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Abbreviations

EN

MESD

MSTI
MCTI
NHC

NP

PA

HR

RS
WAMOS
WFD

Ecological Network Natura 2000

Croatian Ministry od Economy and Sustainable Developmefrom May 2024 transformed
into Croatian Ministry of Environmental protection and Green Transition)

Croatian Ministry of the Sea, Transport and Infrastructure
Serbian Ministry of Construction, Transport and Infrastructure
National Habitat Classification

National Park

Protected Area

Republic of Croatia

Republic of Serbia

Transnational Waterway Monitoring System

Water Framework Directive
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1. INTRODUCTION

Monitoring on the Danube on the CroatiafrSerbian ®ctor of the river is an integral part of the international
EU project "Preparation of FAIRway2 works on the Rhin®anube corridor" (hereinafter abbreviated: EU
project) which is conducted within the CEF 2014020 calls in the field of transport. The projet partners
in this EU project are the Austrian Ministry for Climate Action, Environment, Energy, Mobility, Innovation
and Technology the Serbian Ministry of Construction, Transport and Infrastructure (MCTI) and the
Croatian Ministry of the Sea, Transpdrand Infrastructure (MSTI). The EU project is coordinated by
"viadonau" from Vienna.

This EU project plansto, among other asks through the implementation of monitoring of relevant
waterway maintenance parameters and through inventory of the biological diversity components on the
joint Croatian-Serbian sector of the Danube, provide the basis for a joint strategy of Croatia andtsa for
the purpose of maintaining the Danube as an important international waterway. Based on the monitoring
data collected by the Croatian partner (MSTI), the project partner from Serbia (MCT]I) will further redefine
the critical priority sections on thecommon sector of the Danube and analyse their alternative solutions,
and all results will be presented within a comprehensive study. This comprehensive study will be the basis
for the future joint adaptive management of the Danube in the border zone betwea Croatia and Serbia,
which will simultaneously enable continuous maintenance of the international waterway and ensure the
protection of biodiversity and maintenance of natural flood ecosystem services on both sides of the river.

The contract number U22/ 00119 (hereinafter. Contract) on procurement services foMonitoring of the
hydrological, hydraulic and morphological characteristics of the Danube River and inventory of
biodiversity components on the joint CroatianSerbian sector of the Danube River (heinafter abbreviated
as: Monitoring on the Danube) was signed between The Ministry tie Sea Transport and Infrastructure
of the Republic of Croatia (hereinafter abbreviated a8eneficiary or MSTI) and the Consortium Oikon Ltd.
from Zagreb, Hidroing Ltd from Osijek and Vodoprivredneprojektni biro JSC from Zagreb (hereinafter
abbreviated as: Contractor) onl8 January, 2023with an 18-month execution period

The contract is implemented through realization of all monitoring and inventory activities, anthrough the
creation of a GIS database, as shown in the project task, which is an integral part of the contract. Monitoring

iIT OEA $AT OGAA EO AT 1 OOAAOGAA ET OEA A 111 xET ¢ OAI PAR
following manner:

- Inventory of river regulation infrastructure (Hidroing , www.hidroing -0s.hr)

- Riverbed hydrographic surveying (Vodoprivrednaprojektni biro , www.vpb.hr and MMP)

- Calculation and measurement o$ediment velocity and flow (Hidroing, www.hidroing -0s.hr)

- Piezomeer installation (Hidroing , www.hidroing -0s.hr)

- Fish inventory (Oikon, www.oikon.hr )

- Habitat inventory (Oikon, www.oikon.hr )

- River benthos type inventory (Oikon www.oikon.hr )

- Bird inventory (Oikon with subcontractor Croatian Society for the Protection of Birds and Naturge

www.ptice.hr )
- Establishment of a geoinformation system (Oikoywww.oikon.hr ).

The research area is provided irANNEX1 where 17 critical sections along the Danub®&iver are marked
(seeFigure 1-1 below also).

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 1-1: Segmenbf the project area map

It should be noted that the CroatiarSerbian sector of the Danube is one of the ecologically best preserved
river sections along the entire Danube and is therefore of supreegional importance in terms of nature
conservaion (Kerstin Bock & Arno Mohl, WWF AT). The section of the Danube affected by the
infrastructure project largely form the core zone of the 5country Biosphere Reserve. In this area nature
conservation is of top priority. The CroatianSerbian Danube hosts:

1 50% of the most natural river stretches on the first 2,000 km (ICPDR 2014/21)
1 most natural floodplains on the first 2,000 kilometers (source to Iron Gate}, corresponds to 50%
of all river stretches with intact floodplains on the Danube (ICPDR 2014/21)
91 the largest floodplain forests on the entire Danube River
1 5 large protected areas totalling about 82,000 ha (2 nature parks, 2 nature reserves, Natura 2000

and Emerald sitesA all included in the 5country Biosphere Reserve)
91 the highest breeding density of viite-tailed eagles in continental Europe (over 100 breeding pairs)
1 the most important fish spawning area (Kopacki Rit) next to the Danube Delta
1 probably the last refuge for the almost extinct ship sturgeonAcipenser nudiventris

It should be notedalsothat:

1 89% of critical sectionsalong the Croatian-Serbian sectorof the Danube Riverare situated in the
core zone of the 5country Biosphere Reserve MureDrava-Danube

1 11% of this critical sections are situated in the buffer zone of the sountry Biosphere Reserve
Mura-Drava-Danube.

During project development, care was taken to harmonize the results with the previously conducted
research methods and inventories on this sector of the Danube, as far as this was possible and justified, and
priority was given to harmonizing with databases on monitoring biological diversity in NATURA 2000 areas
according to the Habitats Directive (Directive 92/43/EEC of 21 May, 1992 on the conservation of natural
habitats and wild fauna and flora) and the Birds Directive (Direéve 2009/147/EC of the European
Parliament and of the Council of 30 November, 2009 on the protection of wild birds) and with databases
on the monitoring of the hydrological, hydraulic and morphological characteristics and biological
components of water comlitions according to the Water Framework Directive (Directive 2000/60/EC of

the European Parliament and the Council &#3 October, 2000).

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 71137
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All contracted field activities, data processing and analysis activities and the establishment of a geo
information system for monitoring on the Danube were carried out within the given deadlines, and below,
within the framework of this Final Monitoring Report, an overview of all performed activities is given with
an emphasis on the course and method of field data cation. In addition, a presentation of the difficulties
during project implementation, a presentation of further activities related to use of the project results, and
a concluding presentation of the achieved dynamics of Monitoring on the Danube are given.

Recommendations aralsogivenin this Final monitoring report for the implementation of further activities
related to monitoring of the joint Croatian-Serbian sector of the Danube River. The main objective is to use
the obtained results in the best possile way to satisfy the needs of future adaptive management of the
Danube in the border zone between Croatia and Serbia, i.e. for the purpose of continuous maintenance of
the international waterway in synergy with protection and/or restoration measures of biodiversity and
natural hydrological processes.

Below presentedhydrographic survey of the Danube using the "singleeam depth gauge" (chapter 3.1.2.1)
was supplemented by the presentation of the hydrographic survey using the "mulieam depth gauge”
(chapter 3.1.2.2), which was carried out separately andias not the scope of thigontract, in order to gain
insight into the preparation of all necesaary input datathat will be used within this EU project for the
preparation of the joint strategy of Croatia amd Serbia for the purpose of maintaining the Danube as an
important international waterway .

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 8/137
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2. PERFORMEDPROJECT ACTIVITIES

2.1. Monitoring of relevant waterway maintenance parameters

2.1.1. Inventor y of all river regulation infrastructure

Overview

Preparation wasconducted and a preparatory meeting was held with the Beneficiaryl(February, 2023),
where the Beneficiary was presented with the approach to the inventory of regulation structures related
to navigation, and open issues were discussed (photo documentatiamn the condition of regulation
structures with recording shots locations, conditions on the possible use of a drone for filming certain
regulation structures etc.).

All documents received from the Beneficiary were downloaded, reviewedand analysed, espaally
documents "Cadastre schematic form of buildings" and "Cadastretables".

All necessary permits for the implementation of field works in the border area have been collectecsee
Chapter3, Table 3-1).

Digitalization of the downloaded cadastral forms and tables of all water structures related to navigation
was carried out, and a preliminary map of the project area was created showing the locations of regulation
structures on the joint CroatianSerbian se&tion of the Danube. The map is divided into several overview
maps, whichwere presented in a separate documenCurrent Status Analysiémark: [-2206/23; Hidroing
Ltd. Osijek, April 2023). These overview maps of regulation structures by sectioreve usedas a basis for
field work.

All equipment has been prepared and team members have been appointed to carry out the field work.

Based on the Terms of Reference and the agreement from the preparatory meeting, the methodology of the
inventory implementation was elaborated. The methodology iasfollows:

Text box 2-1 Methodology for inventory of regulation structures

Methodology for inventory of regulation structures

In accordance with the available documents "Cadastr schematic form of buildings" and "Cadastretables"”,
which are an integral part of the Project Terms of Reference and the contract, it is necessary to determ
the condition of all regulation structures on the entire joint CroatiarSerbian part of tre Danube.

In order to prepare for the inventory and determination of the condition of the structures, existing cadastra
tables will be digitized and a preliminary map of the project area will be created showing the locations of &
buildings included in the inventory. The preliminary map will be created according to the cadastre, and wit
the help of satellite images of the joint Croatiaserbian section of the Danube, will be used as a basis for fie
work.

For the purposes of the actual inventory of allegulation structures related to navigation, all structures shall
be:
E CAT AROGEAAI T U OOOOAUAA j EB8A8 ODPAOEAI AT A Al AOA
I revetments (beginning and end of the structure, visible damage if necessary)
1 groynes and paallel structures (beginning and end of the structure, base in the bank)
E DPEIT Ol COADPEAA AT A AT AOiI AT OAA AO xAOAO 1 AGAI O ¢
1 photos must contain location data (GPS coordinates) so that they can be displayed within t
interactive map of the project area (photographs to be taken at least once from the upstream si
and once from the downstream side)
9 structures should be photographed from several sides for the purpose of a detailed visu
impression
1 photographs can be taken from théand or from the river, but also from the air @rone recording) if
there are no obstructions from vegetation.

After the field work, the structures shall be analged and processed in several textual and graphic forms:
E OADOOAI | OAAI AQq

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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structure designation,
name and type of structure,
location of the structure,
length and elevation of the crown of the structure,
condition of the structure
E COAPEEAAI T U4
1 the layout plan of all regulation structures with a display of the structure designation: theontent
shall encompass all regulation structures surveyed during field work, aligned with data fron
cadastre
9 structures will be marked according to the following description:

= =) = =] =

Figure 2-1: View of the regulation structure (example)

Designation guide:

1 1431 zriver kilomet er of the structure
1 D1-right bank first object (L = left bank)
I 1431+070 7 exact river kilometer of the structure

An example of a table view is given below:

Table2-1: Example of a tabular overview

Right bank
No Structure Name and type Location of the Length of the Crown Status of
designation of structure structure (rkm structure [m] elevation of the the
or rkm range) structure [m structure
a.s.l]
1 1431-D1 T-groyne 1431 206 82,95 Good

Field work activities have been monitored to ensure high(er)visibility of the structures and have been
conducted during October 202378 existing objects on the right bank have been identified9 objects on
the left bank.

Data gathered:

1 Geometry data and Geodetic survey (length of the structure, geodetic points, structure profile,
location in rkm)

1 Foto-documentation (geclocated)

1 Assessment of the current state/functionality

1 Identification of extent of damages (where applicable)

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 2-2 Inventory activities (October 2023)

Results

Upon completion of all field works, the obtained data were processed within the Elaborate "Inventory
of river regulation infrastructure related to navigation” (see ANNEX7) and the following textual and
graphic representations were given in the Elaboratésee example below, Figure -3):

- Serial number of the structure on the left or right bank

- River regulation structure name (e.g., 1423 river kilometre of the infrastructure, D5 - right
bank, fifth object (L = left bank))

- Structure type: revetment,groyne, T-groyne, parallel structure, imported fills or barrier

- Chainage of the river regulation structurez exact river kilometre of the structure, for groynes
and barriers in river kilometres, and for revetment, parallel structures and imported fills, tle
range from river kilometre to river kilometre

- Length of the river regulation structure in meters (for groynes length parallel with the fairway).

- Crown or toe elevation of river regulation structure in meters above sea level (m a.s.l.)

- Mark and page numbein the "Cadastral Register"

- Location of the structure on an orthophoto image

- Pictures of the structure

- Analysis of the condition of the structure (functionality, state and additional notes)

Functionality of the structure is described according to théunction it performs in river regulation:

Structure type Possible functionalities of the structure

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 11/137
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Barrier Barrier on backwater flow_blocks the flow of the backwater at low water
levels/Performed the functionof partitioning the flow/ Nat in the function of blocking the
flow of the backwater at low water level.

Revetment In function/Not in function to protect the bank from erosion at low/medium/high water
levels.
Groyne Effect of material depositionongoing/non-functional/finished (upstream, downstream).

Performed the function/In function/Not in function of moving the bank into the riverbed
by backfilling upstream and downstream of the structure.

Parallel structure | Performed the function/In function of moving the bank in the rivebed by backfilling
upstream and downstream of the building.

Imported fill In function of preventing further coastal erosion.

