backwater effect (at the mouth of canals) or thimcefof pumping stations (where there isn't
conformity between the concentration time and #ygacity of pumping station).
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Historical floods in the Tisza River Basin (1)

The following list contains remarkable floods i thisza River Basin.

0
(0]

March1879: devastation of Szeged claiming 151 victird863f houses destroyed;

March 1888: extreme floods with new peaks in thezaiRiver Basin extending to the Tisza, Szamos,
Kraszna, Bodrog, Korés/Beretty6d Rivers, resultingriore than 210 dike breachesross the basin, claiming
victims and inundating more than 100 communitiesuiding 9 towns;

1919 and 1932: the two most significant floods leetmWorld War | and 1l the 1919 flood resulted in t
dike breaches, in 1932 there were no failurebénterritory of Hungary but failures occurred iramscarpath
and in the Crisuri Valley in Romania;

December 31, 1947: flash flood on the Upper-Tigzilting in dike breaches at Tivadar, inundating BOf
including 9 communities;

Spring 1966: disastrous flooding along Timis/Tami&r after a breach of the Romanian leftak leve
upstream of the SerbigRemanian border. In Serbia water from flooded &@Esbeen evaquated troughout
on levees on the Bega/Begej and the Timis/Tamis.

February-March 1966: record floods and dike breadm¢he Kordsok/Berettyd system;

May 1970: extreme floods in the entire Tisza RiBesin, dike breaches, victims and substantial dasa
the Somes and Mures Basins, record flood stageg #h@ Middle and Lower Tisza;

March 1974: record floods along the Black and WHitirdés Rivers and to protect the city of Gyula
interfluvial of the two rivers were inundated bysting the dikes;

October 1974: record floods along the Bodrog, Her®ajo and Zagyva-Tiaa Rivers, several dike breac
along the Tarna River;

July 1975: record floods along the Mures River;
March-April 1979: new flood peaks along the Bodeol Middle-Tisza between Tokaj and Tiszafired;

July 1980: dike breaches at the confluence of thee®By6 and Sebeasérds Rivers, later the right bank
Kettés-Koros at Hosszufok, opening of Malyvad and Mémetention basins, 200 Krimundated, 4,100 peoj
evacuated, dike breach closed by sheet pilingd& o, head;

March 1981: new flood peaks along the Black-KoérdseR opening the Malyvad detention basin;

Christmas 1995: record floods along the Wikti6s River, dike breach at the Gyula pumping statiith
successful localisation, opening of Malyvad and ¢@éérdetention basins;

January 1996: record floods along the Mures Rivétaallac;
Between November 1998 and March 2001, four extridmoel waves travelled down the Tisza River;

= November 1998: The Upper Tisza Basin in TranschipatJkraine experienced catastrophic losses d
floods,landslides and mudflows with 17 victims claimed¢sessful emergency operation in Hungary ag
new peaks exceeding those on record by 20-93 cm;

= March 1999: extreme flood along the Bodrog and N&ddsza, exceeding previous maximum on the Bo
River at Sarospatak by 52 cm, on the Tisza Riv&zatnok by 65 cm;

= April 2000: extreme floods along the Middle Tispmevious maximum water stages were exceeded
river section of 471 km (at Szolnok +67 cm abowe bcord of 1999); extraordinary alatbng 1342 kr
flood embankments of the River Tisza and tributarietal length of flood embankments in emerge2&a(
km; days in emergency/extraordinary emergency:324/

= March 2001: extreme floods along the Upper Tiseverl dike breaches and Sctuins in Ukraine, i
Hungary previous peaks were exceeded between Eisgzaind Zahony in a magnitude ob@-cm; dike
breach on the right bank of Tisza River near TaBfg000 ha flooded in Hungary and another 6,00
Ukraine, 8 1/2 communities weflmoded and evacuated, another 9 communities wereessfully defende
by confinement activities);
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Historical floods in the Tisza River Basin (ll)

o0 April 2005: In the Bega River Basin in April and 2005 large quantities of precigiton fell, at certai
meteorological stations the historic maximum beiagceeded. The maximum values of precipite
concentréed on an area between the sources of the Bega, Rireemiddle course of the TignRiver, until the
upper basin of the Barzava River and practicaligluded the entire catchment of the GaRiver. Thes
precipitations superposed in certain areas wighsnow melting period, fact which led to the fotioa of flood:s
with important discharges. As a result of the flscoccurred in 2005 in the Bega River Basin, theeee
affected 34 localities, 127 economic objectives] Blidges and foot bridges, 5mlof national roads, 200 km
county and communal roads, 9 km of railway and @3b8ctares of agricultural landBhe total value of tt
recorded damage was evaluated at 80 million EURO.

0 April 2006: the extreme floods on the Tisza werecpded by sevdrfioods in February and March generatet
melting snow and precipitation that fell from highmidity air masses arriving from the Mediterran&ea; new
record flood stages along the Middle and Lower disetween Tiszaug and Titel at a length of 270 kagnitud:
of exceeding 14-62 cm; along the Harmas-Korés Raver length of 70 km, exceeding up to 32-54 cne fldod
lasted almost two months, within which the duratdérvater stages over the previous maximum reclasted twe
weeks aSzegedndMindszentstations.
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7.2. Flood protection and drainage systems in the Tisza countries

7.2.1. Flood protection systems and the status of flood protection structures

In the Tisza Valley, organised, systematic floodtection started in the mid %%century. The
backbones of these works are the flood protectikasdalong the main river, but also include river
training works, bank protections, flood retentieservoirs and polders. At this time drainage system
with pumping stations were also built. As the hydgical regime of the Tisza River became better
understood and some dikes breached or failed ta mheedesign criteria, the dikes had to be
reconstructed, upgraded and strengthened.

Generally, the main dikes are designed for the joneundred year’ return period floods. Although
this is a general design criterion, there is silmajor difference between the approach used in
Ukraine, Romania and the Slovak Republic as congpréhe method used in Hungary. In upstream
countries where reliable discharge intervals arailable, the ‘Qy, is used for the design of the
structures. On the flat region of the Tisza thengaturves are not single-valued, and the discharge
statistics are not reliable and water level stagsare used to provide the;s design level. This
leads to a different degree of protection at bos#mtions, but in the frame of the existing bilater
agreements, this problem is relaxed during negotiat

To provide security against wave actions and topmsate for the uncertainty in the calculation of
design flood level and in the dimensioning of dikasfreeboard of 1 m is generally applied with
positive and negative deviances in justified cases.

Reservoirs are mainly multi-purpose in mountainatsa and are used for water management, fish
farming, electricity production, providing ecologldlow and some are also used for flood retention.
The polders (flood detention basins) on the lowlaegions are used for emergency flood detention
only.

Flood protection structures

Table I1l. 3 summarises the length of the dikes (km) and theuswtnof reservoirs (and polders) in the
Tisza River Basin.
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Table Ill. 3 Flood protection structures in the Tisza River Basin

Country

Length of the dike
km

Reservoir and/or polder$®
10°m®

Ukraine

Tisza River Basin

726 (embankments) + 276 (bank
protecting and training structures

65.8 in 9 reservoirs an 59 ponds

Romania

Tisza 5.56 -

Viseu 7.85 -

Iza 13.53 -

Tur 77.12 28.09 in 4 reservoirs

Somes 1198.00 557.0 in 35 reservoirs

Crasna 163.39 28.79 in 1 reservoir and 1 polder
Barcau 336.00

Crisul Alb 210.19

Crisul Negru 378.10 45.50 in 2 polders

Crisul Repede 55.40 117.25 in 3 reservoirs

Mures 825.00 524 in 31 reservoirs and polders
Bega-Veche 104.30 46.94 in 9 reservoirs and polders
Bega 115.40 65.43 in 15 reservoirs and polder:
Slovak Republic®

Tisza 6 -

Slana 5.7 -

Tributaries of Slana 107.8 14.1 in 4 reservoirs

Bodva 28.6

Tributary of Bodva 41.0 25.6 in 2 reservoirs

Hornad 34.2 62.7 in 2 reservoirs

Tributaries of Hornad 11.5 in 1 reservoir

Bodrog 22.12 -

Tributaries of Bodrog 230.87 631.9 in 3 reservaind 1 polder

% Total storage

%6 Note: Total reservoir volumes in the text and ¢ataken from Abaffy, D., Lukg M., Liska, M.: Dams in
Slovakia. T.R.T. Medium, Bratislava 1995. The atusdumes are changed due to sedimentation, wingewa
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Length of the dike Reservoir and/or polderg’
Country km 10°m?®
Hungary
Tisza 1064.1 -
Tar 75.7 -
Szamos 93.0 -
Kraszna 62.3 -
Lényay Main Canal 102.8 -
Bodrog 57.9 -
Sajl(incl. Takta) 119.6 -
Hernad 62.0 -
Zagyva-Tarna 389.0 46.0in 3 reservoirs and 2 flood detention basins
Korosok(incl. Berettyd, Hortobagy-
Berettys) 747.9 295.0in 6 flood detention basins
Maros 95.1 -
2 869.3(primary defences)
and 407.Gconfinement
Tisza River Basin in Hungary structures) 326.0in 3 reservoirs and 8 flood detention basins
Serbia
Tisza 314.8 -
Old Bega 71.5 -
Bega 62 -

In Ukraine the flood protection complex in Zakkarpattia Didtrwas created to protect the area
against water during frequent floods that can tplece at any season and includes: protection
embankments, bank strengthening, regulated reaohesver, main and incoming canals with
structures, pumping stations on reclamation systesssrvoirs and ponds.