The condition of structures was evaluated in four categories:
1 Bad condition
1 Satisfactory condition
1 Good condition
1 Excellentcondition

Below is an example of the analysis of a regulation structure.

Type: Chramsage (r.hm) Length (m) Crown efevation
Groyne 1423+825 45,36 8311

Analysis

. e = n C

= Ftlactof nishad (upsin )

- capost and of tha groyma and ovargroadh of plants am vsbie
Stone matedial i not visible

Figure 2-3: Example of graphical and textual description of a river regulation infrastructure

The Elaborate, in addition to the tabular/graphical analysis described above, alsontains the layouts
of regulation structures with a display of the building designation, i.e. structure characteristics recorded
during the field visits which are aligned with records from the cadastre of buildingsAfter processing,

the results ofinventory of regulation structures were included intheMMPIB O ' ) 3 AAOAAAOAS

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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2.1.2. Riverbed hydrographic surveying

2.1.2.1. Single-beam hydrographic surveys

Overview

Preparation was carried out and a preparatory meeting was held with thBeneficiary (1 February, 2023),
at which the Beneficiarywas presented with methodology for hydrographic measurement, and some open
guestions were discussed (the influence of hydrology on the dynamics of the survey, preparatjiand
analysis of results on earlier surveys).

All materials received from the Beneficiary were taken over, examinegdand analysed, which include the
following:

1 Previous geodetic and hydrographic measurements of the relevant section of the Danube River
from rkm 1295.5 (llok) to rkm 1433.1 (border with Hungary),

1 Characteristic navigable water levels of the Danube (NPV, VPV),

1 Danube waterway from rkm 1295.5 (llok) to rkm 1433.1 (border with Hungary),

1 Transport technology bases (data on ship movement (logs of navigation), traffic elements, traffic
data, cargo structire, passenger ship traffic, etc.),

T 7A0OAO0 1 AGAT TAEI T x 1 AAOCOOATI ATO AAOA AO OEA " AOET Ah

All necessary permits for the implementation of field works in the border area have been collected (see
Chapter3, Table 3-1).

Based on the project assignment and the agreement from the preparatory meeting, and on the basis of the
downloaded materials, the surveying methodology was developed.

According to this methodology, surveying should be carried out with a singlebeam depth gauge on 1376
control profiles (profile density is 100 meters, from coast to coast), as well as recording with a singbeam
depth gauge on 8 control profiles on the Drava River [from 0+000 to 0+80@rofile density is 100 meters,
from coast to coast]. When surveying, an integrated measurement system is applied as a combination of
GPSRTK and depth gaugeRigure 2-4).

UHF radio antena v Satelin
. . |

FS T s Pene

B ) < ‘[ [ -

arm GPS L $ 0

i e

| - - — .

e -
-

Integralni mjerni sustav —
kombinacija GPS-RTK i dubinomjera 1

Bessel 1841 clipnoid

Figure 2-4: Schematic representation of the integrated measuonent system

All the equipment and the vessel have been prepared-igure 2-5) and the team members have been
appointed to carry out the field work, and in cooperation with the Beneficiary, the positions of the cross
section profiles of the Danube have beeset and verified by the Beneficiary.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 2-5: Vessel used for hydrographic surveys

Text box 2-2 Methodology for hydrographic surveying

Methodology for hydrographic surve ying

System preparation and data collection

Before any project, the system needs to be adjusted in order for the stored data to comply with proje
requirements.

The GNSS instrument was adjusted using GPS Configurator software where the types of record
record transfer parameters are selected. The records from the GNSS instrument associated to Hyp
2016a and HydroBox 2.45 were the following:

1 GGA - 3D location and accuracy data

1 GST - GPS Pseudorange Noise Statistics

T GSV - Satellite data

1 VIG - Vector track and $eed (of navigation)

1 ZDA - Date and time (possibility to harmonize the software with the GNS

instrument) (URL1)

Identical parameters have to be adjusted in all software and instruments in order for the communicatio
to be valid.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 14/137
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M \
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MMAAT AR A

Figure 2-6: Overview of operation of the system for underwater survey of riverbeds, lakes or
(UNEP/PAP/MAP/RAC 1997)

The parameters (ellipsoid, projection, parameters for transformation, geoid model) for the project are
had to be assciated to Hypack2016a. Identical parameters also had to be adjusted in the controll
(TSC2) of the GNSS instrument which simultaneously transmits data to the said instruments. The Hypg
2016a for parameter adjustment is presented orfrigure 2-7.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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sy S T ) IS B IRE

Figure 2-7: Interface for adjustment of the geodetic system
The planned positions of cross sections are also entered into Hypack 2016a in one (*.dxf) of the forese
formats and into the controller (TSC2) in order to make reatime precise postioning in relation to the
planned positions of cross sections. In this way, two people have insight into the position of the boat a
direction of navigation, by means of which the precision of navigation per cross section improves, whi
contributes to data more suitable for the development of a 3D model and improves the safety
navigation.

Hypack 2016a has an option to store data on WGS84 ellipsoid, local elahd an ellipsoid of localdate.
The data that the system can record and derive from thapplication are presented onFigure 2-8. This
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negative impacts on the quality of surveying.
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Figure 2-8: Options for datastorage and output from
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When observing, it was important to pay attention to the latency test, because considering the speed
the boat, the acoustic signal can return incorrect information about the position of the current depth.

Figure 2-9: Latency test

Every day before the start of the survey, water temperature was checked as an indicator for the speeqd
sound in the water. The obtained data was checked with at least one control measurement of di
obtained from the echo soundeind direct readings from the staff gauge.

It is important to note that certain areas have a weak or neexistent mobile connection, which resulted
in the fact that it was not possible to access the CROPOS data. This was mostly noticed in the are
Kopsg¢ EE OEO AT A OEA OEI Figug&10l £ $AT E AO DOAOAT OF
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Figure 2-10: Locations of weak or nanobile signal

Data processing

After field work, profiles must be processed. As a first step, data should be cleaned. A profiles clear
process was applied due to noises related to waves, mud, obstacles, branches, fallen trees, fishes,
traffic, water swirls, etc. OnFigure 2-11 and Figure 2-12, fallen trees onthe river present a situation in
the field when is difficult or even impossibleto approachthe coast for security reasons. In sucleases,
the whole profile could not be recorded, but it was finished in point of safe return tthe river.

Figure 2-11: Branches, fallen trees

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 2-12: Branches, fallen trees

This was done with Hypack 2016a software and the Single Beam Editor tool. In this tool it is possible
identify different noises in the data and thento be cleaned and preprocessed. Recorded crossection
in noise cleaning tool is presented offrigure 2-13.

Figure 2-13: Noise cleaning
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After cleaning the data, it is necessary to @n points on crossprofile line as preparation for the 3d model
build process.Therefore, considering it is impossible to drive ideally along the designed lines, it wa
necessary to place the recorded points on the defined lines. While points are on litlee created models
better representtheterrain itself. In any case data after cleaning noises and before alignment on cres
section lines are delivered toMSTIlas well. OnFigure 2-14 are presented recorded paths of surveying
(grey dots) and crosssection lines (red lines). Sometimes, whewater is too shallow, the surveying path
departs more significantly from the crosssection line. It was done in order to collect more data and usin
them with the surveyed position represent useful data for various purposes.

Figure 2-14: Driving according to profiles

Figure 2-15 represents position of surveyed, cleaned and aligned data on cros®ction profiles.

”

Figure 2-15: Placement of points by profiles

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Data results

After aligning the profiles to the defined lines, a 3D model of the riverbed was created. 3d model w
created based on aligned dat&igure 2-16 is an example ofa 3D model in Drava river inlet inDanube
River where warmer colours represent higher riverbed, while colder represent lower riverbed.
Perspective on same area is presented Figure 2-17.

Figure 2-16: 3D model overlaid with digital orthephoto

From such a 3D model, various threglimensional views are possible:

Figure 2-17: 3D model of the confluence of the Danube and the Drava River

Also, it is possible to add water level animation in the 3d model as presented Figure 2-18 at 73.30m
(HVRS71)

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 2-18: 3D model with waterdevel animation at 73.30n (HVRS71)

It is possible to view cross sections or longitudinal profiles that can be exported to various CAD or oth
formats. Due tothe nature of the DanubeRiver, different shapes of cross-section profiles are possible as
show in Figure 2-19, Figure 2-20 and Figure 2-21.

......

Figure 2-19: Oross section example 1.

0w e e xow 0m e

Figure 2-20: Oross section example 2.
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ie

Figure 2-21: Oross section example 3.

Furthermore, it is possible to export a raster of arbitrary densitypoints, etc.

|- M- n.-I

Figure 2-22: Raster of pointsg density 15x15m

Data are delivered as a textual data file in 3 projections: HTRS96/TM (HVRS71), HDKS (GK) 6 z
(HVRSTRST). Also processed data are deliedrby crosssections in separate textual files in UTN84 (N)
(HVRSTRST). Such data represent cresection data prepared to be used in any software.

In the next phase of observing the Danube riverbed, it will be necessary to repeat the bathymet
recording and compare the situation from June/July 2023 anépril/May 2024.

Given that a large section of the Danube riverbed is sandy ground ¢salled sand dunes), changes ar
possible. It will be very interesting toanalysefor planning the arrangement of the waterway.

Where there is a rocky riverbed, no chages are expected, unless some work has taken place in t
meantime.

The first hydrographic surveying was started on8 May, 2023, but was interrupted due to extremely
unfavourable weather conditions (rainfall and wind). It continued on12 June 2023. About 30 km of the
Danubehas been surveyed so far, and as more favourable conditions for surveying are expected in the
coming period, the completion of the first cycle of these field works was in August 2023.

At the beginning of December 2023 (1 Dmember, 2024), the data from the completed first cycle of
recording in HTRS96/HVRS71 and the second in HDKS6/HVRStrst format were submitted to tA&1PI.

The next recording was postponed to spring (MarctMay), while the planned wintering habitats were
determined from the developed and delivered 3D model of the riverbed from the first set of recordings.

In accordance with the planned secondurvey cycle, permits were requested forsurveying in the border
area, and on 5 February, 2024, a permit was obtaineddim the Ministry of the Sea, Transport and

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Infrastructure, the Port Authority of Vukovar, as well as aurveying permit from the competent institution
of the Republic of Serbia.

The second field recording commenced on 9 April, 2024 and was actively carriedt in accordance with
meteorological conditions, and was completed on 24 May, 2024. B¢ June, 2024, data processing of the
second recording cycle was completed and is displayed on tferum , which takes place on 3 July, 2024 in
Belgrade. Submission oftte processed data of the second recording cycle to th@MPlin the same format
and form as for the first recording cycle was concluded o028 June, 2024.

Results

After the surveyingg was completed, all field recordings were processed within theSeodeticsurveying
for hydrological morphological monitoring of the DanubeRiver" Elaborateby VPB(as an addition to the
"Velocity, flow and sediment Study, see alsoANNEX8, and the following views were prepared based
on the processing:

1 Situations with the postion of the profile on which monitoring is carried out,

1 Interpolated digital terrain models from recorded profiles (for each recording),
1 Comparison of terrain models on the longitudinal profile,

1 Comparison of terrain models on crossection profiles.

After processing, the results of the hydrographic survey were included inthMPI5 O ' ) 3 AAOAAAOAS

2.1.2.2. Multi -beam hydrographic surveys

The purpose of hydrographic surveying is:

91 to collect, with systematic surveys at navigable areas, georeferenced data related to:

o0 river bed configuration, including man made infrastructure for navigation i.e. all those features
in river that are of interest to navigators;

0 depths in the area of interest (including all potential hazards to navigation and other
activities);

0 river bottom composition;

0 water levels and currents

o0 physical properties of the water column

1 to process the information collected in order to create organized databases capable of feeding the
production of thematic maps, nautical charts and other types afocumentation for the following
most common uses:

0 navigation and traffic management;

0 training works and dredging;

0 water environment preservation;

o laying of underwater structures (cables/pipelines);
0 scientific studies.

Requirements for hydrographic surveys arise as the result of policy decisions, product user reports or
requests and other demands. The inception of a specific hydrographic survey project follows an evaluation
of all known requirements and the establishment of priorities. Among the many objestés and subjective
factors that influence the establishment of priorities are national and agencies goals, quantitative and
gualitative measures of shipping, the adequacy of existing surveys, and the rate of change of the bottom
topography in the area.

Surveying activities aim at establishing a solid data basis for internal use, namely for decision making
related to river engineering, rehabilitation and maintenance measures. These activities are accompanied
by the constant provision of highquality user information on various national and transnational
platforms, most importantly the Danube FIS Portal, the Electronic Navigation Charts (ENCs) and national
information platforms.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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Figure 223: Fairway management cycle

In 2014, the CREERB expert group established a prioritization of critical bottlenecks on the joint Danube

section, where 17 critical sectors were identified. Out of 17 bottlenecks, 7 critical locations were identified

AO Oi 100 AOEOEAAI 68

Gi\ien thg abovethere is a possipilitAy the}t the sectors that are now d_efineq as c~ritical are no longer critical A
AOGOET ¢ EIi Pl AT AT OAQGETT 1T &£ OEA GCOAROADE#COREAR®AUDQI KA
some other critical sectors might appear.

The following table therefore provides an overview of the bottlenecks in the Croatian Danube sector, as

identified jointly with Republic of Serbia:

Table2-2: List of critical locations on the common Croatian/Serbian section with their characteristics that
are surveyed with MB

Name of critical Characteristics of critical From Lengt_h of
No. . . To rkm section
location locations rkm
(rkm)
reduced depth, reduced
1 Apatin fairway width at ENR, bank 1404 1400 4
erosion
VERT AAE E reduced depth, reduced
2 |#EAT OORET! tivay width at ENR, bank | 1397.2 | 1389 8.2
rukavac :
erosion
3 Drava confluence E)ngced fairway width at 1383.4 | 1381.6 1.8
reduced depth, reduced
4 Staklar fairway width at ENR, bank | 1376.8 | 1373.4 3.4
erosion
reduced depth, reduced
5 Borovo 1 fairway width at ENR, bank | 1348.4 | 1343.6 4.8
erosion
reduced depth, reduced
6 Vukovar fairway width at ENR, bank 1328 1325 3
erosion, wide river bed
reduced depth, reduced
7 Sotin fairway width at ENR, right 1323 1321 2
bank erosion
TOTAL: 27.2

In previous years, from the user point of view, Apatin and Mohovo were the most critical bottlenecks with
problems of the available fairway depth. Apart from these two critical locations, problems with the
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available depth were also encountered at the critial location Sotin. Apatin used to be the most critical
location, but due to small river engineering works the sandbar was shifted and monitoring activities were
regularly conducted. Sotin and Mohovo sections are most critical locations, but due to rockgttom on
Mohovo there is no change in the river bed. These characteristics were taken into consideration when
defining the scope of the pilot operationsor multi -beam hydrographic survey

Hydrographic surveys were executed along thentire Croatian stretch of the Danube waterway, with
specific focus on the critical locations (bottlenecks listed in the Fairway Rehabilitation and Maintenance
Master Plan). Based on the initial surveying of critical locations and determination of theioadition and

on the basis of the depth control by the marking vessel, additional surveying was performed on locations
that are most critical.

Multi beam surveying was entirely performed with the surveying vessel purchased within the FAIRway
Danube project.

Figure 224: Connecting Europe 1 surveying vessel (source: MMPI)

When the conditions necessary for surveying critical locations are met, the Head of the Service for Marking

and Technical Maintenance of the Waterways within MMPI sends tisairveyor into the field. After vessel

AT A ANOEDPI AT O AEAAEnR OEA OAOOAI 60 Aiii AT AAO AT A OEA
the surveying vessel.

Figure 225: MB andSBoperation

The surveyor then uses surveying multbeam sonar equipment that works on the principle of using sound
waves for river bed mapping purpose. The emitted sound is reflected of the river bed and the time passing
until reflected sound is received is used in m&suring the river depth at the location. Unlike the previously
used singlebeam equpment, multibeam sonar speeds up the recording process by emmiting more sound
waves at once using an array of transducers and creating a larger swath that covers more riteettom and

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
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provides a more detailed map of the river bed. MMPI uses dual head configuration Teledyne Seabat 720
R multibeam with Teledyne RESON Ul software which allows even more riverbed coverage in single survey
line passing.

Figure 226: Dualhead rultibeam system configuration

Positioning, height and movement of the vessel are calculated by two GPS antennas on the port and
starboard side on top of the vessel and Applanix Surfmaster software integrated into the multibeam system.
RTK-GNSS (Real Tim&inematic) method is used. RTK corrections are received via mobile internet
(GPRS/GSM) from CROPOS (Croatian Positioning Service).

The vessel repeatedly navigates the critical section in its full length (starting and ending river kilometres).
Surveying stats with the first longitudinal profile usually set on the waterway axis. Based on the initial
longitudinal profile and the width of the area, surveying is continued next to the first profile doing as many
profiles as the configuration of the terrain allows, reaching to the shallowest parts of the waterway and
trying to capture an entire planned area. This way survey lines parallel to the riverbank are created. The
profiles are overlapping to a certain degree, depending on the current water depth.
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Figure 2-27: MB surveyingsoftware Teledyne PDS2000
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The results of multitbeam systems are sensebased raw data (high density point cloud; XYZ coorindates)
which is processed by MMPI employees. This data is checked, filtered and cleaned of surveying errors due
to different obstacles, changes of water temperature, noises in the water and other factors that affect
surveying quality. MMPI uses Teledyne PDS2000 software for all the surveying and data processing

purposes.
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Figure 2-28: XYZ point cloud
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On the basis oftorrected data, terrain models of the riverbed are calculated which are basis for creating
maps of each of the surveyed location and other product issuance. The gathered surveying data and created

models are also used for maintenance activities, if theie a need.

Figure 229: Processing sensor raw data
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Figure 2-30: Volume calculations
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Figure 231: Terraing model

Postproccesed data is stored into internal server and National Waterway Administration System (WAMS)
for easy access and further usage.

Surveying is documented by filling Board book (voyage location, RKMs travelled, engine working hours,
fuel) and SurveyngOA BT 00O j} OOAA OAOOAI h 11T AAOETTh DPAOATI AOAOON
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Figure 232: Board book andSurveying report

Results of the surveying are then published on the vodniputovi.hr website as in form of PDF map showing
water depths in relation to low navigable water level (LNWL) at given location. Users of the waterway have

access to all published data which can be found #ite following link:

https://www.vodniputovi.hr/en/navigation/critical  -sectors/
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Figure 233: The results of the surveying activities at the critical sector Apatin
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Figure 235: The results of the surveying activities at the critical sector Drava confluence
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Figure 236: The results of the surveying activities at the critical sector Staklar
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Figure 237: The results of the surveying activities at the critical sector Borovo 1
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Survey date: 12.07.2023. Survey type: multibeam
SITUATION Depth reduced at ENR=76.36 m (Vukovar +17)
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Figure 238: The results of the surveying activities at the critical sector Vukovar
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Figure 239: The results of the surveying activities at the critical sector Sotin
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In the period October 2020 toNovember2023 in total 28 survey campaigns were conducted on 7 chosen
critical locations. Based on the data from the Board book and surveying reportgyjrgeying vessel/multi-
beam equipment was utilized on 56 days in total of 300 hours and covering of 125 river kilometres on the
Danube.
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Figure 2-40: Locations and number of surveys chart

The most surveyed critical location is Drava confluence, that was covered 9 times during the period due to
constant riverbed changes affected from changing water levels of rivers Drava and Danumbe. Surveys were
executeduntil November 2023 due to equipmenfailure caused by an accident while on surveying trip and
since the beginning of the 2024 multbeam equipment is on the repairing process at the manufacturer

Fuel consumption_
Fuel cost were entirely covered by MMPI.

Maintenance costs
Vessel and equipmat maintenance cost were entirely covered by MMPI.

Costs of human resources for execution of measurements and timely publication of surveying
results

A single person working on this project was included in both surveying and processing of the data.
Summingdirect costs for personnel for both surveying and processing, the MMPI reaches approx. 2,200
EUR of the annual costs, for performing the surveys, data processing and publishing the data within this
project.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 34/ 137



Final monitoring report for Sub-Activities 2.2 and 2.3

2.1.3. Velocity and flow recording and measurement of suspended and dragged sediment

Overview

Preparation for the meeting was carried out and a preparatory meeting was held with thBeneficiary (1
February, 2023), where theBeneficiary was presented with the approach to recording velocitieand flows

and measuring sediment transport in the Danube bed, open issues discussed (locations of measurements,
period of measuring and hydrological conditions, criteria for determining relevant hydrological
conditions).

The substrates received from théBeneficiary were taken over, examined, and analysed:

il
il
f
f

f
f
f

Previous geodetic and hydrographic measurements of the relevant section of the Danube River from
rkm 1295.5 (llok) to rkm 1433.1 (border with Hungary),

Characteristic navigable water levels of the Danube,

DanubeRiver waterway from rkm 1295.5 (llok) to rkm 1433.1 (border with Hungary),

Data on ship movement (logs of navigation), traffic elements, traffic data, cargo structure, passenger
ship traffic, etc.

Water level/flow measurement data at the Batina, Aljf AHh 6 OET OA O -nfeferfug statiohsE
Critical sections (kmz format)

Map of the Danube on an orthophoto basis in pdf format

All necessary permits for the implementation of field works in the border area have been collectecsee
Chapter3, Table 3-1).

Based on the Terms of Reference and the agreement from the preparatory meeting, the inventory
implementation methodology was elaborated. The methodologfor measurementsof velocities and flows

and for measurements oftransfer of suspended and bedloadedimentare presented below.

Text ox 2-3 Methodology for measurements of velocities and flows

Methodology for measurements of velocities and flows

An acoustic flow meter based on the Doppler effect, Acoustic Doppler Current Profiler (ADCP) type R
Workhorse Rio Grande, frequency 1200 kHz, will be used to measure the flow and current data. T|
acoustic flow meter is used to measure the spatial diréion and speed of the flow. The flow meter is
connected to theside of theboat. A GPERTK positioning system is used to locate the boat in space, whi
coordinates the measurement with the selected profile measurement positions and also records tt
position of the bathymetric points. The acoustic flow meter enables the instantaneous recording of
three-dimensional current image of open watercourses and the sea, as well as the simultaneg
recording of the bottom profile. The ADCP device works on the priigle of the Doppler effect, that is, it
perceives a change in the frequency of the initial sound signal. By reflecting the initial sound signal frg
small particles, a return sound image is obtained, the frequency of which is proportional to the speed
the particles. The particles are assumed to travel at the same speed as the water. By capturing the cur
image transversely to the flow direction, the entire threedimensional current image of the profile is
obtained, and by integrating the current imagealong the transverse profile, the flow is obtained. The
device tracks its absolute orientation via a buikin compass and tilt sensor. To determine the rotation o
the instrument around its axes, an internal compass with a resolution of 0.01° with an agewey of +2° is
used to determine the direction angle, and a tilt sensor with a resolution of 0.01° and an accuracy of +0
to determine the rocking and stumbling of the boat. The measurement of these angles during da
collection, combined with the use ofh GPS device to track the absolute E, N coordinates of the positi
enables the transformation of the recorded flow vectors in the beam direction to a Cartesian coordina|
system in the plane referenced by the position of true north. For height positiong, it is necessary to
know the level of the water surface, which is determined directly using the RTK GPS device.
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a) Schematic representation of current image recording b) Current meter on the boat
Figure 2-41: Recording of current image with ADCP device.

The measured values from the flow meter can be read directly in real time and stored on the computs
The crossprofile flow is calculated over the mean velocity in each spatial unit. The vertical column ¢
water is divided into a series of equally wide layers. The unit flow in a spatial unit is obtained kb
multiplying the area of one unit and the associated mean velocity in the cell. The flow in one column
obtained by summing the unit flows in the vertical By traversing the entire width of the river, the total
flow is recorded on the measuring profile. By recording the current image transversely to the floy
direction, the entire three-dimensional current image of the profile is obtained, and by integratinghte
current image over the surface, the flow on the measuring profile is obtained.

Measured data on velocities, boat route, depth of riverbed and other data can be directly controlled
the computer during the measurement campaign and stored for later pr@ssing. The computer program
WinRiver will be used during the measurement. After recording on the river, the collected data will b
processed using a computer program developed at the Institute of Hydrotechnics, which enables t
display of a threedimensional velocity profile by velocity components (u, v, w).
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Figure 2-42: WinRiver user interface for one profile

When measuring the velocity profile along the transverse profile, it is common to average the vect|
over space for graphical éplay. Spatial averaging will be performed in such a way that several vertici
units are averaged into one vertical profile. In this way, the spatially averaged components u, v, w of r.
velocities suitable for further analysis will be obtained.
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Text box 2-4 Methodology for measurement of transfer of suspended and bedload sediment

Methodology for measurement of transfer of suspended and bedload sediment

Measurements of suspended sediment will be carried ounhicombination with acoustic and physical
sampling: simultaneous physical and acoustic sampling.

For the sampling of suspended sediment, the smalled multi-point measurement method in the verticals
of the water column of the river profile. For this purpose the control profile is divided into three

segments: left, middle and right. Measuring verticals are located in the middle of each segment. (
control profile will be selected, usually the most upstream profile. Sampling will be performed at severi
vertical points. The number of verticals for sampling suspended sediment will depend on the depth

the stream, but it should not be less than 3 points per vertical usually every 0.5 m or 1 m per dep
depending on the existing depths. A schematic represeritan of suspended sediment sampling is showr|
in the diagram below:

stacionarni ADCP
prilikom kalibracije
’
mjerna
totka ¢

Figure 2-43: Scheme of verticals on the control profiles with the position of the measuring points wherg
suspended sediment is sampled

An isokinetic sediment trapDH-59 shall be used for physical sampling of suspended sediment. The inl
nozzle of the trap is designed in such a way as to ensure the continuity of the velocity, i.e. the velocity
the nozzle itself is equal to the flow velocity at the same point undeundisturbed conditions, i.e. when
the trap does not represent an obstacle to the flow. The volume of the measuring vessel for sedim
sampling is 0.5 L. The samples are stored in bottles and taken to the laboratory for further analysis.