Protection embankments were constructed beginnii@63 with the use of various technologies, for
various probabilities, and according to presentmsothey no longer constitute a reliable flood
protection complex.

The extent of the embankment accounts for 726 kanbamk protecting and training structures on 276
km are constructed as rubble concrete bulkheadk,paving, gabions and bank heads. Severe floods,
especially those in 1998 and 2001, damaged bartkegiion at many places and the complex now
requires reconstruction and strengthening.

There are 9 reservoirs within the district of atatolume over 41.8 £@n® and 59 ponds. The volume
of all reservoirs totals up to 65.8%1°, and their surface area is 1,563 thousand ha.

abrasion of reservoir banks and revisions (sedimamoval). Updated reservoir volumes for selecesgivoirs
are available, but from different time moments.

" Total storage
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In Romania the main objectives of the water management wiarkésza River Basin are to:

« Satisfy the water needs for population, industry ather water usages;
« Protect water quality;

« Mitigate the destructive effects of water;

e Capitalise on the hydropower potential of main wadarses;

e Assure the ecologic and health needs of people.

Flood protection is achieved through regulationkgpbank protections, embankments and reservoirs
with high flows attenuation role.

Levees along both-side of the Bega Veche River Wailk at the end of the 19th century in the scope
of overall river training. After a disastrous fload 1932, levees were reconstructed and the rigerbe
deepened to enable safe flood conveyance.

The Bega River is fully canalised. The Topolovadrihe furthest upstream, holds inflow into the
channel lower than 83.5%s. Excess waters are routed into the Timis Riteough an outflow
channel.

In the Slovak Republicflood protection is provided by dikes. In genefa tikes are dimensioned to
Q1 — but at certain location (Bodva for example),@ used — valid before the floods in 1972-1976.
Values of high waters for 1% exceedance were réderesd and increased by 25-40%. Flood
retention reservoirs are used to reduce peak digebaand where this possibility is available the
design discharge has been reduced.

Several dams and reservoirs have been built t@ stater for economic use and to protect against
flood.

In Hungary approximately half of the territory of the countsysituated in the Tisza Basin, and the
present level of flood protection development hasrbattained by almost two centuries of planned
water management efforts. In the early years ofifecentury, parts of the 20,000 kifloodplain

(20 % of the Hungarian plains) were inundated peendly or for periods of differing lengths of the
year. Flood control developmeint the Tisza Valley was introduced by training &eld sections of
some of the tributaries and building embankmeraagthem. The ambitious comprehensive project
was launched in 1846 and 4,500 km of embankments ladglt over 150 years (according to the data
of 1980), offering flood safety for an area of ZQ&knt. The present shares of Hungary are 2,869 km
of embankment and 15,354 kprotected areaMAP 16 shows the flood defences in the Tisza River
Basin in Hungary.

Flood control has been extended to 97 % of thedfjglains along the Hungarian section of the Tisza.
These flood plains are subdivided into 96 floodirplbasins (flood areas). The ratio of the flood
plains in the Danube and the Tisza catchmémtapproximately 1:3, clearly demonstrating the
importance of flood control in the latter. The 960 areas in the Tisza Valley cover an area of
15,354 km with a total population of 1 448 702 and 418comities is 418 including 60 towns.
These communities rely on 2,869 km of embankmdeteés) for their flood safety.

Flood waves rushing down mountain catchments ehgrdowlands before the national boundary.

River and levee sections of common interest haen liesignated with the neighbouring countries,
where streams form or cross borders. The totaltheafjlevees covered by international agreements
amounts to 1,055 km (one-fourth of the defences).

Embankments of 1,704 km (59% of the total) compithwhe dimensional specifications. The rest of

the levees (1,194 km) offer safety against flooll6@80 years return period, though at the price of
considerable emergency efforts. It should be ndted even the improved, strengthened levee
sections include local weak spots, with propenpiegrer than those of the connecting parts, whitgh fa

to meet the safety criteria. Regular levee suraadé reveals several hundred sections where the lev
of safety is dangerously low (such as the crossifigancient meanders, streams, cracked
embankments). The total length of thesetions is approximately 560 km.
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There are 1,800 structures (sluices and culveighwcross the levees. Some of these were built 80-
100 years ago and are in a very poor state anded of repair. These and other crossing structures
represent potential safety risks and are monitaidlu special care.

In Serbia flood protection for the Tisza River is based div.8 km of levee lines along both
riverbanks. Levees were built in the™@&ntury and heightened and improved after eagfe lfiood

(in 1919, 1924, 1932, 1940, 1944, 1947, 1965 am®1 After a long-lasting and costly flood defence
in 1970, a systematic reconstruction of existingés was carried out and new levees were built. The
conditions of floodwater conveyance were also atersibly improved by engineering works in the
riverbed (enlargement and shortcutting) and onflihedplain (correction of levee lines). In some
parts, floodplain areas are protected and cultilai¢h ‘summer dikes’ for floods of 10% probability

7.2.2. Drainage systems
Characteristics of lowland drainage

The total area covered by lowland drainage netwinrkise Tisza Valley is 56,789.37 knThe area
and the numbers of the sub-drainage systems caedoein th&able II1.4.

Table IIl.4. The area and the numbers of the sub-drainage systems

Total areas
Country Number of sub-drainage systems [km2]
Ukraine 5 109.70
Romania 273 10 964.37
Slovakia 12 1 205.30
Hungary 64 33 765.00
Serbia 10 10 745.00
Sum 364 56 789. 37

The length of the canals in these areas is 63,88ihkhe following distributionTable II1.5.):

Table IlI.5. Length of the drainage channels

Country Lengths of canals [km]
Ukraine 1296

Romania 16 409

Slovakia 633

Hungary 37 083

Serbia 8515
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The average discharge of these systems per te@isi45 |/s/kf which is detailed in th&able
l.6. :

Table I1I.6. Average discharges from drainage channels

Country Average discharges [l/s/km2]
Ukraine 384

Romania 138

Slovakia 115

Hungary 31

Serbia 59

In connection with these systems, 860 pumpingastatoperate with 2,050.73 {fs] total flow at the
mouth of the canals in the following distributioraple 111.7.):

Table lIl.7. Number of the pumping stations

Country Number of pumping stations Total flow [m?/s]
Ukraine 35 lack of data
Romania 860 1524.00
Slovakia 16 115.20
Hungary 609 266.00

Serbia 70 145.53

According to geomorphological conditions, the Idadinal slope of the canals is very small (0,1-0,2
m/km). Consequently grass and water-receptive atiget decrease the conveyance capacity of the
canals, and the backwater effect (at the mouthstaase similar difficulties in the systems.

Reservoirs are used in several locations to redaogage caused by undrained runoff. Most of them
are former wetlands or other low value areas wiieeemorphological conditions are advantageous
for the storage. The utilisation of these areasomplex — outside of the inundation period they
function as fishponds, wet meadows or wetlandsthay provide free storage capacity at inundation
times for excess water. This may cause conflictsvéen operational and storage functions. The
reservoirs play a key role in the lowland drainagklungary, with a total volume of 227 million°m

The biggest inundated areas were observed in 19%h 9,000 krhalong the Tisza Valley were
underwater due to undrained runoff. At the end @9 the inundated areas were about 8,008 km
which represented the second largest inundatiaghdrregion. The database doesn’t have precise or
homogeneous inundation data because the registm@tithe inundated areas was made with different
procedures and with different precision. Some 20Pdhe total Tisza lowland catchment was
inundated by undrained runoff. These inundatiomsraeaningful from the point of view of surface
water resources: every 1 kmepresent 100,000 %of water which can possibly mitigate the negative
consequences of water scarcity.
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Excess water prevention and mitigation, present pretice and future possibilities

For the effective prevention and mitigation of #@nsequences of inundations, the capacity of the
lowland drainage networks are very important. Iig teason continuous maintenance activities have
to be carried out. These activities should inclod®ving the grass and water-receptive vegetation in
canals; dredging canals; stabilising canal bedskamdks; depositing and treating dredged material
and maintenance and repairing pumping stationsrswand bridges. Unfortunately, the lack of
financial resources has caused difficulties in neiance activities, and inundations have occumed i
some cases as a consequence.

In many lowland drainage systems the original cépaif the system has been reduced due to the
lack of continuous maintenance causing lot of protd during periods of inundation. Mowing the
grass and removing sludge are very expensive anaisnefficient as prevention.

Using the mobile pumping stations increase theaserklope along the canal can be useful in those
areas where conditions are provided for continuoperation. However there have been some
negative experiences of using of them in the SldRegublic.

With the transition to a more market-based agrigeltafter 1989, state subsidies for agriculture
declined and state funding for large-scale drainagerations was reduced as well. These factors,
along with low productivity of ‘converted wetland$iave resulted in a decline in agricultural atyivi

In most Eastern European countries, the policyh@nging. New policies call for approaches that rely
on ecological means to control flood and on defijnivater management priorities more broadly, but
also focus on preserving natural habitat for biedsity conservation, on water quality and otherenor

broadly defined benefits. Governments have madat gféorts to comply with the EU legislation and

seek ways of improving water management and engoappropriate agricultural practices in the
region. The transition from conventional water aagricultural management techniques to an
integrated ecosystem management should lead tfieantiee utilization of the Tisza Valley.

The inner area of settlements represent a key iquest connection with the lowland drainage
networks.

The increasing areas of the settlements is accdegbavith an increase in the paved impervious areas
and the increase in urban runoff in terms of volamnéd peak discharge as well. To reduce urban flood
risk, storm water reservoirs should be construftest ponds and dry ponds).