Figure 2-44: 1sokinetic physical sediment trap DB9

The water samples collected by the isokinetic trap will banalysedin the laboratory. The concentration
of suspended solids shall be determined using the filtration method. First, the exact samplethe water
is measured. Before filtering, the filter paper is dried at 105°C for an hour and weighed with an analytic
balance (mp). Water samples shall be filtered with filter paper with a pore size of3 um. After filtering,
the filter papers will be dried at 105°C for an hour and then weighed (mp+u). The concentration
suspended sediment is calculated by the following equation:

3 3 L_g i AGGEAT BAIAEED OO ACOHE TAIO GEA | ®IOADEET OOAOET 1
1 i i I,CC')'I"ldl'ézSEc’i\AiD‘l‘lA

6 [

In addition to physical sampling, a nofinvasive, acoustic sensor, LISSABS, shall be used at the sam
time, an instrument that allows the user to determine the local concentration of suspended sedime
(SSC) without taking physical water samples. LISSABS uses an audio signal to record the backscattg
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signal to determine the SSC at the sensor head. The instrument measures continuously at a samp
frequency of 1 Hz and provides sediment concentration values in real time. However, raw values mu
be moderated (calibrated) against physical samples to obtain accurate concentration data. The resu
of physical samples will be used for calibration purposes. The sensor will be fixed above the isokine
trap, so the sediment is measured at the same point whereenters the physical trap.

Figure 2-45: Acoustic sensor, LISSNBS

Data on the concentration of suspended sediment measured by LISSBS will be used to determine the
transport of suspended sediment, and the acoustic sensor will kmlibrated based on the data collecteq
by the physical sediment trap. Using a large humber of concentrations simultaneously measured usi
physical and indirect sampling, a calibration curve shall be established. During suspended sedimg
sampling, the vetical velocity field will be measured in all verticals with a stationary ADCP device, i.e.
series of velocity time series will be available for each point. Based on these time series of velocities,
average time profiles of the velocities at the poinwill be calculated, which will then be used to calculate
the unit sediment transport.

The method of calculating suspended sediment transport approximates the concentration of suspend
sediment in a cross profile based on the concentration measured at ti®ints of one vertical and the
flow velocity measurement. The product of speed and concentration gives the unit transfer of sedime
(g/cm?2) in the vicinity of the measuring points. The total sediment load per profile results from the
integration of the unit sediment transport over the entire width and depth of the river profile (kg/s) or
(t/year). Interpolation of such discrete data means summing the areas of triangular, rectangular an
trapezoidal surfaces to approximate sediment concentration.

Since thedevelopment of acoustic measurement techniques enabled the measurement of flow veloc
continuously along the entire transverse profile of the river, the assessment of suspended sedime
transport was also adapted to such a sampling method. In order toeasure the spatial distribution of
suspended sediment over the entire crossection, data on the backscattering of the acoustic sign
recorded by the ADCP device during the measurement of the flow velocity field along the cresection

will be used. By aplying the sediment concentration estimation procedure proposed by Baranya an
Jozsa (2003), the measured values of acoustic signal backscatter recorded by ADCP can be convi
into local suspended sediment concentration values.

For the purpose of calibraing the ADCP device, the average values of the relative scattering of {
acoustic signal from the stationary ADCP measurements from the same points where the sampling of
suspended sediment was carried out will be used. In this way, the simultaneousgsal from ADCP and
sediment concentration from physical measurements can be connected. Since both LIS and ADCH
are acoustic devices, the results of these devices can be made dependent on the data on backscatts
of the acoustic signal, and the carentration measured by the LISSTABS device can be applied to all cell
in which the ADCP measures velocity. In the described way, it is possible to calculate the spa
distribution of the concentration of suspended sediment along the entire profile.

Sone of the traditional standard methods for measuring or determining the second flow of bedloa
sediment will be used for the purpose of measuring the bedload sediment.

A Helley-Smith type mechanical towed sediment catcher will be used to measure the amouand
transfer of bedload sediment. The mechanical trap is hydraulically shaped with an opening on tf
upstream side through which sediment enters and is retained in a porous bag (image below). T
sediment collection process begins when the catcher is lowed to the bottom of the riverbed. After a
certain period, which is measured with a stopwatch, the catcher is removed from the riverbed, and
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sample of the dragged sediment that is caught in the net is prepared. On one vertical, the drift
measured at last 3 times.

Figure 2-46: HelleySmith type trailed sediment catcher

After drying, by weighing the total mass of sediment that was caught in the total duration of capture ca
be determined for each vertical. Then, for each vertical, ¢hspecific sediment transport is calculated
using the following expression:

. O
(e
gv z unit flow of bedload sediment [kg/m/s],
Gvz mass of the total affected bedload sediment [kg],
b z width of the entrance to the crate/catcher in [m]
t Z time duration to capture the sample in [s].

From the calculation, a diagram of the distribution of the specific transport of the bedload sediment cg
be give along the riverbed, and the total transport can be obtained by planimetry of the area of tl
diagram under the curve.

During the deposit analysis, a granulometric analysis will also be carried out.

Preliminary analyses of the taken and collected materials were carried out, in order to prepare for field
work in accordance with the methodology. These analysese presented in a separate documenfnalysis
of the Existing Situation (see:ANNEX4), in which the following are given:

1 Analysis of hydrological and hydraulic state
1 Analysis of navigable water levels of the Danube River
1 Assessment of the state of thexésting waterway

A meeting, organized by the Forum, was held dhMay, 2023, with the authors of the Study of Sediment
Transport and Equilibrium in River Beds (Boku Institute, Austria), prepared as part of the Interreg Mura
Drava-Danube project (project ode: D.T1.2.3 Sediment balance and transport study). Experiences and
conclusions were exchanged, which will be useful in the context of analysing the results (sampling) of
bedload and suspended sediment in the Danube.

All equipment (Figure 2-44, Figure 2-45, Figure 2-46) and vessels have been prepared and team members
have been appointed to carry out the field work.

In accordance with the Terms of Reference (at least) one measurement of velocity/flow/sediment is
planned in 3 characteristic cases: high, méam, low water level. To define them, a hydrological analysis
was carried out in the previously described documentQurrent StatusAnalysis)which defined the following
unique values (intervals) for the high, medium, and low water level of the entire subject area of the Danube
River from rkm 1433.1 (Batina) to rkm 1295, 5 (llok):
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T Low water level < 100 cm
1 Average water level from 100 cm to 40@m
1 Large water level > 400 cm

Velocity and flow measurements will be performed at three locations (Batina, Vukovar, llokjgure 2-47),
as follows:

1 1xfor the duration of the low water level;
1 1xfor the duration of the average water level;
1 1x after the ocurrence of high waterlevel.

The measurement of suspended and bedload sediment transport will be carried out at three locations
(Batina, Drava estuary, llokFigure 2-47), as follows:

A 1x for the duration of the low water level;
A 1x for the duration of theaverage water level;
A 1x after the occurrence of high watetevel.

The recording groups differ in the choice of the middle section, since the section where the Drava meets
the Danube is important for recording sediment transport.

Figure 2-47: Sections of the Danube where monitoring is carried out

All measurement campaigns have been conducted, as follows:

1 High water levels: May 2023
T Medium water levels: June 2023
1 Low water levels: December 2023

"AlTx AOA OEA 1 AOAI AEAOOO T &£ 1t xAOAO |1 AGAOGETI ¢ OOAOE
the period 03/2023-11/2023. The break between medium and highwater levels is marked with a red solid
line, the date of measurements for different sagarios with dashed lines.
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Danube water levels in the period 03/2023 - 11/2023
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Figure 2-48: Recorded water levels on the Danube in the period 03/20232023 with indicated
measurement dates

After the recording of sediment data, laboratory processing and numerical data processing have been
conducted. In the laboratory, the water samples collected by the isokinetic trap were analysed by filtering
in order to determine the concentration of suspaded sediment, and for the bedload sediment after its
drying, its total mass will be determined by weighing. The laboratory also carried out granulometric
analysis of sediment. Upon completion of all measurements, the obtained data was analyzed and explin
within the Elaborate &elocity, Flow and Sediment Stutigsee: ANNEX6).

Scope of the document:

Presentation of measurements of velocities, flow and morphology by ACDP in a wider subject area,
Presentation of the results of the hydrauliemorphological analysis of the bed stability,

Presentation of hydraulic analysis results,

Multidimensional current picture,

layout view of velocity distribution,

Presentation of the detailed transfer of sediment along the transverse profiles and the spatial
distribution o f the intensity of sediment movement.

To To T o Do Do

After processing, the results of theneasurements of velocities and flowsand measurement of transfer of

suspended and bedload sedimenwere included in theMMPI3 O )3 AAOAAAOAS

Results

In the document:Analysis of the existing situation (mark: [-2206/23; Hidroing Ltd. Osijek, July 2024
analysis of hydrological and hydraulic substrates, traffic substrates, analysis of the navigable water
levels of the Danube and the analysis on the condition of the existing fairwésy/given.

Hydrological and hydraulic substrates

Through statistical analysis mean valuesere obtained in certain time intervals, namely:

1 The highest water level (Hmax) = the highest recorded water level from the 2gear
observation period.
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1 High water level (H10%) = the water level determined on the basis of a statistical calculation
of the duration of the water level from a 20year period of observation which corresponds to a
water level of 10% duration.

1 Normal/average water level (H50%) = the water ével is determined based on a statistical
calculation of the duration of the water level from the 20year period of observation which
corresponds to the water level of 50% duration.

1 Low water level (H90%) = the water level is determined based on a statistl calculation of the
duration of the water level from the 20year observation period which corresponds to a water
level of 90% duration.

1 Lowest water level (Hmin) = The lowest recorded water level from the 2@ear observation

period.
Table2-:3: 7AOAO 1 AOAT | EECEh [ AAEOI AT A 1i1x xAOAO 1 AOGAI O
Vukovar and llok:
Water meter station Hmax Haio% Hso% Hoo% Hmin
Batina 772,0 385,6 192,0 36,7 -82,0
T ET AH 815,0 4175 2249 68,5 -68,0
Vukovar 723,0 365,7 201,6 66,2 -48,0
llok 752,0 383,1 233,5 99,0 -27,0

Below, a graphic analysis of the water meter stations in question is given, i.e. a display of the series of 3
characteristic annual water levels of the Danube River at the water meter statioisA OET Ah ! 1 Ei AAh 6 ¢
and llok in the period from 2002 to 2021 with a display of high, medium and low water levels.
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Figure 2-49: Display of a series of characteristic annual water levels of the Danube at the water meter
station Batina in the period from 2002 to 2021 with the display of high, medium and low water levels.
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Characteristic annual water levels - Aljmas (2002 -2021))
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Figure 2-50: Display of a series of characteristic annual water levels of the Danube at the water meter
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Characteristic annual water levels - Vukovar (2002.-2021.)
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Figure 2-51: Display of a series of chacteristic annual water levels of the Danube at the water meter
station Vukovar in the period from 2002 to 2021 with the display of high, medium and low water levels.
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Characteristic annual water levels - llok (2002_-2021.)
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Figure 2-52: Display of a series of characteristic annual water levefshe Danube at the water meter
station llok the period from 2002 to 2021 with the display of high, medium and low water levels.

In accordance with the data processed above, to facilitate the monitoring of the water levels during the
project and due toneeds of field measurement campaigns, unique values (intervals) were selected for the
high, medium and low water levels of the entire area of the Danube River in question, from km 1433.1
(Batina) to km 1295.5 (llok):

1 Low water level < 100 cm
1 Average water level from 100 cm to 400 cm

1 High water level > 400 cm

Traffic substrates

The fairway is an area of inland waters of a certain depth width and prescribed dimensions that are
arranged, marked and open for safe navigation. It is defined by the navigaliteugh and the turning radius

at low navigable water level (LNWL) and free gauges under bridges and overhead cables under high
navigable water levels (HNWL).

1 LNWLzis the water level determined based on a statistical calculation of the duration of the weat
level from a 30year timeline on icefree days, and it corresponds to the water level of 94%
duration (defined by the Danube Commission).

1 HNWLZz s the water level determined based on the statistical calculation of the duration of the
water level from a30-year timeline on icefree days, and it corresponds to the water level of 94%
duration (defined by the Danube Commission)

Based on Article 135, Paragraph 6 of the Law of Navigation and Inland Water Ports (OG 144/21) Ordinance
on classification andopening of fairways on inland waters (OG 77/11, 66/14 and 081/15) was issued. This
Ordinance classifies and opens the fairways on the internal waters of the Republic of Croatia according to
the navigability standards determined by international agreementsfor international and interstate
fairways and the standards established by the Ordinance on determining the standards for determining the
navigability on fairways.
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Table2-4:  Class of the fairway of the Danube River (source: Ordinancelassification and opening of
fairways on inland waters OG 77/11, 66/14 and 081/15):
River Type of waterway/river section Lensjin @ ine Waterway class

waterway (km)

INTERNATIONAL WATERWAYS

DANUBE | 1295+500 (llok) - 1433+000 (Batina) 137,50 Vl.c class

The classification of Europe's fairways of international importance establishes the following:

Class VIc fairway z used by pusher assemblies with a pusher in the arrangement P+2+2+2, length
270 - 280 m, width 22.8 m, draft 2.5 - 4.5 m and carrying capacity 9,600 - 18,000 t, as well as
assemblies of thrusters in the arrangement P+3 +3 length 195 - 200 m, width 33 - 34.2 m, draft 2.5
- 4.5 m and carrying capacity 9,600 - 18,000 t.