7.2.3. National long-term flood plans (Action Plans)

Ukraine

In 1998 and 2001, catastrophic floods occurred akaZpattia and led to significant material and
social damage in the region. To avoid such damagie future, the State Committee for Water
Management developed th®cheme on Complex Flood Protection in the Tisza Rer Basin in
Zakarpattia’. Leading academic and research institutes and aa@oms in Ukraine were involved
in its elaboration: the Hydrometeorological Indetwf the State Hydrometeorlogical Service of
Ukraine, Ukrainian Shevchenko National Universitykrainian Research Institute on Mountain
Forestry (lvano-Frankivs’k), Institute of CarpathisTs Ecology National Academy of Sciences of
Ukraine (Lviv), Institute of Geology, National Acawhy of Sciences of Ukraine, Uzhgorod National
University and others. It also developed the c@wesing ‘Programme for integrated flood
protection in the Tisza River Basin in Zakarpattia oblast on 2002-2006 and forecast until 2015’
to realise flood protection measures provided lgySbheme. It was approved on 24 October 2001 by
the Cabinet of Ministers of Ukrainé 1388.

The Programme realisation was set uphiree stages The first stage from 2002 to 2006 envisaged
implementation of urgent measures with a total letiad 441 million UAH, the second stage for the
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period of 2007 to 2011 with a total budget of 428iom UAH, and the third for the period of 2012 to
2015 with a total budget of 569 million UAH.

The Scheme 2001 recommends a comprehensive appmach

control flood runoff through the construction of 4@regulated, flow-through flood
retention reservoirs and additional polders witlgutated outflow in the flatland to
reduce the flood discharge from Q1% to Q10%

erection of regulating hydrotechnical constructiomsirs and semi-weirs)

strengthening of the system of flood protectioredik

forest protection, antierosive and mudflow protattineasures in the mountainous area
local versions of the protection of certain setéans or for their proposals.

Table 111.8. Distribution of the planned reservoirs and polders in Transcarpathia, Ukraine

Number Capacity, Mm°
River of flood retention reservoirs

Total till 2005 till 2010 Total till 2005 till 2010
Uzh 5 3 50 29
Latorytsa 8 2 62 14
Borzhava 7 1 3 25 7 16
Rika 6 1 2 29 15 19
Tereblya 1 1 1 20 20 20
Teresva 4 1 3 37 19 32
Tisza 11 4 6 65 30 42
Total reservoirs 42 8 20 288 91 172

Polders
Tisza 16 12 142 4
Borzhava 6 92 92
Total polders 22 234
Total retention 64 522

Additional Scheme provisions:

reconstruction of the operating flood protectiokedi to withstand the flood of 1% probability
and the construction of some new dikes, espediatige related to the creation of polders and
some ring dikes for the protection of communities,a total length of 957 km (191 km by

2005; 478 km by 2010);

bank protection for a total length of 55 km to beshed by 2010 (11 km by 2005);
river training for a length of 155 km (32 km by Z)0’8 km by 2010).

The analysis of the programme implementation friamwealisation in 2002 showed that on 1 October
2006 only 17 % of the budget was financed. Out tital budget of 400.5 million UAH, only 66.8
million UAH was provided.

During this period 40.2 km of protection dikes wemnstructed (only 26% of planned works under
the Programme), 20.4 km of bank protections weo®nstructed, 5.57 km of river courses were

cleaned off and 7 hydrotechnical structures werk. bu
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Having analysed the programme implementation imit@nd considering the urgent necessity of
flood protection measures, theZakkarpattia Stageonal administration, State Committee for Water
Management, Government and Verhovna Rada of Ukrdieeeloped the new version of the
Programme of integrated flood protection in theZaiRiver Basin in Zakarpattia oblast on 2006-
2015 It was approved on 13 February 2006 by the Calgih®tinisters of UkrainéVe130.

MAP 17 introduces the national flood defence improvemeheme in Transcarpathia in Ukraine.

In Slovakia Long-term flood protection plan is oriented predmamtly at water retention measures
(mainly construction of polders (dry reservoirsiiwthe aim to decrease surface runoff and maximum
discharges.

In the field of new river engineering works or rastruction of existing regulations the following
criteria are taken into account:

0 inside residential area - the water managemenigser of measures on rivers is balanced
with ecological requirements. Attention is paid nigito shaping of cross section and the
longitudinal slope.

0 outside residential area — aim is to retain exgstiourse of the river and stabilize part of cross
sections as much as possible. The water courseshartened in exceptional cases only and
cut meanders are let opened - not filled up.

By means of previously built flood protection measuthe adequate land protection against high
floods was provided. However at present, from ciypgmint of view many of the river regulation
works do not secure adequate flood protection. Sitigtion is caused by the following factors:

0 natural decrease of rivers discharge capacity duegrowing of vegetations and silt
sedimentation.

0 change of hydrological conditions (increase in mmaxin discharge values)

0 water management measures realized in neighbowaogtries (e.g. at Bodrog river in
Hungary — with the backwater effect in Slovak temy).

In the Slovak part of Tisza river basin many watemagement measures for limitation of floods are
planned. These measures are contained in Develapameh Investment Program of River Basin
Administrators. The most urgent measures are auedaintable 111.9. However the realisation of
these measures depends on existing finances, wiigch very limited. In case of Slovakia flood
protection measures are financed from state butlgetpainly from EU funds.

Table 111.9 - List of most urgent planned measures at Slovak part of Tisza River Basin

Name of measure

Hornad — protection of KoSice residential area

PreSov — protection of residential area

Seléov — runoff condition in watershed of Sek

Sobrance — flood protection measures in Zachytmakaatershed
Reconstruction of Ondava left side dike in stré8¢300 — 14,100 rkm
Reconstruction of Ondava left side dike in stret2ib00 — 17,800 rkm

Tisza River - Véké Trakany — Reconstruction of right side dike
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Name of measure

Torysa regulation in stretch of Sady nad Torys@enriakovce

Torysa regulation in stretch of Bretejovce — Haaisk

Lagky — reconstruction of bottom discharge device efplinska Sirava reservoir

Lacky, Jovsa — reconstruction of Zemplinska Siravarsesr dikes

Zaluzice — reconstruction of safety spillway devié&Zemplinska Sirava reservoir

Uh River — increase capacity in stretch betweerflgence and Vysoka nad Uhom

ObiSovce - polder — runoff condition in Y& Svinka watershed

Moldavska lowland — run off condition reconstruatio

In Hungary the national policy objectives are twofold:

As ageneral aimthe Government of the Hungarian Republic inGsvernment Resolution 2005/2000.
(I. 18.) on the revised development plan of floetedceconfirms that the issue and the tasks of flood
protection are considered part of the securitycgaif the country in the field of disaster manageime
and the maintenance and development of those wtaliffood defences which are the property of the
state has to be done accordingly.

Regardingyuantitative targetsthe followings can be summarised :
Lessons learnt from the series of extraordinarpd® from 1998 to 2001 revealed that the former
strategy to prevent floods by heightening and gtifeening dikes should be reconsidered. As a re$ult
studies, a new strategy callddpdate of the VasarheljiPlan (Hungarian abbreviationVTT) was
developed aiming to reduce flood hazards by deicrgd®od crests. This goal will be achieved by a
‘room for rivers’-type project, the VTT, in the free of which there are three main elements conagrnin
flood hazard reduction:

» development (heightening and strengthening) ofettisting dikes where they do not comply

with the 1 in 100 year floods;

« improvement of the flood conveyance capacity of tiver by setting back the dikes at
bottlenecks, creating a hydraulic corridor in theofiway with low resistance by minimising
obstacles of flow (opening sand bars, reducinghtsight or even demolishing summer dikes
and rehabilitating pastures and mosaic-type foresitead of the existing unmaintained
forests of invasive species with dense undergramvthe hydraulic corridor)MIAP 18 shows
the improvement of flood conveyance capacity offileza River in Hungary);

» reactivation of protected floodplains with conteallinundation by creating flood detention
basins to cut the flood peak®IAP 19 shows the planned flood detention basins along the
Tisza River in Hungary)

Examination of possible detention basins was exédrid around 30 sites, and 10-12 detention basins
were selected, covering a total area of 75,000 itta avstorage capacity of around 1,500 millioh m
Compared to the similar parameters of the IRMA progné®, the reactivated floodplain is 3.5 times
the size, the detention capacity is 7 times highethe Tisza Valley. According to preliminary
calculations, this capacity is enough to decrehseeak levels of extreme (1/1000 year) floods with
1m all along the Hungarian section of the TiszaeRiv

28 pal Vasarhelyi was a hydraulic engineer who deeadathe conceptual flood alleviation and riverrtiag plan of the Tisza River Basin in
the middle of the 1®century.

2 Interreg Rhein-Meuse Activities
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Prompted by the results of extensive and carefapgmatory studies, the government adopted a
decision in 2003 on the first Stage of the VTT afudlowing this Parliament created the
corresponding act as well. (Act 2004: LXVII.)

During the first phase of VTT, between 2004 and720thprovement was planned for the discharge
capacity of the flood bed in the vicinity of thev@idar Bridge on the Upper Tisza and along the
Middle and Lower Tisza, as well as constructionsof detention basingCigand- Tiszakarad,
Szamos-Kraszna-kodzi, Nagykunsagi, Hanyi-TiszasUligzaroffi and partly the Nagykorii detention
basin).

Although the main objective of the VTT is to incsedlood safety along the Tisza River in Hungary,
it also aims to establish and apply new landscageagement in the territory of the reservoirs as wel
as regional, rural and infrastructure developmesmich may result in a healthier social and natural
system in the Tisza River Basin.