Analysis of the navigable water levels of the Danube

The aim of this analysis vas to determine the state of navigability in terms of the available depths for
navigation, in relation to the low navigable water levels (LNWL) and different widths of the fairway.

Below is a presentation of the quantities necessary for dredging in ordemtachieve the prescribed
dimensions of the fairway (2.5 m deep and 200 m wide), defined by the documewitpplication of the critical
sector prioritization methodology on the joint SRBRO section of the Danube River, Plovput (RS) and the
Agency for fairwag (HR), July 2014

Table2-5: Ranking of critical sections according to quantities for dredging of material
Legenda
- 0,00
0,01 10.000,0(
10.000,0]

1 Borovo | 1348,40| 1343,60
2 ¢AR2@a71 Ak 2 A A39728(11389,00Hz] 2,50 |
3 Apatin 1408,20| 1400,00| 2,5
4 Borovo I 1340,60| 1338,00| 2,5
5 ! 06 S 5 NJ |A1883,40| 1381,60| 25
6 Staklar 1376,80| 1373,40| 2,5 10.166,37
7 Mohovo 1311,40| 1307,60| 2,5 3.914,10
8 Dalj 1357,00| 1351,00] 2,5 9.202,99
9 Sotin 1324,00| 1320,00| 2,5 8.013,52
10 Batina / Bezdan 1429,00| 1425,00| 2,5 1.664,97
11 Bogojevo 1366,20| 1361,40| 2,5 1.283,23
12 Vukovar 1332,00| 1325,00| 2,5 843,86
13 Erdut 1371,40| 1366,40| 2,5 436,33
14 Opatovac 1315,40( 1314,60 2,5 9,72
15 Siga-Kazuk 1424,20| 1414,40| 2,5 9,27
16 llok 1302,00| 1300,00| 2,5 0,00
17 ' f 2YF O | 1381,40( 1378,20[ 25 0,00
UKUPN(Q 357.778,08

The total amount of necessary dredging is about 360,000 m3, of which critical sections under ne51
represent about 90% of therequired quantities.
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Analysis on the condition of the existing fairway

Fairway depth

The depth analysis on critical sections was made for the existing route of the VI.c class fairway. An
analysis was made of critical sectors and transverse profiles wherajth LNWL=94%, the depth of the
waterway with a width of 200 m is less than 2.5 m.

From the analysis of the depths of the existing fairway for VI.c. class, it can be seen that out of a total of
17 critical shares, 7 of them are critical, i.e. that 44% e shares in question are critical.

Therefore, it can be concluded that, if a fairway depth of 2.5 m is to be achieved on the entire analyzed
section of the Danube at a 94% water level duration and a defined width of the fairway of 200 m, it is
necessaryto carry out regulatory works and/or works technical maintenance on 41% of the section, i.e.
in a length of approx. 32.80 km (out of a total of 79.40 km).

# OEOEAAT OAAOQEI T O AOAd "1 01 O1 )Yh WEAT OOEETteEOOOOEE O
Staklar and Mohovo (bearing in mind that on this section the bottom is solid and obstacles are created

by underwater rocky structures/elevations)

Non-critical sgctions are:ADan, SAotin, Batina/Bezdan, Bogojevo, Vukovar, Erdut, Opatovac, Bigauk,

yITE AT A 11 EI AAS8

Fairway width

The analysis depending on the width of the waterway on the section in question was made for widths

of 200, 150, 120, 100 and 80 m. From the analysis of the widths, it is evident that out of a total of 17

critical sections:

T 60AAQOETT O AOA AOEOEAAI A O A xEAOE 1 &£ ¢nmn | ! DPA
(confluence), Staklar, Borovo | and Borovo ll),

T 1 OAAOGEIT O &£ O A xEAOE |1 £ pum | j!DPDAOGET h wWEAT OOEE

1 1 section for a width 0f120 m (Apatin),

1 none of the sections is critical for widths of 100 and 80 m,

1 The Mohovo section is critical for all widths of the waterway except for the width of 80 m,
because underwater rocky structures/elevations are spread over the entire width of the
fairway.

80
-
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Figure 2-53: Analysis of the criticality of sections in relation to the width of the fairway
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Fairway curve radius

For the purposes of this analysis, the minimum radius of the fairway is Rmin=1000m. On
morphologically inadequate sections, Rmin = 750 m is exceptionally permitted.

In the entire analyzed area, the axis of the existing fairway consists of 101 bends and 34 intermediate
sections. Out of a total of 101 bends, 10 of them have a smaller radius than Rmin=1000md 4 bend
has a smaller radius than Rmin=750 m (at rkm 1390 with a length of approx. 200m, i.e. on the critical
OAAOET 1T wWEAI OOEETI EOOOOEE OOEAOAA(QS

The width and height of the free fairway profile under the bridges

Required criteria:

1  minimum free width under the bridges 50 m
1 minimum clearance under bridges 9,10 m

There are four bridges in the subject section shown in the following table.

Road bridge Batina Bezdan 1424+425 120,00 9,30 86,64 95,94
Road bridge Erdut- Bogojevo 1366+625 125,00 9,61 83,41 93,02
Railway bridge Erdut- Bogojevo | 1366+443 80,00 8,59 83,40 91,99
Road bridge llok-" Aé EA 0| 1297+050 120,00 10,13 79,67 89,80
where:

- Bp(m) isthe horizontal distance between the endpoints that limit the waterway
Hvpi (M) 7 the vertical distance between the high navigable water level and the lower bridge
structure

- HNWLz the high navigable water level in the bridge profile

- ELB% the lowest elevatiorof the lower edge of the bridge structure

Out of a total of 4 bridges on the Danube River section from Batina to llok only the road and railway
bridge Erdut z Bogojevo is located within the critical sections defined by the project. It is evident from
the analysis that only the railway bridge Erdut- Bogojevo does not meet the required minimum
clearance height of 9,10 m.

Sections where the fairway located adjacent to the bank potentially threatens the stability of the
bank and the safety of navigation (side erosion of the banks).

On the section in question, 6 sections were observed that do not meet the criteria, i.e. the fairway is
located right next to the banks, thus jeopardizing the stability of the banks (siderosion) and the safety

of navigation.4 EA OAAOQOET 1O 11 AAOAA AEOAAOI U AiiTTc¢c OEA
Staklar, Borovo |, Vukovar and Sotin.

Overall evaluation of the state of the existing fairway

The assessment of the state of the existing VI.c fairway was based on poesly conducted analyses.
According to the conducted analyses:

1 Fairway depth partially satisfies (10/17)
1 Fairway width partially satisfies (10/17)
1 Fairway curve radius generally satisfies (16/17)
i \é\rl;gg;md height of the free fairway profile underthe partially satisfies (3/4)
1 Sections where theairway located adjacent to the bank

potentially threatens the stability of the bank and the partially satisfies (11/17)

safety of navigation (side erosion of the banks).
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In the current conditions, disturbances due to insufficient depth and/or width and the small radius of
bends do not cause substantial delays in navigation on any critical section, because these are short
sections and oneway navigation is always possible, for which therés sufficient width at any time if the
navigation is conducted in prescribed compositiondHowever, long-term the lack of measurest critical
sectionswill (presumably) continue to narrow the fairway and more oneway navigation shall probably
be neededcausing higher risk(s).Additionally, traffic-related restrictions such as oneway traffic can
intensify delays. When vessels must wait for others to passsimilar to delays caused by lock
operations? this increases transport times and undermines the confidece/trust in the reliability and
predictability of inland waterways.

In the document: Elaborate"Velocity, flow and sediment Study" (mark: 1-2206/23, Hidroing Ltd.,
Osijek, July) the results of measuring velocities, flow and morphology, results of hydraia+
morphological analysis of riverbed stability, results of hydraulic analysis, muldimensional current
picture, layout representation of velocity distribution and representation of detailed sediment
transport in transverse profiles with spatial distribution of intensity of sediment movement are given.
Key summary results are presented below.

Velocities, flows and sediment

Table 26: Results of velocity, flow and sediment measurements
: The
Element / Location Meisntijtnng Batina/Bezdan | confluence of | Vukovar llok
Drava
The position of the
, rkm rkm 1429+000 1383+000 1332+000 1302+000
upstream profile
The position of the| rkm 142+5000 | 1381+600 | 1325+000 | 1300+000
downstream profile
Medium depth
mO1 (high water level) m 8,39,9 7,6-10,3 8,88,1
mO02 (medium water m 51.7.0 54.8,2 6.6
level)
mO03 (low water level) m 4,1-5,9 4,06,4 4,654
Maximum depth
mO1 (high water level) m 10,9-13,0 11,1-13,8 10,0-12,1
m02 (medium water m 8.09.9 84115 8,097
level)
mO03 (low water level) m 6,4-8,7 6,2-9,3 5,9-7,0
Measured velocities
mO1 (high water level) m/s 0,91-1,02 0,99-1,18 1,17-1,05
:’2362') (Eelim BRIl 0,72-0,72 0,880,91 | 1,01-0,85
mO3 (low water level) m/s 0,66-0,67 0,76-0,67 0,82-0,88
Max_lmum velocity m/s ~15 ~20 ~15
(mainstream)
Measured flows
mO1 (high water level) | md/s 38623916 | 40095373 | 270 | 53895301
I 3,
mo2 - (medium water|  m/s 18331830 | 1.9632.797 | 4% | 35593032
level) 3.112
3
mO03 (low water level) I 1.367-1.393 1.348-1.863 1176%? 1956-1876
Transport of bedload sediment
mO1 (high water level) kals 5,9-9,5 10,55,1 7,8-18,0
:28e2|) (medium - water|  kgfs 12,6-3,6 8,5-5,0 11,3-15,0
mO03 (low water level) kals 14,3-3,0 5,0-3,4 7,9-9,5
Transport of suspended sediment
mo1 (high water level) |  kg/s | 128130 | 135189 | | 198-184

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River

48/ 137



Final monitoring report for Sub-Activities 2.2 and 2.3

. The
Element / Location Meisnlijt”ng Batina/Bezdan | confluence of Vukovar llok
Drava
m02 (medium water kgls 55 61-90 118-109
level)
mO03 (low water level) kgls 43-44 42-63 62-63
Granulometric curve D50 ~ 0,3 mm D50 ~ 0,25 D50 ~ 0,2
mm mm

Although the measurements cover the entire range of flow andater level (low, medium and high water
level), it is evident that discrete measurements do not reflect the complex dynamics of the interaction
of turbulent flow and sediment movement. This is most pronounced in measurements of bedload
sediment, where thele are considerable variations of sediment transport within a single profile during
the same event. The aforementioned deviation is a consequence of discrete physical sampling that
cannot cover the entire spatial variability of sediment transport in riverbeals. Therefore, traditional
sediment monitoring methods are complemented by indirect methods such as monitoring the velocity
of the moving bottom, which is an indicator of the intensity of the movement of the bedload sediment
(Gilja et al. 2017). Also, in mler to reduce the error caused by the limiting factors of the method, it is
necessary to collect a large amount of data that can only be obtained by systematic and regular
measurement of sediment transport.

From the display of water levels from relevanivater meter stations, it is evident that the measurement
was carried out on different hydrographic conditions (low, medium, high wateievels). It is known that
the sediment transport hysteresis is not synchronized with the flow hysteresis, which means ththere

is no direct dependence between water and sediment regimes. Therefore, monitoring should be
continuous and include several measurements during the same hydrological event in order to
determine the simultaneous water and sediment regime of the entér hydrological event.

Analysis of linear riverbed erosion

With the aim of determining broader trends on the observed section of the Danube, a broad analysis of

statistical trends of water levels and flows was carried out at 4 water meter stations " AOET Ah 11 Eil AAT
Vukovar, llok) with the aim of identifying trends in linear riverbed erosion (incising effect). The data

sequence is identical to the hydrological analysis, period 2062021. The basic assumption related to

the thesis is that the differene in the trends of water level and flow reduction at the water meter

stations represents linear riverbed erosion of the Danube bed at that location, where the average yearly

flow reduction is caused by climate changes, while the average yearly water levetiuction, in addition

to climate changes, is also caused by the deepening of the riverbed.

The effects of riverbed deepening were simulated on an annual basis until water level and flow trends
matched. In this way, an estimate of the average annual effex riverbed deepening is given.

Below is a graphic analysis by water meter stations, the images on the left show a comparison of trends
in flow and water level, the images on the right show simulated conditions with the specified results.

The simulated influence of linear riverbed erosion is estimated at 1.6 cm/year (most upstream station:

YITEQ O ¢8¢ AIiTUAAO ji110060 OPOOOAAI OOAOGEIT¢g "AOET AQS
erosion simulation of 1.1 cm/year is recorded, which is expectedly a lower result compared to others

considering the inflow of sediment from Drava River.

Monitoring of the hydrological, hydraulic and morphological characteristics of the Danube River amaventory of biodiversity
components on the joint CroatiarSerbian sector of the Danube River 49/ 137



Final monitoring report for Sub-Activities 2.2 and 2.3

Batina location

Comparison of avg. water levels and flows - Batina (2002-2021) Simulated incising effect - Batina (2002-2021)
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Figure 254: Comparison of water level trends and simulated trends at WM station Batina
Aljmas location
Comparison of avg. water levels and flows - Aljmas (2002-2021) Simulated incising effect - Aljmas (2002-2021)
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Vukovar location

Comparison of avg. water levels and flows - Vukovar (2002-2021) Simulated incising effect - Vukovar (2002-2021)
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Figure 256: Comparison of water level trends and simulated trends at WM station Vukovar
llok location
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Figure 257: Comparisorof water level trends and simulated trends at WM station llok
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2.1.4. Piezometer installation

Overview

Preparation was carried out and a preparatory meting was held with theBeneficiary (1 February, 2023),
where the approach to the installation of piezometers (performance, equipment, proposed locations) was
presented to theBeneficiary.