During 2000-2006 the following results were achikireHungary:

e upgrading flood defence infrastructure:

o reinforcement of existing flood embankments: 126ikrthe Tisza Valley;

o new flood embankments: 10.9 km in the Tisza Valley;

0 repair and reconstruction of flood defences damalyehg the extreme floods: 83.5
km in the Tisza Valley;

« implementation of the VTT (Tisza) project:

o improvement of the flood conveyance capacity in\toinity of the Tivadar Bridge
on the Upper Tisza,

o improvement of the flood conveyance capacity alihvegMiddle and Lower Tisza has
been started at different spots;

o0 construction of two flood detention basins (Cigdnsizakaradi and Tiszaroffi) and
the related works are going on;

0 construction of a flood gate at the mouth of theyai principal canal is going on
(substituting the reinforcement of the dikes of ttmyai principal for a total length
of 100 km);

o dike relocation at the Bivalytd bottleneck upstrefiom the Vezseny bend is going
on;

o construction of flood defence for Tészeg (downstrdeom Szolnok along the right
bank of Tisza River)

e main obstacles encountered in the implementatidgheofievelopment programmes:

o series of extreme floods and the subsequent reg@rat repair works hindered the
programme both in terms of time (9 months fell gut2005-2006) and financial
resources lost;

0 conditions of the state budget weakened, restristiapplied to implement the
convergence programme significantly reduced the \buiiget, only 38% of the
planned resources were available;

0 preparatory works of the VTT project implementatigm reach agreement with the
stakeholders, land acquisition and appropriatiochaeological survey, etc.) needed
much more time and were much more costly than jgldnn

Development plans in Hungary from 2007 onward

Based on the experiences of the extraordinary flemdrgency in 2006 as well as due to changes in
the financial conditions the VTT programme will Imeodified and the implementation will be
adjusted to the financial cycles of the EU.

From the six detention basins planned to be builtPhase |, the construction of the Cigand-
Tiszakarad and Tiszaroff basins is significant dhdy will be finished in 2007. The licensing
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procedure of the Nagykunsagi and Hanyi-Tiszasidyedtion basins is finished, and is in progress for

the Szamos-Kraszna Basiitaple 10gives an overview about the planned detentiomisgsi

The proposed sequence of implementation of thentletebasins is as follows:

first the six detention basins planned in Phaseel ta be finished (Cigand-Tiszakaradi,
Tiszaroffi, Szamos-Kraszna kézi, Hanyi-Tiszastilyagykunsagi, Nagykoérii), no changes in
the planned sequence are needed;
the Szeged detention Basin is proposed as the thevsgrause the flood crest depression
effect of the first six basins is minimal for thesZa River downstream from Csongrad, while
the coincidence of significant floods on the Tiszal Maros Rivers may create extraordinary

flood hazards;

either the Bereg or the Szamoskoz are proposeleasighth detention basin, as the Upper
Tisza reach in the vicinity of Tivadar remains \ardable, despite the dike reinforcements and
the positive effect of the Szamos-Krasznak6zi daiarbasin,;
the further sequence is determined by the relddigle of detention capacity along the Tokaj-
Kiskére reach, therefore the ninth detention basin be selected from among the Dél-
Borsodi, the Hortobagy central or the Kords-zugi;
the rest of the sequence including the Hanyi-J@sztide Csanyteleki and the Tiszakaradi,
further the Csongrad Nagyréti are to be determaearding to their hydraulic efficiency and

specific costs.

Table 10 List of the planned detention basin

Detention basin

storage
surface volume level

No name (km?) (Mm3® (mBfy  Remark

1. Cigand-Tiszakaradi 24,7 94,0 99,00 under conStmic

2. Tiszaroffi 22.8 97,0 89,74 under construction

3. Szamos-Kraszna kozi 51,1 126,0 112,85 selectgdqp

4. Hanyi-Tiszasulyi 55,7 247,0 90,05 selected mtoje

5. Nagykunségi 400 99,0 88,10 selected project

6. Nagykordi 2,3 15 84,00 landscape mgmt

7. Szegedi 61,0 306,0 83,40

8. Beregi 33,0 109,0 112,00

9. Szamoskozi 47,0 130,0 112,74

10. | Dél-borsodi 29,8 72,8 92,50

11. Hortobagy central 65,8 178,5 91,36

12. | Hanyi-Jaszsagi 37,0 145,0 90,13

13. | Csanyteleki 12,4 74,6 85,15

14. | Tiszakaradi 36,8 110,0 99,00

15. | Kords-zugi n.a. n.a. n.a. to be investigated
Total : 519,4 1790,4
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The necessary 1.5 billion*rdetention capacity can be implemented within 154rs (by 2025) at a
cost of implementation around 0.48-0.6 billion Euro

Financial resources planned in the EEOP of theoddatiDevelopment Plan for the implementation of
the VTT in the period of 2007-2013 cover roughlyedghird of the entire programme and make
possible the implementation of the first six deitmmtbasins, further development of existing flood
defences, improvement of flood conveyance conditimne third of the full programme) as well as
development of the non-structural measures suchoaioring, forecasting and IT background of the
operation of the system of detention basins.

In Romania the National Institute of Hydrology and Water Mgament is in charge with the
elaboration of the River Basin Development and Mgnaent Schemes , which are the instruments
for planning at basin level and are composed of iends: the River Basin Development Plan and the
River Basin Management Plan.

Romania signed an agreement in 2004 with the latemmal Bank for Reconstruction and
Development to finance a project on ‘Risk mitigatia case of natural calamities and preparation for
emergency situations’. The project covers rehabitin and safety improvement of the flood defence
infrastructure for rivers (Tarna Mare, Tarnava Mi€ibin and Bega), for large dams (Berdu, Varsolt
and Lesu) and for small dams (Sanmihaiul RomanTami).

One of the beneficiaries is the Ministry of Envinoent and Sustainable Development which is also
responsible for the implementation of the project.

In Serbia levees along the Serbian section of the TiszarRewable the protection from the flood
with return period once in 100 years (4 10&s;p with one meter additional freeboard above the
design flood level. Presently, protection linesafi% of their total length meet this standard. The
quality of executed works was in general justified 2000 and 2006, when large flood waves
occurred.

Only two levee sections remained, which has todsemstructed in the same manner: one at the right
bank and one at the left bank, both at the mosindowam section of the Tisza River. During spring
time in 2006, the necessity and urgency of theseksvavas proven, because these levees were
seriously endangered due to concurrent extremedloa the Danube and the Tisza rivers.

The reconstruction of Tisza levees on the most dowam sector is an urgent task in Serbia. The
main design for reconstruction works is ready, dim&ncing will probably ensured from the
Investment plan for Vojvodina. It is expected thetonstruction works will start in 2008.

Annex 16 includes Flood Risk assessment and management strateghdotidvelopment of flood
action plans in the Tisza River Bas{wersion January 2008).

7.2.4. Potential damage to the economy from flooding

Table 1ll. 11 presents estimates made in 2002 during the priepauaf a report for the Tisza Forum.
Although efforts were made to use a uniform apgndegures should be considered with caution. In
spite of the uncertainty in the estimates, therBgushow a relationship between potentially flooded
areas and the value of the assets on these tesitor
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Table 11.11. Estimation of potential damages caused by flood events (2002)

Potential

Potential damage: damages
Country 10° USD* 10° EUR
Ukraine 13.57 9.4
Romania 2860 1984.84
Slovak
Republic 1376.0 954.9
Hungary 2579.0 1789.8
Serbid’ - -

* USD = 0.6940

Related to potential flood damages in Serbia, ttszal River floods endanger surrounding lowland
areas in the Banat and Backa regions. Potentitdlydéd areas are only defined approximately,
because the risk analyses defining potential damafyee to 1% probability flood were never

performed. Also, no data on real damages existusecao flooding occurred in the 20th century.
However, levees in the Tisza River valley are af greatest importance, protecting more than 20
settlements, 150,000 hectares of agricultural ldf) km of railroads and 320 km of roads and
numerous industrial facilities.

Levees of the Old Bega and the Bega Channel pratecind 50,000 hectares of arable lowlands and
many settlements, with approximately 50,000 intzatig.

An example is given in thé&able 111.12 of the comparative characteristics of damage caus#ukto
national economy of Zakarpattia oblast as a resuhe floods in 1998 and 2001.

Table lll.12. - Sample - Consequences of catastrophic floods in 1998 and 2001 (Ukraine)

Indexes Unit 1998 2001
Settlements flooded number 269 255
Houses flooded number 40793 33509
Houses destroyed number 2984 1937
People evacuated persons 24340 13769
Human lives lost persons 17 9
Damaged or destroyed dikes km 6,67 8,003
Damaged or destroyed bridges number 48/12 6/17
Damaged or destroyed roads km 96,2 52,7
Settlements with disrupted electricity supplies miver 162 107
Damaged connection with settlements number 169 65
Telephone lines cut off number 187 76

%' No figures are given, because the risk analysesidgfpotential damages due to 1% probability fleeete never performed. Also, no
data on real damages exist, because no floodingreetin the 20th century.
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Indexes Unit 1998 2001
Settlements cut off from gas supplies number 42 10
Damaged and destroyed railway number 2 5
Damaged and destroyed railway lines km 0,65 0,58
Damaged and destroyed railway bridges number 0 1
Estimated costs mill EURO 180.4 59.2

7.2.5. Assessment of risks - flood risk mapping

Common approach and methodology in assessment obdld prone areas and evaluation of flood
risk®*

The ICPDR Flood Protection Expert Group conductedraey on the state-of-the-art of flood hazard
and risk assessment and mappinghe Danube River Basin countries. The survepated a wide
diversity concerning the availability of differeptoducts, methodologies and even in the projection
system and reference levels used in the differembizies (even within the Tisza River Basin).

The only comprehensive flood map covering the erfisza River Basin and showing the extension
of the floodplains is the one compiled in 1938 imngary on the scale of 1:5.000.000, and
summarising historic inundations before river tnagnand flood alleviation works started (ddé&P
20 — Historic flood map of permanently and tempoyaniundated areas before the flood alleviation
and drainage works). Romania compiled historicdlooaps of the Sorgeand Crisuri floodplains in
1996 (1:25.000), but no historic flood maps havenbeeported for the territory of the Tisza Basin in
the Slovak Republic and Serbia.

A map of flooded areas in the Tisza River Basinrpd998 — 2006 was created by the Dartmouth
Flood Observatory (USA) by merging satellite imaggswing the inundations of 1998 and 2006 in
the Upper Tisza and the 2005 flood in the Banabre(seeMAP 21)*.

General inundation mapare available for floodplains in Hungary, compiled1977 in scales of
1:100,000; 1:50,000, indicating the flood extentl®6 and 0,1% probability (seédAP 19). General
inundation maps have also been created coveringidz Basin in Serbia. The maps compiled in
2002 are in scales 1:20,000. The maps are availatideth countries in paper format for restricted
use. No such maps have been reported for theosrof the Tisza Basin in Romania, the Slovak
Republic and Ukraine.

A flood hazard mapwas developed in 2005 in the Slovak Republic fer 6 km long stretch of
Topla River, between PreSov and the TaRiver mouth to the Hornad River. Initial effoitsthe
recent past to develop digitised flood hazard mapslted in 5% coverage of the Tisza River Basin
floodplains in Hungary. In the frame of TACIS arther projects, initial steps to provide flood hakzar
maps were made in Ukraine in recent years, howieed risk maps are not yet available in any of
the Tisza River Basin countries.

A common approach and methodology in assessment of flood prone amedsevaluation of flood
risk is under development and will be based on the BXXR*® ‘Guide of Good Practices of flood
mapping” which should be finalised before the eh@eptember 2007, as well as on the outputs of

31 Proposal was taken by Sandor Toth, chairpersétionid Protection Expert Group of the ICPDR

% This satellite image does not give informatiortlem extension of floodplains in the Tisza River iBasnly
the actual flooding of the referred years. Furttmemthe inundations can be seen between the diléson the
land due to undrained runoff (excess water).

% European eshange aicle on flood_maping (established in the frames of the EU Actioag?amme on Flood
Risk management Planning)
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the ICPDR Flood Protection Expert Group Flood Ridlapping Workshop (Budapest, 12-13
September 2007).

Realistictimetable for producing flood maps (and flood action plans):

» development of a common approach on flood hazaddriak assessment and mapping in the
Danube River Basin with regard to Flood Directigguirements —Deadline: March 2668

» preliminary flood risk assessment (EU Flood Direetirticle 4-5) — Deadline: end of 2009

» flood hazard maps (EU Flood Directive Article 6peadline: end of 2011

» flood risk maps (EU Flood Directive Article 6) — &gline: June 2012

+ flood risk management plans (flood action plansy (Elood Directive Article 7-8) —
Deadline: end of 2013

8 Drought

The Tisza River Basin runoff is highly variablehete are alternate periods of drought and flooding
that are difficult to forecast and manage effedyiv&€he droughts of recent years, such as the ditoug
of August 2003, had severe effects in the regicartiqularly on the Hungarian Plain where
agriculture was extremely affected. The lack ofevaeduces not only agricultural activity, but also
the development of industry and urbanisation. €itiad other communities demand more water than
the quantity available from rainfall, and it hasvays been difficult to get enough water for
settlements far away from rivers.

There is no general definition of drought, butstdommonly understood to be a less than usual
natural water supply. According to the Working Gsaan Water Scarcity and Drought at the Water
Directors, water scarcity refers to long-term waeibalances, combining an arid or semi-arid climate
(low water availability) with a level of water denth exceeding the supply capacity of the natural
system. The box below gives an overview on the mmgprocesses in the European Commission.

Water scarcity and drought - process in the Elapggommission

Considering the drmght events and water scarcity situations whichsarim EU Member States
working group was set up by the Water Directorprpare a technical document on drought event
water scarcity situations. The water directors appd its main conclusiorend recommendations i
policy summary in June 2006. The Commission, with lhelp of the working group leaders (Fra
Italy, Spain), created a questionnaire, aimed #ingenational information on water scarcity siioat
as well as drought eventBollowing the presentation of a first interim repat the meeting of ti
Water Directors in November 2006, the Commissiommitted itself to addressing the remaining
gaps on the scope and impacts of the issues withctioperation of Member State8. new
gquestionnaire was disseminated to the Water Diredito early 2007. The second interimdaptt
assessment, published in June 2007, attempts semdran updated overview of drought events
water scarcity situations at the EU level whenegeantitative data are available at natioaak
European levels.

3 As a result of a six month delay in the delivefyhe EXCIMAP Guide
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Aridity and droughts are natural aspects of thettEarclimate, but aridity is a long-term average
feature while droughts are a deviation from an agersituation for limited period of time. Ariditg i
defined by long-term low precipitation rates, oftegether with high evaporation rates, and resalts
a limited availability of water resources.

Droughts, on the contrary, are a temporary decrebfe average water availability.
The first stage in this paper investigated onlyitiseie of drought issue.

The mostly commonly used indices

Palfai index (PAI) (Serbia, Romania, Hungary)

SPI (Serbia, Hungary)

PDSI (Serbia, Hungary)

aridity index (Serbia, Romania) — MAP — Tisza Fldamtum —Distribution of the aridity factt

in the Tisza River Basin

5. water balance (Serbia)

6. parameters of soil drought: values of hydrolimgsint of plant witlering, point of lowere
water availability, field water capacity (Slovakia)

7. agronomical classification (Slovakia)

8. relative evapotranspiration (Hungary)

9. Amount of precipitation for vegetation period (%N)

10. hydrothermic parameté6lovakia)

11. relative soil hunditv (Hunaarv

PN

8.1.Drought and drought management in the Tisza River Basin countries (time and space
varying droughts in theTisza Valley)

In Ukraine the term ‘Drought management’ has never beenegpdi the Ukrainian part of the Upper
Tisza River Basin due to the fact that in Transa#a the annual surface water resources potential
per capita (3130 m3) is three times as much asahe index for the whole country (1000 m8). s thi
case the only terms which fit are ‘Water scarcity’ ‘Water deficit’. In the set of observations
available there were examples of dry years (198@&3)Lbut which didn’t result in water shortage.

The most comprehensive studies in this field wergied out in the ‘Scheme of multi-purpose use
and protection of water and land resources of tneb part of the Tisza River Basin’ dated 1974.
This document compared the design annual runoffafalry year of 95% probability and design
aggregated water consumption for defined future@ogser The calculations were done based on the
prognosis of population growth and industry andcadure development. The balance is given in the
table below.

Years
Indexes 1975 1980 1985 1990 2000
Annual water consumption, Mm3 57 126 192 243 292
Sanitary discharges in the rivers, Mm3 | 768 768 768 768 768
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Years
Indexes 1975 1980 1985 1990 2000
Design annual runoff (95% prob.), Mn | 4160 4160 4160 4160 4160
Balance (+/-),Mm3 +3335 +3267 +3200 +3149 +3100

In reality the situation appeared to be quite thpasite. According to official statistics (State \fa
Counting) the actual water extraction out of difier water bodies since 1990 has been decreasing
(see the table), and this trend will continue.

Years
Index 1990 1995 2000 2005
Annual water extraction, Mm3 158 112 80 59

In any scenario of water sector development fols2@lwater deficit can hardly be considered for the
Ukrainian part of the Upper Tisza River Basin.

In Serbia drought has been the object of much research mrebtigation by a number of Serbian
authors. This research and investigation encompadbkaspects of drought: from global and regional
problems, environmental impacts, morphological, giblpgical and biochemical aspects of plant
resistance to drought, to irrigation problems. Sahéhe drought indices or indicators (such as the
deviation from average precipitation levels, seabdituctuations of precipitation, relationship
between precipitation and potential evapotranspmatwater balance, occurrence of dry periods or
development of semi-arid areas in Serbia) are bagagl in regional drought assessments from the
hydro-meteorological perspective.

Drought is a recurrent feature of thiungarian climate and can cause substantial damage to the
nation’s agriculture. Dunay and Czako (1987) nbtd 86% of the overall agricultural loss originates
from drought, followed by hail, floods and frostis, order of importance. Each year from 1983 to
1995, with the exception of 1987, 1988 and 1991rewdrought years. This long period of drought
was unprecedented in the 20th century in the regimh comparable in length only to the ten-year
period from 1943 to 1952 or in severity to the 11794 drought event (Gunst, 1993). Since eight of
the twelve years were disastrous drought years sties of dry years has increased the scieatific
political interest in climate variability and clitga change and the importance of drought as an
extreme meteorological event. After a couple ofrmalty wet years, Hungary experienced very dry
years again in 2000 and 2003. (Szalai, S., Szi@sll, Zoboki, J. (2000)

In Romania the identification of high drought risk areas hetTisza River Basin was made on the
basis of the correlation of the aridity index cddted through the reporting of precipitations te th
potential evapotranspiration with the one of thédigr index Palfay (PAI) which takes into
consideration the frequency of the dry years. It wansidered that the affected areas comprise the
territories in which the aridity index has valueslar 0.65 and the ones with sensitivity to drought
which the Palfay index is between 4 ans8e Annex 12)For the basins afferent to the Tisza River
tributaries, the areas with PAI index values betwéeand 6 (moderate sensibility) and 6 and 8 (high
sensibility) are only encountered in the Salaj $Hiind in the Western Plain, at the border with
Hungary and Serbiassée Annex 12)The respective areas are fragmented and comprisi&tively
small surface.