After the preparatory meeting, the analysis of possible locationsf the installation of piezometers was
undertaken. Preliminary locations on the upper, middle and lower sections of the Danube were proposed
(Figure 2-58), as follows:

1. Batina (rkm 1425+250), cp. no. 441/5, REPUBLIC OF CROATIA, CROATIAN WATBRBLICWATER
WELL FOR GENERAL USE

¢8 !'I1 ETl AA j OEl poynCnnngh AP 118 pwgth %2%$54 -5.)#)0!

3. llok (rkm 1299+100), cp no. 1479/3, REPUBLIC OF CROATIA, CROATIAN WATHRSBLIC WATER
GOOD FOR GENERAL USE

Preliminary locations were proposed considering:

purpose of measurement

scope of intervention (beginning, middle, end of the project section)

provided access to drilling machinery

settled property-ownership relations at the location- all locations are public areas

coverage of the area by video surveillance (caidering the installation of automatic loggers in
piezometers, it is considered advisable to have some form of surveillance over the locations. All
locations are next to existing or planned docks, which are or will be covered by video surveillance
by port authorities)

= =4 -4 -4 -4

The procedure for approving the performance of the piezometers at the above locations was initiated, and
the Beneficiary responded positively to the proposed locations of the piezometers, after coordination with
the CEF project forum.

Generalpurpose of the piezometers is to enable continuous measurements of water levels and temperature
for 3 proposed location. This shall enable wpo-date information which can be used for correlation of
measured hydrographic data from measurement campaigns.dditionally, it is envisioned that these 3
piezometeres shall be included in national piezometer grid which serves in gathering data of groundwater
conditions per Water Framework Directive.

Based on of the Terms of Reference and on the agreement from theegaratory meeting, the general
technical conditions for the performance of the piezometers were developed, which are presentbdlow.

Text box 2-5 Technical conditions for the performance of the piezometers

Technical conditions for the performance of the piezometers

Drilling of three piezometer wells, sealing with a PVC construction made of full pipes and a filt
(predictable) diameter 3", installation of gravel backfill and claybentonite buffer, cleaning andsecuring

of the piezometer are planned. Piezometers are installed within a radius of up to 100 meters from tk
Danube bank, depth of up to 15 meters. Below is a brief technical description of the basic steps whk
drilling piezometers.

The drilling of the piezometer well will be carried out by a machine (predictably) using a direct rotary
method with flushing the well with water. The excavated material is taken from out, laid on a flat surfag
and mapped by geological determination of the samples.

For the installation of the piezometer structure, highpressure full PVC pipes equipped with perforation
filter layer (predictably) 1 mm with an additional dense PVC mesh (“filter plastica™) will be prepared.

At the bottom of the structure, a conical PVC cap wourah the opening will be placed, i.e. the bottom o
the full PVC pipe that makes up the settling tank.
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In the free annular space around the well structure, a granular backfill of doubleashed quartz gravel
with a grain size of 23 mm will be installed. Aftea backfilling and securing the piezometer, the remaining
free ring space of 10.00 m to the ground surface is filled with clay material with the addition of bentonit
(clay buffer), in order to protect the entry of surface water into the piezometer well andinderground
water.

Upon completion of the installation of the technical structure, backfill and buffer, the piezometer will b
secured (cleaned). Cleaning will be carried out by the "alift" method using a compressor. A compresso
rubber hose will be installed in the piezometer, through which air will be pressed, first at a depth of 2
m, and then it will gradually rise to the zone with the sieve.

Cleaning will be carried out until the water is completely clear.

The construction of the top of the piezomtr will include a PVC pipe top and a steel protective pipe witl
a cover and a padlock. The protective pipe near the ground will be secured with a concrete block (appr
0.5x0.5x0.3m.

Piezometers must enable continuous measurements of oscillations thfe underground water level and
temperature. The collection of data on the level of underground water will be done using automat
meters (loggers) that measure and record water levels and temperature. The loggers will have an interr|
memory for 72,000 measurements and the possibility of storing a backup copy of 72,000 measuremen

The Conditions on piezometer installation were formally issued by Hrvatske vode for all 3 locations (5
February 2023), and after receiving them, piezometers were installechiMay and July 2023. Belowghoto
from the field work is given (Figure 2-59).

According to the received Conditions, three piezometer wells were drilled, sealed with a PVC construction
made of solid pipes and a filter layer of 3" diameter, installation ajravel backfill and claybentonite buffer,
cleaning, conquest and securing of the piezometer. The piezometers were installed in a radius of up to 100
meters from the Danube bank, depth up to 15 meters.

IKROLOKACUA T -
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VOONQ DOSRO U OPCOI UPORAB!
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Figure 2-58: Location of piezometer performance
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Figure 2-59: Piezometer installation conducted (loR T A ! Idcétidng)

From 29 March 2024, piezometers are equipped with automatic meters (loggers) that measure water level
and temperature. Eijkelkamp TD Diver piezometers are installed, with a water level measurement range of
100 m, and temperatures from-20 to +80°C. Pressue sensor: piezo resistant ceramic Al203, housing
stainless steel 316L. Accuracy 0.05% of the level range, and temperature +0.1°C. The meters have a memory
storage of 72,000 records (+ 72,000 records as bagalp) and are set to record twice a day.
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Figure 260: Completed equipping of piezometers with automatic meters (loggers)
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The report under the chapter related to "Piezometers on the joint Croatiaserbian sector of the Danube
River" (see: ANNEX5) contain the following:

E EI &£ Of ACEIT 11 ®BEAUI i AGAO 11T AAOQOETT Oh

E EI &£ Of ACEIT 11 BOI £ZE1 A0 1 £ PEAUI I AOOEA xAl1 10

E ET A&l Ol Addihbd of installatiort ife. implementation of works on the installation of piezometers.

All that information and measurements datavere alsoincluded in the MMPI§ O ')y3 AAOAAAOAS
Results

Measurement of water level and temperature parameters started 089 March, 2024, and below arghe
results of the water level measurement up t@9 April, 2024. The loggers continue to measure continuously
after project completion.

Batina - water height in the borehole [m.a.s.l.]

79,90
79,80
79,70
79,60

79,50

79,40

79,30

79,20y

29.03.2024.
295.04.2024.

3 5 7 9111315171921 232527293133353739414345474951535557596

Figure 261: Waterlevel changes on Batina piezometer
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Figure 263: Water level changes on llok piezometer
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2.2. Biodiversity inventory

2.2.1. Fish inventory

Overview

A preliminary meeting was held with the Beneficiary (1 February 2023), where the approach to fish
inventory was presented to theBeneficiary (research locations, meteorological and hydrological conditions,
research periods and overall dynamics, research methods).

The collection and review of materials on earlier ichthyofauna research on the CroatigBerbian section of
the Danube was carried out, including the materials published on the Project Forum (link:
https://www.plovput.gov.rs/forum -zainteresovanih-strana). Cooperation was established with
ichthyologists from the Republic of Serbia.

The status of the procedures is shown below in Chapt&; Table 3-1.

Based on the project task and the agreeent from the preliminary meeting, the inventory implementation
methodology was elaborated. The methodologior field researchis presentedbelow.

Text ox 2-6 Field researchmethodology forfish inventory

Methodology for field research

The following report is used as a key basis for the preparation of field research, according to which t
preparation and implementation of the inventory and recording of results will be carried out:

- O0OOAEEch ®BhGAKARAAR AR8EKE - AOéEc¢h : 8 Actigoptprygifland
Cephalspidomorph) T d, - OAET OéE¢c -8h - OOOAAEc¢ 08h * Al Ec
+1 OAOAA -8h 01 PEEAé ! 8h + OéM@ntdgration Peofect-Fikldresparch 8nd
laboratory analysis of newly collected inventory data for taxonomic groups:Actinopterygii and
Cephalaspidomorphi, Amphibia and Reptilia, Aves, Chiroptera, Decapoda, Lepidoptera, Od
Plecoptera, TrichopteraOIKONHID-HYLANATURABIOM-CKFFGEONATURAIPM-TRAGUS, Zagreb.

Research will be conducted in 17 critical areas (refer to Annex I) from Batina to llok (12 locations on th
right bank, 5 locations on the left bank). Depending on their length, which is from®km to 9.8 km,
sampling will be carried out according to the following dynamics:

I On 2 sections up to 2 km long, sampling is carried out on a total length of 500 m on one sect
or on two sections of 250 m length in such a way as to cover as many suitaldbitats as possible.

I On 10 sections with a length of 2 to 5 km, sampling is carried out on a total length of 2000 m,
at least two or more sections, each at least 250 m long.

I On 5 sections longer than 5 km, sampling is carried out on a total length 2000 m, in at least
four or more sections, each at least 250 m long.

1 On 30% of the total sampling length, i.e. 6.3 kilometres of the stream, it is necessary to carry
night electrofishing in order to record the species active at night. Each sectiomhere night
electrofishing is carried out will be 250500 meters long.

Three methods will be used in the field research of fish:

1. Electrofishing
2. Electrified benthic trawl (electrified dredge)
3. Winter monitoring of fish wintering habitats with sonar

Field research with an electrofishing device will be carried out in the period between June and Octob
in the period when the water temperature is optimal, the water level is lower than the annual averag
and during favourable meteorological conditions (samplig with an electrofishing device must not be
carried out during heavy rain, when the water temperature is lower of 5 °C and more than 30 °C or
case of high water turbidity). Sampling with an electrified benthic trawl (electrified dredge) will be
carried out once, exclusively during the day, during the 18 months of the project. Sampling with &
electrified dredge must not be carried out during heavy rain, when the water temperature is lower tha
5 °C and higher than 30 °C, or when the water is very turbid.
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Winter monitoring of fish wintering habitats with sonar will be carried out once between December ang
February. The locations of winteringhabitats within the Danube River (from bank to bank) and the main
tributaries should be mapped using a GPS device.

During a fish sampling, the following data will be recorded:
1 sampling stations [geographical position (x and y coordinates)], description of habitat, type ¢
coast/bottom, aquatic/riparian vegetation, shading, depth and similar)
1 sampling methods
9 caught individuals (scientific name of the species, quantification of the fish stock, number
individuals, age structure, frequency of individual species in the sample, age structure of the fi
population (proportion of juvenile fish) and other).

In accordance with that methodology, an inventory protocol (recording of field results) was prepared,

plan for the implementation of field trips was prepared (approaches, locations of entrances and exits

the coast according to daily sections, checkirtge locations of minesuspected areas along the right ban}
of the Danube (onl4 April, 2023), instructions were prepared for the protection of stakeholders at work
during the works (general measures and safety measures related to the use of electrofishiohgyice and

other associated equipment) and in emergency situations, and equipment for field work adapted to th
special conditions of work on large rivers was prepared: (echsonder, electrified benthic trawl,

electrofishing units, depth gauges (see exangs in Figure 2-64), including a boat with a reinforced
bottom and a spare engine, as well as protective equipment for team members (life belts, auxiliary ladd
in case of a person falling into the water, raincoats, fluorescent vests, head protection,\g@e and boots,
flares and a loaded signal gun). Members of the team for the implementation of field work have be
determined.

The hydrological situation on the Danube is monitored in order to decide on the start of field work.

SOLMTIETR B O

Figure2-64: Equipment for carrying out an inventory of ichthyofauna (boat, use of electrofishing device
of echo sounder)

In the period from July to October, part of the filed work was carried out, which includes electrofishing on
17 critical sections of Danube from Batina to llok. Depending on the length of each critical section, one to
four transects of 500 meters length were conducted. A total of 43 transects of daytime electrofishing with a
length of 500 meters were made on all 17 crital sections. During this period vasalso conducted nighttime
electrofishing on 30% of the transects which is 13 transects itotal. The locations for night electrofishing
were chosento cover the entire course of the Danubefrom Batina to llok, aiming to selectlocalities with
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greater habitat diversity and with easy,safeaccesg(such as,for example,the confluenceof the Dravainto
the Danube).Ichthyologists from Serbia conducted electrofishing on 5 transects on the Serbian side of the

Danube Figure 2-65).

| o .
0 7.5 15 km i %

L I

Figure 2-65: Conducted transects of electrofishing on 17 critical sections of Danube. Red diamonds represent
transects of daytime electrofishing, yellow dots represememnsects for nighttime electrofishing and blue stars
are transects on the Serbian side of the Danube.

The following data were recorded on the transects themselves during fish sampling:
- date, name of the critical section, name of the locality, name of ti@nsect, coordinates of the
transect,
- habitat features: type of shore and bottom, aquatic and riparian vegetation, depth, flow velocity),
- pressures, threatsand habitat conservation
- catch data: Croatian name of the species, scientific name of gpecies, number of individuals, age
structure, frequency of individual species in the sample, age categories.