The obvious conclusion is that in the Romanian pathe Tisza River Basin, the intensity of the
drought expressed through a high frequency of the/elars isn’t a characteristic phenomenon, as the
areas with high values of the Palfay index are kamal discontinuouésee Annex 12)This area is, to
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a great extent, classified as a dry/sub/humid drethis region there are still dry years and egign
periods, the most important being the 1961 — 19®gd, but interrupted by excessively rainy years.
Analyses emphasise that the driest season is auaspacially in September and October.

For the Slovak part of the Tisza River Basin, the PAI index was usedird) the evaluation of
drought and showed thatthe most unfavourable year was 2003. Most of tleal part of the Tisza
River Basin was classified as having ‘moderate gh#iuwith the exception of the Somotor station (in
the vicinity of the Bodrog River), with value of #Omeaning ‘severe draught’, and the Michalovce
station (Laborec Valley) with value of 8.41 as ‘rngd draught’. Return periods were not calculated.

The aridity factor — defined as the relation of @anpotential evaporation to a mean annual
precipitation — is below 0.2 at the eastern boadehe Tisza Basin (in the Carpathian Mountaing) an
increases from northeast to southwest up to 1tharmiddle of the Hungarian Plain (at the mouth of
the Koros Rivers), as displayed in tH&P 22.

8.2. Signs of groundwater depletion

In Romania there was not a quantitative risk forgroundwater bodies with important catchments
such as the Somes alluvial fan having the two giauater bodies, as well as the Mures alluvial fan
there was not emphasized a quantitative risk. RerSomes alluvial fan no permanent significant
decreases of the piezometric levels in the catchraera for the water supply of Satu Mare were
observed. Thus, in the case of the Mures alluaal the low discharge in the Mures River and the
water intake for the water supply of Arad resulieda decrease in the piezometric levels in
monitoring wells situated in the catchments arsauthwest of the Santana well (the northern part of
catchments), Arad F1 (the southern part of catcishemd F1 Sofronea until the 1992-1995 interval
when the piezometric levels were stabilised.

Based on existing dattn Serbia (a maximum 10 years’ long-term series), there aresigns of
groundwater depletion (continuous lowering of grbaater levels in longer period) in the shallow
aquifer, since it is under influence of climategraeters (precipitation, temperature)

In the Slovak part of the Tisza River Basinno groundwater bodies (transboundary or largen tha
1000 km2) are at risk in respect to quantitatieust.

MAP 23 shows an example of deviation in Hungary betweeratimual depth of the groundwater
table in 2003 and the annual mean for 1956-1960.
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Part IV Cross Cutting Water Management Issues

9. Economy

9.1. The Water Framework Directive and economics of water use

The need to conserve adequate supplies of wateunees for which demand continuously increases
is also behind what is arguably one of the WFD’ssmmportant innovations — the introduction of
pricing. Adequate water pricing acts as an incenfar the sustainable use of water resources and
thus helps to achieve the environmental objectofethe WFD. According to Article 9 of the WFD
Member States shall take into account the princgdleost recovery of water services, including
environmental and resource costs, with regard & dbonomic analysis conducted according to
Annex lll, and in accordance with the ‘polluter pagrinciple.

The WFD stipulates that by 2010 Member States sitstl ensure:

< water pricing policies provide adequate incentifagsusers to use water resources efficiently, and
thereby contribute to the environmental objectioethe WFD,

« an adequate contribution of the different watersusdisaggregated into at least industry,
households and agriculture, to the recovery ofctists of water services, based on the economic
analysis conducted according to Annex Il of theebtive and taking into account the ‘polluter
pays’ principle. In doing so, Member States mayardghe social, environmental and economic
effects of the recovery as well as the geographec@dimatic conditions of the region or regions
affected.

ANNEX 1[Il of the WFD explicitly explains that thecenomic analysis shall contain enough
information in sufficient detail (taking account thie costs associated with collection of the reléva
data) in order to:

(&) make the relevant calculations necessary fonganto account the principle of recovery of the
costs of water services under Article 9, takingoat of long-term forecasts of supply and
demand for water in the river basin district antieve necessary:

- estimates of the volume, prices and costs assdargth water services, and
- estimates of relevant investment including foreza$tsuch investments;

(b) make judgements about the most cost-effectivabination of measures in respect to water uses
to be included in the programme of measures undeléd 11 based on estimates of the potential
costs of such measures.
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9.2. Water pricing in Tisza River Basin countries

This section gives a short overview on water pgamthe Tisza River Basin based on country expert
contributions.

9.2.1. Water tariffs and charges in Hungary

The system of water resource fees to be paid ipgstion to water uses, has been introduced in order
to regulate the utilisation of water resources basethe aim of the water use and the type of water
used. Water resource fees account for a relatiselgtll part of the total costs of abstraction, ia th
industrial, agricultural and the public utility sec

The obligation of paying a water load fee was idtroed on 1 January 2004 for all polluters —
including companies that operate water public tigdi — who discharge their pollution into surface
water, in proportion to the quantity of pollutaxischarged. The obligation to pay a soil load fes w
introduced on 1 July 2004 for all those who do ootnect their facilities into the public sewage
system (where such a system exists) and therebyt@giroundwater.

In Hungary there are two types of water price systéprice structures) for the basic services: a one
factor system based on unit price, block tariffeed price and a two-factor system based on thie bas
price and service fee (variable part).

9.2.2. Water tariffs and charges in Romania

Water abstraction charges are the same all overaRianbut differ according to the source of water
(inland rivers, the Danube and groundwater) andctitegory of user (industry, household, power
plant, agriculture, fisheries). Prices of drinkiwater are set up at the municipality level takingpi
account the local conditions and costs associat#dproviding drinking water.

The effluent charges are levied on a set of paikstand aimed at reducing their content in thersive

to within the limits set by the law. If limits aexceeded, fines or penalties are levied. Penalties
levied for non-compliance for both water intaked discharges of wastewater. The penalties are used
as income for the Water Fund, and the income fribmater charges is used to cover operating costs.

The drinking water and sewage and wastewater texdtitariffs are based on the production and
exploitation costs, maintenance costs, depreciatsis, loan rates according to the obligatiorthef
loan contracts and credit reimbursement.

The income from all water charges is used to coperating costs. The penalty revenues according to
the Law 310/2005 are source of income for Natidkdthinistration Apele Romane , and not funding
the “Water Fund.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 124

9.2.3. Water tariffs and charges in Serbia

The funding of water management at the nationatllév defined in the Water Law. The major
sources are: the budget (including fees for theamseprotection of water and charges for extraction
of material) and revenues from fees assessed Hicpudter companies (drainage fees, irrigation fees
and fees for the use of the infrastructure). Adddilly, local governments and utilities invest e t
water sector through local activities (primarily mipal water supply and wastewater disposal), as
do other legal entities and individuals to meetrtheeds or protect their property.

The basic problem associated with water sectorifigndrises from the fact that there is a large gap
between needed funding and secured funding. Narelgr pays’ and ‘polluter pays’ principles are
not fully applied in water and service pricing,utg in an extremely low level of self-fundingéa
major reliance on the budget. Further, fees for ube and protection of resources are far below
required levels, and the management of accounimgicing and collection does not ensure full
collection.

Current drinking water tariffs and removal of wasater charges are well below economic levels.

9.2.4. Water tariffs and charges in the Slovak Republic

According to the 2004 Water Act, two categoriespalyments for water using exist in the Slovak
Republic:

« (1) payment for water abstraction from water cosirsgilisation of hydropower potential of water
courses with install capacity, water abstractioantfrwater courses for energy production,
utilisation of hydropower potential of water cowsef water constructions according to the
international agreement utilisation for navigataiher services in the public interest

» (2) charges for groundwater abstraction, wastewdiseharge

Most of the revenue from payments are income oSlbgak Water Management Enterprise (SWME)
and are used to operate water courses and riviersb&harges are collected by SWME and they are a
funding source of the Slovak Environmental Funasif004.

The household drinking water bill is calculated anvolumetric consumption of water (price
multiplied by volume of delivered water). Accorditmythe 2004 Water Act, the polluter is obliged to
treat wastewater according to the state-of-art rteldgies (that is secondary treatment at the
minimum). The Water Act also requires treating wastter to meet the emission limits. Therefore,
there are cases where the polluter must add artediep in order to meet the standards. Accortting
the Regulation on Pollution Charges from 1979, gaatluter must pay a water effluent charge.

9.2.5. Water tariffs and charges in Ukraine

Ukraine has several laws and other secondary lagslating the issues of drinking water, water
supply and sewage water. According to the 2002 bawkraine ‘On Drinking Water and Drinking
Water use’ communal enterprises of territorial cammes (vodocanals) are those enterprises which
provide central water supply services. These engap have their own property and are financially
independent. Vodocanals make tariffs for water Buppd sewage water by themselves and approve
them in local village or city councils.

The tariffs do not take into account the sourcenfrewhich the water in-take is made (surface or
groundwater).

Tariffs differ for various consumer groups: popidai governmental organisations and industry. All
water, supplied by Vodocanal is drinking (therengstechnical water for industry). Tariffs increase
from year to year for all groups of consumers, tnay are the highest for industry.
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According to the current legislation, all water isshave to clean wastewaters. If a water user does
not make direct discharge, it should discharge evesters to wastewater treatment facilities of
Vodocanal. A separate agreement for subscribetcgepvovision is made in this case.

The discharge of pollutants into surface watersVviaglocanal and by the water user with direct
discharge is regulated by the 1999 Decree of CalmhMinisters of Ukraine ‘About Approval of
Order of Establishment of Charges for Pollutiofeaf/ironment and Getting the Charges'’.

10. Interaction between water quality and water quantity
aspects

This chapter introduces the main questions discubgethe ICPDR Tisza Group Experts and will
give proposals for the future steps to be takethbyTisza Countries.

10.1. Relevance of integration of water quality and water quantity aspects in the Tisza River
Basin area

The Tisza River Basin is one of the areas wheréntpertance of the integration of water quality and
water guantity management activities is apparent.

Nearly the entire Tisza River is ‘at risk’ or ‘pdsly at risk’ due to hazardous substances, more tha
half of the river is ‘at risk’ or ‘possibly at risklue to nutrient pollution and a significant seatiof

the Tisza River is ‘at risk’ or ‘possibly at risklue to organic pollution. In the Tisza tributaries,

related risks from nutrient and organic pollutioe aven higher than in the main river and pressure
from hazardous substances play a significant roleell.

In addition to hazardous substances, nutrientsoaganic pollution problems, the Tisza River Basin
also faces other problems due to extreme everftearfs and drought. During the last century, Tisza
countries made significant efforts against floddlsring the second half of the 1 @entury, extensive
river training and flood control measures (inclglinore than one hundred cut-offs) were taken along
the river. As a result of these works, the rivettgal length (1,420 km) was shortened by
approximately 30% and is today 966 km. Most of Tigza River is at risk or possible at risk due to
hydromorphological alterations’.

Both floods and drought are natural phenomenon,rgstits of the present fluctuating climatic
conditions these events could cause increasingiyditic problems in the Tisza River Basin. Drought
and flood events follow each other in many casealt@rnating periods of the same year, creating
serious problems in the Tisza River Basin.

Part Il (Water Quality) of this report introducdtetmain pressures in the Tisza River Basin asasgell
the main risks related to the water bodies. Theclsafter on significant pressures introduced the
main point and diffuse source pollutions and higfléd the important role of agriculture as a
significant source of diffuse source pollution.

Part lll gave an overview of the pressures relédeftbods and droughts, and introduced the hisabric
floods and potential damage by flood events as agllacts related to drought events (including an
assessment of low water flow and the signs of gilaater depletion).

Important issues are how the mentioned pressur@acimthe water ecosystems, and how the
interactions between the related impacts shouldriadysed, as well as how the risks of floods and
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droughts to human health and life, environment andnomy can be prevented and managed by
integrated water and land use management.

During its expert work, the ICPDR Tisza Group highted the importance of the interaction between
floods/drought and risks from pollution (nutriemt,ganic pollution and pollution from hazardous
substances). The Tisza Group’s work draws attentiomvater quantity management (water flow
regulation) as a key issue in the Tisza River Basithits influence on water quality aspects.

In the Flood Risk assessment and management strateghdatevelopment of flood action plans in
the Tisza River Basin (version January 2008ee Annex 16) importance of measures related to
pollution prevention and mitigation with respecflmnds are highlighted.

An important discussion point in the frame of thesz& Group work process was that

"hydromorphological pressures can be reduced alierby appropriate use of the active, and where
feasible, by partial reactivation of former floodjpis’. Protecting nature and restoring wetlands wil

be significant future tasks in the Tisza River Basiowever, the ecologically important water needs
of wetlands are not yet determined for the transdaty level. Ecologically important water needs

are different for different parts of the Tisza RiBasin and transboundary harmonization of water
needs must be taken into account.

An inventory of water resources and uses is nateatlly available for the transboundary level, but
inventories would be essential for further analyass well as for planning future infrastructure
projects, which have potential effects on the toansdary level.

It is important to note that wetlands play an intaot role in river basin functions. They are centra
components of the hydrological cycle, performingreamically and environmentally valuable
functions to regulate water quality and quantitg aéimerefore contribute to reaching and maintaining
‘good status®. It was stressed during the Tisza Group WorksHdp20 February 2007) that the
water needs of wetland ecosystems are often fengats a classical water use.

Tisza Countries called the attention to the impur¢aof the water needs of wetlands and floodplain
ecosystems in the Tisza River Basin, highlightingt these water ecosystems have to be considered
as an important water user of the area as well.

Finally, there are important actual or potentialk$ between the purposes and methods of flood
management and the achievement of water qualigctibgs. In particular, flood management has the
potential to positively affect the risk of runoffich associated diffuse pollution from agriculturaa
rural areas. Flood management involves intervestitim modify the conveyance and storage of
surface waters, thereby affecting the hydromorpdiiold characteristics of rivers and in turn their
ecological status.

As a discussion point, the present extreme clintateditions can strongly influence the water
quantity aspect of the Tisza River Basin and cave e secondary effect on the quality of water
ecosystems. The following subchapter gives an déseref the possible impacts related to climate
changes and highlights the possible effects o isea River Basin.

% Elements of Good Practice in Integrated River Basiandfjement, key issues, lessons learned and ‘gcadiqer’
examples from the WWF/EC "Water Seminar Series™ 2000. pp. 35-36
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10.2. Anticipated impacts due to climate changes

Climate variability and change in Europe over te&trb0 years could severely impact the quality and
guantity of aquatic resources for human consump®mirinking water and the availability of water
in agriculture, increase the frequency of extrewents such as floods and droughts and make policy
adaptation very challenging.

colder weather
more water
humid ambient air evaporation
uniform precipitation
flood disaster
sea / ocean drainage / storage

Figure 1V.1 Uncertainties of Climate change

The Ministry for European and International Affainscooperation with the Ministry of Agriculture,
Forestry, Environment and Water Management andrtegnational Commission for the Protection
of the Danube River (ICPDR) were organising a cuaarfee Conference on Adaptation of Water
Management to Effects of Climate Change in the DanRiver Basihon December 3, 2007 in
Vienna to address the effects of climate changthénDanube region, especially focussing on the
needs for adaptation from a water management pbiiew.

One of the main conclusions of the conference a$ thimate change is an issues of Danube Basin
wide significance and will be addressed by a stepwjpproach taking into account the issues of flood
protection, low water discharge and land use.

Possible impacts from climate change:
Aspects related to Water Quantity:

e Afurther increase in the risk of flooding, furthecrease in water availability and an
increase in water stress - impact on water quality biodiversity

Aspects of the WFD in connection to climate char(gémate-induced changes):

« River Basin Management Plan - related aspedteatd-induced changes in land use and
land cover, agriculture

e Typology of water bodies - related aspects (cleviatiuced changes): typology criteria, type
specific reference conditions

« Ecological quality assessment - related aspetitegte-induced changes): classification
borders and intercalibration, emission limits andldy standards

« Economic analysis related aspects

Table IV.1. introduces climate sensitive type parameters.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Tisza River Basin Analysis Report 128

Table IV.1. Climate sensitive type parameters (highlighted in red in the table)

Obligatory Ilatitude altitude
factors longitude latitude
geology longitude
size depth
geology
size
Optional distance from river source mean water depth
factors energy of flow lake shape
mean water width residence time
mean water depth mean air temperature
mean water slope air temperature range
form and shape of main river bed mixing characteristics
river flow category acid neutralising capacity
valley shape background nutrient status
transport of solids mean substratum composition
acid neutralising capacity water level fluctuation
mean substratum composition
chloride

air temperature range
mean air temperature
precipitation

Relevant projects and ongoing work related to dien@ange

Projects and events

* PESETA — Flood risk in Europe in a changing climat¥RC (ies.jrc.cec.eu.int)

* KLIWA — Climate change and Water Resource Managem&poperation project in
Southern Germanywww.kliwa.de)

» ESPACE - European Spatial Planning — Adaptingitoate events — INTERREG project
(www.klimaproject-espace.bayern.de)

Research projects
* CLAVIER (Climate Change and Variability: Impact @entral and Eastern Europe) —
Bulgaria, Hungary, Romaniasqvw.clavier-eu.orj
» PRUDENCE
 CECILIA
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Conclusions related to the Tisza River Basin

Significant impacts on the Tisza and Danube watetesns are expected, in particular:
¢ Reduced average water flow
* Increase in extreme events
e Significant regional and local variations
» Impacts on water uses not known
« Changes is water quality and ecological statusylikat not investigated

Practical research needs to prepare a River Basandyjement Plan (scenarios):
« Quantify the impacts of climate change on watellitydelassification of surface and
groundwater
« Quantify the impacts of climate change on watemtjtyg its spatial-temporal distribution
including extreme events such as floods and draught
« Assess the availability of surface and groundwateder different scenarios and for different
uses
« Evaluate the associated costs of adaptation anefftbetiveness of different
protection/adaptation measures in transnationat thasins
Evaluate the impacts of climate change on the rbilisation and re-distribution of
contaminants as a result of extreme events

Climate change is a new key challenge, but nobtiig one existing in water management. The EU
Policy Frame with IWRM and ICZM is a sound basis émordination across sectors, but further
developments must involve all concerned to avoidflatis among different users - prioritisation of

uses, sharing of costs.
Ongoing work in the Tisza Countries

Hungary

The project ‘Impacts and responses concerning Glimaate change in Hungary’ (abbreviated
VAHAVA) provides scientific support for the estatiiiment of a national climate poliégcusing on
adaptation. The project ended in 2006, and itd figy@ort summarised:

« Experiences related to the Hungarian climate arathveg and the expected impacts of climate

change,

« Major elements of atmospheric protection and ofrtiittonal strategy of adaptation to climate

change and
« Recommendations for future measures aiming to peepaevent and mitigate.