Using the electrofishing method during the day and night39 species of fish, i.e. more than 3000 fish
individuals were sampled, among which thenost numerous are common bleak Alburnus alburnug, asp
(Aspius aspiusand carp Cyprinus carpi9. The zander (Sander lucioperca) was abundant during the night
electrofishing. Among the target species of the Natura 2000 ecological network area, the aspgids
aspius), the European bitterling (Rhodeus amarus) and the cactus roach (Rutilus virgo) were sampled. As
expected, the greatest diversity and abundance of fish species was at the confluence of rivers and
backwaters with the Danube, and the smallest athe flat sections of the Danube with eroded shores, greater
depth, and turbidity.
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The research was carried out along the right bank of the Danube and in the backwaters and at the confluence
of the Drava and the Danube. Sampling was carried out with théna of covering the greatest possible
diversity of habitats on the Danube Also fish sampling aimed to cover as many suitable habitats for invasive
species as possible, with a focus on riverbank fortifications and-groins. Physical and chemical parameters
were also measured on the field: the water temperature ranged from 26 to 28 degrees Celsius, the pH value
ranged between 7.5 and 8, the oxygen level between 90% and 100%, while the water depth in the middle
of the stream transect varied between 3 and 12 sters. The shores are earthy with riprap present, mostly
overgrown with trees and grass, while the bed is a mixture of sand and silt with slow to moderate water
flow. Photos of fieldwork are presented below.

Figure 2-66: Preparation of boat and equipment for field research

Figure 2-67: Complete field equipment with protective clothing, footwear, headgear, polarized glasses
protective gloves
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Figure 2-68: Measurement of morphontec parameters of fish on the field

— o v g j—

Figure2-69: Preparation of the boat and equipment for night electrofishing (head lamps, reflectors on the front
of the boat)

Figure 2-70: Nighttime electrofishing
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Winter fish monitoring of fish wintering habitats with sonar was carried out in February 2024. 19 locations
of wintering habitats were selected according to a 3D model obtained from hydrographic measurements of
the river bed, according to fishing data fromocal concessionaires and from scientific works and historical
data. Research has shown that there are 7 active fish winterifmabitats on the Danube from Batina to llok,
AT A OEAOA OEOAO AOA ET OEA OEAET EOU jdndeBoto®AQ Ehk h
remaining 12 locations, 5 still possess good morphological characteristics of the riverbed (bottom) for the
presence of winteringhabitats, but no fish were recorded in those areafFigure 2-71, Figure 272, ANNEX
2).

Figure2-71: An example of avintering habitat on the critical Dalj section

The research was carried out with the help of the Humminbird Helix 9 sonar, which has a biiftt GPS device
and maps the riverbed together with depth and water temperature measurement anfish detection.
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Figure 2-72: Wintering habitats monitoring locations on the Danube, the circled locations show the most
important fish habitats
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Figure 274: Humminbird sonar, on screen fish detection

Fish sampling with an electrified bottom trawl (electrified dredger) was carried out in March 2024. A
transect with a minimum length of 500 meters was made on 17 critical sections of the Danube from Batina
to llok. The electrified dredger was pulled upstream with the help of a boat. The dredger was connected to
a 10 kW power unit that transmits electricity to the frame. At the end of each transect, the dredger was
taken out of the water, and the sampled fish wer returned to the watercourse at the catch point after

processing.

Figure 275: Electrified dredger
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Figure 2-76: Electrified dredger in operation with power unit
Results

A total of 39 species of fish (3443 individuals) were sampled using the methodf electrofishing and
electrified dredging. The most frequently sampled age classes were 2+, 3+, 4+, and 5+, while juvenile
individuals of age classes 0+ and 1+ were observed along the shorelii@e most numerous fish family in
the research are carp, whib were present in all 17 critical sections (Figure /7). The final results are
comparable to all other studies of ichthyofauna on the Danube.
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Figure 277: Number of fish families in certain critical sections

Below is a list of the species sampled in the study dividddy families:
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Table 27: List of species sampled in the study divided by families

Cyprinidae Abramis brama
Cyprinidae Alburnus alburnus
Cyprinidae Alburnus sava
Cyprinidae Aspius aspius

Cyprinidae Barbus barbus
Cyprinidae Blicca bjoerkna
Cyprinidae Carassius gibelio
Cyprinidae Chondrostoma nasus
Cyprinidae Ctenopharyngodon idella
Cyprinidae Cyprinus carpio
Cyprinidae Gobio obtusirostris
Cyprinidae Hypophthalmichthys molitrix
Cyprinidae Leuciscus idus
Cyprinidae Pseudorasbora parva
Cyprinidae Rhodeus amarus
Cyprinidae Rutilus rutilus

Cyprinidae Rutilus virgo

Cyprinidae Squalius cephalus
Gobiidae Babka gymnotrachelus
Gobiidae Neogobius fluviatilis
Gobiidae Neogobius melanostomus
Gobiidae Ponticola kessleri
Gobiidae Proterorhinus semilunaris
Percidae Gymnocephalus baloni
Percidae Gymnocephalus cernua
Percidae Gymnocephalus schraetser
Percidae Perca fluviatilis

Percidae Sander lucioperca
Percidae Zingel zingel

Ictaluridae Ameiurus melas
Cobitidae Cobitis elongata
Cobitidae Cobitis elongatoides
Esocidae Esox lucius
Petromyzontidae Eudontomyzon vladykovi
Centrarchidae Lepomis gibbosus
Centrarchidae Micropterus salmonides
Gadidae Lota lota

Siluridae Silurus glanis

The features of the fish community that define its structure are species composition, species diversity,
abundance and size (De Leeuw et al. 2003). However, the basic feature of a community in biology is still
considered its diversity, which jointly formsthe number of species present in the sample (richness) and the
similarity of their numbers (equality). Diversity is a feature of a community related to its stability,
productivity, trophic structure and migration (Mclntosh 1967; McNaughton 1977; Tilman 19%; Wisheu
and Keddy 1996; Caley and Schluter 1997). When analyzing communities, different indices are mostly used,
and it is extremely important to choose the appropriate index. The most important indices of diversity are
indices of richness, indices of uifiormity and indices of dominance, and they differ only in the relative
weight given to individual factors. So far, no ideal measure and way of calculating the diversity of species
has been found, and it is difficult to express the diversity with a singlaumber. It is also known that all
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indices have limitations and certain assumptions. Therefore, it is necessary to understand the sensitivity of
an individual index to the features of the ecosystem and community being analyzed, and to be sure that
these fedures are relevant and to have an objective way of determining that the differences between the
values are significant. The valuesf the most important biodiversity indices are shown in Table 28 and
Figure 2-78.

Table 28: Diversity index valueby critical sections
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Figure 2-78: Graphic representation of diversity index by critical sections

Diversity indices were calculated using the Professional, EcologichMethodology and Past software
packages. Microsoft Excel was used in numerical and graphical data processing.

The most significant pressures and measures observed in the research are listed in the tables below. The
codes and names of pressures and measuraee taken from the official Eionet website, which contains
reference documents related to the information provided in the Article 17 report formats of the Habitats
Directive for the period 20192024 (https:/cdr.eionet.europa.eu/help/habitats_artl7 ). The
description of measures has been adapted to the Danube region.
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Table 27a: Pressures Identified in the Research and Their Description

Pressure

Description

PEO2- Shipping lanes and ferrylanes transport operations

Operation and use inland water transport corridors, as well ag
pressures linked to transport activities on these freshwater
waterways (e.g. disturbance from shipping at feeding/nesting
areas, death or injury by collision, wakesrébm cargo ship
traffic). Includes the anchorage of ships and vessels (industria|
commercial).

PGO06- Freshwater fish and shellfish harvesting (professional)

Professional freshwater fishing and shellfish harvesting causing
increased direct mortality, reduction of species and/or prey
populations and disturbance to species.

PGO7- Freshwater fish and shellfish harvesting (recreational)

Recreational freshwater fishing and shellfish harvesting causing
increased direct mortality, reduction of species and/o prey
populations and disturbance to species.

(including GMOs)

PG22- Introduction and spread of new species in aquaculture

Introduction and/or spread of allochthonous species or
allochthonous genotypes and of genetically modified organism
in freshwater aquaculture and other newlyintroduced species
that are naturally not found in this area. It also includes change:
in interspecific relations between native wild species induced
by aquaculture (e.g. changes in sexual behaviour
autochthonous population due to aquaculture, increased food
supply for piscivorous or native freshwater species, and al
increase of piscivorous freshwater fish due to aquaculture
practices that would exert added pressure on endangere
amphibians).

P101 - Invasive alien specie®f Union concern

Problems related to invasive alien species of Union concer
(under Regulation (EU) No 1143/2014)

concern)

P102 - Other invasive alien species (other than species of Unio

Problems related to other 'invasive' alien species (any specie
introduced in modern period that is established in the wild
outside its natural range and whose introduction and/or spread
represent a threat or a potential threat to habitats and species
regardless of the invasive population dynamics) other than
invasive alien species of Union concern (under Regulation (EU
No 1143/2014).

drivers)

PLO6 - Physical alteration of water bodies (mixed or unknown

This threat includes constructed riverbank reinforcements and
T groynes.

Table 27b: Key Mitigation Measures fdhe Identified Pressures

Measure

Description

MEO1 - Reduce impact of transport operation and
infrastructure

Reducing the impact of transport infrastructures (shipping lanes, canalg
ports) and transport operations on habitats and species targeted by th¢
nature directives. This includes managing fluvial traffic and infrastructure
to, for example, reduce erosion of banks.

MGO1 - Management of professional/commercial
fishing, shellfish and seaweed harvesting (incl
restoration of habitats)

Managing of e.g.quantities, methods, periods, areas, and species fq
professional fishing in inland waters. This can include enforcement an
control of e.g. fishing quotas and other regulations or stopping/avoiding
fishing.

MGO02 - Management of hunting, recreational
fishing, and the recreational or commercial
harvesting or collection of plants and fungi (incl.
restoration of habitats)

Managing methods, periods, areas, quotas and species for recreatio
angling . This can include stopping or avoiding recreational fishg,
harvesting or collecting.

MIO1 - Early detection and rapid eradication of
invasive alien species of Union concern

"Controlling invasive alien species of Union concern (under Regulation (EU
No 1143/2014) through establishing and operating a system ofearly
detection, monitoring and rapid eradication.

MIO2 - Management, control or eradication of
established invasive alien species of Union concer

Managing and controlling established invasive alien species of Unig
concern (under Regulation (EU) No 1142014) through establishing and
operating a management system of monitoring and eradicating.

MI03 - Management, control or eradication of other
invasive alien species

Managing, controlling the spread of other 'invasive' alien species ( i.e. ai
species irfroduced in modern period that is established in the wild outside
its natural range and whose introduction and/or spread represents a threat
or a potential threat to habitats and species, regardless of the invasiv
population dynamics.

MI04 - Restoration of habitats affected by invasive
alien species (incl. of Union concern and others)

Habitat restoration affected by invasive species of union concern and/o
other invasive alien species.

MKO3 - Restoration of habitats impacted by multi
purpose hydrological changes

Restoring freshwater, wetlands and coastal habitats impacted by muilti
purpose hydrological modifications.

All research data collected are presented in the "Catalogue of Biodiversity Components of the Joint
Croatian-Serbian Sector of the DanubRiver" (see:ANNEX 3, and in the form of a spatial display within

an interactive map of the subject area (within the establishment of a geoinformation system), which will
also include collected photo documentation.
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2.2.2. Habitat inventory

Overview

Preparation was carried out and a preparatory meeting was held with th8eneficiary (1 February 2023),
where the habitat inventory approach (locations, i.e. research areas, periods and overall research dynamics
and conditions) was presented to theBeneficiary, and some open questions were discussed (inventory
obligation is on both sides of the river).

For the project area, existing data for the area from embankment to embankment were collected from the
competent institutions, which includes:

1 Habitat Map ofthe Republic of Croatia (Habitat Map 2004, Map of terrestrial neforest habitats
2016), other habitat maps that cover smaller areas in the floodplain
1 Land cover mapz CLC and higkresolution layers (CRO layers and RS layers).

Baseline documentation essantial for the determination of forest habitats on the right side of the Danube
was obtained from Croatian ForestsZ5 April, 2023), and data on biodiversity in the project area and EN
areas was requested and received from MESDZ May 2023):

1 HR21000016 Dambe and Lower Podravlje

f (2¢nnnowt +1 PAEEE OEO

1 (2¢nnponw $AT OAA . AOI I +1 PAEEE OEO
1 HR2000372 Danubeg Vukovar

The procedures for obtaining the necessary permits for research in protected areas and in the border area
have been carried out for both sides othe joint Croatian-Serbian section of the Danube. All necessary
permits for conducting habitat survey are issued. The status of the procedures is shown below in Chapter
3, Table3-1.

In order to ensure safe access to the area, a map of misgspected areador the entire Republic of Croatia
was obtained from the Ministry of Internal Affairs, Directorate of Civil Protection (received or26 April,
2023).

Based on the project task and the agreement from the preparatory meeting the inventory implementation
methodology was elaborated. The methodology for field research is presented below.

Text ox 2-7 Field research rathodologyfor habitat inventory

Methodology for field research

Habitat inventory is carried out on floodplains on both the left and right banks of the Danube, which at
defined by critical sections of the river (sections of the Danube where interventions are most ofte
needed to maintain the waterway). A total of 17 gch critical sections and associated flood areas wer
determined along the joint CroatianSerbian stretch of the Danube (SeANNEX1).

The field work plan is made based on the previous experience of working in this area and the ecology
the key speciedor determining these habitats:

1 3130 Oligotrophic to mesotrophic standing waters with vegetation of the Littorelletea
uniflorae and/or Isoeto-Nanojuncetea - research should be carried out when the water leve
is lower, and the vegetation is fully developedperiod between June and the beginning o
October)

9 3150 Natural eutrophic lakes with Magnopotamion or Hydrocharition - type vegetation-
research should be carried out when the water level is lower, and the vegetation is ful
developed (period between Jae and the beginning of October)

1 3270 Rivers with muddy banks with Chenopodion rubri p.p. and Bidention p.p. vegetation
- research should be carried out when the water level is lower, and the vegetation is ful
developed

9 6440 Alluvial meadows of river val leys of the Cnidion dubii - research should be carried out
when the water level is lower, and the vegetation is fully developed (period between June ar
the beginning of October)
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T 91EO0 Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion
incanae, Salicion albae) z research should be carried out when the water level is lower, and th
vegetation is fully developed (period between June and the beginning of October)

A preliminary Habitat Map (Figure 2-79) is created for the right andleft bank of the Danube based on thg
collected data, and a map is being prepared. The preliminary map of both right and left flood areal
created not only based on existing data collected so far, but also on the basis of visual interpretation
orthophoto images, and this map is the basis for further planning and implementation of field tours.

01_Batina_prelim
I Freshwater habitats (NHC A.)

I Grasslands (NHC C.2.)

[] Tall forb stands (NHC C.5.)

I Forest habitats (NHC E.)

[ Cultivated areas (NHC 1)

Il Constructed and industrial areas (NHC J.)

Figure 2-79: Example of a preliminary map for the critical location of Batina (leftpolygon delineation,
right polygon interpretation accordng to basic habitat classes according to the NHC of the Republi
Croatia)

Implementation of field work on habitat inventory itself on the joint CroatianSerbian sector of the
Danube includes the collection and mapping of priority habitats of the NATUR200 floodplains, which
are dependent on water and sensitive to changes in the water level and the natural hydromorphologic
dynamics of the river, in order to supplement and elaborate the preliminary Habitat Map.

During implementation of field research,data on the field are entered into predefined field forms
(protocols) for each point where the research is carried out. Field forms contain fields with basic data ¢
the point (locality) and time of research, the researcher, data on the habitat type, dabn the type of
vegetation or plant community, observed typical, indicator and other types of plants important for thg
habitat type.

The map of the defined Natura 2000 habitat types of the “critical areas" will be integrated into th
preliminary Habitat Map, and in this way the final Habitat Map will be created for the interactive map ¢
the subject area, which will contain data on Natura 2000 habitat types and habitat types according to t
National Habitat Classification at level Il for the Republic o€roatia, i.e. for the left side of the Danub
coordinated according to the special agreement of the involved experts from the HR and the RS.

According this methodologya preliminary Habitat Map was created for the right bank of the Danube based
on the collected data, and a map is being prepared for the left bank. The preliminary map of the right flood
area was created not only based on existing data collected so far,tbaiso on the basis of visual
interpretation of orthophoto images, and this map is the basis for further planning and implementation of
field research.

A protocol has been prepared for the inventory (recording of field results) and a plan for the impleméation
of field trips is being prepared (access to locations, checking the locations of misaspected areas along
the right bank of the Danube), instructions have been prepared for research team safety at work during the
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works (general measures and safetyneasures related to use of associated equipment) and in emergency
situations, and the equipment for field work is prepared and adapted to special working conditions. The
members of the team for the implementation of field work have been determined.

The hydrological situation on the Danube has been monitored continuously in order to access the flooded
area. Field survey started late in the vegetation season, after awaiting the period of low water levels
stabilization. Field works are finished on both side®f the Danube during November 2023. Collected data
EOT i OEA OECEO OEAA 1 &£ OEA $ATOAA j(2Qq AOA ET OACOAOAL

HR survey point locations, according to
habitat type
3130

+ 3150

+ 3270

© 6440 HR survey point locations,

* O91E0 according to habitat type
[] Surveyed critical areas (sections) 3130

along Danube

© 3150
© 3270
© 6440

* 91E0
[] Surveyed critical areas
(sections) along Danube

Figure 2-80: Presentation of surveyed locations on the right side of the Danube for the pugo$édabitat

mapping (on the left, the upstream part of the investigated section of the Danube, on the right, the downstream

part of the cultivated section of the Danubg¢). | 0Ag T T1 U OEA AAOA OEAO EO AOOOAT Ol
shown and thefinal state is not shown, it shall be updated with the data on the left side of the Danube in the following

period)

Cooperation was established with habitat and flora expert fronthe Republic of Serbia.
Field work has been carried out on both sides dhe Danube.

Based on established cooperation with habitats and vegetation experts from the Republic of Serbia, who

ATl 1T AOAGAA OAOAAOAE 11 OEA 1AEO OEAA 1T &£ OEA $AT OAAR AA
existing data that the partner from the Serbian side has from previous research, all with the aim of

developing the final habitat map.

Finally, all field data collected on both sides of the Danube were integrated into the Contracts internal
database upon field work completion. The data@ollected through field research were then processed
and, with consultation of other existing available data, a final habitat map the was created for 17 critical
sections with the corresponding flood area.
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Danube - critical section Batina
map of Natura 2000 habitats £

B 91E0*
B 3130
[ 3150
Il 3270
B 9160
[]91F0

other

Figure 2-81: Display of the Natura 2000 habitatypes map for the critical location of Batina

Results

The map of the defined Natura 2000 habitat types of the "critical areadiad beenintegrated into the
preliminary habitat map, and in thismanner the final habitat maphad beencreated for the interadive map

of the area in question, whicthad containeddata on Natura 2000 habitat types and habitat types according
to the National Habitat Classification on level Il for the Republic of Croatia, i.e. for the left side of the Danube
coordinated according to the special agreement of the involved experts frothe Republic of Croatia and the
RS.

Uponresearchending, all collected and processed datiaad beenpresented in the "Catalogue of Biodiversity
Components on the Joint Croatiasberbian Sector of the Danube Rivefsee:ANNEX 3, and in the form of
a spatial display within an interactive map of the subject area (as part ofjeoinformation system
establishment), which had also included collected photo documentation (photos of stations, types,
equipment, etc.).

The vegetation of the surveyed Natura 2000 habitatypes was sampled in the field at 383 sampling
locations. Habitat type 91EO0* Alluvial forests withAlnus glutinosaand Fraxinus excelsiof Alno-Padion,
Alnion incanae, Salicion albgevas sampled at 244 locations and confirmed at 185 locations. The haduit
type 3130 Oligotrophic to mesotrophic standing waters with vegetation of théittorelletea uniflorae and/or
IsoetoNanojunceteawas sampled and confirmed at 20 sampling locations. Habitat type 3150 Natural
eutrophic lakes with Hydrocharition or Magnopotamion type vegetation was sampled at 62 sampling
locations and recorded at 55 locations. Habitat type 3270 Rivers with muddy banks witBhenopodion rubri
p.p. andBidention p.p. vegetation it was recorded in 27 locations, out of a total of 41 sampled loimats.
Habitat type 6440 Alluvial meadows of river valleys of theCnidion dubiiwere sampled at a total of 16
locations and the habitat type was not confirmed at any of them. The table below shows the distribution of
surveyed Natura 2000 habitat types accating to critical sections.
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During the field research of habitat types, plant species related to the mentioned habitat types were also
recorded. In the research area along 17 critical sections of the joint Croatig@erbian sector of the Danube
River, a total of 233 plant species were recorded. Of the listed plant species, 25 are invasive alien species,
and 14 are strictly protected in the Republic of Croatia. 15 species are assessed in accordance with the IUCN
categories, whereby 2 critically endangered spses in Croatia were recorded (CR), 6 sensitive species (VU),

5 near threatened (NT), and for two species the data for assessment is deficient (DD).

Table 29: Occurrence of surveyed Natura 2000 habitat types along the critical sections of the jointti@nea
Serbian sector od the Danube River

Habitat
type

X X X X X X X X x x x X X X X
X X X X X X X X X X X

Within the mentioned document "Catalogue of Biodiversity Components on the Joint Croati&@erbian
Sector of the Danube RiverlfANNEX 3, each investigatedNatura 2000 habitat type is processed so that the
general features of the habitat type in terms of threat and protection are presented, and the habitat type is
briefly described with regard to its ecological characteristics. Also presented for each hahitiype is a list

of typical and indicator species that were recorded along the critical sections of the Danube and their
occurrence within the floodplain of each critical section. Below is an example of processing for habitat type
91EOQ*.

S3Zidovski rukavac

P3lUsce Drave
SaiStaklar
=3Bogojevo
=3Borovo_1
=3Borovo_2

=3 Opatovac

x

x

®1E0 Alluvial for ests with Alnus glutinosa and Fraxinus excelsior (Alno -Padion, Alnion incanae,
Salicion albae)

General information

*91EOQ Alluvial forests with Alnus glutinosaand Fraxinus excelsio(Alno-Padion,
Alnion incanae, Salicion albge

Alliance Salicion albaeSo6 1951

Alliance Populion albaeBr.-Bl. ex Tchou 1949, allianc&alicion albaeSo6 1951
Alliance Alnionincanaed Ax ¢ T x OEE AO Al 8 pwgy

Natura 2000 habitat type

Vegetation type or

community AlliancesAlnion incanaed A x & T x OEE AahioA1 8 pwgy O
glutinosaeMalcuit 1929

Status (EU legislation) Annex I. HD

Status (national legislation) I(|)52t7e/d2 0azsl)rare and endangered habitat type (Annex Ill, Ordinance RC OG

Habitat description

Habitat type *91EOQ includes occasionally flooded and very important forests in which the main tree species in
the area areSalix alba, Populus nigra, P. alba, Fraxinus angustifoiad Prunus padus A majority of the
stands are dominated by white willow dnave a mixed character and, according to the NHC, represent type
E.1.1. The rest are stands dominated by domestic poplBap(lus alba, P. nigrpand belong to the NKS type
E.1.2. Narromeaved ashfraxinus angustifolig) is rarely a dominant species,ig mostly mixed in individually

or in smaller groups. In the layer of shrubs and ground growth, hygrophytes predominate, among which the
typical species listed in tablare particularly emphasized. Type *91E0 potentially occupies a much larger
areas, butartificial stands of euroamerican poplars have grown on it.
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:M '.-.':.
Figure 282: White willow forestz type 91E0*

Table 210 List and occurence of observed plant species important for the habitat type *91E0

Species name

Zidovski rukavac

Trees and schrubs
Fraxinus
angustifolia
Populus alba
Populus nigra
Prunus padus
Salix alba

w
x

Humulus lupulus
Rubus caesius
Viburnum opulus
Herbs

Agrostis stolonifera
Carex brizoides
Carex elata
Carex elongata
Carex remota
Carex riparia
Galium palustre
Iris pseudacorus

X X X X X X X X

(%]
o
[72]

Leucojum aestivum X
Lycopus europaeus X X X X X X
Lysimachia
) X X X X X X X X X X X X X X X X X
nummularia
Lysimachia vulgaris X
Lythrum salicaria X X X X X X X X
Mentha aquatica X
Polygonum
. X X X X X X X X X X X X X X X X
hydropiper
Ranunculus repens X X X X X X X X X
Rumex sanguineus X X X X X X X
Solanum
X X X X X X X X X
dulcamara
Stachys palustris X X X X X X X X X
Urtica dioica X X X X X X X X X X X X X X X
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In addition to each habitat type, strictly protected and endangered specigbat have been recorded by
research are shown and briefly described. Below is an example for the strictly protected speciess |
pseudacorus

@ommon name: yellow iris

Latin name:lris pseudacorusL.

Status (global): IUCN European Red LidtC

Status (HR: protected species

Habitat type(s) most preferred in project area: *91EQ0

The yellow iris is a perennial herbaceous plant with an upright, cylindrical and smooth stem, usually up to 1 m
high. The leaves are upright, linear, acuminate, with entire edggs,ta1 90 cm long, 8 cm wide. They are
green in winter, but usually change in spring. The flowers are yellow, bisexual, large, grougegp&
inflorescence, and are located on long stalks in the axils of green bracts. The fruit4¥ am capsule with a
short claw and contains numerous flattened, brown and smooth seeds. It is propagated by cuttings and seeds
and is also grown as an ornamental plant. It blooms from April to July. Its habitats are open to-Seady,
occasionally flooded and wet places ireadows, along the banks of rivers and canals, shallow water wetlands,
as well as willow and poplar forests. Soils are clayey, humus, nitregem usually impermeable to water and

low in oxygen (helomorphic plant). It is an entomophilous plant, geophytel &dydrophyte in relatively warmer
continental valley areas rich in water. It is a widely distributed species, common in the entire project area in
type *91EO.

Table 211 Presence of species along the critical sectionsz(17.)

Species name

Iris pseudacorus

Q
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X
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—
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>
o
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X

e dlUsce_Drave
L Staklar
HBogojevo

e Borovo_1

e MBorovo_2

. #Opatovac

Figure 283: Iris pseudacorus (photo: Oikon)
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