Slovak Republic
e climate change scenarios (three climate changesos were applied CCCM1997,
CCCM2000, GISSS1998)
* Increase in extreme events is predicted
Romania (see separate box)
« Increase in extreme events predicted
e ONe consequence: give rivers more space

Options / Measures for Adaptation Strategies

Wide range of options to counteract impacts:
e Technically-oriented measures
e Economic instruments (steer consumer behaviour)
* Land use related measures
* Information measures
* Regulatory measures — legal and institutional &&amsolve conflicts among water users;
prioritisation of uses
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Adaptation options (technological and managemetibop)
Short-term adjustments:
e Improving irrigation efficiency:
o0 Land management techniques (e.g. conservatiogdilla
o Irrigation management (e.g. adjusting timing anbirees of water application)
e Crop substitution to reduce dependence on irrigatioto increase water availability
e Changing or improving harvest insurance mechantsrpsotect farmers from the economic
impacts of flood or drought damage
Long-term adaptations
« Changes in farming systems to make them more fiexibd adapt to higher variability in
climatic conditions (e.g. mixed farms; organic farg)
¢ Changes in land use and landscape management:
0 To conserve water and reduce the sensitivity ohifiag systems to flood damage, e.g.
replacing arable land by grassland and even byanes, where feasible
e Crop breeding and development of more resistan¢es:
o Developing crops that are more resistant to wadtess

Conclusions of the Berlin Conference

* Itis time to adapt now! Scientific evidence urgesion
* EU water and marine policy provides a solid basisritegrated water resource
management — it should be used to factor in adapttd climate change
* A successful adaptation strategy needs a commomsgegtated approach
0 Adaptation starts with using water more efficientiyall sectors
0 Measures to reduce demand should clearly be fagooreomparison to increasing
supply. This applies to all sectors.
0 Moreover, supply side management needs to beconedfiient, e.g. by reducing
leakages.
0 Water dependent sectors need to be involved
» All EU policy areas need to undergo an adaptatieck
* Actions in all sectors need to be taken and integranto the wider water management
* In addition, the following specific conclusions wetrawn:
0 Agriculture can make a stronger contribution topdaon
0 Energy and electricity production play an importesie in mitigation and
adaptation
o Navigation management and planning needs to becbmate-proof
0 Truly sustainable tourism needs to be promoted
* More intense cooperation and common action at théekzel
* The ‘user pays principle’ needs to be fully impleresl
» Further research activities are necessary to taddptation issues more effectively — the
science policy dialogue needs to be continued ardgthened
» Don't forget the world outside the EU! Adaptatiamdathe integrated water resource
management should be a key element of developreepiecation including cooperation
with States in the Furonean Neiahbourt
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The impact of climatic changes (Sample from Romgni

In view of the assessment of the climate change#yalological resources in a river basin,
doubling of the C&in the atmosphere hypothesis was considered, using shiyomater balanc
model.

The mathematical model was applied in two casescthrent regime (scenario 1), which consis
the simulation of runoff on the calculation periodnsidering measured inputsnd the modifie
regime (scenario 2), in which the runoff it is slated with the same model and during the ¢
period considering the modified inputs, determiirethe hypothesis of the doubling of the ti@the
atmosphere.

The climatic scenario adopted in the hypothesithefdoubling of the CBin the atmosphere w
determined with the support of the Global Circw@iatiModel of the Canadian Climatic Center
CCCM, considered to be the most appropriate foclimatic and orographic condition in Romania.

The methodology presented was applied in the TarRiver Basin, situated in the centre of
country inside the Carpathian Arch, which has dasar of 6,253 km2, or 22.5% of the Mures R
Basin to which it belongs.

Though the comparison of threean monthly discharges resulted in the two seenathe impact «
climatic changes on water resources could be etealua

In the hypothesis of the occurrence of the climagenario 1, the discharge regime of rivers wi
modified due to the changeas precipitations and increase in real evapotrmagpn. The mos
significant changes are the following:
» Mean annual runoff will increase by 0.9%
» The variation of runoff during the year will inceEsa up to 71.7% during October
February, July and August and decrease up to 3@%g March -June and Septemb
Usually, mean multiannual runoff, in the hypothesfsclimatic changes, will be le
variable than it is at present
» The variation of the mean runoff during the yeas hecorded an increasewgs to 71.79
in October — February, July an August and a deerefap to 30.2% in March June an
September
» The minimum runoff will increase during DecembefFebruary by 156.9% and w
decrease during spring, summer and autumn by Up.#%%6
» Flash flaods from snowmelt will occur earlier, usually dyridanuary, and will be larg
by up to 21.4% with a de-synchronization with thevial flash floods
» Soil humidity, in the hypothesis of scenario 2, r@eses with an average of 6.8% du
the increase imeal evapotranspiration. During the year an irgeea soil humidity ce
be noticed during winter of up to 76.4% and a daseeduring summer of up to 20.7%
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11. Summary & Conclusions

The Tisza River Basin is one of the areas wheréntpertance of the integration of water quality and
water quantity management activities is apparehie Tisza River Basin Management Plan will

integrate issues of both water quality and watemtjty in a combined approach for land and water
management.

Action must be taken collectively to maintain amdtpct the ecosystem with an integrated river basin
management approach combining land and water maradeas well as balancing water quality and
water quantity.

The threats to the Tisza River Basin must be addeand managed through enhanced international
planning and measures. The Tisza River Basin Aiglysovides vital information to successfully
develop the Integrated River Basin Management Plan.

The Tisza River Basin countries have collaborayiy@lepared this report which will be converted
into a plan of action with support from the EU asttler financing institutions. The Tisza countries
will then implement the plan under their EU and BEPcommitments.

Identifying the next steps

While the Tisza countries have undertaken much wtitkre are still many areas that need to be
addressed to successfully develop a River Basinalglament Plan for the Tisza Basin. The report has
helped to identify the gaps in data and informatlmat need to be delivered.

Based on the outputs of the analysis the followingan be assessed:
Water quality evaluation must be improved by:

* Unifying the approaches of risk assessment betweentries, as well as providing data (such
as results from water quality monitoring) for impassessment to validate risk estimation

¢ Refining the assessment of the risk of failing ®etnGood Ecological Status

e Improving the monitoring of all parameters requibydthe WFD

Water quantity evaluation must be improved by:

e Improving data on water uses
+ Developing flood maps including flood hazard arsk rihaps

Management of water quality and quantity must kheebéntegrated by:

e Improving flood risk maps

e Improving inventories of pollution hot spots

e Collecting and organising information on plannefilaatructure projects
e Improving assessments regarding excessive rivéneagng projects

e Defining minimum flows for ecological quality andgssure criteria
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The Tisza River Basin Analysis, as a step towandsftlfilment of the WFD, is the analysis of the
Tisza Basin environment and the impacts on it. dchsit is a major step by the Tisza countries to
protect and maintain important resources in therrbasin. This report characterises the Tisza River
Basin by identifying key environmental and watemagement problems in relation to water quality
and water quantity, and creates the basis for theeldpment of the integrated Tisza River Basin
Management Plan by 2009.

The Tisza River Basin Analysis, supported by andggaht, has undergone the same process taken by
the Danube countries to produce the Danube RivemB&nalysis 2004 (Roof Report) at the Danube
River Basin level. However, the analysis for theZii went beyond the work of the Roof Report in
several significant ways:

« The Tisza River Basin Analysis addresses issuesifgpéo the sub-basin level, such as
mining pollution.

e The analysis includes new data from Ukraine andi&ewhich was previously unavailable
for the Roof Report.

« The analysis integrates management issues of batervwguantity and water quality to
manage jointly.

Integration of water quality and quantity in lantdavater planning will be essential. To achievs thi
success in the Tisza River Basin, countries musk vamether and with all other partners.

The results of the analysis will be used to develop Tisza River Basin Management Plan and
Programme of Measures for implementation by 201thokgh the analysis shows that there are still
many areas where additional work is needed, theaT@roup and the countries of the Tisza River
Basin have achieved significant progress and ses\an outstanding example of cooperation.

Plan of Action recommended by The Tisza Group:

By the end of 2008, the plan calls for:
e Preparation of a draft Tisza River Basin Manager®ah for public consultation
« Preparation of a ‘Programme of Measures’ to addifessriority issues of organic, nutrient
and hazardous substance pollution as well as thadta of extensive river engineering
« Validation of risk assessment using the new WFDyal@ant national monitoring data
« Compilation of a list of future infrastructure ptaand projects

By the end of 20Q9ollowing the public consultation, the plan caits Tisza countries to complete
the final Integrated River Basin Management Pladiuiding flood-related aspects.

Long-term actions
It is critical to follow up on the work begun inelTisza River Basin Analysis in order to proted th
Tisza ecosystems from pollution as well as fronodil® and droughts. Success will depend on the
dedicated cooperation from all countries and catigg work on long-term actions:
« Implementation of the measures of the IntegrategRBasin Management Plan
« Developing strategies and implementing plans tgpatiaclimate change
« Improving flood risk management within the Tiszav&iBasin including the restoration of
floodplains and wetlands
e Ensuring equitable balances of water resourcesdegtwhe needs of the countries and the
environment
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